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FLOW CONTROLLER, PARTS OF FLOW CONTROLLER, AND
RELATED METHORvO 96121182 RELATED APPLI CATION -  pCT/US9SITSIS?
application is a continuation-in-part of U S 5 Application Serial No.
08/-365, 861, filed Decenber 29, 1994. FI ELD OF
THE | NVENTI ON The field of the inventlon ertains to flow
controllers, parts of flonwF&oH: CONTROLLER) PARTSIOFoFLOW) CONIROIIER ch
itens. BACKGROUND OﬁﬂﬁHﬁg@H&EﬁTMﬂﬁgop Mass fl ow
controllers for gases sense the mass f] rat a gas -
substantially independently of gas T I pressure, provide

a measurenent, and thus THis rapdricitciod | a ebdtﬁﬂuasiohhﬁnnpaﬁtfbQWU S.
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w del y adopt ed. . 19%4. A common connerC|aI formof a mass fl ow sensor

for 20 a gas incorporates a snmall @i NVES RS two coils
of wire.wound on the outside in clos h other. - The. _
coils are forned from aThet alfifeld o rmﬁhﬁla}nvﬂaﬁiﬂg pertainst atoe flow .

which is tenperatétRtrollers, parts of flow controllers and methods of
' 10 making such items. o
BACKGROUND OF THE INVENTION |
- Mass flow controllers for gases sense the mass flow
rate of a gas substantially independently of gas
temperature or pressure, provide a measuremént, 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 commerc1al 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 ih close proximity to
each other. The coils are. formed from a metallic
material héving 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
T ~absence of flow of the gas and a balanced condition for
‘the bridge-type circuit - e.g., a null outﬁut signal.
30 . .. Then, w1th the gas flowing within the tube, within
the relevant measuring range of the sensor, the
_ ' temperature of the upstream coil is dgcreased by the
f ' cooling effect of the gas and the_température 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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along the primary path. _ | .

With the flow measurement at a given level, and a
desired flow setting at a different level, the difference
can be eliminated, i.e., the mass flow rate can be
contrélled, through a valve in the. primary fluid flow

‘Typically, in mass flow controllers, the primary

_fluid flow path is somewhat circuitous to allow for the

mounting of a valve 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
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 solencid or piezo-electric mechanism, and
is often attached to a metallic diaphragm. Such
circuitous flow path and linear mechanisms tend to
require custom-made conduit parts and larger and/or more

forceful mechanisms than may otherwise be desirable.

30

35

They also tend to be sensitive to back-pressure effects
in the primary ‘flow path which may complicate the
mechanical.operatiqn of the valve.

Somewhat related to all- this is a manufacturihg
requirement that can occur, relating to the mounting of
'a sleeve containing the valve seat in the primary fluid

flow path. Specifically, there may be a requirement to

avoid scratching along the'primary fluid flow path in

putting this sleeve in position. Where, for example, a
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require custom nmade conduit parts and |arger, and{) r a‘re'- forceful |,
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occur, relating to tadlel miuits ngisf 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 blocicage in order to
adjust the ratio of flow through the sensor tube to flow
throﬁgh' the primary path.. This .éapability | to adjust
permits calibrating, within certain ranges, the flow rate
which a given sensor signal représents. 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 used as a ‘way of controlling the degree of

- 30 blockage. S '
" In mass flow controllers of the general type noted,
another area of effort. and concern has been in
i i"n"terfac':ing 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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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.qg., circular'edges formed on the face

toward the conduit block. Then, washer-like elements,

having cooperating circular edges, to form a fluid-tight

seal can be'squeezed between the interface mounting block

20 - 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¢form 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 block, as examples, are noteworthy
considerations. o o

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 £low

through the flow controller valve, the need for

significant-fdrce_has typically been a rgquiremeﬁt. 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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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.

S Y OF I ON _
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
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opposing directions. The diaphragm is a metallic
diaphragm, which has a substantially unbent form and a
substantially circular shape. o ' )

‘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

20

25

side of the diaphragm, which are substantially
cylindrically-shaped and which have - differential
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
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

30

35

measure fluid flow and .an actuator to respond to the
sensor includes input pipe structure, intermediate pipe
structure, output pipe structure, a valve seat and a
valve gate-member, as initially'described, e The gate-
member controller,  then, includes a controller rod

structure, a mounting structure and an elongated stem :

rod. The controller rod structure has a gate-member
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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consi der at i ons. Where, wth respect to mass flow controllers,
t here has been a desire to use heat nechani sns, rather than 30

pi ezo- el ect rwo 9gp1189! enoi d nechani sns, to control flow -t prowsbsnsike
flow controller valve, the .need for significant force has

typically been a requirenent. In accordance with this, the use of
electrical heating of a wre, toin turn heat a surrounding tube, has

been the 35 subj afdutingstpdFé Lo ; arHiudjeY:‘?xleOpHEEhatIBﬁ 888 Ofatdemember
tube, in expanding with { he aggllcatlon of heat or copntracting with

the renoval of hea.°n%%ﬁt%ﬂ%np tipes of thgpogmtypider rod structure are
PCT/ US95/ 15157 movable to multlple alternatife pos1t£@M@CQmﬁo Pesing

ired t of int D
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ef ficiency of d%er%nrmmﬁuas weh| respoase &wod téfef ifioonyontfolofer actuator,
construction, in rebahighsto ghdl Eg&idofﬂ%eaéo H0EEee1e avtaislahee o

mechani cs of val ve oper tlon I rectional as ects of grlnar
path fluid flow t¥RE@Rstwiththe diaphragm cargyingasubstangipnldy Fhe full

relation to & sensgfrfiétifally-supported weight of the controller rod

structure. The elongated stem rod is connected to the

10 gate-member and, also, mounted to the side of the control

portion of the controller rod structure away from the
gate-member. _ _

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-member side of the

controller rod structure. And a sleeve about the

elongated stem rod, that is fixed to the actuation

portibn' 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 ciréuitry 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 andx._ *

contracts in response to changes in its temperature, and
_ moves the gate-member control -portion of the rod
'35 structure in order to adjust the fluid flow through the
valve substantially solely in response to such expansion

and contraction.
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path, the nmounting of the sensor 10 housing and the related interface
between the sensor .. fluid path and the primary fluid path, and the
nount i Ngwo 96/21982 t he val ve seat in the primary fluid fl owpeaidsesisis?
SUMVARY OF THE | NVENTI ON - I n accordance with val ve mechani cs
aspects of the 15 invention, a fluid flgw controller having a sensor to
nmeasure fluid fl ow and an actuator to respond to the sensor, 'i's '
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downst ream f r ogpstlae struﬁt{lﬂét Pl R@oti 'iCtE%SquE' dafhasa | W d by

openi ng t hfough such structure. e oufput pipe. structufe .
recei ves t he, f BRI SRes Midenstrneture amde emtengiadpitpethe otieryeidee and
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structure has zopdecteehbes chet rwirq)ostruatuaerruuﬂton@er to pmasxte onhand an
actuation porti 3 Gl ur S
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the diaphragm al
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structure. The actuation portion of the controller rod
structure has an opening, and the wire st;ﬁcture 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 sensof 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 responsive to the pressure drop. The flow
30 restrictor includes a core structure and lengths of wire
structure dlsposed along the core structure lodged
-between the. core -structure and the plpe 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_sphefigally-shaped
structure or conically-shaped structure, and, as further
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structure are novable to nultiple alternative positions I N "Opposi ng

di gections W@P/21d82%rence to the position of ‘the rmount i BGVUSSHS ur e,
in response to the flow.- controller actuator, to adjust the fluid
flowto nultiple 5 alternative flowrates9- with the di aphragm
carrying substantially the full structurally-supported wei ght of

the controller ro@xami&suref a variety vife ahwitaesi/| gray oineludet gheees or

substantial ly faU Qletldths BRIRBS sikedhe. diaphragm stretches and
10 unstretches as the actuation_and gate-nenber contr ol portions_ _of,

gat )
the controller rod struct FECHRRNFH Yheh otheg, Riimary RpdceepAsr flpdd
di aphragm -is a rBiicad Ipgth aspécephbigthewhimfedtdon, sabflandi glby wdrent
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cyl i ndri cal Iy-shaped and ave erenti a

pipe structure having an inlet and an outlet for fluid

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 inlet end of the sensor

conduit and a sensor conduit outlet opening for the

outlet end of the sensor conduit. An inlet métallic

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 then be bent between
the inlet sealer structure and such inlet corners while
an outlet washer structure is bent between the outlet
sealer structure and suéh 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
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aving a sens f an,.ac e to -
the sens%“ s bR e ol g BB e bighlng' 2ok %ﬂ%%ﬁ
structure, lowt pnge bﬁi"@r@gur@ne ae%@I \eurkage aerfad'lS"erSQ/alt\?e

gat-e- nenber,

@%ﬁé@ﬂﬂdﬂ'&hﬁ@ﬁ§ﬁ'@ﬁé bushig gg%Hﬂ'anothé?n@ﬁa %Q&Eé@bher
u

t hen, includes a control . struc

el ongat ed stefiith theyal Vﬁ1§e@(§nt“}°6'|nlt€rd PEATs BHGE: GF

re, a nougtehggnétruc ure and an

gt é3rénber

35 control spomhieonpbushimgnt isg pasérvedanth arcleet grifgeon structpatet i and The

control | er 1 0f Shblichus LhCBIBRERET L% soned i MPUALLAE s34 UL YLGRA NG

the controller
PCT/U895/15151he bushing.

ructure

and .the’ aCtua%hQQa%%pa%ﬁFQ FBRBEris applied to the structure to deform

10

15

that end surface, to push the outer wall surface of the
bushlng against the inner wall surface of the pipe
structure, and to fix the bushing in the pipe structure.

The transverse, first end surface has a shape
1nclud1ng a con1ca1 shape prior to the deforming action
and a shape 1nclud1ng a spherlcal shape after such
deforming. The structure that is-placed against such end
sufface during the defofmihg, includes a spherical shape.

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

20

25

" 30

35

the bushing between the end surfaces is abutted against
an anvil structure. _ '
BRIEF DESCRIPTION OF THE DRAWINGS_ '
FIGURE 1 is a perspective view of a flow controller
in accordancé with the invention, 'with fluid flow

connections into and out of the controller.

FIGURE 2 is a cross-sectional view of the flow
controller of Figure'l taken along the line 2-2 of Figure
L e

FIGURE 3 is a cross-sectional view taken along the

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

of the flow controller. _

'FIGURE 4 is a cross-sectional view, enlarged 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-controi parts

of Figure 2.

- FIGURE é is a cross-sectional view, enlarged and
partially broken-away, taken along the line 6-6 of Figure
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contacting portions of the controller rod structure are novable to
mul tiple alternative positions in opposing directions with reference
to.the posi tWO96B1182he nounti ng 5 structure, in response t®CINSSIHN
control | er act uat or, to-adjust the fluid flowto nultiple alternative
fl ow rat es, mﬁth t he di aphragm carryi ng-ggbstantially the ful
structurally-supported weight of the controller rod structure. The
el ongat ed st em r od2i sshowhngt tlet fithef thé faowe- resbeichod, ial $he poimasy
to the side of the r ortion of the controller rod structure
away fromthe fﬁQE& @hﬁg Patﬂ The el ongated stemrod, also, is
mount ed a di stance FIﬁUBﬁhtﬁe §& e-NeHRTSERGIELVE tviewonef ol the r sdow
structure 15 thakgteigegater than twi ce the distance of the position

of the gate-nenber fromthe gate-nenber side of the confroller ro
structure. ARd a sl eBvEUR gb&utlstﬂepersPecéF-b’ﬁgé‘E’ﬁY'st%‘F?bﬂnYhQF°}‘§n'
fixed to the actuaawayp, of a parti off @het f@osoRiestietorad structure and to

th 20 el t ed st to_th d f 1 t e-

e ol ey 1ot ot o1 SMeLBfRE 08° o Cohie S48 Shnkll® VU, enyardBiPSha
gat e- nenber . partiall.ﬂ;yabrokdaﬁawawuthakanveltang uhorlixnel 98 of Figure
controller aspects,of ShRG: HBQVEH% BBPPeég ?ﬁt Bé‘c%eﬁ”ﬁhe %éPQBQt Ethﬁ&t and

nmechani smfor the gate-ne val ve 1nclu
a gate-menber &OntPsimaryr dduid flewrpathr énﬁé\wiﬁ-@gart%tw:l%ﬁ Borursyre

and a gate-nenber for th@oabhggctgghtlon a heat-sensitive actuator
Wre structure, g ctua control cirguitr 8 ﬁntrol t he h 30
tenperature of the actug & %FrﬁBtEP ArgRe YiPWat groxen-away, showing

some of the parts of Figure 9, including the sealer
structure.

15 * FIGURE 11 is a schematié view, showing the coils of
the sensor of Figure 1 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.

PIGURE 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.
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‘Wire structure is operatively connected to the actuation portion of
the controller rod structure. It expands and contracts in response to
changes o déjrgeemper ature, and nmoves the gat e- nenbeicraok/ifly portlon
of the rod 35 structure in order to adjust the fluid flom1through t he

val ve substantially solely in response to §uch expansi on and
contraction. : WD 96/ 21182

PCT/ US95/ 15157 IGURE 20 is a cross- sé%tlonal view, gr
structure, dISE sed about the wre tructure and extenﬁlng t

side of the acfhRMigg an alﬁcﬁlﬂ%ﬁwﬂtﬁ ?H‘PoééH‘?FGII%‘Prrddlestﬁeé-ﬂéﬁélops
operatively  betweennatiedsbAsbhe cndRit! rasd ueaea@ﬂrm@x\y SP18LPS FABI ally

5 non-novabl e w t he _expansion a contrac Wre
structure. 8%5@ CPWP5F5£ﬁ§tFﬁbF$F §5‘%3gure % -about the wire
structure ahAd extenmmgmﬂ-]o znhe.sataheorcsssi-esectlonanl thew actompapabper tbon of

the controller, pad SEPe ?P@aﬁyr(xn1€§#$%#¢% %% 59@a§8§§£9&'8&b&89men

structure and operatlvel ructuare 1n oraer to
nmove the fort warioupopipen sgctilpnssonflov| gestydctorucang esensor

'rospdnse to thgoﬁagqesbgglggdp@QQ%[act|on of the wire
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.

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

15 " FIGURE 24 1is an alternative normally-closed
embodiment for various of the valve control and actuator
parts show 1n Figure 2. '

FIGURE 25 is an enlarged view, broken- away, show1ng
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 1 a 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 an
input pipe section 40, an intermediate.pipe section 42

- and an output pipe section 44. As shown in Figure 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



structure. The actuation portion of the controller rod structure has
an opening, and the wire structure is 15 nounted through the opening

Wi § hout CONGARYs t he controller rod structure. A Spﬂ:ﬁ‘ﬂldﬁlls 57
mount ed to prOVIQQ a force that is applied to-the control d
structure. In accordance with prinmary and sensor fluid flow

path aspects of the invention, a fluid flow mefer 20 includes pipe

t t “havi d. | et f .
SLruct ure having kil gl 8 AnaBUbLERC RSk e, chRUBLDE RARS HLostgte
such .structure. Itthe fluadsﬁlOWCthdengh thewvaéverlctor | odged in such
openi ng to ' generaﬁg asHdwi d EB?'SSé’:Eﬁn;gIé’p ihonﬁn(ﬁﬁ'feé’p%n'gﬂd and gpe

ensor

25 fluid flow sensor I ch 1 ncQorporates a con %P
sensor fluid fIOMIBQthbﬁEnFﬁQQhﬁ[ﬁﬁ%ﬁT@#mhﬁfkball 50t 48 ﬁQQ¥39l%Qﬁf Bua

path opening ang haghbgol hket aad 52 wau&het1§pe§w§§aﬂ@§anpnegﬂr@tany

provi de a sensor condug 4 %ag%%&om/res onS|v§ ssure- drogf

The fl.ow 30 rest PPEELF |ﬁﬁlﬂkﬂ? ¢ ¢1RRRFAPR 3Ad lHSQW?%F

structure di sposedtheongositionr eoft riieé uracordtmstgcker rod.bsmmeén.tbarnorés

structure and the ngﬁméiﬁgﬁéﬁrghkgu% €th Eﬁggéﬁd gaeghﬂgractlo of an
ormea Bep 3

The lengths of wire's ure are ween e-core St ructure
and the pipe structgktuatorTwirecbé having & mempenatuns whishphis, chayged in

;23' ugg ?ﬁPfL ;ﬁ@' | e8B2R8Hce witlPlENE! a(egl%accrwﬁ'ns&}arz%@estat% ur gor
example, Figure 4).

' Stlll 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 through the section.

15 sSimilarly, 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 éection 40 and the core.
The flow restrictor 66, of course, creates a
pressure drop across the restrictor. As shown in Figure
2, an inlet sensor conduit opening 74, transverse to the
input section fluid flow oéening 62, is provided through
30 the input pipe section to the upstream side of the flow
'restrictor 66. Similarly, to the downstream side of the
flow festriCtor, there. is provided an associated
‘transverse sensor conduit outlet opening 76 through the
1nput pipe section.
35 In Figure 2 it can be seen that the 1n1et end 80 of
" the sensor condult communicates with this inlet opening
74 and the outlet end 82 of the sensor conduit
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-9- exanpl es of a variety of choices, may include three or four

| engt hs ﬂg}zifszSt ructure. ' In accordance wit h f.Ji‘ 39? g gary and

sensor f flow path aspects of the invention, - flow neter
5 |ncludes a fluid fl ow sensor |ncorporat|ng a fluid flom1 sensor
condui t haV|ng an inlet and an outlet and ﬁaV|ng a sensor fluid flow

pat h opening t 0, t t.r re 19,.an inlet and
an outlet for {Q{QHHgHIEQEeS VOM the quotv%eﬁgalgge?'on%egﬁeasﬁéay S havi g a
main 10 fluiatfthe paphtopam ﬁ@ iis sdhosn einlanded Ha Fwore fI uiwtith '

flow path openipg. aIbsngéﬂenét aucweeo%'t-i@th%%da N¥ course CHUMPAg I Nl et
opening for the |nlet end of the sensor conduit and a sensor %dUIt

out | et openi ng?f b+kehBPPEaranggt| et end of the sensor -’ conduit. An inl et

netallic 45 seal erhét mucthurmxgxt@ﬂdthen ddiscienedndedndeit il sHown,
.openi ng and an_put| et .net al seal struc%%re #gnds I n the sensor

conduit out | et SHPRATRY. lﬁaéhSSPsPﬁe ?8?989 &s | $5 FTHIBY
al ong the diretnhi Bagukreodgh tthee mass fb@mssensondmst ofpartiengve Xit cknvdwrch t

Fxyends, anc eéggOCI a? gt gst]taﬁ]aéhfg)&qlgg Egéf)#gg tfli%‘ﬁ%lr%uég‘éh O% “th

f or the & e sensor condu t he
inl et and out | @en8en| eFoBERiE: ur 68 Uupstrieam udds &nshhalawngineanhapRy

sgrface POi i OPeRptLAPE-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 Figuré 11, with the
upstream 90 and downstream 92.sensof coils as circuit
élements, illustrates electronic sensor circuitry'
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
inCorporateSzthe required sensor circuitry. It also
incorporates actuator circuitry to change the temperature
of the actuator wire 56, as schematically illustrated in
Figure 12, aiong 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 betweeﬁ_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, referred 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
Qutlet sealer member 98, of course, appears in Figure 2.
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in the associ ated sensor conduit openi ng of the pipe 25 structure, .and

each also includes a flat surface portion. And, the sensor conduit is
at$ ached t owoaghi2z t he seal er structures. © POT/IS9NES1ST
structure may have a pair of inlet corners near its sensor conduit

i nl et opening and a pair of 30 outlet cornggs near its sensor conduit
outl et opening; and an inlet washer structure may then be bent

bet ween the inl etIrseabahtihgucthee @alveUuCHedt| Bustoimer s6Miie the
an outl et washer §5T%§§%§ .S hent between thg oytlet - sea%er £
structure and sucH STEIME G & Pe SeETion 4L, Tor, BRERASSH (A vERFe fd0k,

mount i ng aspect s’ efficiencyheandveptirdny ainettivel ofluiolintfiluy apailhje shat
(N8 g, PPe Shidddid %ﬂor&%&%mg /1Sy S REAULREANDN ! Surface BF
-10- provi dé&ehaPirg afespéAnngliehrefigreigni Hieanery f or Theyi mounted
flow and having oBRseAGasU havenkl ARYEIGRLE et 48 UbF@ssisct hroughe
the bushing and agg%%g&ggnd Surface, fgdpg t he valvglsegt nnuntgd nsar
such other end su ng, CAFLRe R mgEoF seXAMBderedn | R19PKE Hipe TR
structure and 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 surface 108 of the
bushihg, 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
11s6. 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, with the bushing 46, in position, can be
30 seen, for éxaﬁple, 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 agéinst 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.
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movenent of the bushing is bl ocked in a direction t hr ough t he bushing. -
A structure is placed against the first end surface and a force is

appl i ed %;A}ﬁ#ﬁructure to deform that end surface, ﬂ&/ﬁ’éﬁl?sisﬁe out er
of t

wal | surface o he 10 bushi ng against the inner wall surface e pipe -
structure, and to fix the bushing in the H%Qe structure. The

transverse, first end surface has a shape I ncl udi ng a coni cal shape

prior to the deformmg Lon . ?ﬁgf | uding S Lcal ;shape

after such 15 deform ﬁ%féé)Tﬁéu%fir ?clt%t}?eé a ojl'islg%l ggéd %ga?%‘géés:hc §end

~surface duri ngPeréigefleryngdaptedugescanspadt ingl thadplow of a gasepus

?LgcghggsaﬁfggggﬁgaL E%?thsbﬁﬁﬁa@?te%,s%b&aﬁﬁiﬁﬁaipingiQﬁ Esgggagam@ymeen
S, abutted _agal NSt an. anyill_. struycture.

