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ABSTRACT: A ?ow-rate switch particularly suited for use in 
detecting variations in ?ow rates for ?uids ?owing through 
conduits of pressurized systems characterized by the utiliza 
tion of a magnetically responsive circuit switching device 
seated within a tubular housing and a ring magnet concentri 
cally disposed about the housing adapted to be repositioned in 
opposite directions along the housing for effecting circuit 
switching operations in response to changes in flow rates, a 
feature of the switch being the employment of a ?ow-respon 
sive and variably positioned pintle disposed about said hous 
ing, within the path of the ?uids, supporting the magnet for 
displacement relative to said switching device for reposition 
ing the ring magnet relative to said switching device to effect 
switching operations as variation in ?ow rates occur. 
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FLOW-RATE SWITCH 
ORIGIN OF INVENTION 
The invention described herein was made in the per 

formance of work under a NASA contract and is subject to the 
provisions of Section 305 of the National Aeronautics and 
Space Act of 1958, Public Law 85-668 (72 Stat. 435; 42 USC ’ 
2457). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to ?ow-rate switches, and more par 

ticularly to a ?ow-rate switch adapted to respond to changes 
in rates of ?ow for ?uids conducted through pressurized 
systems. 

2. Description of the Prior Art 
The prior art includes numerous switching devices adapted 

to respond to changes in ?ow rates, ?uid pressures and the like 
for initiating various circuit switching functions. Frequently, 
such devices employ spring-loaded and magnetically respon 
sive circuit switching devices adapted to be actuated in 
response to magnetic ?elds established as magnets are dis 
placed along a path extending adjacent thereto. However, 
these devices often are limited to use with relatively low pres 
sure systems. Where such switches are employed as full-?ow 
devices in ?ow interrupting dispositions within a body of a 
stream of ?uid ?owing under relatively high pressures, dif 
?culty in adjusting the sensitivity of the switch often is en 
countered, as the switches tend to be insensitive to normally 
occurring changes in system ?ow rates. On the other hand, 
where the switching devices are coupled in an auxiliary or 
bypass system, dif?culty in obtaining accurate results is ex 
perienced. Consequently, the switches heretofore available 
have not fully satis?ed existing needs for highly reliable and 
simpli?ed ?ow-rate switches which readily are adjustable for 
detecting relatively small variations in ?ow rates, while being 
substantially insensitive to system surges. 

OBJECTS AND SUMMARY OF THE INVENTION 

This invention overcomes many of the aforementioned dif 
?culties through the use of a full-?ow, ?ow-rate switch, in 
cluding an adjustably biased, reciprocably mounted, magnet 
bearing pintle having a tapered external surface coaxially as 
sociated within an internally tapered, fluid metering ori?ce 
formed in the housing of the switch and disposed in coaxial 
alignment with an input conduit for a stream of ?uid, and in 
cluding therein a bleeder for reducing erratic switching in 
itiated by system surges, and an adjustable ?uid bypass system 
for accommodating ?ne adjustment in achieving accurate cir 
cuit switching functions as pressures are varied within the 
system. 

Accordingly, an object of the instant invention is to provide 
an improved ?ow-rate switch. 
Another object is to provide an improved full-?ow, ?ow 

rate switch adapted to be employed for detecting relatively 
small changes in ?ow rates for ?uids ?owing within pres 
surized hydraulic systems. 
Another object is to provide an improved ?ow-rate switch 

which utilizes pressurized ?uid in achieving a friction-free,‘ 
pressure-balanced, repetitive operation in detecting variations 
in ?ow conditions. 
These together with other objects and advantages will 

become more readily apparent by reference to the following 
description and claims in light of the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a partial schematic view of a system employing a 
switch embodying the principles of the present invention. 

FIG. 2 is a longitudinal medial section of the switch illus 
trated in FIG. 1. 

FIG. 3 is a cross section taken generally on line 3—3 of FIG. 
2 
‘FIG. 4 is a diagrammatic view of an electrical circuit with 

which the switch of FIGS. 1 through 3 may be employed. 
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2 
DESCRIPTIONOF THE PREFERRED EMBODIMENT 

Turning now to FIG. 1, therein is illustrated a switch em 
bodying the principles of the present invention. The switch in 
cludes a housing 10 so coupled through conduits 12, within a 
pressurized system as to receive a full-?ow delivery of pres 
surized streams of ?uids. lllustratively, the switch is utilized in 
controlling the oil supply for a hydrostatic bearing operating 
under 1,500 P.S.I. 

With particular reference to FIG. 2, the housing 10 includes 
a ?rst elongated bore 15 which extends therethrough and 
de?nes an elongated ?uid-con?ning pressure chamber 16. Ex 
tending from the bore 15, normal to the chamber, there is a 
second bore 18 which communicates with the chamber and 
serves as a ?uid discharge conduit for the housing 10. The 
bore 15 also includes an internally threaded input ori?ce 19 
into which is mated an externally screw-threaded ?tting 20 of 
a suitable design. Preferably, the ?tting is of a generally tubu 
lar con?guration and includes an internally threaded portion 
22, which serves to receive therein an externally threaded 
male ?tting 24 which serves to couple the bore 15 with the 
conduit 12, whereby the chamber 16 is, at its input end, cou 
pled with an input conduit 12. Where desired, a sealing of the 
?tting 20 relative to the housing 10 may be achieved through 
the use of a suitable device, such as, for example, an O-ring 
25. 
The ?tting 20 also includes a tubular portion de?ning an 

elongated throat 26 terminating in an internally tapered annu 
lus 28. The annulus serves as a ?uid delivery ori?ce for 
delivering ?uid, under pressure, from the pressurized system 
to the chamber 16. Seated in the chamber there is an axially 
displaceable pintle 30 having a terminal portion 32 extended 
through the annulus 28 and into the throat 26 of the ?tting 20. 
The terminal portion of the pintle 30 includes an externally 
tapered surface terminating in a transverse pressure face 33. 
This face is arranged in a ?ow interrupting position relative to 
?uid delivered through the ori?ce 28 and serves to deliver 
forces developed by the flow to the pintle. The pintle 30 is 
adapted to be axially displaced relative to the internal surfaces 
of the ori?ce 28 for causing the tapered surfaces to dictate the 
?ow of ?uid delivered therethrough to the chamber 16. The 
pintle also includes a multiple dimensioned, stepped bore ex 
tending axially therethrough de?ning an open-ended chamber 
34 terminating in a tubular conduit 36 of a reduced diameter, 
which extends from the chamber through the pressure face 33 
for establishing communication therebetween. 

Slidingly received within the elongated chamber 34 is an 
elongated, coaxially arranged, circuit housing 38 of a 
generally tubular con?guration. The circuit housing rigidly is 
supported at one end by the switch housing 10, while the op 
posite end thereof is extended into the chamber in a manner 
such that the pintle 30 operatively is coupled in a telescoping 
relationship therewith. Also, as a practical matter, communi 
cation between the chamber 34 of the pintle 30 and the 
chamber 16 of the housing 10 is maintained between the ad 
jacent surfaces of the circuit housing 38 and the chamber 34 
in order that ?uid may freely be exchanged between the 
chamber 34 and the chamber 16 and a ?lm of lubrication con‘ 
tinuously established therebetween. 
The circuit housing 38 is coupled with the switch housing 10 

through a screw-threaded coupling block 40 of a sleevelike 
con?guration. The coupling block is seated within an end por 
tion 41 of the bore 15 opposite the ori?ce l9, and includes an 
externally threaded male portion 42 mated with internal 
threads 43 provided therewithin. The distal end of the 
coupling block 40 also is provided with an internally threaded 
female portion 44 which serves to receive therein an exter 
nally threaded end portion 46 of the housing 38 in a manner 
such that the circuit housing is extended through the block 40 
into a concentric relationship with the chamber 16. If desired, 
the housing 38 and block 40 may be sealed in a mated rela 
tionship by an O-ring 48. 

It should readily be apparent that the housing 38 may be ad 
justably displaced, relative to the chamber 16, simply by ap 
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plying torque to the housing for causing the housing screw 
threadably to advance through the block 40. As a practical 
matter, the adjusted position of the housing 38, relative to the 
block 40, operatively is maintained through a lock nut 52 
which also is screw-threadably received by the portion 46 of 
the housing 38. 