BRI EF DESCRI PTEaNSSr TEEOIRAVFRE1verted &lﬁ%éﬁ?"ﬂ ‘ﬁ*&%gg’eut%ez??w&rvi ew

of a flow cent cendwit 84 ito theorulddieerwédh fldiel fFhuentimoughni the

FIGRE 2 s a BFOTSRSea Bl e POt T rEnd) shPEsEelbt bhBhnd, mrrpifh o 1
taken .al ong the | smeozh? éﬂUEﬂguﬁéowx along such “reBtG@Ron-rs aTh}S
CorTous o o Y HIEHAY Redhd . Mginas % Defugh TN ol OMBD
is a cross-seckEHRFILOERW, it defardinee thispakhe apPhesicrénfawmy £18Howi ng
various vahye ¢eRithalctandes, asiShewmOinP¥ighirek Bi anaeé62through 8, ikl GURE
© IS & cross-sect! Qn%'l ¥ ew’adeanltaercpetdozanfjlow raé)égkfgfaav\%glat:u\rrt v I%DJO\M ng
various val ve PgxtAGULgHLYs adap ively :
range. On the other hand, a conical form flow restrictor
124, shown in Figure 17, is particularly adapted for a
higher range of fluid flow rates. In the particular
15 embodiment of Figure 17, the taper angle 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 hpusing 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. waever, 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 modification illustrated in
Figure 20, which is comparable to the view of Figure 10,
 sealer members which are the same as the inlet 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

_  { f..j___,.fsnnﬂrrtlmulizﬁ)



35 of .Figure 2. FIGURE 6 is a cross-sectional view, enlarged and
partially broken-away, taken along the line 6-6 of Figure WO 96/ 21182
P_C,:T/ US95/ 15¢/po6/31182 -11- © 2 PCIIUSOE/18151 he
fit of the flow restrictor in-the primry ftui-d fl ow path,

FIGURE 7 is a perspective view of the flow _45. restrictor. 5

FIGURE 8 is a perspective view, partially broken- away, of a part of

thle fIO\C/iv reztri' Ct gection. S%chFhﬁURElleQ: | Sedll &F OMSmBeet i13@al iyi ehown in
enl arged an : parti y _br oken-awa en_al.g the l,in

i gur 6 2, SFOGRG (40 EERREEER o aRiiAe iR nenLars Rt EasE 136
primary fluid rowhﬂ&hhiduélnbruh&rﬁnfunueﬂssbeuttareund a phir Dﬁelnlet
connecti on. i ncl'?e ?htelp% gegoV£ﬁ¥V sQﬁQB@“c@Wﬁ%mtSflﬂMe&g

sone of the parts anE'gure seal er structure.
"FIGURE 11 is aSScH@#@ﬂme'ﬂ4eﬁonﬂﬁhﬂlﬂf (ﬂﬂﬂhﬁ%ﬁ : t he sensor of

Figure 1 in an illustraye/¢aiiedd8nt¥Bler and actudtor arrangement of the
flow controller .36 of Figure 1, as shown.in Figures 2 and
4, prov1des 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 156 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, alternétive 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 stem 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-miember ball from that upstream side of the

35 controller rod structure. - This mounting arrangement
permits the stem rod, which does not touch the sleeve,
except in thé vicinity of where.it-is'mounted, in effect,
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measurenment circuit. FIGURE 12 is a schematic view, show ng the
act uat or . wire of the flow controller, as a resistor, in an 20

I | | ustr atygygghQgPer ature-variation circuit. . -FI @&¥rusosdnsis?
il lustrates how parts of the circuits of Figures 11 and 12 can fit in "

a larger circuit. FI GURES 14 a g 15 illustrate the nounting of
t he val ve seat of the flow control [& of Figure 1 in position 25

in the Contr0|E§rdeflect as anFEQHREnlﬁhés gBlﬁhbﬁiﬂgtbﬁetﬁgbﬂglﬂeﬂitﬁor

vari ous of the valve control and actuator part own in ure
2, Figure 16 b&PRBSETnortfl IV’%peﬁa%‘éPveSéﬁSodl rrerkRighd attaChﬁguPé 2

bei ng a nor mal byrehgeaenes! vd el B¥Em roBtind itd| &EEVd] i§ Shown
per spective V|em10f an alternatlég enbodi ment_ for the flow restrictor

of Figure 7. more degadlpan Figure Berspective view, partially broken-
away, show Bg.a parTnof Figerel o ; estiiextrat iofe: Fngumally-closed valvél GURE

19 s @ cross. 86ati93bn SHeabebiepblrdl, yATCHORbY BLOLuBbeFLALLE 44y n

position in the primry arab e V|em10f
Fi gure. 6. . thepopgparpple parts: of Flgure 16, are shown. This is

PC'T/U595/15157the - normally-open version of- ]j%he_ attached ball
arrangement of Figure 24. _ .

.10_ The above 1ntroductory and summary descrlptlon, in
connection 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 operatlon | _

15 As for additional detalled aspects, the mass flow
sensor, which among other parts 1ncludes- the sensor
housing 86, the sensor conduit 84, e.g. as shown in
Figure 3, 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 incdrporated 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 172 1n the hou51ng, 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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FIGURE 20 is a cross-sectional view, broken-away, show ng an

al ternative enbodi nent for the connection bet ween the sensor conduit
ang the primjoeeithad flow path, conparable to the vi ewpgrnfsogus187 10.
5 FIGURE 21 is a cross- secti onal vi ew, conparable to t he view of
Figure 2, show ng an alternative enbodinent _,,_ for various pipe
sections, flow restrictor and sensor conéhit seal er parts.

FIGURE 22 is a croaadsaaab%%bow sg tﬁgkérﬂﬁéwfea%eaﬂ,ﬂepﬁ&tméIa/rt AD.C.

br oken- away, taken al on l'i ne ure 21, show ng some of
the parts of Fi gur §uF¥e £ s°urFﬁcPEév §f53§e§I%V1%??LE§§M%§ closed,” with no

E_I GURE 253 |1 ; - a gersls:ppml Pk Ruémgmuh;emghf tﬁefl;eseﬁbtaw condtﬁ.QS,HéQti@]ﬁlQéhes a

igure 21. iS: al ternative r e cl.os

enbodi nent for var PEEE 8PtPW§'¥&Lﬁ?9€b 818 &R LI 8& ﬁgﬁﬁ#P igﬁoﬁppn

Fi gure 2. 5 182IGBREhéScnscamten!ﬂhgedumremm thx&ughehhg/ccmﬁamsmgand

some of the parts gh Figutg 2fnel nghidindodn ehe B 04 22 o8
erna |ve nornal

stemrod sl eeve an al

enbodi nent " foestabldshisg the samectevperatuzpdiacthertno pm:tlas sh#iggh
in Figure 16. the tﬁbGJB’Ela%e' Sra8s§$ELSSaSeLh ONdha Vikyg that\}l%gseélq%ral -
25 structure of Flgure 22 prior o jts insertion jnto its assenb

posi tion.’ Tesistarces, therbaSerPRERUERYPITege. then, of WW'OPS

i ntroduction angd swer and htelee brd &fedowype circuit is balanced. _

With gas flow, however, the upstream sensor coil 90
is cooled by the gas flow, giving up some of its heat to
the gas flowing by, and the downstream sensor coil 92 is
heated, taking some of the heat that was given' to the

15 gas. Therefore, a temperature differential is
established between the coils 90 and 92, resulting in a
'voltage across the output terminals 180 and 182. This
voltage, of course, is due to the change in re51stance of
the coils with temperature.

20 The temperature difference between the cbils, 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

Nl e vdltage 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.
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in Figure 1 a mass flow controller 32 with input side 34 30 and oufput
side 36 connections to a fluid flow system As shown in Figures 1 and

2, the f%vy SpiabF ol I er has an i nput pi pe section 40, pefyussysigyedi at e
pi pe section 42 and an out put pipe section 44. As shown in Figure 2,
a val ve seat bushing 46, having a vgéyg seat 48 press-fit 35 in the
bushing, - is mounted in the internedi ate pi pe section 42. And a bal

50 acts as the gateAgem%yafdyt d, L 9&@2
PCT/ US95/ 15157 fcdited, bIAGRLEPE? sircuits, Lh he A ye Zin
I

associ ation wi YAX{RE19BFve &Rat iMRIemgRist 1ndepePﬂ§“FFU|d° oW RS h t he

val v? f thenvf@oﬁiﬂéﬂﬁalfoblolﬁﬁaﬁﬁbﬁs i Nafegu@d 1?2 ambwn taed well
position o e me all 50.1is controlled b o

rod 52 wh|chun$§ Eﬁﬁgban??%ﬁy O GPiERy 25 2 éﬁeﬁfleaeﬁﬁ gg %’*f
di aphragm 5. maheradluﬁbnﬂnh@fc1rcu1tthavqunaanesxatancheWhmnhrxﬁler

rod 52 1n igF8pbPtional 6" W%&%O%t%ﬁxeemon 8d this

contracti on of Vi n aterrperature i C I'S.
changed in mataz;eeldarmr@mdwq héeﬂﬁgrﬁéérﬁl Hif FerRpgRBe vRISE, 267

exanpl e, Figurgrdportional to mass flow rate. In this Tregard,.
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 the
sensor, the details of the sensor itseif and its

15 operatlon, do not form part of the invention:

Turning to the fluid flow restrlctlon in the input
sectlon fluid flow opening 62 of the flow controller 32
of Figure 1, with the spherical form flow restrlctqr 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. 1In
accordance with this general technique, the restrictor

25 should be such that the pressure drop versus fluid flow
characteristics in the primary fluid £low 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 restrictor €6 is adapted to

' satisfy these requiremehts and, also, within a range,'a'
desire to be able to vary the fluid flow ratio that is
established between the two paths. And it is adapted to

35 accomplish this in a convenient and eff1c1ent manner.

‘Specifically, the restrictor core 70 can be formed
from a ball-bearing structure, for example of a stainless

|
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still referring to Figure 2, the input pipe section 40 of the flow
controller 32 has a fluid inlet 60 and an I nput section fluid fl ow

openi Nng 62 Wi eyrdlpsat he section. 15 Simlarly, the inter nckuses/15187pe
section has an i nternedi ate section fluid fl ow openi ng 64. And
t he out put pi pe section 44 has an outpuyf; section fluid flow

openi ng 65. In the 1input section JTI uid flow opening 62, a

20 spherical for BrfdeaWnlsdrif Whikh icarddidy lvhd QeRG ISR signat iWDrEB16

- Figure 6). As shown . I%l%ures%]rz, 7_and g &h flow estrictar has a

core 70 and | engt F&33 SELf: spoSigh bal '§F8ﬁbn9h§t58fzgu%ﬁlscﬁ,rewi“{‘-‘hg's

:Ee restrictor i_ng&mﬂﬁdaﬂl,to ‘high atreabijtigezellebatvesn t Thennsi demidldrlof-
e i nput pipe _.secti. Q 0 :

restrictor 66, of s?’&ﬁesfgge%&gétcet%r}ghta%%l% %‘ragésﬁr'g'dr%% %%_ér"gss%ﬂ{#gter;al,

restrictor. AsSshaam be Wejded to the2upshreameendenf othe orrite tarshenisnplia,

transverse (o thenqup 199,NRG SCEE Phel Lithd fhPWrOREN BanBe WELAULVISlathe
through. 30 the Jnput pipe~section to the upstream side of. the

ow -
restrictor .66. Si ;ﬁq“mﬁtyf,e% b R AAWEHR sitdhe FOKSe handle @ngynub can
restrictor, thergligo H¥ FHARKE A a ATl Sthtegral hurbins \f St in

condu{ OUL1 e OPSRd AN M0 ging | "l BB U Pk 32, uses
condui t communiccatss avi wayt hics holdédt thpemesgrictor MitEndanhémplemente ahd?2
of the sensor Con%'ci:rtc'e 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 poéition 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
20 area; for example, one time. Of course, however, a
number of alternatives to accomplish the desired wire
arrangement are readily appafent. 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, beyond the point of iqitial-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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- 14- comuni cates with the outlet opening 76. The
at the | woipe/angk 80 is shown enlarged in Figure 9, with
arrangenment at the outlet end 82, of course, having
appearance. 5 The mai n body of thejsensor conduit
di sposed in a sensor housing 86, in Figure 3. As shown

ar r angenent
PCT/US9SAS157
a like
84 i s shown,
in Figure 3,
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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
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, and
the diameter of the wire can be varied to affect this
capability and its range. In this respect, however,
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 alternatiﬁe conical form flow
restrictor 124 for the input pipe section 40 of Figure 1
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

‘particular core 126 shown is such that it would réadily

fit in the space between the sensor conduit inlet 74 and
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
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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of the actuator wire 56, as schematically illustrated in Figure 12,

al ong with other conventional circuit elenents 25 which my interact
with the e#ﬁ oni.c sensor and actuator el enents and) | y
be required oﬁ%@ggh flow'controller 32 to interact with é@?@%ﬁaﬁﬂsyﬁ
el ectronics. As al ready adverted to,_like nmetallic seal er nmenbers
are used in providing the comuni cation betmé%%'the inflet 30 80 and
outlet 82 ends of Sg@Rsor .c it 84, ang.the - sensQr .conduit jnlet
74 and outlet 76 o%%%flngg.g%gf%%%%cgor_ Iﬂéw’eg’ﬁfe r%?_er F8d Fo aab%%r}tmﬁgr?s
shown in Figure 10the lengths ofie witet aleagerthenberedcl26 iarsposgueernedn

t he I nl et opegl - rde e t hi h '
spherical ly- shape?g%g??éée t'g%r_t | on?l%%& Eh?hglﬁe%g%ﬁl ngg?ﬁ:g‘te 2%1 "g? pipe
menber 98, of cour8&¥ugbp¥8rs in Figure 2. WD 96/ 21182

PCT/ US95/ 15157 s - As shown in Figures 17 and 18, ‘the conical EBrm flow
nounti ng the val ve seat , bushi e i nt ey nedi e.section

42, for purposes o?eﬁté’s"i'tF)FBR/ 124 41%%1?? T}?ﬁ% 1920 @M5u A gb‘gt %ﬁﬂﬁ@lchl BrHve
flow path, . the . the analdgous gurpossdshtagtheoagallogousnaestadtuses f foe
of = 5 the pjpeﬁhéegﬁhggicgi f§}m5¥£€%fégé€§fctor EE? ﬂ%”gfdexample,
' the conical form restrictor is shown having four lengths
10 of wire 196 which can be mounted, using the handle and
'thé 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 be the same as for
15 the iﬁput pipe section opening 62, for example 1 degree.
_Or'to provide different capabilities, the taper of the
flow restrictor could be different. 1In 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, ahd, thus, in setting the calibration of the sensor
voltage across the terminals 180 and 182 (Figure 11). As
with the spherical form flow restrictof, the handle 192
25 can be held by an implement, or tapped by an implement,
in insérting 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'één be as low as one, or as lafge as desired and
. practical. A .
‘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
ceﬁtimeters/minute. Depending upon variations, however,
this might be lower, for example, up to only about 200
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bushi ng, having the valve seat 48 press-fit [err] the bushi ng, can be -
seen, for exanple, in Figure 2. The nmounti ng process, to avoid the
scratchlwg,%yzslg;epl cted in Figures 14 and 15. It caeThsos/sised a
radi al expansi on- 10 fit process. Specifically, before the nounting,

t he val ve seat bushing 46 has an upgjreamend surface 102,

transverse to the direction through the bushing, which has a shape

~including a cogigAliashaPsic |dedttihdtdis mlnute orl RehBerS for example
coni cal | y-shaped end surface portion 10 15  nmounti q?t e bushlng 46,
ct

the bushing |suPnEQrP?BanapPeStandaHQHQHQﬁﬁh9ﬁ4§ﬁﬂ & nst
an anvil 106. ¥héh other haﬁdathhe alydriica) abfomnt low shaaedleubﬁ:acef 108

f
702 and a dourkP9EEh LA L SRR BB HRC LS PP ER Ll ES

posi ti oned agafhsidtﬁéowomangdgrEMapeﬂampléacérom thepmppiesn Liowiwfof he

upstreamend s a bj e Jdredd C
represented b H%% §§h89§c§¥ Bk %IB% ﬁ%ﬁg rou (§é£u$2wflnplenent
repr esent ed atthe range §h6¥h qutgur85 SFﬁﬂéarﬁesu¢¥§lc|n

the 25 def Oégﬁtiﬂate{rsmsnﬁe@ catdy- Sib’tﬁﬁd Stsrofo@ce Be&ahHARA! O @ubic
spheri cal | y-shaped, sur orti surfa

during the def%?ﬂﬁ%?%ﬁeﬁﬁgEé§§tevnggﬁpééﬁﬁt%H varl°u%1§3§i9?n ¢§iﬁﬁ%
The end-resglt, sphnheeel masef #laid flowpafdtem diXRre ildse fnselmlsiweigy46

I n position, can be I The

of the ?‘(’feaélﬁid 1’ é%ﬁ?%}ggél ?r%%% ecao%ér]sgl %I neém’ %h It Ig@t on
force al ong théoismmmttlmalh}é inpYemwentamhi ig ackerdance Whghdéthal I

of the interme ﬁf?%ﬁa??p ﬁTTﬂ'fW the afg“3appropfié@écbb”%d@ﬂjHﬁﬁﬂéfat'on

associated wt
rates, can readily be employed

15 Turning to the actuator and controller mechanism for
the wvalve gate member 50, the mechan1ca1 parts for the
normally-closed valve mechanism, of the flow controller
32 of Figure 1, is best shown in Figures 1, 2, 4 and 5.
Referring to suoh_figures,_the oontroller fod 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
actuator wire and the resulting expanéion of the wire.
On the other hand, the.pivoting is clockwise with the
contraction of the wire resulting from a cooling of the

30 wire. | | |

Such pivoting, then, is essentially 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 low mass, and thus can benheated_and cooled
more rapidly than larger masses.. This low mass aspect
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35 inatight and stable fit for the bushing in the pipe section,

acc?nplifhed by radi al expansion. WD 96/ 21182

PCT/ US95/ 15157 -16-

fluid flow CWR96@BI18r 32 of course, is particularly adagdaﬁ?m?’
controlling the flow of a gaseous = fluid. And as indicated, for

mai ntai ning an essentially fixed ratio o85the diverted f|UId flow

t hrough t he sensor conduit_84 to_the undiverted fluid fl throu h
the ° primry fmﬁkﬁsffﬁﬁlﬁa?ﬁlaFﬁge}ng?FEtB?SEﬂBﬁFd ﬁﬂ?nta?ﬁla g 10

snmooth fluid flogr aloongkimexhgreaseri cdedte invdleed, theypespdnserctimea

i nar -type 1141 d_Cl.o% aloagatbS be 10" G5! ThE! PimeknaiggaEd (o hls, the

spherical formflo as § Gr'es '2 and 6 through
8, is particul ar| yWathpthe ¢ount eonclackwise arr@ga@kvgsg noyement o

range. On the OgheEhQaQGFuﬁt 83' %&tfgﬂﬂﬂad“%ﬂrﬁﬂé'é3ﬁ¥rollerlﬁ&d §90Wehen

Figure 17, is partrcularly a ap range of fl-uid f{ow
rates. In the pagakeomgmber]GorkEed Rextien 2P uFbm&¥ar%Kem?$ﬁ§rcaﬁﬂFérof

tﬂe N fCOﬂl Cﬁ' | y18bRRede( loriséTo@nisel ) @ ecd?6bks defed, S alte a8ounter-
© aper or the Inpgkwiggth%%ekggkdggnvvqpemég%é%zthe gate-member ball
50 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,
decreasing 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 lines of Figure 4. ' '
The controller rod 52, along its. mounting portion |
202, is attached to the metallic diaphragm 54 in order to
'_mouht-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
pdrtion side of the diaphragm 52; and there is another
circular, cylindrically-shaped section 208 disposed in
the mounting opening-ZlOfthrough the diaphragm, which
30 extends to the gate-member side of the diaphragm. As can
' best be seen in Figure 5, the former of these sectiomns
‘has a larger diameter, and thus a greater strength
agaihét bending, than the latter of these sections. In
connection with this, the diaphragm 54 also is formed
35 with an anhular'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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(Figure 2). In the flow controller 32, the sensor housing 86 is-

20 conveniently nounted on an L-shaped bracket 128 having a Ieg 130
al ong ' t pipe section 40 and.a |leg 132 und gnﬁﬂﬁ

housi n %%@Bafor exanple, Figures 1, 2 and 9). I'S™ pI pe- sectlon

|l eg 130 is mounted tightly agalnst the seal er nenbers 96 and 100, as

shown in 25 Figures 1 and 10. HowevéP: in the flom/controller 32,

this tight f| t |s nec d t | er nbers |n
posi tion. Tﬁenw. E';a"% qn%tzc cgﬁ:ﬁ} dlaphra%tgft‘ﬁ%n s‘é%?‘é?n shapes
i nvol ved, pranddeiﬁiqmqpﬂly be made ofablesdf.i,t & hataimlkls i sheélforce

fromthe bragk t, wéQdeher§%§ erNg%egkgﬁbﬁéa b?hgggkggg fit of the bracket

| eg i's conveni ent for asse and reasons.
On the ot her handThen &Yﬁ%@ldﬁ'l@étll oﬁqqqm& atzdp i mrd 20§ efe Phe which

i s conpargbl gcherbligey QWdOfstllﬁlifﬁingilfferenﬁ%i&ﬁeﬁ’@f@%r&dV\'htﬁﬁsﬁr e the

sane as the hnlet ang 9? 35 seal.er nenbers 9 100 of Figures 2
and 10, are f8%ing di ﬁrﬁnFasﬁ?tﬁp$ﬁF%rlQQﬁﬁﬂqﬁes lﬁ@]dlﬁﬁ*fﬁTC% of the
l.eg. - 12§ant1theak-sbappdsbrackeWhahlcbhes diaphrade, i nputhpi pRe

YE;?6/21182 controller rod 52 attached, is, e.g. F{ae£§§§/£§%3351tlon

between the ;ntermedlate pipe structure 42 and a tubular
10 casing 214 for 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 force along various parts of the, -gate-member
contacting portion and/or the- actuatlon portion 200 of
- the controller rod, the part of the controller rod below -
the diaphragm can be slightly bent to slightly 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 cyllndrlcal 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 connectlon with Figures: 24 and 26, a variety
of alternative forms are pos51ble for the controller rod -
and diaphragm while still 1ncorporat1ng a - desired

30 configuration, and results. For example, the controller
rod and diaphragm could be integrally formed while having
the same outside configuration, including in the vicinity
of the diaphragm. Similarly, the diaphragm could be
formed without an opening, for example w1th the step ..

35 portion extendlng through the location of the opening.
In connection with this, the controller rod coculd then
have two separate 'pieces, on either side of “the
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section. Such an inlet sealer member 134 is shown in Fi gure 20
squeezed agai nst an inlet washer nenber 136 whi ch, due to the force,

i s.bent aroupdognapger of inlet corners 140 at the entrapcgmsos/igjsv
sensor conduit inlet 5 opening 74 for the seal er nenber. The

val ve controller and actuator arrangenent of 2t41e flow controller 36
of Figure 1, as shown in Figures 2 and 4, provides for a

normal | y-cl osed Oraqraegmfw_mpf &rﬁ@cﬁa|t‘6%et ex aff FebartRb Vés apravdaTRat a
shown in Figure 16 SIprow des 10 a normal | y-open a ternatlve

In Figure 21, theck ush g @Fﬁé‘lcl%ei F?Eutw ich ajppg Wik acenter

enbodi ment 146, alpyg Mt hofintBet aﬁ_a@hh:ugm, provi@d cal réar stikhevure. In
restrictor 150 in 05|t|on anda al.te natlﬁs_lnle

and outlet 154 se 1t?188 ?‘ﬁwgﬁnggﬁl@gﬁ&ﬁ
out l-et 158 5 anem rags:.lmmilrag: smﬂewbé.dedj btebeazeﬂotmsthdﬂamdéne sidestof

and outl et openingg, Fi e !B%ﬁ_e er
t hus, can be substltute rég)o %2‘{ aq'H{ c%lnepar par rcu aélrt Qﬁ; %ulg:é%
Fi gure 27 shows of@ctizm aoulise bavigamr léweseandrssm*h%rhye@e}s;ie@ron nazed

i nsertion LY S SSSRASH POSIEt8Pe. Thus, a vhFiBRQUIGE %%adlly
alternative normally-cl osed val ve control "and’actuator parts, which

may be substitut e@ERATENt altsynatives #5harts of Figures 1, 2 and 4,
are shown. A% These Nuv etifhing Rar tthe radtigitdhainaatidigionglgaiesrail,
penber ba Ln;‘;: SOTE | e ASOLRYT 2k, I, A0 RLH, B Sson van TRV
and a stemrod sl emé reenriag 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 52. A tube

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

20 wire structure and, so disposéd, extends to the input
side of the actuation poftioh of the controller rod. On
the other hand, to the output side of the actuation
portion, another 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 tube 222, the
tube is formed with a receptacle to receive a press- fit
washer 228 made of, e.g:, a ceramic or mica material, to
'providé good electtical dinsulation. This press-fit,
although incorporated here, is not necessary as the

35 tension on the wire will maintain the washer in position.
Thé'actuatof wire 56 passes through an opening existing

_ ﬁhrough an output side metallic contact ball 230. After

 SUBSTITUTE SHEET (RULE 26)



is fixed to the controller rod structure and to the stem 30 rod. The
stemrod is nounted at the downstream end 166 of the sleeve a

di st ance yé 0fpf1pe gat e- nenber, upstream : side of - thernosesnsnh! er
rod structure that is substantially greater than the distance of *’

the position of the gate-nenber bal:LLgfromthat upstream side of the
35 controller rod structure. Thi s m)untl ng arrangenment permts the

stemrod, whi C'gaa(yg% %f&g@hﬁh@ Shesys the wErE S dttddiRd/icd Bhky Of

where it is nounted, el get V\?Eé 182

pCT/U595/15157contact ba 1l by, e.g., welding or. fglderlng tOS&gﬁng}yas an

?‘Ihd in Hle ﬁoglatnbtialﬂllétg:ﬁfcai]heléhﬁilzmti's attaclkspecd the bahz inabwderseat.
is attache a aryange th.the m g od I

shown in TSt e COBPECE fﬁﬁkfgu?’eg% d: Ehe Wﬂ‘% 1{-"O ﬁ‘% %Etﬁa%\fe o

al ternative 5norc:midqa.-mdyosa($ ‘aluetratedcint Fhgunadlact tPé-‘L &hqoamaslt ehdch

ey be substitWedhOr inpur LREORUBEAN 2 Pahs YorlFidiackon are whawn.