Within the block 40, in concentric relationship with its male 
portion 42, there is provided a spring receiving chamber 53. 
Within this chamber there is disposed a helical spring 54 
which circumscribes the adjacent end of the pintle 30 and is 
seated on the pintle‘s adjacent external surface in a manner 
such that the spring continuously urges the pintle 30 in dis 
placement away from the coupling block. Consequently, it 
should be appreciated that as the ?ow rate of the ?uid 
delivered through the throat 26 increases the pintle is driven 
in displacement against the bias of the spring 54. However, as 
the ?ow rate decreases, the force of the spring 54 serves to 
overcome the applied force of the ?uid and drives the pintle 
toward a seated disposition relative to the delivery ori?ce 28. 
As a practical matter, the ?uid ?owing through the conduits 

12 of the system normally experiences surges in ?ow due to 
various operative conditions of the ambient environment. The 
effects which such surges have on the axial displacement of 
the pintle are damped through a capillary tube 58 seated in the 
tubular conduit 36, as best illustrated in FIG. 2, having a 
blecder conduit 60 extending therethrough in a manner such 
that the chamber 34 always is in communication with the 
throat 26 of the ?tting 20, whereby the ?uid is permitted to be 
exchanged between the throat 26 and the chamber 34 as pres 
sures rapidly are varied within the throat. 
The throat 26 also is provided with an annular arrangement 

of radially extended openings 62. These openings, in practice, 
de?ne ?uid bypass ports for directing the flow of ?uid from 
the throat through a bypass system. The bypass ports 62, in 
turn, are connected through an annular groove 64 with a 
bypass input channel 66 extending from the groove 64 to a 
bypass discharge channel 68. The channel 68 is intercon 
nected with the discharge conduit 18 in a manner such that 
?uid delivered from the throat 26 through the ports 62 is 
discharged from the housing 10, in order that ?uid pressures 
applied to the pintle 30, at the pressure face 33, be accurately 
maintained within a selected range of pressures. Furthermore, 
by providing an annular arrangement of ports, pressures are 
caused to be mutually opposed as they act against the pintle 
for thereby reducing the probability of encountering pressure 
initiated binding of the pintle. 

Since in practice, the quantity of ?uid which is permitted to 
bypass the tapered portion 32 of the pintle 30 serves to dictate 
the level of pressure applied to the face 33, the extent of 
reciprocating displacement which operatively is imposed upon 
the pintle 30 is dictated in part by the quantity of ?uid being 
bypassed. Therefore, an externally threaded metering pin 70 is 
seated for axial displacement, in a suitably threaded seat 72, in 
a coaxial relation with the bypass input channel 66. By axially 
adjusting the position of the metering pin 70, relative to the 
channel 66, the quantity of ?uid delivered through the bypass 
system may readily be varied to control the extent of displace 
ment for the pintle 30, at any selected ?ow rate. 
Within the housing 38 there is a plurality of axially dis 

placed reed switches 74. Each of the reed switches is of a 
design which includes a pivotally supported bridging com 
ponent 75, FIG. 4, formed of a material suitable for biasing the 
component to a normally closed position. While the number 
of switches may be varied, as desired, a pair of switches, in 
cluding a ?rst pair of contacts 76 and a second pair of contacts 
78, is particularly suited for use in controlling ?uid ?ow. As il 
lustrated, the pair of switches 74 electrically are connected 
within an electrical circuit including an actuator 80 having 
therein a pair of solenoids 82 coupled with the switches 74 and 
adapted to respond to an interruption of the circuit at the 
switches. Of course, it should readily be apparent that the par 
ticular circuit within which the switches 74 are coupled may 
be varied as found desirable under given operative conditions. 
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4 
For achieving a switching function for the reed switches 74, 

each component 75 includes a member 84 of a suitable 
material coupled therewith and adapted to be displaced in the 
presence of a magnetic ?eld. While a magnetically initiated 
displacement of the bridging component 75 may be employed 
for closing associated circuits, as a practical matter, it is 
preferred that the bridging components respond, under the in 
?uence of a magnetic ?eld, to effect an interrupting of the as 
sociated circuits. 

In order to initiate displacement of the bridging components 
75, a suitable ring magnet 86 is seated on the pintle 30 in a cir 
cumscribing relation to a portion of the chamber 34 and 
adapted to be displaced with the pintle 30 relative to the hous 
ing 38. In practice, the magnet is supported between a suitable 
collar 88 and the spring 54, whereby the magnet is retained in 
a ?xed operative disposition relative to the chamber 34. It 
should be apparent that the materials from which the pintle 
30, circuit housing 38 and spring 54 are fabricated are com 
patible with the purposes and function of the ?ow-rate switch 

, in order to preclude establishment of undesired ?elds of mag 
netic ?ux. Since such materials are readily available and may 
be varied as desired, a detailed description is omitted. How 
ever, it is to be understood that the materials are such that as 
the pintle 30 is displaced, the ?eld of magnetic ?ux of the 
magnet 86 serves to effect a pivotal displacement for the 
bridging components 75, whereby an opening of the contacts 
of each of the switches 74 is achieved as the ring magnet is ad 
vanced in a given direction to a position in which the magnet 
and switch become concentrically related. 
As a practical matter, the switches 74 are supported within 

the housing 38 by a plurality of beamlike connectors 92 which 
retain the switches 74 at selected locations. Each of the con 
nectors 92, in turn, extends in a cantilevered fashion from a 
base 93 formed in a screw-threaded plug 94. The plug is 
screw-threaded into the open end of the housing 38 and serves 
to seal the open end thereof. The plug 94, of course, is of any 
suitable material, with the base 93 being so designed as electri 
cally to insulate the connectors 92 in order to accommodate a 
conduction of an electrical current therethrough. 

While various means, including brackets and the like may 
be employed in supporting and coupling the housing 10 in an 
operative disposition within the system, it has been found that 
the screw-threaded ?tting 24 serves as an adequate support 
for joining the housing 10 with the input conduit 12, while a 
?tting 96 of similar design serves quite satisfactorily in 
coupling the discharge conduit 18 with the adjacent conduit 
12. However, it should be appreciated that the operative en 
vironment dictates the manner in which the housing is sup 
ported. 

OPERATION 

It is believed that in view of the foregoing description, the 
operation of the device will be readily understood, however, it 
will be brie?y reviewed at this point. With the ?ow-rate switch 
assembled and mounted in the manner heretofore described, 
the switch electrically is coupled with an actuator 80. As a 
practical matter, the actuator circuit 80 may be coupled with a 
?ow control valve, not shown, in a manner such that should 
pressure maintained within the system fall below a predeter 
mined value, the contacts 76, as shown in H0. 4, are opened 
for thus effecting an opening of the control valve and in the 
event the ?ow rate exceeds a predetermined value, the con— 
tacts 78 are opened so that the control valve is closed for 
reducing the ?ow rate. 

Coarse adjustment of the ?ow-rate switch is effected simply 
by displacing the housing 38, including the plug 94, relative to 
the block 40, while ?ne adjustment is achieved by manipulat 
ing the metering pins 70, relative to the bypass input channel 
66, for thus establishing the quantity of ?uid which is 
delivered through the bypass system to the discharge conduit 
18, whereby the levels of pressure developed within the throat 
26 and applied to the pressure face 33 are selectively con 
trolled. 
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With the device appropriately adjusted, the pressure of the 
?uid ?owing through the ?tting 20 acts against the pressure 
face 33. In the event the ?uid ?ow is suf?cient to achieve a 
displacement of the pintle 30, against the bias of the spring 54, 
the ring magnet 86 advances towards the switch contacts 78 
for effecting a pivotal displacement of the associated bridging 
element 75, whereupon an opening of the associated circuit is 
achieved. If the ?ow decreases, the spring 54 is rendered ef 
fective for displacing the pintle 30 in an opposite direction. As 
the magnet 86 is positioned adjacent to the pair of contacts 
76, the associated bridging element 75 is pivotally displaced, 
spacing the contacts and opening the associated circuit, 
whereupon a further control function is initiated. The extent 
of displacement of the pintle, of course, is proportional to the 
established ?ow rates and therefore is controlled through the 
adjustment of the metering pin 70. However, in the event 
system surges are encountered, the capillary bleeder conduit 
60 is rendered effective for exchanging ?uid between the 
chamber 34 and the throat 26 for thus obviating an occur 
rence of an erratic switching function. 