This is the norna y open  version ﬁe attached halT
arrangenment of SEmMgur ew2h 3o like. ‘-Fﬁéuéﬁéﬂkégltnti’ﬁ%lﬁ%f%%? RPRSFTE QT

description, ishown), wh1¢h,~however, need not be press-fit, a like
metallic contact ball 234, and an analogous lead 236 to
10 connect the other end of the a]cfuator wire 56 into

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 .tu_be 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 exp'ansion_ and contraction of the

wire. On the other hand, the input 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 causiﬁg; the actuation
portion of the controller rod to move counter-clockwise
for expansion and clockwise for contractlon of the wire:
In the counter-clockwise or clockwise movement of the

30 actuation and gate-member control portlons_ of the
controller rod, in accordance with the substantially
pivotal mounting, those portions of course move 1n_..:'
opposing directions with reference to the pos;tlop 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. '



connection with the drawi ngs, of course, does provide a substanti al

amount of detail about the flow controller 32, its parts and
operation, aggokRiigati ons in such parts and operation: }arusesn for
addi ti onal detal )Iaec?aaspects,i' the mass fl ow sensor, which anong ot her
parts includes the sensor housi ng 86, t g sensor conduit 84, e.g. as
shown in Figure 3, and sensor rical circuitry as

i Liiﬁéiﬁéﬁgfﬂ%%ﬁ%%fés o anehE g, e ety Me ity ©
Meter Device Wt é@cwludedmnuﬁhm@csgesﬁqr vnqqhanlmtfqmttém vaiitech

i ssued March 9, - op 1é“%¥il'fh'f§é¥ 6¥fﬁhrﬁ” Yy fHR! e and agalnst
As essentially explained in su%% 5 n&ﬁ t he hou5|ng §25 86 I's a neta
u

housi ng whi ch” has BF SRVERRY ntrollegerh ?n’gnf"b?sﬁq’l%s%é?%&he
conduit 84 and o orestgension ofstulsanadtuatdrdaiiss reemadd i kprahgutfddee

dui t. h f th
b seen i n Fi gur e SERSG EHe gERMER okl cRCE°BY, coRErSOPUaHIE Kidlne,
posi tion. Al though emedggsdrybedruse it wiord widd del 192 temsion
connect ed o connag ogodegdscdT2e bt Bacl%Siko Afloar tERCGENEHAY an

connect the coils Tnt senSor circul ure 1
As for the exenplémﬁﬁﬁ§*9¢1caMorSSlmEQﬁﬁﬁﬂthﬂ:Fl%u#%ﬁqﬂngthbec engtyo afhd

92 are connect@fl the ddtddicr hfieadyiy ddfdidly Thﬂu@%ﬁlﬂg‘ rddican
and a Va“(ﬂ)%égvf her br%gggetyge CEE%UI%Zaaiég% lfachltatlng 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 durlng 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 theﬁ.pushes on a nose 246 which abuts
the actuation portion 200 of the controller rod 52 under
-\mw__.-\' ' the force of the spring. The spring, of course, is caged
near the back end of the case. Then, as the spring case
242 1s 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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-19- ~ and understood by those know edgeable in the art. A D.C
current 74, after a switch 176 is closed, with nop rovmng
t hr ough ‘?ﬁéwgéﬁé conduit, establishes a . base out pc{ vgrltggsge
between two out put tern1na|s 180 and 5 182 of .the circuit. The current
'lthroijgh the coils 90 and 92 heats BR& wires of the coils to equal

evel s hi n he S terrperature [ t o] h

the two brldgéle é&P@i x%%% av??EP ﬁhﬁloaiog %@Eﬁskgﬁcgggg

base out put varlemag-euntgham t@fnswcnr wvbether the velveans aheibsi ngximype
circuit is balo%'é?leg)os:. ion, fully gj]&%%l IO Un AL in HiR WeeH .F eam sensor

coil 90 giving up sone of jts heat to
the gas flowi ng by Thend¢ @%ﬁn&&¥&an§%eﬁ§ora%o?Ft92tP§ circuifent 8§,

taki ng somg oknhe hﬁ@t ftlg@trewaﬁz,gl éaectthbagl lécts;aas a rébesebere, a
t enperature dlffer

d h
92, resul ting"tfea © "t ev&VP&gEegb‘rlﬁ??'tﬁ@ 8%?%8 S‘ép Xf ?sri‘éga%?iag%g.nd
Thi's - VOoEsgeat iafl 1quithe, rlesqudmenteutt He Eoangeliengthsost wire 6br -

the coils wi thyLORPerabiLasceale volralle JQIDEL ALHES Wil O SRCEO s&:weeh

the coils, wt ﬁﬁ € range o device, is a neasure of nunber:
of through the wire, results in a predlctable length 1n

10 regard to expansion and contraction through heating and
codling. Thus, in the exemplary actuator circuit of
Figure 12, the voltage of a variable DC voltage source
250, with the switch 252 closed, for example, may be
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

20 intended to represenﬁ 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
particuiar illustrative element, a potentiometer 256, is

25 shown in the block 216. Such a potentiomgter, responsive
to the relationship between the voltage across the
terminals 180. and 182, and the command by an operator
reflecting ‘a desired flow rate, might then control the
variable voltagé 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, c1rcu1try based on an AC source or &
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. The details of such circuitry, apart from, for
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gés nol ecul es, and thus of the nmass of the gas, flow ng t hr ough the
conduit. The difference in the resistance of the coils, simlarly,

a Jreasure of s ference in 25 tenperature between the c@ the
out put voltagégaaﬂ‘g determned by this difference in reS|stanceﬁm?%hﬁ?7

out put vol tage then becones ‘a neasure of the mass flow rate of

t he gas. To provide an out put vorf%bé which is proportional 30
to the difference hetween th [ esi tanc of t e coils

bridge resistors 8% 186 houlF#®ha ive I%}ﬁﬁ?lFﬁglsﬁgﬁ@Eg t fan

t he resi stances ofpartel mnlidrs. voltageFulevel, dapahhle thheavaidgblei rfoom a
accurate at a wd ar1ab1&a§ §£¥98f%gﬂgg?aIEESéntigi%g“Eﬁgﬁ n8OY i Fr che
ou e

and the 35 bri re5|s ors I'NCorpora erature
i ndependence for t n/arﬁhﬁy Qfrquiipef atwhiah is  nopp QKIHEPIQW used or

PCT/ US95/ 151575  adaptable for use on mags f139 céntrollers ASand such
I ndi cated, bridge: t%Eg ciprcuits, i ncl u variations to

i npl enent i ndepe rm3p| paLt of t49n&WYﬁﬂﬁ%ﬁ%j ceﬁﬂlﬁﬁﬁmPleaﬁg
wel |- known and wehtire thatindensbeotise@hedior, tHe cactsetor Swireoseeris et

for coi | sold under the name Stable Ohm, 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.
Thqs,'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. In this case, the output side_tube
260 is fixed to the actuation portion 200 of the
controller rod 52. Its outward threads are threaded into
the inward threads of the threaded opening throdgh 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.. Also, 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 deQCribed 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 normallyfopen valve,
although this is not necessary because the wire will be

* SUBSTITTESHEEY(ALE 20



5 material for the circuit having a resistance which is proporti onal
to tenperature and for coils, of this mat erial, providing

t enper at j.tf.erences which are proportional to % ddqy rate.
In thi swfge“giaﬂrl;, typically, well outside the range of t 9gfl$sl§nsor, :
the flow 10 of the gas will becone sufficiently fast to cool both the
upstream 90 and the downstream 92 coils. 7<~ ' Al t hough t he above
description, a i ncor e tent, .pravide substantial. detail
with regard togghéggsi?ﬁ'sgﬁé%ér,ﬂnq%%ta o e 1 PleREe ot Pl

and its 15 angerspY¥ing deseoblioreaparkie ofisefle imvéaciddtating the

Turning to the;fkpkgrfLgv h-Cly j j ﬁﬁ-‘{. b fl ow
openi.ng 62 of %{%Eée%?]dwggglﬁ% ?gl}eﬁ'gr.tdgg%ﬂé" ri&gl}dl%tl?rpee n1,povv| t c%rﬁ;b Es ﬁ%‘?i cal
formflow restYRt¥8r 68150, in Figuxe lén SfoAWLRE £ phs dE d??)g, 1g

ratio betwesn usd@ iheodebsg it titdeaddd QittadhienteBEOLheofdput Sdénd

t hrough the prj nﬁry fluid flow oatrgi whi (i_.t}‘incl udes th@are | nput sgection
fluid flow opehtRE, 338 esP8p/IBHRRES ThPs the  cupRner &* ec%‘ﬁ?lau@%itsﬂgl I
known and wel | Figdeess4ood. In . accordance with this general technique,
the.restrictor. 25, s it ssHLE . fluid -
flow char act e?YS{J?gésg?ﬁg? f}ye&gﬁ%ey%uiggaf f’ic')lév %g{'ﬁpadn%%%’é&
sensor condui tofir §heonpormal by -cleaedacpensdion ofi Figure 4ypilsal¢gnneans -
mai nt ai ni ngg a féaagﬁpl-wpseéhowhw tD8 FigurePiéMBdy €hdli sbddoPaiirél ong

the restrictor, and alsqQ in 30 the sensor conduit (as opposed to, a
turbul ent flow}62 expands, thgeoutRuti Sdder Suber 1260 MRMeS ctHOmH With

adapted to the SattSayibhepert €aHi 2 eUeSE Stiid deomt £61 184 tFbd 52 eiieh a

desire to be-able to ar% the fluid.flowratio that.is .-
moves clockwise, tending to a more closed valve, and a

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

15 actuator wire,_permits the actuation 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 repreéentative of the actual flow rate, will be such that
the output of the wvariable DC voltage source 250 of
Figure 12, will decrease with a desired increase in flow
rate to contract the actuator wire 262, énd 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 this, 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, with the wire remaining in tension whether the



est abl i shed between the two paths. And it is adapted to 35 acconplish

this in a convenient and efficient manner. Specifically, the
“restrictor wayes/2ifszcan be forned froma bal I -bearing stROTAISSES515T Or

exanpl e of a stainless - WD 96/ 21182 :

PCT/ US95/ 15157 -33--21- steel materi al

whi ch carries the generic designation 316 ~ stainless steel. Such

bal | - bearing strueilives iar €ulAsSs closed Pragducesd maximgh @pdr tpos i Bsanees.
Then a simlarly- h shageg Eestrlctor handl e- 180, e.g., of the sane
mat eri al , 5 caf"¥eREFdet PG FRE upstream end of the core and a snall
nub 190, e.g., of the Wahk nmgandl toc&hebevalkreledctuathe and cdounslieam

end. O course, thg, ﬁgﬁgsmhaar%eg%%%ﬂ%dcagnds s v%sovﬂ%t%x ﬁaﬁﬁai‘l*-

single, integral unit or aft PEr t Nan
handl e can theh belased oxonoxmadlyapres., h@@vgr@lr@simn@ta&eqma hraﬁults

L mpl ement  and shoﬁQaC%étndiE& t herjiriaput 6h@ep§€8EaQndH@¥d%ﬂ3dW!OPEHéng
62, or as a part that cag e. tapped mn%h an | gggnt gg fo sce R e
restrictor into pﬁ@iYFon ag %1F§E3Fe L tﬁ@P Akkbont o§Et ndr ShFaighfso
used in placing pi‘lilﬁawyr £luid £1d% paxisi t iMus,0 thieoEilddd fdowhopeninggeds
of wire 72 along 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
_ éensitivity of the wvalve 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,#ariaticns, 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 wused with a pivotally mounted
controller rod. In fact,.by varying 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 vafied.' 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



the core 70. For exanple, a sufficiently long I ength of . W re can be

gged dwwapplng it around the junction of the handl e 188 and the core
70 an t to the nub 190 several tines and

j ust - rrewwo%&gl%zunctlon 20 area, for exanple, one tlgeﬁmsgfhilgﬁrse,
however, nunber of alternatives %% acconplish the desired wire
arrangenegt arelreadlly apparent Al so, "thé nunber of | engt hs of
wire can be as as_one S A T €

25 The |n ﬁ? selft ai %%%}o en n q%z erngPQnPiéﬁéifﬁa

| arger to snaluedersteodlng at the I nl et 60 (Flgure A taper of 1

degree voul d b a tyfl Gle CHATR! Flou con@iPREN32 \@E"?ig‘u% al,t egpat i ves

can be adopted
The 30 resu

dependi ng-upon the part requirenments |nvolv
FenpecEAeN! fbeithe Fensqn SONAYIE (B CRLAMIRIGAFE WiLh

ed.

restrictor 6 tpel NSEHEEH féﬂﬁdﬁit' ﬁhﬁe&heobéﬁﬁﬁgd 74 andpehengsehsyond

the point of i
i nner wall of

n|t|aI contact bet ween

PreclerPRELoE rebenind 19 b e drfRcpigRoeFehed 2Pl

the
t he

] engt hs of mnre10w35pehengn62nnas shmhnnﬁqr:axampdedialEdgupestﬂons,@mdsuch_

| engt hs. Such
el ongati on of
PCT/ US95/ 15157

10

15

20

25

" cit o BurBarRa3ly, REEL| BRpEretl fron  cPTtpSior
descrlptlon and the draw1ngs However, a number of

aspects deserve additional focus. This initially may be
done by reference to Figure 10, where the inlet metallic
sealer 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
jdentical 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
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
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

30

portion 98 extending into the 'sensor conduit inlet
opening 74, to'provide thelbress-fit. An opening 274 is
formed through the member for the inlet end 80 of the
sensor conduit 86. The opening narrows near the end of
the conduit. Also, near .the end of the.cdndui;, three

. flat, annular surface portions are formed, to provide two

35

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

surface portion 276, a flat, intermediate surface portion

278, and a flat peak surface pqrtion 280, forming an
intermediate step region 282 and a peak step region 284.



-22-_ it is squeezed between the core 70 and the wall of the
opening, as shown in Figure 6. Apart from such el ongati on
from squeezwug9e/f1g2 cr oss-section, of course, i S circulRGT/USIIELST
change, caused by the closer fit of the 5 core .70 as the restrictor is
pushed: i nwardly, and by the change in the_cross-section of the wre,
of course, affects the fluid flow characteristics in the vicinity of
the sensor conduithBd. sbker &f tform is aoneéhtehtoandhefficiemt i fowfbotk

openi ng 62 and, «PLECagkn 8BEL, abB | Hex Yhe, bkt bt g Mfleg MEhao"
is a part. T&@reﬁ:‘ortehe t denpox hcogdufitt.he Thwsy r bber peadr $4eRr vegion
pul Iing outwardly, gan 4 ﬁéQgiﬁ?%ﬂ@ﬂfﬁ?iﬁn@eeﬂffgléﬁtﬁy used"E I $18d Oro

adjust this ratlo and ft brati o sensor voltage across the
termnals 180 andwedd thpgend of theisensgw ponduity §9 gWie PRt Ar amFPRREE.

And the taper of gg, the opening, the size of the core versus the opening,

and t he di ameter of the wire can be varied._to affe this
capability and its ran8¥ TeEFIEHNG (W pEtgure h&&e (iﬁF éwréndécategf
316 stainless steehlshaslag aldeanatEVeofcomparabmé6t0|sheonseﬂeoédFlgure

conveni ent and effjcient for, the for tH Gl o fPr 82 FLRQW LEsLELCLE dﬁ@t
't 89Ra orm % ? % ﬁZ ?

In Figure 19, the i 78 -onical res
i nput pi pe set0i 0A640 amemq;aken_memberslaﬁomﬁ FAQBGQIQQNiSeﬁh%.Same aS
repl acement. for tEﬁesﬁQSEéEahember 0 05N ik 50 N | A, 8% ihNFibfre 10,

perspective view 0
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 cbrners 140 of

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

the washer member 136 is required to accomplish the fluid
seal. _ o _ _

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 pértion 104.

However, if this_coniéally-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 deformation to a
- spherical-shape would still result from the shape of the

35 deformation ball-112. However, more force and/or force
over a longer period of time may be required.
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conical formflowrestrictor of Figure 17, and in the view of the core -
alone in Figure 18, there is a significant enlargenent. Thus, the

| engt h - s 30 particular core 126 shown is such th
Wo skiifis: hrisIg,

readily in the space between the sensor conduit
outlet 76 openings of the input pipe _structure 40. However, this
need not be the case. In accordance, witHé- variations, the core can

be | onger than the dj. between thg inlet an utl e i ngs and
ext end beyond g&nlzglg%ce%oat%s?&c hgp@ﬁ?ﬁgg;ow %F%%oﬁ%? ya% (9%0(%5.95&553
section of Fi gdre the @i eamadsiveedinpyt pipe tdectdon d4l6, along\@i%d 2h182.
PCT/ US95/ 15157 ociated i i e 2300 . (o] ;
restrictor of Iélisgsl?rcelal£9e i%r%tné?%%i ﬁtlpsxhesre_gtlon,%ot%'e ?lré%vé{lh%ﬂ]o;ﬁ]%ﬁrree

al ong the core2i26 BR¥ SGucuskstituted hEoredihe hénpvEe RiRE t #RCE hoRr Ofial |

of the inpu piFiQure 1. SIWLEA UERis, tRe altePHatiP¥NcbAiELIUESSm] F13Rd 18,
the conical formflaw restrictor 124 has a _handl e .192 and a nub 194

which serve  *eSHHESHallofous HEAPBEES 23 eRd Zhal Bg3ubesertstar-d&ecor
the spherical ffoxm fdloa resherital 6GorAs &8 examl econical form 174

restrictors shown in Figures 1, 6 through 8 and 17
through 19. And the alternative, like pair of inlet 152
10 and outlet 154 sealer members, shown in Figure 21, méy 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 leading nOnétapered, circular
cylindrical portiornn 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 sénsor conduit. With regard to inlet and outlet
openings, their angular position through the input pipe
sectign 146, of course, 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
pOsiEion, about the input pipe structure, of the sensqr
housing 86, that carries the sensor conduit 84, can be
readily varied in accordance with.particular'requirements
35 or convenience. B ' - .
The alternative.conical form flow restrictor 138,
shown in Fiéures 21 and 23, in a manner similar to the



tﬁe conical formrestrictor is shown having four |engths 10 of wire 196
whi ch can be nounted, using the handle and the nub, in a fashion

anal ogous t t;aahfsgxpl ai ned for the spherical formfl OWc’i‘ﬁfSBgliﬁSPr

but nodified for tour “I'engt hs of Wi re rather than thre
Conveni ently, the taper of the conical_formcore 126 can be the sane
as for 15 the input pipe section openi ng'3672', for exanple 1 degree.

O to provide difjgi&ant capabj| the taper_ of .t

restrictor coul dc{) egtnfcf er e&tpi f‘%n a%lo“éazéees TIFLeT 1"596, fhe%%lgo%u r?éﬁr%ﬁgt&%
to that expl ai nedf omwitee §§Her|eera;lend1ng Bdomgr estsl ccore tHk6coni Gllsdorm
flow restrictor f‘s%’?n:.%rl%() tH@%él’El%@htdd“%ft RRiL! Eigw”[-é’g‘ﬁdfﬁt':é’rbﬂ

the sensor condui t and "t he i np pe Ssection OW openi hg

62, and, thus, |rf]§’e‘tC%|Flb°‘t’h@P6&F-FEr§tq?orF1’§¢°1%9¥é thpsdpput pipgo|segjeion,

across the tersm nale, l&hambéok®e ¢ guienlik. 1éspushed mt hniﬂf}e ﬁﬂiﬁdsﬁﬁi
formflowrestrlctor the handl e ;192 25 cag rtglﬁgeld b %I enent

tapped by an i nplSSH§fzing and; elonagtiqn, g Ve T*l%ecé | °Fortrﬁe
flow restrictor lengths qm)snire)mherélvs@éémactpms:aisédartm fdavi bt ittHeor

wre, e.g., of 3155.!. dm Pigéscéhﬁ%glgg‘éi n :H'{ arﬁ}éfé Oif;heAl'.LengtggaI nrl:rc%lg%gr .-

.0012 inch is considered convéeni en “gf ficlent
the number of | empafrigitor, whefiher cunnigs 4s estendsoabongrthe imler &

desired and 10 oP/GRtiI&Rl158 open:.n f@ecﬁé)%r%%ﬂ dHdnfd Ovy.ﬂseséa{ﬁec.\:t or

66 i s adapted for a relativel OW, Mass | ow range, for
exanpl e, up 35 2and, the (taRer, ¢§ %he abtermedipbe P°§F&ﬁ&ar:‘b°4 ofuldire

centi met er s/ m nutflu i e rtq:erpmg Vaddrtd e RAWEMRT .in accordirfediviiltth be

ower, for exarrpltel'ie ué%)ec:. ic %ee%a ut '%‘g.%er's for both of about 1° would be

prlcal. However, since this alternative conical form

15 flow restrictor and its associated input pipe section

arrangement is adépted 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,

20 more variation in factors might be expected in the

present case, such as, e.g., a restrictor taper of about
- 2°. _
' The wrappihg'of a piece of wire, providing the four
lengths 314, on the core 316 of this alternative conical
25 form flow reétrictor, 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-sdmeWhat'different, tapered, shape than
the handle 192 for ' the other conical form flow

restrictor. |

35 ~ The pair of 11ke sealer members 152 and 154 and the
form of the pair of like inlet and outlet openings 156
.and.lss for the sensor conduit, in the alternative fluid
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- 24- . standard cubic centineters/ mnute or higher, for exanple,

‘up to abewd odifisxst andard cubic centineters/ minute. On PCT/USIS@51ST her
hand, the conical formflow restrictor of Figure 17 is particularly
adapted to an internedi ate nmass 5 fluidsglow range, for exanple, fromthe
upper limt of the spherical formflow restrictor to an upper limt in

the range offlowf r @fputabartangéhéht séBndaighre cB,Cc are generally
centlneters/n1nut§ about standar% ~cubi, C

centi net er s/ ni ATE 1léfep%?mlﬁ§n%n%\of§ﬂ oﬁég‘d’égfg ho?%gs 22 faLBd 27, V\ﬁgre
mass fluid flowaraaesoaboveftwdme|aﬂnangemqnts previwusdy | deecmildedt e

ranges are a CRUERLD:nd Y A inler LOLWEr FEANEH 1GAAIddq | gpdegriLed in

accordance wt ary s e art, appropriate to such
hi gher 5 r apegingad YoaR® ySBQWénﬁwbmj:all 150 Figurgr @zhg i thés

actuator and Ceabéothérlﬁféeagéémf%ember hégla:nealﬁéeﬁatfermemer. rfd-the .
nmechani cal part for the - nor nal étc osa val ve nmechani sm of the flow

control | er sec§3ops qf Jir SPRere Wi QUF&E RETSTIRS 2T eROURG 5.
Referring to smahihlgurepeniheg 3mtis>lﬂoeu‘me€d)ct1&2>dg&stm member for the

inlet end 80 of the sensor condult 86 ~This opening
10 narrows near the end of the cendu;t, running through a

step region 322 which agaih here, is eonveniently and

efficiently used as a welding s1te for the end of the

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

other sealer member form, could also be incorporated
15 ‘here. o _ '

- The 1nput sealer member 152 1s press -fit into an
enlarged outer portion 324 of_the inlet open;ng 156, with
the spherical form outer surface of the member tightly

. against the walls of that outef pdrtion of the opening.
20 The sealer member and the outer pertiqn 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 annuiar surface 326 of the sealer member is 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 of the sealer membef tightly holds it in place
without that leg. Of'course, this flush aspect is not

" 30 necessary, end the outer annular'sufface of the sealer
' member could be either inside or progect beyond the outer
portion of the inlet opening. ' 0

The inlet sealer member 152 is shown in Flgure 27

prior to insertion into its assembled. p051tlon By

35 comparison between the member in Figure 27 and the member
after 1nsertlon in Figure 22, a partlcular aspect related

to the sealer members 152 and 154 may be appreciated.
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20 actuation portion 200, a nmounting portion 202 and a gate- . menber
control portion 204. The details surrounding the actuation portion,

al t hough gerwoashkyisapparent fromthe drawi ngs, w || be eEpUSHIEIST n
more detail below For " ‘present purposes, it should be observed
that the 25 actuation portion of the contagal | er rod pivots counter-

cl ockwi se with an increase in the tenperature of the actuator wre

and the resulting expaRef®mrming by waye.of example ttle thicser figuted land to

pivoting is clockwse w t ac n of W r es from
a cooling of the %-%O ﬂi& mgmber an dor@a% E‘B?estl P&n(itnﬁenlesé's ggéen C55 y
solely in r@@mmgm tﬂ‘lsuz;fh ttheainlen apeningt hast Rotapered,t Kirsisto-
respect, - the val W%l cwarpiege&hbher% ! YagPer dhethsition VﬁéweenAlﬁ%

t hat substantlally onl he W ré al one_need expan or contract is of
signi ficance. > SEIFSMYAE: ofYlindriggl, tidgiawadl| ot haddd o t KiFdthe

heat efl and cos\lO eg é:/yzlllféizrrwaa el Tl 328 hall el einnErs S8Srt idm 5*:8T /Q‘ggg&.&ﬂ.elt%?
aspec
- 25- _makes PEIG ¢| at L8| 5t SOPSEELSTTs et h ¢ f%”%%%%o&/ he

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 enhanczng the tightness of
~the press-fit. 1In a fashion similar to the mounting of
the wvalve 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 ahd opening applies -
analogouély to the outlet sealer member and opening. As
30 with the 6ther pair of sealer members, this pair, e.g.,
can be formed from off-the-shelf ball bearings, e.g., of
316 stainless.steel. ' _
The alternatlve, 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-

' -mnmrzsﬁmmmm



or 100 times greater were involved, the response tine could typically:

be 10 or 100 tinmes sl ower. Wth the counter-clockw se -or

cl ockwi sqyaogapt of 5 the actuation portion 200 of thgwesssasister rod
52, the gat e- menber control portion 204 simlarly noves counter-

cl ockwi se or clockwi se. As can be seen, jje counter- cl ockw se
novenent tends to adjust the gate- nenber bal | 50 to a nore open

posi ti on, permﬂbbea FRUIVET £3§CabBuatdP ddrtid of | PYGhake 25, of

cl ockwi se nnveng t ends osition the gate-nmenber ball in a nore
cl osed positioffRich aredEB?e%%Wﬁga?réiqIRﬁ?FqI%ﬂN guge Fhe tBtaFPYERFosed,
rest poshbiewrekrs - stigsvn allt elrin@itiored , anfust) deadyitied) | ageschited

Figure 4. A soggy_}h%theopﬁﬂ‘é&g E#g’ﬁ%’fp‘fs‘ggm%i ! toh g %5 contl mboluspo%n_es

of 'Figure 4. tlng tion
202, is attachenpbsedhaqnﬁyyurq:H;apaYag&sé4neadeﬁﬂbaCﬁmPIOYEQDunththe
controller rodg Ehbalvst%hhtacﬁgaea&agggﬁésoﬁ Figured98€bg! by, cCircul ar

shape. It also oes not have form “such as a corrugated form
bt.stretchés and = Turning:Fetehrparmald v-¢lnsad éét&r%ﬁéﬁ’&nt’ﬁa#g}?u’ﬁ?vot al. .

‘mounting for the, coHBt gErahegke aﬁdaageeb@ﬂsw BéaﬁBVﬁﬁBHtsa.mllarﬂtEytthS

controller rod to t the flui | o the nounti
porti'on 202 of* Eﬁe éﬁﬁ?ﬁllePoFﬂafly2§Y6§?d th%FEa?geﬂgﬂgrCUEE?V1°u5f9
cylindricalby-dbepedbedcti on 206 ‘of the nDuntlng portion whi ch

extends 10 the act Ugh! Ot ernar 108" LhAR-S1 8 Aod W AARAGES0 24 2l g her e

is another ciTcu section I n
t he nmounting opeaenglalbntmwbhwmrmﬁ@pmtdgm dmp@aragnee%exv h@b i® the

gate-menber sigg;gbat he HlY AR weds §3Rubular casing 336, disposed

about the part of the controller rod structure 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 the

diaphragm, and a gate-member control porqion 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 afrangement of Figures 1, 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 362, e.g., made of ceramic or mica,
press-fit into the end of the output side tube, ‘and a
metallic output side contact ball 364 through which the

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

| soldered. Thus, the expansion of the actuator wire,
which does hbt touch the controller rod structure, with
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best be seen in Figure 5 the former of these sections has a | arger
dianeter, and thus a greater strength agai nst bendi ng, than the
| atter of tﬁ@ﬁﬁn§ﬁ5tions. In connection with this, the pdiramosesigy 54
also is forne 35 with an:annular step portion 212 along the actuation
si de of the diaphragm extending fromjhe di aphragm opening 210
~part of the way outward al ong the di aphragm The | WO 96/ 21182

PCT/ US95/ 15157  heating, will move the actuator2@nd valve(ﬁaﬁﬁéﬂéﬁrtﬁpg
52 and the di aphragm 54_ can_ conveni ent | and efficiently he nmade o

y |
e.g., 316 stainl &FTRbly;closed yadve \{pWREdt BPEChTPIR ROFACAEHSpy an

brazi ng. contf€ct Lot i Wi H Gdol 138 tHQNS mo@6thandct d@Boroandtvelve 5
controller rod 52 hqqug dif erent-d'aneéers agdb t hus, havi ng
different strendt3s-2ga?RTY BRNTI ng°°ePOR IS particular  purpose.

When the didhragm The t lsptireg arraygemeit erirr_oa‘iszr&ttaéhedani ssexve. ,
T e e
di aphragm the posthifmaiionsdrcsher ether newaallynglosed qepiigurakion
the gate-nenber coptFohupeEt 1ON22QAhd BY bEn 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-
338 of the controller rod structure 332 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 circular;
cylindrical shape with no difference in diameter. Thus,
the différential 'strength, favoring bending along a
35 smaller diameter section, in the other normally-closed
arrangement, as an alignment aid in initial assembly, is
not incorporated here.
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slightly off fromthe position desired for the normally- cl osed
configuration. However, by the-proper application -15 of force along

vari ous wueseraisof the -gate-nmenber contacti ng port iPOT/zRVASIS? t he-
actuation portion 200 of the controller rod, the part of the
controller rod bel ow t he di aphragm cgg. be sl i ghtly bent to slightly
change its angle with regard to the diaphragm and the remai nder of 20

~ the cont r2 cilol er rod. Sta_th refegﬁinﬁalﬁob%é%e%ﬁn&lﬁ! Rded (e dAyEtieny )
"~ openi ng rou e_diapnragm LS S so tha |nrmunt the

control | er roaofsztl:ﬁ'ﬁ e %?aﬁﬁﬂ‘ggrﬁw % e PER&ICY tLeLPr P’OWrm%ds:h ’n%gqupper
cylindrical sextramg@tént eEox tlyai gste themb&b baﬂ.hpl‘sca;gmhow:b\mvkurgm wil
be readily appﬁseﬁ&gwet 385€ some r&r&éeg}gyiak Bbethsl M Beyida ciffite |

become nore appar enf ~i'n connection W ety
of al ternatd velnrialhy cdpexibed, fohonkhd b@n@@@#der rod and

-di-aphragm while. Sixﬁ' |re REOT ST @hiiRY the d@%’téeﬁ\em%@r aofi gypaticyy and
results. For-exanpl e e control Ieg ra m coul d be

integral ly forsRtV WhPress-ife Js%trﬁé %Lﬁar;]r]dg’ %t (%h,can
i ncluding in tdiee vemcﬁgh;zed steni Fde ﬂsaphfagm the‘SlcmHléM‘l ¥ndt bE ehh?ephragm
Sglrjlt ?oﬁeexten(ﬁ%ére%‘r\(l)mugﬁgg%g%ln Szpcﬁlo ?v%h p%ﬁ ghe et ri%?stcsg tction
wi t h this,1Q helomta osleeveodount| dpehéng 384 thavught whe ggrer-anembex eces,
oh either Siglsht 1 I rtion 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_ tc§ 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'bac_k
and forth movement to tend to open or close the valve.
But in addition to that, this arrangefnent 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 cont_:rdl portion of the
controller rod 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 0.500 inch to the rear of it. In any casé, as
‘'here, it is advantageous to have the elongated rod
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-27- di aphragm which together are regarded as providing a
di.sconti nuowo gead1set r ucture or, which along with a center - pcHgsdshes7of

t he di aphragm provide a rod structure. In this configuration, the

| ower cylindrical section would 5 have a cjpgcular end wel ded or brazed to
t he under side of the diaphragm and he upper circular,

cyl i Rdr .d cal i m@aﬁt?ﬂ MT%M@ ﬁ'dr@‘@{lse;@@t%ﬂémyéﬂ’ s‘i@led@gpg%PQEaEEd
to the diaphragm giruct ur us rea

alternatlvgs exi s 5 £§ 2" Eha nhﬁﬂ}?ﬁrﬁﬁ 3%%t%ﬂ%eae u%%%rb?%laﬁg?tP%ﬂh ion
detail, st i | frémcuisi s gyatre +neamkve rmlde/— clrhdedceptuendpesappl 98s here,
and referrlng to g S d e ctuat r wr.e p

through a threadé%gogéﬁlﬁﬁ53§68?hF§ﬁgﬁ %? é3?ﬁﬁﬁﬁﬁ%§%%ﬁw%?dﬁhﬁ%% bhe
the controllerSrodten. ubs - imserbedhaisgtbet werdrt imgagsiatt oné etie

is attached to mouﬁ@ﬁa?cfé‘ﬁttﬁé Peatlgat%fies EHEUO' ler rod by screw ng
these threads into the reference to the.

direction of fluid fldﬁFrﬂioﬁﬁﬁeFﬁggglg° EFBN&PF'@ﬁﬂﬁﬁ@l%ﬁN[ﬁ%?hoﬂghsth%be
i s disposed aboutvalee 88awi bmsHimictls® BRAS, rt]:S’zﬁs Obérﬁ@islﬁgrmeéger%% t@ai@fhe
R T L A e T LR
222 is S|mleﬁ0)/wﬁsmwseheabam§ 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 dlfferent 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 1in the configuration of Figures 24 and 25, a
configuration in which a ball holder can actuaily 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 valve seat 388 in its
bushing 392, as 'in the normally-open alternative of
30 Figure 24,'are-used and present.. And a number of parts,
eimilarly, are identical to parts in Figure 24, including
a stud 394, its associated nut.396, a hollow nut 398, its
-associated lock nut 460, 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



anot her portion of the wire 56. This output side tube 25 has outside

t hreads which screw into inside threads al ong an openi ng 224 along the
t ubul ar ’pgbEer1gt4 for the portion of the controller ¥erusdsassIt he

di aphragm 54. Thi s output side tube 222 is also provided with a |ock
nut 226 tightened against the casing. 3044 At the output end of the

out put side tube 222, the tube is forned with a receptacle to receive

a press-fit  of m&hantazﬁamde ﬁBm&lgyrcﬁoﬁéaaﬂbﬁfﬂéuﬁhEQoﬁat sﬁaaks to

provi de good el ectrical insulatio res
i ncor por at ed h&pad lh¥ nBPPﬁ€EB§sa£§°%s % ' CFéngﬁﬁﬁr&PtFRQ mPEe hhel

‘mai'ntain the wasbrally-plssedoronfigurdbéonctndt Grom FéghbepassesHehepugh

an openi ng exi sting t hr,qugh ut put sjide petallic cont bal | ,230.
Aft er Ebglzfggéng _482, d8ed _QH £hé _lniéka -ass§@§; Y)goBR 35157
- 28- passilmgnmhnbuglantdh ieg sgppenpt intee durring sthe t fwhetioningeot
contact ball byy, 1 éuﬂ % i Qle sS04 deih i@ L ar ele I cal
| ead 232 is attach ¥ g baﬁ? I n org éﬁ%% ggﬁﬁgzttotﬁ?£> gééof
the wire 56 VﬁiUeactuator 5 circuitry, as illustrated in Flgure.12:

At the input end In the alternative normally-open arrangement of
Fig'ure. 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-fit in position,
are identical to the comparable parts in Figurei 24,
_However, in accordance with the normally-open operation,
~an input side tube 420 having outer threads is fixed to
15 the tubular casing 406 by threading into an -internally o
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 Dback and forth with the expansion and contraction of the
actuator wire. _
As for some additional 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 casing about the part of the
controller rod above the diaphrégm, 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 conventionally available. and used
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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of the input side tube 220, the configuratioh t he - sanme, wth a like
I nsul ating, - press-f it washer (not shown), which, however, need not

be press- f'Woik/ﬂliﬁe metal lic contact ball 234, and an q;al,‘g;g,lfﬁsl,ead
236 to 10 connect the other end of the actuator wire 56 into

actuator circuitry, as illustrated in Figure %/2 Again, wth
reference to the direction of fluid 1% t he output end of the

actuator wire 56 1ssbbx@efOwith - tﬁ%]haep_ BEBrS'tQ{Be(‘sorEtl'féCt}leJ{é % t}’w%ézlb

is tightly held in 15 position w erence o the o
222. This cafPBECREeREPY| shed B§deheof ense ofi- i n aheceora@lc or a| oiea

Since 'this outputmstéeidlpevhichi ¥d 4Psd NElternattipd el HBP Hha ddvei A0per
part of the contr essentially i movabl'e during

| | er
operation of the P h?l%%%o’ﬂ?%??egaﬁhe position of that end of the
wre does not chEmrgeldwéi‘l lIdhvee Io>§lans rateand iA0bhe acdn Digeiat héns of

wre. On the ot 4t t i de he 220.1.s fixed .to.
novabl e actuation %‘%‘?%]l on g%&oq £ ﬁ apHragm g‘ﬂf‘ﬂﬂ*@? ogd a%?ut Y- 6;‘8
Therefore, with tirchkyewkd de m1caﬂ5 cdrthy acthdrgkoesshefwp r @14 t imch effwlr of -
the wire and its hlghercq}@v@:lt pably 234 d@ve, ﬂ?gig&y %.‘a?dél%rtéqeféi"t Udhd on

portion of the conttoller rod to nove counter- expansi on
and cl ockwi se forc’é%ﬁ‘r?'r%%??—bﬂn%fof heh@ gwe circulaxy, t%él’f%iﬁt%ﬁl c?@ﬁ:tkwfs%

or clockwi se TpvesENh @oritidlledd ré@t Habhgn thd tnowtdt Ende QE:LoﬁO'Hfr Othe
portions of the roller ro I n _ac ordugevmt

subst antially ody,) G‘Bfapheﬁﬁuﬁf’PﬁégﬁrﬁﬁéggspoFﬂ beof""‘bq{"('fur%'eo9 HoRRd
opposi ngo dlo@cinains wiitthh viaafiatdets tepehdipgsuponntiné particular

di aphragm 54. As als0 104 falelreONEYCEs EG2USELGL d6ut 0.045 and 0.05
inch, to about 0.180 and 0.200 inch. Typical outer
15 ' diameters for a sensor conduit 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 from 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 incidental result, may add to this structural
35 support of the diaphragm. Additionally, in each case,

the diaphragml is unbent and not corrugated. This can



provide a spring force on, and agai nst

rod 52 in response, to the 5 expansion of e actuator_ wre 56 and
spring force prowb%%i%%vilh%a%%% '%’é‘?’?ﬁ%ﬁ%%’c%ﬁ’gcﬁpﬁfa&fl
Al t hough unnecssadgointtsiuse the wire will be in tension i n operat.ion

t hi hel p t h ; ; tbLgn. |
IS can help 10 S’gﬁt’tﬁé%}%&, ‘iﬁﬁ%@%{‘%zn% Flgﬁggéa 32” an®’ $¢,MP YL

in setting the |en

tor wr urin

35 tension in the actuator wire, the fixing of each contact ‘ball to
Its respective insulating washer is not necessary. WO

96/ 21182 PCT/USQS[lS%E% '

- 29- WO 96211820 ¢ o 1 | ng to Figures 1, 2 and 4, a spring aséuesr%’Fi/ls.’ 240 -
I's included in the actuator mechanismfor the valve. This will in fact

6-t he novenent of, the . controller

W re.

ntly,

assenbly, ‘this spring

force can inpriviagn 3 Yodce foamed: taghansta thiomed slingumierential
assemlol y. P@t,wjéwticsh rafahd did il ouddihglieSseidiYations SEGAUSE Of
normal varilatl on

the effects o
t:hat. t he nor

not be

10

15

20

25

30

- 35

as an aid in the welding process,: can also readily be
adopted. Changes in thickness at positions other than
the outer edge, also, as shown in Figﬁre 5, can be useful
for fabrication, mounting or operational-reasons. Aé a
general mattér, 4 maximum diaphragm thickness of about
0.040 inch and a minimum thickness of about 0.013 inch,
should be appropriate. o | ’

Third,.aféontroller rod structure 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
in the other arréngement 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
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
alréady been 6bserved that the primary purpose of the
spring assemblies 240 and .270, respectively, is to
facilitate adjustment of the controller rod 52, in each
case, during assembly. As a result, however, in these
configurations, the spring assembly, as also already
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 propélling force aiding

 SUBSTIUESHET (LE 20

i n exact positioning, the fit Qof -the parts together,
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an exact vertically aligned position. The exi stence of the spring
assenbly 240, then, can aid in establishing - the desired position
during asse 0 As can be seen, the spring assenbly a
conventlonalqpé%ﬁué There is a spring case 242, having é@ﬂ#gﬁs%

t hreads, which can be turned through the i nsi de t hr eads of an openi ng
al ong the tubul ar casing 214 which is aBdot the upper portion of the
controller rod 52. The 5 actuator s ri ng .244 then hes on a nose 246
Which abuts . PRESEREarPhn (iR GHURRELGT t e oRERBR Y o1t unctiaRes
the force of the shichg. 1nTEacSpraﬁg uﬁﬁeeéséagy sineageHe actuagag whees
back end-of the c ey h t case . 242 i s threade

i nwardly, the forgé 0?3 ggzsgiﬁnggaggb B-30 the controller rod is

i ncreased. As the sprihf aacerdance Wlthrtslmi@rimﬁmarpaﬂxpoadwe_amdr tbeolathke
spring, of cougseps neceg§§E9a¥%% iﬂgﬁéeégﬁaé cm%ééﬁié%?ipfﬁﬂ@tf@§6b€he

adj usted to a desired |eével. . cerni ng
being in tensiofPYiRg agsembdynpiispithies, Qﬁuﬁhﬁfﬁﬁﬁﬁﬁﬁﬁy iphgafhpusan

side tube 220 ° bei mountedd oWl tHex | HTda € i:ﬁeplttuﬂdl%r\’\ﬂéaﬁsi " 214 or

suf fici-ent t i-0 ep.cold, to fully close th
WO 96/ 21182 582 réspecgl H s %or tLe port;@ﬁyegggﬁ§5§g§tr fer 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 resistance 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,
T - with pivotally mounted controller rod conflguratlons,
such as those of concern here, has already been the
subject of comment. For example with regard to such.
30 solenoid'actuatibn,-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.

T —



- 30- ' heating the wire tends to open the valve, with the wire
remai ning in tension whether the valve is at its maxi me open

p03|t|on ? % Iosed or an-yvvhere in between. : ﬁtsqr wre
56 in an ac uator circuit, as '~ 5 shown in Fi-gure 12, eI ectrlca y acts_

as a resistor. - Wre, of the type re?ré red, is conventlonally
avai |l abl e. Essentially, the require is for a l.ength of wire for

whi ch a predi ctable e
Wre results in a AYERbEGR PEDETCIVELY 16q:BAcRATEY the dradlid bhd
contraction thebughgheuti ﬁgeaﬂéscrlpt(;@@ln rig. ml?hj'-s algm hmeembh@%\hy
actuator circustapéd thatFtHE@dﬂ-&stéﬁfaWéi@S@ é’ﬁe@lf@ééﬁpyesl%vf{%ﬂége

source 250, wit é e switch 252 closed, for exar‘rg %
control | ed by @ﬁ%cJ&b]P? cheres | F | RPURESy f1a%ed Plowthes Py %&Yb%% t he

t.ermnal s J;'B](c)ltﬁ:ﬁl]ﬂtiﬁ?eofaoELgﬂbﬁsligrftl:hedé?lﬂ@&bief ahd hv@lf@mfﬂsf d byhan
operator, reflect ire ow | eve t his

course, ‘is tﬁg?‘ly, Sconvent ongf‘uﬁy rltﬂ’iﬁ enerﬁ'flgﬁlpﬂ: ?gé
illustrative poapabibitiaeskigure-13, the block 254 is 20 |ntended to = .
represent the flow gpntgel ec r w{r_ﬂ art -
fromthe termnals ﬁgo o ésurgé ‘gij'?a%e ?ﬁ%a%\lﬁgﬁ%ét vari a é‘%cﬁp

vol t age  sour cethgpart tltﬁt Fmgnve 1le9)g|21\ﬁ@F #nd uVFﬁé?tF-PPES‘E‘}aéﬁ iRR,

. one t'xﬁé’&ér ﬁri | UBé I AnbER iHeFRN  wh EcROHARE OPBERT ddBBribed 26 shown
in the bl ock 216. tioneter, responsive, .. - to the r(#e tlonshlp

bet ween t he vofeEd: a‘ffi"gégu?h ePartl?%rﬁmfw EhﬁS?Ph’ﬁ’dt 192, SERF t

by an operatorinvention.
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reflecting a desired flow rate,gs the vari abl e
vol t age out put of the vol t age uwmﬁSBEETHA§d”¥@h\n, such circuit aspects,
i.ncl udi ng Qe oksfis circufjtry.. 8 a_valii abl e DC vp&,%gg,ﬁ,qy ce,
r at her than or exanpl e, €FFcurtry pbased on an

source incorporatlng pul se-w dt h . nodul ati.on, areTms&wmqhggéﬁ e of
conventional ly aﬁﬁiﬁpEbs@iixﬁ%% 1g. varied according t [ri

el ectrical aspects of the flow controller ~48732 whi ch a lHl

requi renents, fa es. The details of s apart
from for - WD 96/21182
PCT/US95/ 15157 "1, A fluld flow controller haﬁlhg a sen@&ﬁ”ﬁbemeﬁghrkhe

illustrative C|r |tr Vép g Egrtlcul%r vol t%ge Iegg cap gb
avai |l abl e from a YRRy ATt 2Bt UBEPEe FosERFRPRE | {Oartheio GPFPé'r'ent
t han the circuitbpmphu@hngs now commonly used or 5 adaptable for use on
G exemt 0B o 2" ABBEE, pipe | SRS TR B3 Ofp ! Iddk ST
sol d under .t he nane Steaickedvimg abflcati having &iflkowvamsd definGmg awﬁﬂuhdls
made from a n'Cke"ChEQQM“Eb%BE%b'%hrough 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 pipé structure for receiving said fluid
- downstream from said intermediate pipe structure and
defining a fluid flow opening through said output
15 pipe structure;
a valve seat mounted in said intermediate pipe
structure; | _
a valve gate member associated with said wvalve
seat;
20 a géte-member'ccntroller 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
25 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
30 . 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
35 multiple alternative flow rates, with said
diaphragm carrying substantially the full
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10 In Figure 16, actuaffor—ps B ow controller 32 of
Figure 1 have been changed, {{WHHB& Agﬁ&@ﬁéﬂ:lse remai ns the sane.

The act uafyiggs Eﬁﬁts are nod|fied BBPLAGED:pr ovilde a nor mal | yeppeosdisisim of
operation for the valve. Thus, 1n thi s case, there is a nodified input
side 258 15 and a nodified output side 26Q tube about portions of an
actuator wire 262. In this case, the output side tube 260 is fixed to

t he actuation portion 200 of tin? . war,

threads are threaded into uCtunr\/\ag'?Ly t%rggggf Qf S‘%el%% eaggd o%elhil ng
t hrough such 20 actuation porddmirZO®Er @ed mEmidtairehand, the input side
tube 258 is attzachedpt Gihigyt EQBWrCGﬁéfQQJ.@@‘l dor dTeEQned iHPRErapRr g of

the controller rod. , Its outward threads are readed into the i nward
threads of a cé@'ﬁeﬁ&%em ng 266, ‘on the input .SI de of the casing. The
actuator wi e 25 connectdais cma;ﬂheagﬁnd:‘s of nidvaliliitedidphritsh 260, with

t he use of insul ator her tallic c act ball,s .and el.ectri gal

|l ead lines, arét he W%fslu dsdgg‘é?"l b FHC er &?nng(?tfilgﬁd\m {’Ih Iﬂlgﬁf‘r“e 2

Al so, as in Fi gleegredn:al t hough i ncor por ated.-in the enbodi nent shown,.

the -press-fit . 30 nounti Kﬁa%?,e s?:kﬁ% I use the wire’
will be in tension in o Q%‘a'(tgl (ginl asse %I{t%%}&ye%nﬂé%%la IS as
descri'bed in Fidgure &, id o&dowd esm\tla@llwg as d&éanﬁét ime Qi{ﬁlrﬁm 2sj de
of the actyati qmeR@iih.on 200 of - the controller rod. In this case,

e R b I e R
‘al t hough this ishapet. necessary because the wire will be
5. A fluid flow controller as defined in claim 1

_ wherein: '

5 - said diaphragm stretches 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 deflned in claim 1
. 20 wherein:
sald controller rod structure is substantially
plvotally mounted. . |
7. A fluid flow controller as defined in claim 1
wherein: _ _

25 said mounting portion of said controller rod
structure includes a first section on an actuation

e - ' ' 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.

30 stréngth against bending to favor bending along one
of said sections over the other of said sections.
8. A fluid flow controller as defined in claim 7
wherein: | -
said first and second sections are
35 . "substantially cylindrically-shaped
9. A fluid flow controller as defined in c¢laim 1
wherein:
eet Has Been Re laced .
RN DR HORD A
N ]
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- 32- in tension,. Jéﬂ-la'sﬁ%'t& iy ureg 4, the spring

and spring g‘gﬁ%y ca aC| -'-_ ng-1-h _ 1 ni pEPusepiisusyt ment
of the norma Iy open p l \m ! val ve Also in Figure 16, of
course a lock nut 272 Iockln t he threaded attachment of the
I nput side tube 258, as opposed to the %utput side | ock nut of

Figure 4. By ref Ce Q. Fi h 51T Cc

of the normally-closed opegé??oﬁagae é&g@ ééflﬁgg 2 %Hy-d)f gggé%gﬁ

that, in Figure 16, aSubfBapEiaatyr a\km@ed Wlt%?%aﬁdéldtﬁ%o‘ﬁuﬁpﬁﬂl§9’de
t ube 260 noves, alongtnkbbgh salahgnggtuggbgns@ghetggezoo of the controller

rod 52 which nove tendi n a nore cl gosed val ve,. and a
| esser flow rate*®on t%e %* ol ESWE%%&??% 3 frEined ofR S T te,
permts the astuwhénelnertlon 200 to nove countercl ockwi se, with the
opposite effect for the va co n wi_t rt of
operation, of course, the EX?d v %&%ﬂ:$§% é%? ﬁgs ?i&#ﬂléséiér opgnlng
vol tage - ‘| evel , sepseeahnaiiyeabigaeéeW1Ubssaed flogdr fley apenihgs

signal 20 relorese”té‘f_&&ﬁgﬁf shP8 2nbHRl ahkoWwutahe Pkl sReusighekhat

_ 11. A fluid flow controller as defined in claim 1

10 wherein: '

' 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:

15 ‘ 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 gafe-
member control portions of said controller rod
structure movable in opposing directions with
reference to the position of said wmounting

25 structure;

a heat-sensitive actuator wire structure
operatively connected to said actuation portion of
said controller rod structure to expand and contract
in fesponse to changes in temperature of said wire

30 structure and move said gate-member control portion
of said‘contrdller 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:

DR N O
— M



the output of the variab
decrease with a desired

s s y de 250 of Figure 12, will
th. REPRAY
bl - e« 533

wre 262, “qp%éﬁg‘zr ease W tlecrease in fluigbddgase to
expand the act uat or =t e connection, the schematic
el ectrical diagranms of Figures 12 and 13, e still applicable, with
fully conventional variations in the “I1pl enentation, at a level of

~conventional detail beyond g, P%ﬁﬁﬁgﬁgtg%EgéggﬁrgndaggUt 3£%id Wiﬁﬁ/

Concerning the
anal ogy to the

assenbly, the outputpsi@fchubessr g iébﬂ%%éﬁikf““”géﬁ'(”é¥¥ﬁ@§¥%é‘3 put
, 0

sufficient tension, when co to all ow maxi num w35

the wire in

actuator wre - I I'n tensron,
si t uattvactwrei gucendingoto oneaceb@®l PEh saliids  aahrd trigon

through the val ve. TPREFHehY®Hy CRENGCLES diRisSeddc|Wike strughuregg|and
with the wre renai ngulgstant EAFlPNnohelboablee with sd{d 96kpih82on and

PCT/ US95/ 15157

alve is .

. . . - 33- :
fully-closed, at i tsc%%?ﬁuﬂ%lbe%f p%%:l"? | GHEQrSEXUCEUES (RRR i n bet ween.

Wth regard to

10

15

the val ve actsexiomd atdbudatr dtmicture about. said wire
structure 'extending to :the other side of said
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 1in response to said expansion and
contraction of said wire structure.

14. An actuator and controller mechanism as defined in

‘claim 11, further comprising:

20

25

a spring mounted to provide a force that is
applied to said controller rod structure. |
15. An actuator and controller mechanism as defined in
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
structure.

16. An actuator and controller mechanism for the gate

) member of a fluid flow control valve, comprising:

30

35

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

a heat-sensitive actué;or wire structure
operatively connected to said actuation'portioh of
said controller rod structure to expand and contract
in response to changes in temperature of said wire
structure and move said gate-member control portion
to adjust the fluid flow through said valve

This Sheet Has Been Reﬁaoed
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mechani sm as descri bed and shown, ==shet 5 closed or

nor mal | y- open, sever al advantageous[?ﬁmmgHEErHAsgL be noted. First,

t he pivot al wepssraigon of the vI ve TReplAdedes the | npl e@niakhagy of a
strai ght primary fluid flom1pa F——Frrers—the=tlaild f| ow opening 62

t hrough the input pipe section 40, the fluid §£0m10pen|ng 10 32 through

the val ve seat 48, the fluid flow opening 64 t hrough the internediate

pi pe section 42, and th@uﬁét‘éﬂtlally %b?@ﬂgpg_'ﬁ' %@nts r(?:%gzbéﬂ? é):géé)r&]s:l.on

| pe section 44 are nre
2I|n1nat|ng sen5|??@|? E?a?ﬁb°0aléédoperat|on to back pressure. 15

This also can facilitate theauseaeéroféohh£o§heéir@@{é§y to c&ﬁ%f@? the
npat pi pe seet on 40. PREPPRIEHEPh BRia. SCtRRter cuire chtmaShEe he

out put pipe-sediidH744 Affhastuahor and gomatrol ledd merhatd saf fdscidd®ihed in
manuf act ur e. 20 clalmE%@oggTTEﬂ§€g§§a§%Sg%ﬁgvotaI-operatron, as opposed

to a |inear operation, typi anount of force of .
which an.actuator nmust be cadabiigstrhitaibulags structurgnlaboancesardirwnre

adopti on of the ther nalsgpidbiONextenditly 1S %@ﬁi@%%f a8a &t c}f#’é’{&?

i n accordance mnth 25 conventlonal varlatlons € rea
appar ent . to thos@FEIRR % skF2idi n FoREERILEX he #ﬁ#e StrUCture.

conventi onal <d enoid aclspbmteﬁlaewee:bhhgcft)éae st uta&alr lSnelrre stiflﬁgtﬁggf and .
et R T I A E
required to cause a contpractrionvehiesaidfwihe sontcohter aod at its
gat e- menber control end Ry VAlbifar M XA €apRle20:81 §CLL1E
' 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 éaid expansion and
20 contraction of said wire structure.
18. An actuator and controller mechanism as defined in
claim 16, further éomprising:
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:

said actuation portion of said controller rod

structure . defines an opening; and
' ‘said actuator wire structure is mounted through
30 said . .opéning-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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actuators typically have relatlvely snall novenments. By havi ng t he

pi ezo-el ectric actuator coape = 5 e 35 pivot point, its snal
novement gan, It in a fuphis 4 anount of . noyeRRRbs/AlsE e
gat e- nenber g%gﬁ%f a Al contnEPLﬁEEEod his, of course, Is F? n
accor dance WD 96/ 2 . _
PCT/ US95/ 15157 - -54- L34 wi th mechani cal

principles that are convent |1 nder st.ood. . . In the mass
flow controller 32 of F|§ 53%% SStr1Ct%Eona8§9F§n 5? tﬁglgengaPeES dui t
86 to communi cate wepeningstohgesenabe xdilduid prelssuzepdmopgaldngndaifie
sensor. - condui t Qi:.';‘.llg ﬂgég c u

fl ow openi ng 62, Bgﬁﬂﬁbﬁfoﬁnggg%P in | gures tqyé“%ﬁé iéﬂ@i%é b?
substantial ly readlwyr&pﬁ%ﬁﬁﬁtan) niisroged oplong Sa&éuﬁ¢¢ﬁ|§ﬁruﬂ§u¥ﬁe

draw ngs. 5Howeverztodgeaur1$@dwéén séLQd %%&%ctétﬂ@é@ﬁf@ add tdpnal pipeus.
This initially may eference to Eigure 10, where the inlet

metal lic seal@FrHEﬁBEF 95 56¥93§aPFFe nPBePAB3eARGr conduit inl et
opening - 74, is shown. . al nflund lfé.gwrpbenscSralmeﬂdlxdlng a fluid flow -

sensor conduit defining a sensor 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 £luid flow responsivé to
said pressure drop. '
21. A fluid flow meter as defined in claim 20 wherein:
. said core structure includes spherically-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 comprlse four
- '1engths of wire structure.
25 25, A fluid flow meter as defined in claim 20 wherein:
said lengths of wire structure are deformed
between said core structure and said pipe structure.
26. A fluid flow meter, comprising:
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 ¢onduit;
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 havihg a sensor
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;)15 identical to the
'@t .sensor condui t

i ndi cat ed, the outlet metallic seal g i
inlet metallic menber, its nounting rmﬂssHEET

openi ng 76 wégaaﬁsggous to that of RERLA al | i c perusysisist he
i nl et opening, and its attachment—at. the outlet -end 82 of the sensor
condui t 86 is anal ogous to the inlet @%talllc menber attachnent 20
at the inlet end 80 of the sensor conduit. ~ So thus focusing on

Figure 10, as already doithfd efnler opddind NE6E EHICLnfbe REGRUSE aild®

press-fit nounting, oes not in-“fact require t orce o
L- shaped br acketSREPTL FPRBiHo| 3Nd IR serEerurendniposuties. oppmdng 25

member 96 can conveni ey xw%&fﬁétcleem log th%:f@@éﬁbcff @Bnduit ; an |
of f-the-shel f ball bearing, stalnlﬁ st eel e nmenber

has i 1s spheri ol | y- shaped Buifies melal1 3t ade o8 wtumaniiie eisaing ih
sensor condui 5 inlet said sepemimgo@uilto iplet dpenimgpresnded aldmoopdr ng

274 is 30 . formed thy;qugh fide %qig\%rghf ogag e 5§g§{n§nda,§& ﬁ%éﬂﬁnﬁ’du an

sensor conduit 86. Thé openi'ng nairo
Al so, near ,the end ofopendnsrdwaugh maaei strucn"umt famtdearindets #pel of-

portions are forned, iRl Qe Wonduit ; SIRP regions of the nmenber. Thus,
there is a flat, base 35 surface portlon 276, a flat, internedi ate

surface portion © 278, @ PH I L MeeakliEr FARECHOPEFYRLIBE, SPSeRdiFsn
internedi at e1gt ep regiien s&d FehsdPVAGRIRD dikdie®N opthing 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 and 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 outlet cormers
near said sensor. conduit: outlet opening, further_
comprising: ' - | B
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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- 35- ] This sort 3 At -and efficient for both

st rengt o, s - the inlet end. e
sensor 0%3’6{2%85 Thu ‘ gp-—refi on 284, is COH@%%%%%‘:{‘){ and
efficiently used as a S|te to 5 weld the end of the sensor conduit to the
seal er nmenber 96. - Now.reféfring to Figure 20, as already

i ndi cat ed, this is an ternative, .conparable to the view of Figure
10, again’ showdZor A hBSHHOA Bd BPURKADSensorvebTRuiTe3t 100 88 PIRE

seal er nmenber Ei4usfturegurconrisindheclmansregs of: - the seal er menber 96 of

Figure 10. And, as in Fi e f sQ S

wel ded to the sane %lirqq’cf‘angs fe. Véﬁgme\%%ra% Bn%ﬁlfgaca%eef% fgrhce of
t he | eg 130 ofopEmdng sﬁhp@‘dgbreﬁﬁ(léi byshquu rkar t §148d fiew ang
seal er menber in pl a8 rd gi&t | ¥ 1304 n%tndt h%u'ﬁ'a‘%!e We3lfisverse FBTO@hHel36

whi ch i s bent around theinlet corners 140 " the_inlet sensor
conduit opening 74. dimesEiom FHF@“SBsesald buSPFmEQV\/e@HErane?ﬁMHQSGn@s

required to acconpl isglirfidte ,f lgdid bushimgPdaving?@he valvensehe nmaatkbow

control |l er- of Figure 1, the yadi al expansi on-fit nethod of nounting
the val ve seat bushffg§T S said F&99nd ng & fate pipe section 42 is
apparent from - t he fmsertderrrégitd drusdmichg e diteenipigee, Stryssuxesul ar

Figures 14,3nd 15.  HOWgMQuyes A erfiovdndtt 298kl 1 @334 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 mountiﬂg 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. o
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: ' ' ' o

input pipe structure defining an inlet for
receiﬁing'a fluid having a flow and defining a fluid

35 ' 'flow opening through said structure;

intermediate pipe structure for receiving said
- fluid downstream from said input pipe structure and
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25 éspect-mhich may be noteworthy. Specifical
15, the spherically shaped surface portionf
formed by tRgo ggation of the force
surface portlon ?6 However, if thi-s g
portion 104 did 30 not exist, and the u rean1end surface 102 of the
bushing, prior to the deformation, had no such surface portion but
was, along-its full syd®Gein #mrgen@Iuiéu FPow o éd%h%k F§£59§Pth%§i
u strll

the bushing, the defornmation spheri cal - Shape result
from the shape of  the intRrmedkaieRing HHUCHUDE; However, nore force

and/or force over a lafgait REPO Gtafudduie Tk %dﬁ%ﬂ§%a1d £1uid0
96/ 21182 PCT/ US95/ 15157 -

- 36- . Wih (ARYRFIEER fFImseid LnresnedirFerPaRe Gt qkhike and
1, the altern&ive i n@dfimipe s&cflumdlﬁomlwmg ht anough sadsochedpact
pre-input pipe sectio gc?eo st?lﬁé/{h .Figure 21, may be substituted for
the input pipe sectio |gure 1. Wth this, the alternative conica
formflow " restrictor BOakve mepl @pm%dm:sawhwm@rmﬁ@taqmme

for the 'spheri cal for@gyhégﬁyéonlcal form 174

a valve gate-member associated with said valve

10 seat,

a gate-member controller including,

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

15 a mounting structure for.said controller
rod structure, said controller rod
structure connected to said mounting
structure along said controller rod
structure mounting portion, said actuation

20 _ ' 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

25 ' fluid flow,
an elongated stem rod, connected to said

e -l _ 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 portion 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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restrictors shown in Figures 1 6 through 8 and 17 t hrough 19. And the -

alternative, li k a'—-“-- fjora] 6] 10 and outl et 154 seal er nenbers,
shown in "1 Iﬁ@quASBEg,q.tMuted for the like et 80
and outlg%%%lfsz _-seaREPLAGEmer s dhown in Figures 1, 9 aggur@gggndlg'}

The fluid fl ow opening soZ+rmeughlt his alternative i nput - pi pe section
146 has an intermediate uniformy 15 t-®%ered portlon 304 with a | eading

non-t aper ed, CI rcuI ar i ndri cal rtion 306 an ai |
non-t aper ed, & r Edpdd cg:‘r?‘ﬁdrclo&%lr | oﬂSBﬂ?fa“ﬂ‘rfe"r énna‘i/iatfg“ a>fery

smal |, taper edvher:aarm:tl on portion between the |eading or traili ng
portlon and the interned|at S Y e; .2 opveni
formati on t hrough, e.qg. ,déaﬁlscg E(E))f&&aé%{]e? étl:@rh ‘g& 18 ng‘d Eeg gma Fg%% n3| tion

portion 312, for tirpm thet gaitie-mempert | pide sofh@mid neFhoeblen. rods can
be seen g in Fi gl dhrd Radtead Bgeabl- Eﬁ&ﬁf@ﬁlé@réﬂé’m%%r@e be

fluid fl ow opening 302 extends al ong~the I nlet opening for the
sensor conduit 86 &M tRESLEAPR REf R8RS gatemgrbexy SSPE“I dﬂ’l%lga&?t ends

al IOng thg out : et OpRMbYr Jeﬁlaie of héaﬁifd td&tfl&%m@r %ﬁﬂlﬂﬁr#dﬂ’dﬁk regard to .
inlet an out n thelr a ul ar 0S L OU th put
pi pe sect3 ﬁGfgg oﬁ%"é SoREY; ﬁrg a$ rﬁ'jtetﬁ dt0 g&e Jt'ilne

inlet 80 and mhdmlr&Z ends of the sensor conduit 84 are “positi oned

O course,q this along with tgg?@naaheggneﬁ R  bPRucEhRd! dfte bagdl P pe
structure, of the sensor ousin at carries the sensor conduit
84, can be mown:remgy vari eﬁﬁﬂwt&%r%c@t\ﬂﬁqﬁlpartl cul ar requirenents

35 or caenveni ence. The alternative conical formflow restrictor
138,
Thﬁlslliialiliilﬂflcln i

i



shown in Figures 21 and 23, in a nmanner simlar to the WO 96/ 21182

PCT/ US95/ 15157 ' - 37- ot her coni cal
formfl ow r%s{s}zﬂsg 126, has four |engths of wre . 3lécTRISOSIFISNO
allong its coré 16. Al so, simlarly, the positioning of this
flowrestrictor in the fluid fl ow opening 302 through the input pipe
secti on, 5i.e., the degree to which it//KDpushed . in, with increased
squeezing and el ongation of the cross-sections of the | engths of wire
where squeezed, is used to cali br gss il fluid flom1controller

Again, here, the |ength oggthe ¢.i| ctor, whether or not it extends
along the inlet 156 10 or ou0f!l et IHg Wer- the sensor conduit, its

t aper, and the taper of
fl ow opening, can all be vaffi «
Tapers for both of about 1
alternative conical form . 1f
section arrangement is

poi[ti on 304 of the fluid
M i h the specific needs.
| However nce this

nd fli t73\as g?%d I nput. pi pe
f fjow r e generally

conparable to that-covered f SipE +form dbow restrictor
66 and the other conical f Miiii:il '
it 32
234— ' % U240 N
2207 J ‘ - =

= - 42 44

> 34 86 | FIG |

142

;//~86

L —~84

132




réstrictor 124, in their input pipe section arrangenents, 20 nore

variation in factors m ght be expected in the present case, such as,
e.g., a resW&ggIﬁrmztaper of about 2[err]. The perpsvsnsisof a
pi'ece of wire, providing the four | engths 314, on the core 316 of this
alternative conical 25 formflowrestrictor, of course, can be
acconplished in the sane general n@pff@r as previously described for

t he ot her conical formflow restrictor 126. Here, however, as a
vari ation, which could also apply there, there is no nub and the wire
I's welded or soldered directly to the 30 snaller end (not shown) of the
core. As can be seen in Figures 21 and 23, the flow restrictor handle
318, here, i ncorporates a sonmewhat different, tapered, shape than

the handle 192 for the other conical form flpow restrictor. 35
The pair of |ike seal er nenbers 152 and 154 and th formof the pair
of like inlet and outlet openingg 156 and 1587f- theigensor condui t,
in the alternative fluid YD 96/ 21182 B 0 :
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fl ow i nput arrangenent of Figure 21, are generally readi |y apparent

fromFigures 21, and 22 and 27, as variations of the arrangenents
previously descri bed. Referring to the inlet sealer.nerfggyushbassnd t he
inlet. 5 WEHDWRIME 156, as shown in detail in Figure 22, inthis case
the inlet sealer nenber has the basic formof ~ md- section of a
sphere wi th equal outer sections renmovggs An inlet opening 320 is
formed through the nenber for the Infet end 80 of the sensor conduit
86. Thi s openi ng 10 narrows near the end of the conduit, running
through a step region 322 which, again here, is conveniently and .
efficiently useF @ d| ng sit ey n f the sensor conduit.
O course two s ?S gi'ons, as inPYyh ot Hep—~864 er nenber form coul d
al so be incorporated 15 hé&/é i hetl put seal er nenmber 152 is
press-fit into an enlarged o <J por t§¥on gzbnl et openi ng 156,
wth the spherical form outenN]sdrface] ¢f jt e ma g%é _
agai nst the wall s 2pg hat. oyp s PRJti of {th s &2
nmenber and the outer portion of d shaped so
that,, with refere ' t eal menber-
press-fit against the w e_out ér § i ng,
t he _ ouzr‘:-nan ar surfa a R i th
the outer wall of - ' = £ ' : he pi pe
section leg 130, t . B g flu [ e input pi 8ection and
the seal er nenber, the g gt of 't e ertightly hol ds it
in place W th Hﬂ ” rse,|it us aspect i s not
248 242 2467 202
5¢ —~ 5T}
% 42
1 |
. / l i
N
S zoa | D
122 : 50
-
N
= VA YA #4,
46 48

206 —

192

54 \
208 210
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N
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30 necessary, and the outer annul ar surface of the sealer menber

could be either inside or project beyond the outer portion of the

i nl et openi ng. The inlet sealer nenber 152 is shown in Fi e 27
prior to i rwemskis2i nto its assenmbled position. By 35 cB%P?%’%#’

bet ween the nmenber in Figure 27 and the nenber after insertion in
Figure 22, a particular aspect rel ated /VC)tO the seal er nenbers 152 and
154 may be appreci ated. . WO 96/2118?

PCT/ US95/ 15157 - 39- Referring by
way of exanple to those figures and to the inlet nmenber and the inlet
openi ng 156, the outer 72 portion 324 of the inlepPoQpening has a tapered,
frusto- portion 325, as a transition\getpsen its 5
circular, cylindf al | 327 and the circul ar %i wal
328 of the inngf i nl et opeman - éﬁ nt
with the forng but er portion of the\i ng by.. .
drilling with\a on, in press-fi ZL::._. er nmenber
in 10 the in ner corner formati onngR9_ (LT e - 27)

of the sealer

40 |
.74 80
86 128
2 — 96
Sy
\, (T-TmuTmmen ey 130
132

FIG. 9




wal | portion of the inlet opening thus formng a small, substantial ly
frusto-conical abutting wall portion 330 of t he seal er nenber. The

force of t%]d'gmﬁrzti on, also 15 tends to force the spheri c&ﬂﬂ’@??ﬂ%ﬁ face

portion of seal er menber outward, thus enhancing the tightness of
the press-fit. In a fashion simlar to Dﬁcfnunting of t he val ve seat
bushi ngs, this mght also be terned a adi al expansion-fit

nount i ng. A substantially 20 spherically-shaped surface portion for
t he seal er menber, of course, however, remmins after the assenbly.

As al ready |nd|cated the alternative outlet sealer menber 154 is
essentially. |dent|cal bot h bef gre—ard after—qnsertion into its

assenbl ed portion, . tq_the 2% alternative inlet $eal er menber 152, and

t he outl et opening 158 in the alter ative inpuff pipe structure is
essentially identical the inlet g 156. t he description
of the inlet nmenber a ng applles - anal gly to the outl et
seal er nmenber and open 0O with the oﬂﬁ&'[) of seal er nenbers, '
this pair, e.g., {89 red fromoff-the-shelf ball- bearings, e.g.,

of - 316-stainl ess The alternatifve, normally-cl osed
val ve and actuator parts of. 8 4 are showd as they woul d be
substituted 35 in't _rom1coA¥

2 of Figurefl, in place with
8212 and out pip 44 pﬂ&é sections. The sane

respect to the inter
i ve, nornal /86

applies to the altern

FIG. [/

250

56

150

256

152
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- 40- cl osed val ve and actuator parts of Figuré 25, nany of whi ch
are the sang as the parts in Figure 24. O course, howe:

alternati vg§V°?‘(?le”descr. bed, associ ated with the fluid-f ové’?'ﬁ%‘ﬂ as
shown in Figure 21, as 5 opposed to Figure 1, may also readily be

enpl oyed with the val ve and actuatqs/@grts of Figure 24 or 25.

Turning to the normal |l y-¢cl osed alternative of Figure 24, its structure
and operation bears nuch simlarity to the other normally-closed

ar r angenent previously 10 descri bed. An alternative controller
rod structure 332; in this case, is integrally fornmed with a di aphragm
334, which is - welded in place between a tubul ar casing 336, disposed
about the part of the controller rod structure above the 15 diaphragm
and the internediate pipe sectlo 44. The controller rod structure
has an actuation por 338 mounting portion 340 in the i nediate

vicinity of the dlaphrag ‘ gfdee- nenber control portion 342.
an |npu?LF
lpenlng 35

An actuator wi.re 344 tube 346, 20 threaded into an .

internally threagﬁd ough t he actuation portion of the ..

control ler rod sfrucgy ) nput side washer 352, e.g., nmade of
ceram c or mca gnd 112
[} )
' ¢t -I14
116
|
42
N
< !
| 112
| 120 4 46
- y 42
108
T T ' . S22 N
1 106 1o I 106
Rl
L | - -
|
L1 - FIG. 15
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p?esstit into the end of the tube, with a netallic,
25 352,

cont act bal

the ball, e.q.. solder
anal ogous p&&f 96121182

ed or

in'the other

2 and 4 as previously descri bed.
with respect to the relatively short outpAtQside
into a tubul ar casing opening 358 with

thus fixed to the casi
ceramc or mca,

ng,

press-fit

an out put side washer 362,
into the end of

netal lic output side contact ball 36
342 passes and to which it is wel
of the actuator wre, iagzgoes
structure, with 9¢f 2
PCT/ US95/ 15157 253\0
nove t he actuagOr and
more open positlony, d
actuator and valv

266

264

or

354, having the actuator wre
wel ded to it,

normal | y- cl osed arrangenen
And the sane anal ogy

LY

I nput si de

af ter passing through
pl ay anal ogou 2t he
Fpgibs
applies
30 tube 356, threaded

an associ ated | ock nut 360, and

ich tHe
ol der ed.

) WA AD 4

e o0

Lh20e c(
_R60

th _cao

204

52
54

]

e.g., mde of
tput side tube, and a
35 actuator wire
Thus, _the expansi on

ntrolleﬁ-lf@i

?  heating, will
y-cl osed val ve toward

Pnd wi move the
' Tﬁﬁé*p |

j}f




5 The spring arrangenent in Figure 24 can serve initial

‘assenbly and alignnment functions anal ogous to such functions in the

ot her nor ngble¢ntiggsed configuration of Figures 1, 2 anpcriuse¥1siszhat
fegard, however, it is per haps noteworthy that such functions, as well
as any 10 addi'tional operational functions for a spring
arrangenent, can as readily be satisfie®}dy0Oan arrangenent providing
a spring force that tends to pull open a nornal ly-closed val ve, as an
arrangenent tending to push closed a normally-closed valve.

This 15 alternative, in fact, kéééncorporated (4G gure 24.
Specifically, the spring arrange t here, I ncorporates a stud
370, fixed to L?S ctuation portion 338 gf BDe?conBidller rod

structure 332 ing thre ! openi ng and hel d
by a nut 372. The AN [0 ; t he tubul ar
casi ng 336 \ ' ¢ it into an
openi ng through tjhe casing. 3 ! ; 3gQoci ati on
with the hollow nut. An end ét -3 ains+=302 a washer 379, is- =«
t hreaded onto thgi end of th of| the spring
arrangenent . A 5 ' stﬁg and
bet ween t he washe S , €nds to
push t he nor mal | y-cl os 4 In the
i ntegral controller rod structurg33 | ral lﬁ%g Figure 24,
t he nmounting poy 3 of th t ) immedi ately
above and bel O\A/FIfG 2ére t he di aphr aghdd& for has a circul ar;
cylindrical shape with no differe i nf di aneter. us,

Ta2-= 80 /1G. 22

<4 ( 162 386
388 ‘390 387

392 - F1G. 2_5



the differential strength, favoring bending along a 35 snuller dianeter

.section, in the other normally-cl osed ~ arrangenent, as an alignnent
aid in iniycdemagpenbly, is not incorporated here.. pcrndbd/Pér1182
PCT/ US95/ 15157 : -42- Still
referring to the normally-closed arrangenent of Figure 24 and, nore
‘particularly, to the nounting .arraﬁbéMEnt for the gate-nenber bal

160, shown enl arged in Figure 25, sone nore detail ed aspects, beyond
t hose 5 initially described, should be noted. In regard to
this, the gate-nenber ball 1[err] can conveniently be press-fit into
a ball hol der 382, as can . the elongated stemrod 160, fromthe other
end of .t he hol der. The stemrod sleeve 164 can then be press-fit 10
into a sl eeve nount opening 384 through the gate-nenber - control
portion 342 of the controller rod structure 332. * Alternatively, the
sl eeve could be fixed to the controller rod portion by welding while
in the sleeve nmount opening. At the output end 166 of the sleeve, the

15 stem rod ;Ifdes into a sleeve end opening 386 for the

354
352 344 346 l s__/-332
34 ;' ' 334
0 . 342
Z. Il 44
7
166
160 ._
164




rod and is welded at its output end at the back of the sl eeve end
opening. Toward the output end of the sleeve, there is a set of exit
openi ngs 3Pd ob183'gh the sleeve to permt gas to fl-owpdurussghsishe

sl eeve. 20 As previously observed, this arrangenent permts

defl ecti on-type novenent of the stemrod 162 and the . parts it carries,
I ncl udi ng the gate-nenber ball 160, to 10/10 acilitate the pr oper
positioning of the ball w.th respect to the valve seat 388 as the
controller rod 25 structure 332 undergoes its substantially pivotal back
and forth novenent to tend to open or close the valve. But in addition
to that, this arrangenent maintains the ball 160 relatively near the
axis of the controller rod structure so as to naintain its novenent
close to 30 perpendicular to this axis. Enploying the gate-nenber

side 390 of the gate-nenber control portion of the controller rod
structure as a point of reference, the position of the ball 160 (i.e.,
its center), in a typical arrangenent, is about 0.150 inch in front of
this gate- 35.nmenber si.de 390, and the output end of the sleeve 164 is -
about 0.500 inch to the rear of it. In any case, as . here, it is
advant ageous -to have -the el ongated rod WO 96/ 21182
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-43- nounted a di stance fromthis gate-nenber I
greater than tw ce the distance of. the ball 160 posi

This certainly applies here, ‘
sl eeve end opening 386 in which the 5 sgmmrod i :
starting point of the nmounting for the rod, satlsfles this.

gat e- menber si de.

ALC,

Still referring to domduis Al endpiningg tEhﬂrughet halet endabf essihtsdnssdn ng
392 has the same fo &%g:déhgaﬁal VGSens{% sg&gd‘p@hhggléghgggx Slfééft %

descri bed, and i s nbun
duwfélc%l?\tem@r@ftmx\dtmnmwm;tm shown in the other

does have a

sane ITEt e va

normal | y-closed  arranggmephiet metalIEstealQE st%%%&%%e exte%? tG?teS
t hat nag¥ di fferent and varied val ve seats can be used ap (f
use in atrangenent sS&1%i PERSPE PRty JdilatoPPeRERY e 3BH] geamdeg,mw:atrh v,

al t hough not the
configuration in

the operation

of

saidageuhdihle ieRlfidweata OﬁlﬁécEﬁ.Qﬂr é&t%ﬁdiﬁ? ZForly

i e s ) e, i

exenpl ary size for $¢mueﬁumgadeﬂlsing1andopenanGthmmgh maxﬁlshnﬁdtuﬂe

about 0.600 inch anghp haBirle eng OF SLAN!sefEd: ! Actaudl ol oo

however, w de vari ations
r equi rer%t%uu% metalliq a&%l%rsﬁnuqt%@:@nqr&m e

parti ciQr

acco? ance  with

shown in Figure 26, Sald séﬂ@ofaHBn&QﬂEr8h£§étr%§e%hh§C%%H?f%ﬁ%d@ag ith
3 sane _el ong ?_d stem rog gate nmember baII 160,
said rounding uding a 1rect1 n extending along

di aphragm 334,
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27.

28.

29.

30.

the direction through said opening, said sealer
structure defining an opening through said structure
for the outlet end of said sensor conduit.
A fluid flow meter as defined in claim 26 wherein:
each of said inlet and outlet sealer structures
includes a spherically-shaped surface portion
extending in said associated sensor conduit opening.
A fluid flow meter as defined in claim 27 wherein:
each of said inlet and outlet sealer structures
includes a flat surface portion.
A fluid flow meter as defined in claim 26 wherein:
said sensor conduit is attached to said inlet and
outlet sealer structures.
A fluid flow meter as defined in claim 26 wherein:
each of said inlet and outlet sealer structures
is frictionally-fitted into said associated sensor
conduit opening.
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bal | haql der .3

t he n as i
a,nunb% -
i ncl udi '

associ ated | ock nut 400, an end nut 402 wW ASSOCT alliihe:

Re

@ (lLM?
ngd t.he sane val ve seat 388 in itsl shi'ng 392, as

similarly, are i.dentical to

EgrnatiVe of* 30 Figure 24, are_ysed and present.
394, its associated #E 396, all:‘

and a_ Spring;ad0dy eThea PHSK Won @135 Lol A-ARRN Py 0T TIENESL

in association with the actuati on por

I on

in
And

structure 332 Wheregpg the tubular casing 406 is, in substance the reverse

WD 96/ 21182 said elongated stem rodPQl¢ UadthtedS>h distance
- 44- of the alLternative nornall -closeg configuration, and_is
readi |y apparent frbhPPhethfti 2 i ofi168 t said gPREFPY1LeKoskEed

configuration and fsopuEtgueetBat Her ereater tharspwite 4te dis@thrde tHe

initial assenbly an | t..and al so operative during_the
functi oni ng of gl{’ﬁﬁ?/%ﬂﬁé‘%ﬁ%ﬁ%’é@ %&r%r %&%ﬁt-r?%n%&%et%a%?&%m»b?’ﬁe
: | nsifie aftephdt toptrnolhker| yodpshruatnzagement of
Figure 25, . an ggtuahoreni{ig 4dfbwi MRtV #12ANdefined in claim 36

wherein:

val ve.
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40.

said controller rod structure and said mounting
structure are integral. |
A fluid flow meter, comprising:

a fluid flow sensor including a fluid flow 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
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 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
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, said inlet sealer structure including
a spherically-shaped surface portion extending in said
inlet opening; and

an outlet metallic sealer structure extending 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, said outlet sealer structure including
a spherically-shaped surface portion extending in said
outlet opening. | '
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- : | 4
T0  OUyidknh “ﬁWt act ;balls, and input side 416 a(_ndlcllq;i.put si de

418 mas ress-fit in position, - are ijden Ot
conpara gure 24. However, in accordance W ng@%BEEN
nor mal | operati on, an i nput S|d§9tube 420 ' A Phrea

IS flxed to 15 the tubular casing 406 by threading into an internallTy

t hr eadi ng openéng 4Alfnhidugmowhmetasiag dafifinad dnt pllaim 40 whdeetitibe 422
is threaded into a tube peni. [ C

structure to fix the tub P% %31@91%% t(ﬁqd éh%#%hn%ﬁ%;é%mé%r&é%%¥ﬁs
control |l er structurénclgdbaca ﬁhétféﬂrﬁaﬂﬁtporhéOBxpanS|on and contraction

of the acgyat op ¥h{;8d flow meterAdsf QEf3ABR §Hdb§b§2f&ahodﬁh§kle§nand/ or
variations in what has _been shown and descri bed, the use_o 316

stainl es? steel ‘material SPof SERERHFORAUHArS; aftached 59 FRAG é%%??oﬂlér
has been noted. Thabusheter kahleg. gtruedlires. also be used for a variety of

th : h : mb he - b h
orimary 11t d 457 R 5B fLRF BOEEE AOnGSELREd AS: RUeABoaP FHETRAPC o

t he controll er rod ebohkeofheadidapmlagmand eowt Ity aseall et est r3Etunels
the sleeve for the ?Eenﬁf:ﬁ%léﬁﬁgﬁlfltn?écge&ntgnd%al% atsggcqg@teﬁmé%ﬁscg?d

and di aphragm structures ther conventional
avai | abk@ and used Conduhﬁtépﬁnénﬁaterlals coul d also be used. Exanpl es

are netal hihc ahl 8Y§i&0F oW il esdt N VAN SRS HALIAY mAAE wBSrelACOREH.
Traditional vendors of fluid flowp artsﬁg§ H oo as Par ker Hapni fan and

Caj on, are excRpP&rStERGrLEs B33 a paix IPRESpPHBL sBRLF oRENECT A

with the washeednduit inlet opening and a pair of outlet corners near

said sensor conduit outlet opening, further comprising:
.15 an inlet washer structure bent between said inlet
" sealer structure and said inlet corners; and
an outlet washer structure bent between said
outlet sealer structure and said outlet corners.
45. A fluid flow meter, comprising:

20 a fluid flow sensor including a fluid flow 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

25 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 conduit
inlet opening for the inlet end of said sensor conduit
and a pair of inlet corners near said sensor conduit

30 inlet opening, and having a sensor conduit outlet
opening for the outlet end of said sensor conduit and
a pair of outlet corners near said sensor conduit
outlet opening;

an inlet metallic sealer structure extending in

35 said sensor conduit inlet opening rounded along the

direction through said opening and defining an opening
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ge%H BeenRe laced '

-45- éél = mnth the actuat or tubes,the val e .t can

c.onveni e.g., a cefam ¢ or nica whi-ch _are
al so aI I ary mat eri al s fy- the gat b IS, BEE

For Iomer Ievel fIOM/rates In the configurations of ‘-ED4 andjf 16,

a_di aphragm t hi cknesm:fugboghiu 030ructyré @0 10n e cal, SFtesdla
t hi ckness of 0.014 |nch for hi gher | evel flow rates. Typlcal

di anmeters for the Lonidions of the two circular, cylindrica
sections 10 of a contrcﬂanﬂinmad wbshgrtbErﬂbuﬂrenbemmwbetweeﬂ ddi®l inlet

rod, for these conf 's% aet %uctqﬁ&edﬁhcu ltg lqileq:oca&ql 0. 100 i nch,

mnth vari ations depen nNg upon uses%ﬁﬁfreqU|renents of
e.g., fré&m about 0.045 aﬁﬁl@nﬂﬂet meua&@hc Sealamb@tIDCLgﬁeaaxt@nﬁﬂﬁg dgh.

Typical outer 15 digf téﬂﬂ%éf"céh&@féoéuﬁf uj eﬁlﬂatrgﬁndédgalohg Re

range of from 0. 010 |nch to O. I nch eatT ng -an tuator wre,
avai | abl e electrlcalHﬁﬁﬁ§1QR=tPﬁ°PH§ FaﬁéeOPenln%fa¢¢cﬁﬁﬁﬂﬂﬁﬁg(§QBQP§E}HQ

watts per inch m ghttHiowppeshed, structiffe eRaPPIthe bALBeE. endBtéer Sadiad
vari ations such as gg%sggugg%du |ch e nerely exenplary, of course, are
al |
10 an outlet washer structure bent between said
outlet sealer structure and said outlet corners.
46. A fluid flow meter as defined in claim 45 wherein:
each of said inlet and outlet sealer structures
includes a flat surface portion.
15 47. A fluid flow meter as defined in claim 45 wherein:
said sensor conduit is attached to said inlet and
outlet sealer structures.
48. A fluid flow meter as defined in claim 45 wherein:
each of said inlet and outlet sealer structures
20 is frictionally-fitted into said associated sensor
conduit opening. '
49. An actuator and controller mechanism as defined in
claim 12, wherein:
said expansion and contraction of said wire
25 structure is variable to provide multiple alternative
lengths of said wire structure in response to said
actuator control circuitry to adjust said fluid flow
to multiple alternative flow rates.
50. An actuator and controller mechanism as defined in
30 claim 49 wherein:
said mounting structure for said controller rod
structure includes a diaphragm, said controller rod
structure connected to said diaphragm along said
controller rod structure mounting portion.
35 . 51. An actuator and controller mechanism as defined in
claim 16, wherein:

I
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wi thin conventional "i npl enentation capabilities of those ok Kﬁﬂigﬁ%‘
skill in the art. .. Several controller rod- 3 aphr,agm conf i gur tions
[

aﬂg‘ rel ati onshi ps have been shown, “and the ava
variety of readily apparent alternatlves hagqal so b
However, sone additional observations about t hi

First, it is apparent frogyige @ﬂénOfaﬁchecontra‘t%rﬂdiﬂsoﬂznbggia'eﬂhﬁréor
t he actuator and valve arts aFent fr Qfscr tions,

that in each case, tﬁE c ur%léﬁhY%ﬁh?%ﬁ% %é%rog ?%ﬁ EEEE}VG
structural suppbengthsrdﬁmsab@twmkbemurmttnnauimreespohbaewm’sald

during operation, Ofageﬂéggf EEﬁtEB&C%19EuEQ§y9§§'“4?%§%tsa%&ﬁﬁgﬂhd flow

i ncidental result, ma Structura
di aphr agn® Addltlonhplyulthpbacﬁléasaatlve fipw Haﬁsﬁragnlls unbent and

not corrugated. gFhi spcamuig flowﬂhgéégligzdeflned in claim 20, wherein:
PCT/.US95/ 15157 provi de advant ages

both from fabrication andsﬁbérHﬂFSnﬁFruCtur§t&ﬁd&ﬂqﬂﬁg between saigh epxe
referring to Figuressgfuatidrdban8h€he inside of said tapered opening.

53. A fluid flow controller as defined in claim 36
10 wherein:

aeis stvePhi~8 u_h.. .
en HEP&REEDte“

said mounting of said elongated stem rod frees
said stem rod to deflect along said stem rod away from
the location of said mounting.
54. A fluid flow controller as defined in claim 53,
15 wherein:

' said freedom to deflect includes freedom to
deflect along said stem rod to the side of said
controller rod structure toward said gate-member.

55. A fluid controller as defined in claim 54, wherein:

20 said gate-member has a spherical surface portion
opposite the £fluid flow opening through said valve
seat.

R
i

—

LT



R 5-.: H

dlaphragn1334 IS formed to0 have a thlnned C|rcunferent|al 5 prOJectlon

as an ai (lfhlkShe&‘HdBEéeﬁ‘ﬂe lJce Va
e_welidi n ‘1rocess canm.l-o

angl ed for

casing th |

readily b Changes in thickness at po |t Qﬁﬂ?“ﬁ? tjan 10
or

the outer edge also as shown in Figure” % can bej use u

fabrication, nounting or r al as ot ttler, a
HBX|nun1d|aphragn1th|ckﬁ%%ggoggaggufeé% é%f%ﬁé?iﬁ ﬁlgﬁﬁﬁ? Vnﬂﬁﬁ? ng’

t hi ckness of about sulgetEntnthlly alighed| wibd smeprcogriwid. T1d® openingi rd,
a controller rod styych e Lap8r P d the nmounting portion
of the controller rod g%éucture ifipu nél%é gtruc|n % ne of the controller
rod- di aphragm0-  akr aﬁ%g%nféoyhmmw%herdra@m Ag§ipedy. in Ficd@iss 3 and
16), and the ugirpuch a taper on both sides is present 20 in the other

arrangenent shown in the dr mﬁngs (Flg (ﬁe;lnes thﬂ %6Qﬂq¥”open1ngThus"

many alternatives and vatisti $AsvFel®
r-od-.di aphr agm conf ispbsttarrisally | abigned whplpasehd fDuidhOBBoﬁkmpéﬂﬂngﬁ 't he

Gesiros, 0T iR cafa NG Y8 RBbRPTbEbe BBV E R kB el |y

open val ve cor¥li gurPat ifdwsd aﬁdOWheconarDm&eroram rdefinedcdar dahadémwi Lh
Figures 4qq3nd A eﬁpectlvely, it has 30 already been observed that the
primary purpose of spring assenblies 240 and 270, respectively, is
to facilitate adj ustaiht eontmeldem rorbér rerBXure easmd said

diaphragm are integral.

D = o na I o - P Wl L) - o o b

member of a fluid flow control valve, comprising:

15 a gate-member controller rod structure hfving
an actuationiportion, a gate-member control pértion,
and a mounting portion;

a mounting structure for said copfroller rod
structure, said controller rod struc¥ure connected

20 to said mountiﬁg structure along sa¥d controller rod
structure mounting portion, said dctuation and gate-
member control portions of /aid controller xrod
structure movable 1in oppbsing directions with
reference to the posjytion of said wmounting

25 strxucture;

a heat-sensitjfe actuator wire structure
operatively connegfed to said actuation portion of
said controller Xod structure to expand and contract
in response tg changes in temperature of said wire

30 structure a¥d move said gate-member control portion
of said cghitroller rod structure to.adjust the fiuid_
flow thfough the valve in response to said-expansidn“
and gontraction; and -

actuator “control circuitry .to control the .

35 - emperature of said actuator wire structure.

13 An actuator and controller mechanism as defined in
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14.

¢laim 11, further comprising:

1s5.
claim 12 wherein:

structure

said opening without c¢on
structure. .
16. An actuator and control

member of a fluid flow contro
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R ,e¥beARRaSC R
spring asgoriiionin af t hesaiod t
be nmounted on either
respectively,

however, i

al-x Aonl

. - =5
of the 'controller' t

(6]
. si%le SETOMS FHBE1§§
I essd Fuaoute tebecre:bhr@rr&d

—alreagdy—=35— rve
THIS $ISEET HAG BEENCE ag
Bnd aREPbABERat of ja prio

he

n these

RCEMENT SHEL

A vUIII:'IIL

eII|n fqb&?

Uso2/t
.her way--fu

ST0%oaEt STg 9 (AT TRnon
waklesr | cddict | stcamcture,
Zéélar wire stgu%@f‘rre and

e WH(Eh asadfbleypeasiprheand
aébi:@@tuﬁé tQﬁdODDOSI te side

g ded
e assenb ysgaOVIWEre
egmee GEhéQSIEEGECEOQDDQQiae '

actuation portion of saifd controller rod structure,

fixed to said contrg
operatively connected to
said actuation portion
structure in response
contraction of said wire

An actuator and controll

ller

said wire structure to move

rod structure and

of said controller rod
to said expansion and
structure.

exr mechanism as defined in

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

An actuator and controll
said actuation port

defines an ope
said actuator wire s

a gatermember contr

er mechanism as defined in

ion of said controller rod
ning; and
tructure is mounted through

racting such controller rod

Llexr mechanism for the gate
I valve, comprising:

oller rod structure having:

dn actuation portion and a gate-member control

portion;

a heat-sensitive
operatively connected to
said controller rod strug

actuator wire structure
said actuation portion of

ture to expand and contract

in response to changes iln temperature of said wire

structure and move said ¢

jate-member control portion

to adjust the fluid flow

through said valve
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functi'ons which, again, are e o o . Jeijng in
tensi Onﬂﬁsﬂeﬁmﬂmgdal r@'s SHEET HAS BEL }bed, [ 1l's_oppost tganprioach

has been QF?M‘FE?L nor

onfigurations of Figures 24 afhd

nornally I
For hi's opposite approach, the resj.sting is agalnst t he
novenent caused by contraction of the actuator wire and ttre
propel ling is of the suiswerdial aebypinsicespohse to said hexpamsbonr
W re. 25 S q{] &e nventlonal $ol enoi d and pi ezo-
el ectric type actuatoréyt&j %an t%@?n&l actuatqgrs, with pivotally

mount ed controller rod corf¢guater oneentrol circuiirns thosecontrebncehd
- here,- has al ready be ﬂ ature of é&PﬂGQEtGQtGP o P% Eeauféanple with

regard to such ol enoid actuyation, Lt mg e not ed that the
use Sof 197thlwr@‘atwé@rngnﬁlm:@agﬁoaaeac ha@ﬁsabratﬁ diefined in
‘opening in a corilzd &le | OFhrthdNotbmpLLSIhGY t hg controller rod

i s one conveni ent approach. This rodug)ér1 t hen § fixed ta bal | s at
either end, which can therf athitFst 1€trheﬁt£ G5E6r BRPBE, FALRudFHESt he
controller rod. Of structum®ueztentlihg it® jorgy QnﬁeObfmwaﬁdantumtEBn '

that could be pof%ggﬁﬂ] of said confroller rod structure,
10 operatively connected t¢ said wire structure -and

substantially non-movabfle with said expansion and
contraction of said wiye structure; and
a second tubulaf structure about said wire
structure extending/to the other side of said
15 actuation portion off said controller rod structure,
fixed to Said dontroller rod structure and
operatively connecfed to said wire structure to move
said actuation portion of said ‘controller rod
structure in Yesponse to said expansion - and
20 .. contraction of gaid wire structure. .,
18. 'An actuator anf controller mechanism as defined in
claim 16, further ¢omprising:
a spring mounted to provide a force that is
applied to gaid controller rod structure. '
25 19. BAn actuatoy and controller mechanism as defined in
claim 16 wherei '

said actuation portion of said controller rod

structure defines an opening; and
sapad actuator wire structure is mounted through
30 said opening w1thout contacting said controllexr rod
12 .
28. 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; :
U —
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wire structure disposed along said core structure
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 sensor £fluid flow path
opening in parallel with said main f£luid flow path

opening having inlet and outlet openings positioned

to provide a sensor conduit fluid flow responsive to

said pressure drop.

A fluid flow meter as defined in claim ie wherein:
said core structure includes spherically-shaped

structure.

A fluid flow meter as defined in claim ét wherein:
said core structure includes conically-shaped

structure.

A fluid flow meter as defined in claim 4% wherein:

-said lengths of wire structure comprise three

. lengths of wire structure.

A fluid flow meter as defined in claim é% wherein:
said lencths of wire structure comprise four
lerigths of wire structure. '
A fluid flow meter as defined in claim é%-wherein:
said lengths of wire structure are deformed
between said core structure and said pipe structure.
A fluid flow meter, comprising:

a fluid flow sensor including a £luid flow
sensor conduit having an inlet and an outlet and
defining a sensor fluid flow'path opening through
said conduit; | ' '

pipe structure defihing an inlet and an outlet.
for fluid having a flow rate to be measured and
defining a main fluid flow path opening through said
structure in parallel with said sensor fluid flow

said pipe structure having a sensor
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flow controller

receiving said 10

1. A fluid h et - ui d
fl ow ahd an actuator to respond t o} tiS SEHEET HASEBEEN %EEI'JS\-‘S’ + LSIEET
i nput pipe structure defining an |“1I et fREPLACED regpijing.a f|UId Haji ng
a flow and defining a fluid FTow opertig h sd& 8 BN 97ure; :
f
f

I nternedi ate pipe structure for uid downstredmjfrom
sai d i nput pipe structure and defini' a flui | ow opening t rdugh
said internedi ate ruct ' ure
for receiving said flqud) %ﬁmm? ﬁ%qg : Fo%#ga%ﬁl i pe oot

structure and 15 agefdui thgandf Buiserigdayw epredn iy @Wb%lghopandngutﬁmn Phee

structure, out@.e‘@'é&?d S&@tsi@&'r‘é&%éﬁ é&h&hi@t ernedi ate pi pe
structure; a val ve gate nenb associated with said vahve 20,
seat ; a gat e- éhbErle ‘bn‘E‘?BPP‘%Fcl fepGgFngtructure extending in

a controlker rod strwweséﬁsbﬂgc@n@&t&- inlet opening and rouﬁﬁ@@f‘,r Wlth
control the gate 25 caid r8lhding inclyding a dirsstiat; 8 FaRirgy alons
associ at ed the directiamt Htiveoughctsaidr dpﬁmatmtrcaam sseallexr
: structure defining an opening through said structure

for the inlet end of said sensor conduit; and
10 .an outlet metallic sealer structure extending in
said sensor conduit outlet opening and rounded,'with
said rounding including a direction extending aldng
the

structure defining an opening through said structure

direction through said opening, said sealer

15 for the butlet end of said sénsor conduit.

2%. . A fluid flow meter as defined in claim 26- wherein:
each of said inlet and outlet sealer structures
inqludes a spherically-shaped surface portion
extending in said associated sensor conduit opening.

- 20 A fluid flow meter as defined in claim wherein:
each of said inlet and outlet sealer structures

includes a flat surface portion.

A fluid flow meter as defined in claim ég-wherein:

said sensor conduit is attached to said inlet and

25 -outlet sealer structures.

e
A fluid flow meter as defined in claim 26 wherein:

I

each of said inlet and outlet sealer structures
is frictionally-fitted into said associated sensor

conduit opening.
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rod structure substantl 1) ngcjed to
sai d di aphragm al ong sai d —-5g- 27 JUN 16&}1
controller rod s§f ucture nounting portion, —S
actuation and gg®. nEmbaletiodd r adf mounting a v'alv spart i aas af pabd
control ler rod structure the st yable To murtTpre
alternative posiiioNe-UESs Comprising the s FBSOBDOSI ng directions with
reference to pI‘OVldlng téhe vipdsiet | s@abf mshdimpudeifngisty ughur e
in - [o]e1 S a dj g6t ; sai :
fluid flowto rrultlplepaﬁl gna?lﬁ‘\e?&ér}l Badad iy ! ¢ot Hf&*érﬁigéf Wt h

sald di aphr &gym Caththg a first end surface transverse to the
direction through said bushing and a seccnd end
surface, said bushing having the valve seat mounted
near said second end surface;
inserting said bushing in the pipe structure;
10 | blocking movement of said bushing in a
direction through said bushing; and
placing a structure against said first end
surface and applving a force to said structure to
deform said end surface, push the outer wall surface
15 of the bushing against the inner wall surface cf the
pipe structure, and fix said bushing in the pipe
structure. '
23. 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 33 wherein:
said transverse, first end surface has a shape
1nclud11g a conical shape prior to said deforming
25 and a shape including a spherical shape after said
24 deforming. ' ' -

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

said structure of said placing and deforming

37 step has a shape including a spherlcal shape.

30 36. A fluid flow controller having a sensor to measure
fluid flow and an actuator to xrespond to the sensor,
comprising: ' | _

input pipe structure defining an inlet for -
receiving a fluid having a flow and defining-a fluid

35 flow openiﬁg“through said structure;

' intermediate pipe structure for receiving said

fluid downstream from said input pipe structure and

A




10 — subst ant i i aI I y the full

suppor %%h ﬁ&hd con

2. rol | er Hsryief HE%‘F )
sai d d| taII|c dlapﬁigﬁungégé%éh v
as defi :

substantlally unbent 5 4, A fluid iP6W coht QIIer
Claim2 20 wher ei d|auh-
circul ar shaﬁ%ef*nlng 3, f%?f@U|%ﬁﬂ

i3
Caim1l wher eimte2bediate pipe straatdrdlaphragn1stretches and

unstretches as ' ut%%té$i§ a&l¥3£189eanvsééQegéiﬁg”EQQSrfiﬁahro'

portions of said controller in sal
opposi ng directions. downstregn £yom |sfid fingpwrowdiadld oipss stelictede and
daim5 30 5 whereigefining a fluid flowabfeR90 r@ﬂfﬂhdﬂ“&§iéuﬁhﬂbﬁt's

substantially pivotally nounted on said di aphragm
pipe structure;

a valve seat mounted in said intermediate pipe
-structure; |
a valve gate-member associated with said valve
10 seat;
a gate-member controller including,
a2 controller rod structure having a gate-
member control portion, a mounting portion
and an actuation portion,

—

& mounting structure for said controller

}2
3]

rod structure, said controller rod
structure connected to said mounting
structure along said controller rod
structure mounting portion, said actuation
20 and gate-member control portions of said
controller rod structure mdvable in
opposing directions with reference to the
position of said wounting struéture in
response to said actuator to adjust said
25 fluid £flow,

' an elongated stem rod, connected to said
gate~- member, and mounted to the side of
said contrcl portion of said controller

2g- rod structure éway from said gate—membeg:
3¢ 3. A fluid flow controller as defined in claim
wherein said gate-member controller further includes:

a stem rod s;eeve about said elongated.stem'rod

extending to the side of said control portion 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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A fluid fIOM/controIIer as deaned in Caim1l

Wnefl‘ tHasBeerRe laced , 1REP TTattar rod
. stru M“NHMHmaflrst HEEMENTS Bdrti on
si de phr.agm

section gnja
~gate-nenber control side ilaghr 20fnJUNet9e7f ifr $t and
second sections having a

- T gffijall_strength agaijn$t bendi ng
to favor bepdi ng aLong one of secti OVET .the{ot her

of said sectio® A 99%.13 £28%, Jf%ﬂ%@f%% 58RI RET rhepauher 3
7 wher eiwherein: sai d first and second secti ons

are substanti L C{i&%&&&' gxéahw-i#mount%d'aAdE.lsE'sﬂce

~flow controller as deflne
. val ve seat defines af¥pwi dtwowadmwer@ber suie o ﬁmamnéme)ll@n gned

j With saig fluid fl onsepgBtiste that is gréatﬁéwgiha&au@luié@%hel Q€sEhhdet yEe.

1 20 10. A fluid f om%ggg ighlg% ggl ef'Qe mémbgLakrom the gatghggghgr

i

l side of said controller rod structure. 27
392. A fluid flow controller as defined in claim 3€

é wherein:

: .10 said controller rod structure and said mounting
3 structure are: integral. |

40. A fluid flow meter, comprising:
a fluid flow sensor including a fluid flow sensor
conduit having an inlet and an outlet and defining a
15 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
defining a wain fluid flow path opening through said
structure in parallel with said sensor fluid flow path
20 opening, said pipe structure having a sensor 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
25 ‘said sensor conduit inlet opening rounded along the
divection through said opening and defining an opening
through said structure for the inlet end of said
sensor conduit, said inlet sealer structure including
a spherically-shaped surface portion extending in said
30 inlet opening; and
an outlet metallic sealer structure extending 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
35 sensor conduit, said outlet sealer structure including
a spherically-shaped surface portion extending in said

outlet opening.
N —
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‘sai d valy asﬁ@JnIRla ged fluid ~ substantially

allgned fl ow Op i \\ t hr ) % d

out put p |l Hm : ‘ =Nt in
PhA¢ Bivr 1 1 ler '

claimi1 rod structurg¢ qnd

said di aphragm are integral . fil uigd7 {JUNMIIPL g1 ,
conprising: 30 pi pe structurée o’ rmng fant i nl et and anfodt| et

for fluid havi nﬁg ]]:}-\.(I_)]Wl{ﬁ ftl%vp rEEeé.lcs reqi af(}q}eld in ci]han.m 4® wherein{

52 ng & tapereq openi ng
through said structure;, each Of Sald 1nhe¢|@ndregt rtt sedledyetfurtvarels

tapered PRenLRg <t @ GaRRY %tlﬁ-faadcé Lﬂ&ﬁairﬁsure drop along said 5
an

‘openi ng, includdhg a core structure | engt’hs of 3 wire
structure di spo¥®d aPohdudsd Floy aeher@adefined in claipdfeduberoten

;sai d coreg structure and sgaddPeR@sor conduit is attached to said inlet and
! ; 3 outlet sealer structures. 2

t '4-3?-’L A fluid flow meter as defined in claim 48 wherein:

'§ each of said inlet and outlet sealer structures

is frictionally-fitted into said associated sensor
; 10 5 condulit opening. 3
44. A fluid flow meter as defined in claim 48 wherein said
pipe structure has a pair of inlet corners near said sensor
conduit inlet opening and a pair of outlet corners near
said sensor conduit outlet opening, further comprising:
15 ' an inlet washer structure bent between said inlet
-sealer structure and said inlet corners;. -and
an outlet washer structure bent between said
36 outlet sealer structure and said outlet corners.
45, A fluid flow meter, comprising: '
20 affluid flow sensor including a fluid flow 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
25 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 conduit
inlet opening for the inlet end of said sensor conduit
and a pair of inlet corners near said sensor  conduit
30 inlet opening, and having a sensor conduit outlet
opening for the outlet end of said sensor conduit and
a pair of outlet corners near said sensor conduit
outlet opening; |
a an inlet metallic sealer structure extending in
35 said sensor conduit inlet opening rounded ‘along the
direction through said opening and defining an opening

-
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|nclud|n@h S e

flow path “ : i atfh
openi ng ha 'outlet openlno ----- C Evide
a sensor condU|t fluid fl ow responsive to | p.
15 Afluid flow neter as defined i A®@rai m 12| wherein

sai d core structure i | ude i call sha ke ~STT UGt Ule. .
14. A fluid fl ow net ﬁ ge $ [ % b a| gv\}ﬁertrllen: inlet” end Ote said
said core structure |aehadesconduaally shaped 20 structure.

15. Afluid flow meter as aflethned %Qsﬁéfjgﬂﬁ&éﬂﬁfg‘ﬁéht betweenhsald inlet

said lengths of wire structure conprise three -l engt of wre
structure. 16. SealerupErucsWreePel gdidefiPAd FRTERZSH 12-Wwher ei n:

25 5 sai d IengaHSOQEwtraeahw%ueean;@ﬁpétﬁ@ctaﬂé extend:l.ng in
lengths of wire structur

1.d fIOM/nEter
cl.aim 12 wherei n: 1d" sensor C°§¥9 e‘ﬂ‘g:tlﬁ?s SPRRE s‘f?‘b’&‘?%‘% g?ﬂg the
def or med @Ereeenonsahﬁougbrsaldtwpﬁnlngaan@hdeﬁymumg pnpepafing

~structure. 18thébL5w(%iigm%qghgkufgyggfskﬂg:outlet end of said

sefisor conduit; and

“ustructure in said taﬁered openi ng; [FTeS -—-____?____-Llf‘}el,l NT SHEEddnsor

10 an outlet washer structure bent between said
outlet sealer structure and said outletaforners.'
6. A fluid flow meter as defined in claim 45 wherein:
each of said inlet and outlet sealer structures
includes a flat surface portion. %
15 4%. A fluid flow meter as defined in claim 4% wherein:
said sensor conduit is attached to said inlet and
ZL outlet sealer structures. 3t '
. A fluid flow meter as defined in claim 45" wherein:
each of said inlet and outlet sealer structures
20 is frictionally-fitted into said associated sensor
. conduit opening.

Q) AR - o ~ra oL - -~ mae - - ) - ey
= o = = = T = k- = = o = >

claim 12, wherein:
said expansion and contraction of g&id wire
25 'structure'is variable to provide multiple”alternative
lengths of said wire structure in _xesponse to said
actuator control circuitry to adfjust said fluid flow
to multiple alternative flow%ates.
50. An actuator and contrgidler mechanism as defined in
30 claim 49 wherein:
said mount¥hg structure for said controller rod
.structure jrxicludes a diaphragm, said controller rod
.struct € connected to said diaphragm along said
conkfoller rod strhcture-mounting portion. '
35 51. An actuator and controller mechanism as defined in

N
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53 . __,_.__’——~—f1rﬁ+Tnd flow sensor including a fluid flow

sensor’ condU|t ol et and an outlet and . et Al :

sensor fIJm enlng th < BEEN iﬂEPbAﬂENﬁ%ﬂ%S

pi pe struct & n inlet 'ﬁ@fﬁt o ‘ ng
d and - ' h

aflowrate 3 .|nfi§u$ wipat

openi ng through sai d Srructure f paral l el} w sensqr

fluid flow pQ¥%$ﬂx¥%éEhs§§ d_RiPe S ugtuleaha - gl

conduit inlet openlng for the inlet end of said ~ sensor “con

and a sensor condwISQﬁHQQQranﬁnVﬁflable to prowigie helGRteTr B R %ﬁed
' sensor .condui t; lengths of sz | Pipk @E&'@Utlu%eS% ereSHOHEEUND . said

t endi i d ensol d h
win 15 0" AR ReP b G U B ech 8 Pl 8E S Reoma Ty Aty FLow

the direBtion throudeSaiision structure'
defining an opghl ng A t%gi@ci‘ éfévS’ tﬁéﬁé’fté’éedeflneil in clé? wpg%l%nd of
sai d sensor conduit; iCc e

structure extending in 20said wire §§F§C§Eﬁ§o#5céﬁé9ﬁ@-GGMWﬁeQuﬁ#ﬁﬁgcena

Erounded wth - structé%éCbﬁ@“@ﬂénﬂnéﬂ&é”@fngaﬂddtéﬁéféanogéhgﬂg'ng
+ al ong tf}{a c¥ oG |0ﬂot“pr%u% a;LI 16 P88 "derifed °18 %Claim 3-6' )
10 wherein:

said mounting of said elongated stem rod frees
said stem rod to deflect along said stem rod away from
2 the location of said mounting. : - o
54. A fluid flow controller as defined in claim 53,
15 wherein:
said freedom to deflect dincludes freedom to-
deflect along sald stem rod to the 'side of said
¥3 controller rod strﬂc;qre tcwardusalq gati -member.
5. A fluid controlleq H=} deftned*in-clélm 54, wherein:
20 said gate- medb r has a spherlcal surface portion
' opposite the flui 7

~£low_ openlngfthrough said valve
seat. '
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structure defining an opening through said structure for the

outlet end of -said sensor conduit. 25 19. A fluid fl ow neter as
defined in claim 18 wherein: each of said inlet and outl et
seal er structures includes a  spherically-shaped surface
portion extending in said associ ated sensor conduit opening.

20. Afluid flow neter as defined in cl &% 19 wherein: 30

each of said inlet and outl et seal er structures i ncl udes a fl at
surface portion. 21. A fluid flow neter as defined in claim 18

wher ei n: CLAIMS: 54 sai d
sensor conduit is attached to said inlet and outl et seal er
struct ures. 22. Afluid flow neter as defined in claim18 wherein

each of said lnletA afibuidutfiow seahtrobfler havingtruct usessori Sto

frictional ly-fi 1'Trjieeadsur.l'entgluiéa'i:"iow and an acq:%sé%%lrati?g iggfégkd to the
conduit openi ng.

5 sensor, comprising:
input pipe structure defining an inlet for
receiving a fluid having a flow and defining a fluid
flow opening through said structure;
intermediate pipe structure for receiving said
10 fluid downstream from said input pipe structure and
defining a fluid flow opening through said intermediate
pipe structure;
output pipe structure for receiving said fluid
downstream from said intermediate pipe structure and
15 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
20 seat; |
a gate-member controller including,
a controller rod structure having a gate-
member control portion associated with
said gate-member to control the gate
25 ' member, an actuation portion associated
with said actuator for control by said
actuator, and a mounting portion between
said gate- member control portion and said
actuation portion, and
30 a mounting structure for said controller
rod structure substantially pivotally

connected to said diaphragm along said
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23. A nethod of nounting a valve seat in a pipe structure,
conprising the steps of: 10 ~ providing a valve seat bushing
aving an openi ng through said bushing for fluid flowin a
forward direction through said opening, and having a first end
surface transverse to said direction and a second end surface,
sai d bushi ng having the 15 val V@0 seat nounted near said second end
surface; i nserting said bushing in the pipe structure;
bl ocki ng novenent of said bushing in_one of said forward
direction or the direction opp&SntFoller rod stmugtnnemeunting seerionand
20 placing a stryghy € 283bR5bnSakd | &Qi:ee"Hemb%r control
surface and applying a force to sald structure to eformsard
end surface, push the outer walportions of saidrtactroflelre dndhstenemrest

t he i nner wal l surface.qf the pipe.structyre nd fix said 25
bushing in the pipe structure.m‘c’g"abq'e 27 u@ﬁfﬁ%ﬁ Eh%ﬁﬁﬂﬁﬁﬁﬁfegpﬁﬁa*?ﬁﬂ

in clai m®9 wherein: ' in opposing @ieeetions! 6pi tHChreFesenbial (0
a surface of said hushing |located between said end surfaces
agai nst an anvil structure. 30 the positignnof,spist neunting strupkuredinn
claim 23 wherein: . respotded £4aBRYAr SfotddtaH g&daﬁahfs ceghas a
shape i ncluding a conical shape prior to said deformng
REPLACENVENT SHEET fluid flow to multiple alternative flow

rates, with said diaphragm carrying
10 substantially the full structurally-
supported weight of said controller rod
structure.
2. A fluid flow controller as defined to Claim 1
wherein:
15 said diaphragm is a metallic diaphragm.
3. A fluid flow controller as defined in Claim 2
wherein:
said diaphragm is substantially unbent.
4. A fluid flow controller as defined in Claim 2
20 wherein:

said diaphragm has a substantially circular
shape.

5. A fluid flow controller as defined in Claim 1

wherein:

25 said diaphfagm stretches 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 5

30 wherein: |

said controller rod structure is substantially

pivotally mounted on said diaphragm.

REPLACEMENT SHEET
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55 and a shape including a spherical shape after said

def orm ng. 26. A nethod of nounting as defined in claim25 wherein
sai d structure of said placing and deforming 5 step has a shape

i ncl udi ng a spherical shape. 27. A fluid flow controller having a
sensor to neasure fluid flow and an actuator to respond to the
sensor, conpri si ng: 51 | nput pipe structure
defining an inlet for 10 receiving a fluid having a fl ow and
defining a fluid .. flow opening through said structure;

i nternedi ate pipe st Pudilpid fdow eentnaideraiag defined in Cliadimd ldownst r eam
fromsaid input (B igfructure and . defining a fluid flow
opening through said 15 i ntermedi ate pipe structure;

out put pipe structure for ssdckimountisyg dpbértidn of said comiaweklaragodir om
et e P A S lles a first sSSL1h "h%h' Hobultfdh

5 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

10 of said sections.
8. A fluid flow controller as defined in Claim 7
wherein:

said first and second sections are
substantially cylindrically-shaped.
15 9. A fluid flow controller as defined in claim 1
wherein:
said valve seat defines a fluid flow opening
substantially aligned with said fluid flow opening
through said input pipe structure.
20 10. A fluid flow controller as defined in claim 1
wherein:
said valve seat defines a fluid flow opening
substantially aligned with said fluid flow openings
through said input and ocutput pipe structures.
25 11. A fluid flow controller as defined in claim 1
wherein: |
said controller rod structure and said diaphragm
are integral.
12, A fluid flow meter, comprising:
30 pipe structure defining an inlet and an outlet

for fluid having a flow rate to be measured and
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pi pe structure; 20 a valve seat nounted in said internediate

pi pe structure; a val ve gate-nenber associ ated
twith said val ve seat ; "a gate-nenber controller
i ncl udi ng, 25 ' a controller rod structure having a gate-
menber control portion associated with said

gate-nenber to control the gate-nenber, 5&n actuation
portion associated with said actuator for control by
said actuator, and 30 a nounting portion between said
gat e- menber defining a tapered| mMairi oflubhd sflawacpabhi oppening
portion, . . . REPLACENMENT
SHEET through said structure; 56

a flow restrictor 1lodged in said tapered
opening to generate a fluid pressure drop along said
5 opening, including a core structure and lengths of
wire structure dispésed along said core structure
lodged between said core structure and said pipe
structure in said tapered opening; and
a fluid flow sensor including a fluid flow
10 sensor conduit defining a sensor fluid flow path
opening in parallel with said main fluid flow path
opening having inlet and outlet openings positioned
to provide a sensor conduit fluid flow responsive to
said pressure drop.
15 13. A fluid flow meter as defined in claim 12 wherein:
said core structure includes spherically-shaped.
structure.
14. A fluid flow meter as defined in claim 12 wherein:
said core structure includes conically-shaped
20 structure.
15. A fluid flow meter as defined in claim 12 wherein:
said lengths of wire structure comprise three
lengths of wire structure.
16. A fluid flow meter as defined in claim 12 wherein:
25 said lengths of wire structure comprise four
lengths of wire structure.
17. A fluid flow meter as defined in claim 12 wherein:
said lengths of wire structure are deformed
between said «core structure and said pipe
30 structure.

18. A fluid flow meter, comprising:

REPLACEMENT SHEET
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a nounting structure for said controller rod

structure, said controller rod ' structure
*substantially pivotally connected to said nounting
structure along said 5 controller rod structure nounting
portion, sai d actuati on and gate-nenber control
portions of said controller rod structuss novable in
opposing directions W th reference to the position
of said nounting 10 structure in response to said
actuator to a fluidafjlovwt sensbo¥| dindluuding aamd Slaiid cfhowol

portion defining, fro sai d, ...cantrol . iQn,, a
gat e- menber directi oﬁ,en g]trh conduit Ohaw'ng an J'n]Teeﬁ‘ e?%ﬁc@nt ] %é 3hd

substantial ly pivot adefining a sensor fluidDfdowipatiovepeningdthrough

gat e- menber, and an ) . opposite direction, with
reference to said Said conduit; . substantial ly pivotal novenent,
away frog pipe st¥actute! adFMigly #Adinlet and an outlet
an el ongated stemrod, cohnected to said 20 gat e- nenber

and to said control forti®mid having a flow rate tmi beconeasured and
structure, and nount R . . 0 . d
sai d opposite ﬁgf:m:.ng a main gllPé'c F&r?@'} P%‘%%s%%%%ég‘%{]rég%% iéoarrll.d
28. A fluid fl ow consteukcturas idef paecdllelclwith 26a28 sensor WAtuikdn Raiwd
gat e- menber controllergggrther,include stemrod

. a
sl eeve about said el BA§3t PR oﬂ"""a pipe strugturg; WaviRg2q IFRRE t e

directiqp fromsaid conduit inlé&€NigpdniRQy tE8E Ofh&aiiGhiedNt bAHl C6£ Mhid
structure, fixed to said control portion of said controller rod
sensor conduit and a sensor conduit outlet opening

for the outlet end of said sensor conduit;
an inlet metallic sealer structure extending in
said sensor conduit inlet opening and rounded, with
15 said rdunding including a direction extending along
the direction through said opening, said sealer
structure defining an opening through said structure
for the inlet end of said sensor conduit; and
an outlet metallic sealer structure extending in
20 said sensor conduit outlet opening and rounded, with
said rounding including a direction extending along
the direq;ion through said opening, said sealer
structure defining an opening through said structure
for the cutlet end of said sensor conduit.
25 19. A fluid flow meter as defined in claim 18 wherein:
each of said inlet and outlet sealer structures
includes a spherically-shaped surface portion
extending in said associated sensor conduit opening.
20. A fluid flow meter as defined in claim 19 wherein:
30 each of said inlet and outlet sealer structures
includes a flat surface portion.

21, A fluid flow meter as defined in claim 18 wherein:

] AR
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30 structure, and fixed to said elongated stemrod to

provi de sai d connecti on. 57

~29. Afluid flow controller as defined in claim?27 wher ei n:
said control portion of said controller rod structure has a
gat e- nenber side surface facing 5 generally toward said
gate-nenber and said mour®4 ng connection is a distance from
sai d gate- menber side surface of said controller rod
structure that is greater than tw ce the distance of the
position of said gate-nefdd geRBoRiqendpit is attaghed fnsadidiipdet amde
of said controller r dﬂaﬁﬂ 30. A fluid fl ow
controll er as defirug¥#ﬁ1(ﬂiﬁﬁ%er stih erein: and

controll er rod2&sud Faighflsw detem@Esngiefined in claim 18 whersia:
integral. each of said inlet and outlet sealer
5 structures is frictionally-fitted into said
associated sensor
conduit opening. _
23. A method of mounting a valve seat in a pipe structure,
comprising the steps of:

10 providing a wvalve seat bushing having an
opening through said bushing for fluid flow in a
forward direction through said opening, and having
a first end surface transverse to said direction
and a second end surface, said bushing having the

15 valve seat mounted near said second end surface;

inserting said bushing in the pipe structure:;

blocking movement of said bushing in one of
said forward direction or the direction opposite
said forward direction; and _

20 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 of the bushing against the inner wall
surface of the pipe structure, and fix said

25 bushing in the pipe structure. _

24. A method of mounting as defined in claim 29 wherein:

said blocking step includes abutting a surface

of said bushing located between said end surfaces
against an anvil structure.

30 25, A method of mounting as defined in claim 23 wherein:

said transverse, first end surface has a shape

including a conical shape prior to said deforming
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31. A fluid flow neter, conprising: a fluid fl ow sensor
including a fluid fl ow sensor conduit having an inlet and an
*outl et and defining a sensor fluid flow path opening through
said conduit; 20 pi pe structure defining an inlet and an

out | et for fluid having a flow rate to be neasured and
defining a main fluid flow path openi ng56hr ough sai d structure
in parallel with said sensor fluid flow path openi ng, said pipe
structure having a sensor conduit 25 i nl et opening for _the inlet
end of said sensor c@8Rdu@t shape includipg a seEheicadnghareuafterogaitng
for the outlet end formin of said sensor conduit; an
inlet netallic sealer r@%rﬂéture seal er structure extending
in said sensor 2énduAtmebhed 80 mounting agedefiinedocimdeliaim| 25 gwheébein:

chyection MOUIN S0 sata seruquRE o ik Johaf A, LD Slpning
conduit, ssaid inlet step has a shape including a spherical shape.
REPLACEMENT SHEET
27. 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 inlet for
10 receiving a fluid having a flow and defining a fluid
flow opening through said structure;
intermediate pipe structure for receiving said
fluid downstream from said input pipe structure and
defining a fluid flow opening through said

15 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
pipe structure;

20 a valve seat mounted in said intermediate pipe

structure;

a valve gate-member associated with said valve
seat;

a gate-member controller including,

25 a controller rod structure having a gate-
member control portion associated with said
gate-member to control the gate-member, an
actuation portion associated with said
actuator for control by said actuator, and

30 a mounting portion between said gate-member

control portion and said actuation portion,
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'58 sealer structure including a spherically-shaped

surface portion extending in said inlet opening; and an
Toutlet nmetallic sealer structure extending in sai d sensor
conduit outlet opening rounded along the 5 direction through said
openi ng and defining an openi ng t hrough said structure for the
outl et end of said sensor c®Aduit, said outlet sealer structure
i ncl udi ng a spherically-shaped surface portion extending in

sai d outlet opening. 10 ~ 32. A fluid flow neter as defined
in claim31 wherein: a mountingrhsfruskpgei ffex saddoueertrakber,

structures nel udegod f BhraUEhaEe PO  controfihr A MELGOC
: sal

fl
of nounting as defined in cIa|n1§1 mﬁereln. sensor
conduit is attached to said i nBtruatdréssubstantiably | pivetally csoOnnetcteds.

34. Afluid flow neter as defiped in.claim31.wherei,n: .
each of said inlet and outl et 3al8?1§trﬂffﬁ&§§g structure ; along said

frictionslly-fitted into said 86AeBbPI&H $88SWtructure mountiyUbbrtion,
openi ng. 20 35. A method of nmounting as defined in claim31 wherein:

sai d pipe structure has a pair88idi npetuasiner sand gate-menhgy sgegtrol
sensor conduit inlet opening aggdrgiBAk" o¥ said cont olQHE|Qb&¥§E§ﬁ§Eﬁfér

sai d sensor conduit outl et openi ng, furt er conpri sing:
an inlet washer structure bentmbvabdten sind i opposing directienal erwith
structure and said inlet Cornelr:-afeggrqce to the position of said mounting
10 . structure in response to said actuator to
adjust said fluid flow, and said control
portion defining, from said control
portion, a gate-member direction, with
reference to said substantially pivotal
15 movement, toward said gate-member, and an
opposite direction, with reference to said
substantially pivotal movement, away from
said gate-member, and
an elongated stem rod, connected to said
20 gate-member and to said control portion of
said controller rod structure, and mounted
at a connection located in said opposite
direction from said control portion.
28. A fluid flow controller as defined in claim 27
25 wherein said gate-member controller further includes:

a stem rod sleeve about said elongated stem rod
extending in said opposite direction from said
control portion of said controller rod structure,
fixed to said control portion of said controller rod

30 structure, and fixed to said elongated stem rod to

provide said connection.
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an outl et washer structure bent between said

outl et seal er

structure and said outl et corners. 36. Afluid flow neter,
sconprising: 30 a fluid flow sensor including a fluid fl ow
sensor conduit having an inlet and an outlet and defining a

sensor fluid flow path opening through said conduit;

59 pi pe structure def Bding an inlet and an outl et

for fluid having a flow rate to be neasured and
fluid fl ow path opening throu

defining a main

structure in parallel wth

ugh said t | )
sai d sensor fluid 3w fluid floyaendpediley assdefined inr gdadme 2Yavi ng

a sensor

whegggqgit i nl et opening for the inlet end of said

sensor conduit and a palr of inlet corners near said sensor
conduit inlet opening, anéaidieceptreknportion of said coodtrblder| atod

opening for the outl
outl et corners near

5

10

15

20

25

30

ettt W 1° g memnit 3000 ARG Y " ©
generally toward said gate-member and said
mounting connection is a distance from said gate-~
member side surface of said controller rod
structure that is greater than twice the distance
of the position of said gate-member from said

gate-member side surface of said controller rod

structure.
30. A fluid flow controller as defined in claim 27
wherein:
and controller rod structure and said mounting
structure are integral.
31. A fluid flow meter, comprising:

a fluid flow sensor including a fluid flow 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
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 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 sealer
structure extending in said sensor conduit iplet
opening rounded along the direction through said
opening and defining an opening through said structure

for the inlet end of said sensor conduit, said inlet

[ s e
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an inlet nmetallic sealer structure extending in sai d sensor

conduit inlet opening rounded al ong the direction through said
-=openi ng and defining an openi ng 15 t hrough said structure for the
inlet end of said. sensor conduit; and an inlet
washer structure bent between said inlet seal er structure and
said inlet corners; an58utl et nmetallic sealer structure
extending in 20 sai d sensor conduit outlet opening rounded al ong .

t he direction through said opening and defining an o enlng
t hrough sai d structupealer thetsugture endnsluding a  spherigafdyrshaped

conduit; and t e id
25 out | et sea facet}rmé.?ure an%ex‘é‘%? ourt§lé %g#rgleér)gnép@ﬁ{?(@, gh}ﬁA
fluid flow neter as defi nand ootiesi medalilier @ealer structure extemdihgoin

said inlet and outlet sealer structu i ncl udes surface
porti on. 38. 22t UI&nPﬂ&Nqﬁﬁ491 S°EE}?FeSPFﬁlEPaﬁﬂ ?éuéiﬁ %
sai d sengor conduit dsratt@ehcthisughi Saidl 8pedifly and defmmguahebp&aahgr
structures. 39. Afluid flow neter as defined in

through said structure for the outlet end of said
sensor conduit, said outlet sealer structure including
a spherically-shaped surface portion extending in said
outlet opening.
10 32. A fluid flow meter as defined in claim 31 wherein:
each of said inlet and outlet sealer structures
includes a flat surface portion.
33. A method of mounting as defined in claim 31 wherein:
said sensor conduit is attached to said inlet and
15 outlet sealer structures.
34. A fluid flow meter as defined in claim 31 wherein:
each of said inlet and outlet sealer structures
is frictionally-fitted into said associated sensor
conduit opening.
20 35. A method of mounting as defined in claim 31 wherein:
said pipe structure has a pair of inlet corners
near said sensor conduit inlet opening and a pair of
outlet corners near said sensor conduit outlet
opening, further comprising:
25 : an inlet washer structure bent between said inlet
sealer structure and said inlet corners; and
an outlet washer structure bent between said
outlet sealer structure and said outlet corners.
36. A fluid flow meter, comprising:
30 a fluid flow sensor including a fluid flow sensor
conduit having an inlet and an outlet and defining a

sensor fluid flow path opening through said conduit;
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60 each of said inlet and outl et seal er structures

is frictionally-fitted into said associ ated sensor condui t

- openi ng. 40. Afluid flow neter as defined in claim12 wherein: 5
said wire structure is | odged between said core structure and
the inside of said tapered openi ng. 41. Afluid flow
controller as defined in claim27 59 wherein: 10

sai d nounting connection of said el ongated stemrod frees said
stemrod to deflect along said stem rod away from the

l ocation of said Pipe sigwedureoidefining ap iRlEh,iapd| gy outlet

controller as definegqin £ & Vit Flow ME{&l N:
said freedomto defl egt [ ncﬁfg]eg‘%f regdoﬁ] to ow Mo dte)?l erg?a%?%en% aand
portion of said stendefinbsgwecmain fluid flewi pathabpendéngerthrought radid

portion of sai d . controller rod structure and _sajd .

gat e- nenber. 20 2§;uc£urﬁ ary p@&ﬁtlﬂ'&ll eVJ't s 8 i F885°Tn fﬂ?ﬁ?mﬂﬂ'f
wherein: 5 path openingg esaabepipas strjdfire ahavihijacg sensor
portion opposite the fluid fIQM/ogening jhroggh . said valve
seat . conduit inlet opening for the inlet end of said

sensor conduit and a pair of inlet corners near said
sensor conduit inlet opening, and having a sensor
conduit outlet opening for the outlet end of said
10 sensor conduit and a pair of outlet corners near said
sensor conduit outlet opening;
an inlet metallic sealer structure extending in
said sensor conduit inlet opening rounded along the
direction through said opening and defining an opening
15 through said structure for the inlet end of said
sensor conduit; and
an inlet washer structure bent between said inlet
sealer structure and said inlet corners;
an outiet metallic sealer structure extending in
20 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; and
an outlet washer structure bent between said
25 outlet sealer structure and said outlet corners.
37. A fluid flow meter as defined in claim 36 wherein:
each of said inlet and outlet sealer structures
includes a flat surface portion.
38. A fluid flow meter as defined in claim 36 wherein:
30 said sensor conduit is attached to said inlet and
outlet sealer structures.
39. A fluid flow meter as defined in

i
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25 44. A fluid flow controller as defined in claimi4l

wher ei n: said deflection of said stemrod is by . .
bendi ng of said stem rod. : 45. A fluid flow controller as defined in
claim 27 30 wher ei n: _ _ 61
said nounting structure conprises a di aphragm - and said
controller rod structure is substantiall§0 pivotally connected
to said di aphragm 46. A fluid flow controller, conprising: fF -
i nput pi pe structure defining_an inlet for receiving a flui
having a flow and defining 9¢ch of said imletqandogubpehi agalrrossmrusiuges
structure; is £rickitABly-Ied dtdl'| SReHPAR & Tl AU L Papdlale
to said fluid flow 10 I’yan actuator to adj ust salcg'%i{wd oW
in r esporgendul & oRersiers.or

40. A fluid flow meter as defined in claim 12 wherein:

5 said wire structure is lodged between said
core structure and the inside of said tapered
opening.

41. A fluid flow controller as defined in claim 27
wherein:
10 said mounting connection of said elongated

stem rod frees said stem rod to deflect along said
stem rod away from the location of said
connection.
42. A fluid flow controller as defined in claim 41
15 wherein:
said freedom to deflect includes freedom to
deflect along a portion of said stém rod between
said gate-member control portion of said
controller rod structure and said gate-member.
20 43. A fluid controller as defined in claim 42,
wherein:
said gate-member has a spherical surface
portion opposite the fluid flow opening through
said valve seat.
25 44. A fluid flow controller as defined in claim 41
wherein:
said deflection of said stem rod is by
bending of said stem rod.
45. A fluid flow controller as defined in claim 27

30 wherein:
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I nternmedi ate pipe structure for receiving said fluid

downstream from said input pipe structure and defining a
1 uid fl ow openi ng 15 through said internediate pipe structure;
out put pipe structure for receiving said fluid downstream from
said internedi ate pipe structure and defining a fluid flow
openi ng t hrough sai d out put f1pe structure; 20 a
val ve seat nmounted in said internedi ate pi pe structure;

a val ve gate nenber associated with said val ve seat;

a gat e-menber controller ifRlddrepting structure compriees ral Happhrdgm
structure having a 9ajfq said controller ?ﬁgPlon pLr ok Bgﬁﬁggﬂtlally

nounting portion an ac DOT 10N,

a nounting structureaPxﬂbtaichnnnneﬁﬁed twdaid diaphragm. fstructhure

I ncludi ng a di apjg a Vin first, face or the

gat e- rrenger cog rolgr‘ahf”"l'ulcg AW controllen,, QAMRFIFIngsi | i aphragm and a
second 5 facingt plipeacdtiiicBird OdrARitiglean’ SRt for

receiving a fluid having a flow and defining a

fluid flow opening through said structure;
a sensor to provide measurements corresponding
to said fluid flow:

10 an actuator to adjust said fluid flow in

- response to said sensor:
intermediate pipe structure for receiving
said fluid downstream from said input pipe
structure and defining a fluid flow opening

15 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 pipe structure;

20 a valve seat mounted in said intermediate

pipe structure;

a valve gate member associated with said
valve seat;

a gate-member controller including,

25 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 having a

30 first face for the gate-member control
portion side of said diaphragm and a second

face for the actuation portion side of said

- . :
REPLACEMENT SHEET

(RO o Zplelag...

S gupmma—




62 di aphragm said controller rod structure

substantially pivotally connected to said di aphragm al ong
- said controller rod structure nounting portion, said
actuation and gate- 5 menber control portions of said
controller rod structure novable to nultiple alternative
positions in opposi ng directions @Rth reference to
the position of said nounting structure in substantially
pi votal fashion in 10 . response to said actuator to
adj ust said diaphragmy, | saido mantnalden t credt | Erucspre

rates, wth sai d di@,ﬂ%@%{%j LRF W syhst antial |y
the full structurally-supporte ity éi@otallyv\e?aﬁ?e%?e%ai SBCO%??.& | er
rod structure and 15 diaphragm zldmdg asaidl cyntnelpenr red lstriictade

:;irgctpiu\r/gt al connecti on. mo‘%l‘g{"gqli%%%%Cﬁgdff?g@ec%ﬁn?‘:‘%ﬁ%#Ci’?g{ 29%;??6 I n
cl ai m 465 wherein: ménber control pbéetioflsapbf agai Codtroller
substantially the full structural l y-supported weight of said
control | er r Pl t fhERGHRre n’&@ﬁ%hﬂEnFPymBFtﬁﬁéeoPilgﬁFﬁﬁtéNeof
positions in opposing directions with
reference to the position of said mounting
structure in substantially pivotal fashion in
10 response to said actuator to adjust said
fluid flow to multiple alternative flow
rates, with said diaphragm carrying
substantially the full structurally-supported
weight of said controller rod structure and
15 substantially unsupported by fixed structure

along said second face in the vicinity of
said pivotal connection.
47. A fluid flow conf.roller as defined in claim 46
wherein:

20 said diaphragm carries substantially the full
structurally~supported weight of said cox_atroller
rod structure independently of the orientation of
said flow controller.

48. A fluid flow controller as defined in claim 46

25 wherein:

said diaphragm carries substantially the full

structurally-carried force of said fluid at said
diaphragm.

49. A fluid flow controller as defined in claim 46

30 wherein:

said diaphragm, at rest and in operation, is

substantially unsupported by fixed structure along
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said flow controller. 48. A fluid flow controller as defined in

claimd46 25 wher ei n: sai d di aphragm carries
- substantially the full structurally-carried force of said fluid
at said di aphragm 49. A fluid flow controller as
defined in claim46 30 wher ei n: sai d di aphragm
at rest and in operation, is é3substantially unsupported by fixed
structure al ong 63 sai d
second face in the vicinity of said substantially . pi vot a
connecti on. 50saiid nsédxontd of ace uint | tige agicidi tyedof nsaidi suB8tantially
wherein: 5 . gfid val ve, seat is nmounted in said valve seat
bushi ng. pivotal connection.
50. A method of mounting as defined in claim 23
wherein:
5 said valve seat is mounted in said valve seat
bushing.

R R
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{(57) Abstract

A mass fluid flow controller has a valve which
is controlled by a controller rod structure which
is substantially pivotally mounted on a metallic
| diaphragm which stretches and unstretches with the
movement of the rod structure. The actuation of the
rod structure is by the expansion and contraction of
an actuator wire which is heated for the expansion
and allowed to cool for the contraction. The primary
fluid flow path through the controller is straight. A
sensor conduit, provididng a parallel sensor fluid
flow path, is connected in position using metallic
sealer members which extend in .openings to the
| primary fluid flow path and which are rounded along
the direction through such openings. The pressure
drop, along the primary fluid flow path, to create flow |
through the sensor conduit, is provided by a fluid
flow restrictor having a core and having lengths of .
wire along the core which are squeezed between the
core and a tapered fluid flow path wall in the vicinity .
of the sensor conduit input and output connections.
A spherical or a conical shape may be used for the
form of the core. A valve seat bushing is mounted in
pipe structure providing the primary fluid flow path
by applying a force against an end surface of the
bushing, with movement of the bushing blocked, in
order to deform the end surface, push the outer wall
of the bushing against the inner wall of the pipe structure, and fix the
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bushing in the pipe structure. In the relationship between the controller

rod structure and a ball which acts as a gate-member for the valve, an elongated stem rod having a sleeve about it may be used in fixing
the ball to the controller rod structure. The stem rod may be mounted by fixing it to the elongated sleeve, a distance from the gate-member
side of the controller rod structure that is substantially greater than the distance of the position of the ball from the gate-member side of

the. controller rod structure.