In view of the foregoing, it should readily be apparent that 
the present invention provides a high-pressure ?ow-rate 
switch which is readily adjustable to function at selected ?ow 
rates for effectively achieving selected switching functions in a 
full-?ow, high-pressure environment. 

Although the invention has been herein shown and 
described in what is conceived to be the most practical and 
preferred embodiment, it is recognized that departures may be 
made therefrom within the scope of the invention. 
What is claimed is: 
l. A ?ow switch comprising: 
A. a switch housing; 
B. means de?ning within the switch housing a tubular bore 

including a fluid inlet port and a ?uid discharge port, 
whereby a stream of ?uid having a variable ?ow rate can 
be established within the housing; 

C. an encapsulated, magnetically responsive reed switch 
supported in a ?xed relationship with said housing, in 
cluding a pivotal element electrically coupled with a 
given electrical circuit adapted to be actuated for modify 
ing the circuit in response to an application of a ?eld of 
magnetic ?ux to said switch; 

D. an actuator disposed within said bore for applying a ?eld 
of magnetic ?ux to said switch including, 
i. an elongated, axially displaceable pintle having a trans 

verse pressure face positioned to communicate with a 
stream of fluid established within said housing, 

ii. means de?ning within said pintle an elongated cavity 
for receiving therewithin said reed switch, 

iii. a permanent magnetic of an annular con?guration 
seated on said pintle in a concentric relationship 
therewith, 

' iv. support means operatively supporting said pintle for 
axial displacement relative to said switch, including an 
elongated ?tting having an axial bore de?ning a throat 
extended therethrough and seated within said ?uid 
input port in a concentric relationship therewith, 
means de?ning within the throat an internal surface of 
a frustoconical con?guration extended in a coaxial 
relationship with said tubular bore and adapted to 
receive a terminal portion of said pintle, means de?n 
ing within the ?tting a plurality of radially extended, 
?uid bypass ports circumscribing the terminal portion 
of the pintle, and means de?ning a bypass channel 
disposed in communication with said bypass ports and 
the ?uid discharge port, whereby the pintle is adapted 
to be displaced in a ?rst direction, under the in?uence 
of forces applied to said pressure face as the rate of 
?uid ?ow through said housing is increased, and 

v. biasing means operatively coupled with said pintle act 
ing in opposition to said forces for displacing said pintle 
in a second direction as the rate of ?uid ?ow through 
said housing is decreased; and ' 
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6 
E. surge damping means operatively associated with said ac-' 

tuator for dissipating the effects of surge in the rates of 
?ow, including means de?ning a continuously open con 
duit extending through said pressure face and commu~ 
nicating with said inlet port and said elongated cavity of 
said pintle, whereby a passage of ?uid from said inlet port 
to said cavity continuously is accommodated. 

2. The ?ow-rate switch of claim 1 wherein the pintle is pro 
vided with an external surface conforming to a frustoconical 
con?guration adapted to seat within the internal surface of 
said ?tting, whereby a metering ori?ce is established 
therebetween. 

3. The switch of claim 2 further including adjusting means 
comprising: 

A. a threaded coupling securing said reed switch with said 
switch housing for accommodating an axial adjustment of 
the switch relative to said elongated cavity; and 

B. an adjustable needle valve, including a metering pin and 
a metering ori?ce disposed within said bypass channel 
and adapted to be adjusted for controlling ?ow rates 
through saidchannel, whereby a control of operative dis 
placement for said pintle is achieved. 

4. A ?ow-rate switch comprising: 
A. a switch housing including an elongated bore extending 

therethrough and de?ning therewithin a tubular chamber; 
B. means de?ning within the chamber an input port adapted 

to be coupled with an associated fluid conduit having 
therein ?uid ?owing at a variable ?ow rate; 

C. an internally tapered axial bore de?ning within the input 
port a ?uid metering ori?ce through which a ?ow of ?uid 
to said chamber operatively is established; 

D. an elongated pintle displaceably disposed within said 
chamber having an externally tapered end portion ter 
minating in a transverse pressure face de?ning a metering 
pin axially received within said ori?ce adapted to be dis 
placed in response to increasing rates of ?ow for ?uid 
?owing through said ori?ce; ' 

E. means de?ning an axial bore extending through said pin 
tle and including a ?rst terminal segment de?ning a surge 
damping capillary structure communicating with said ori 
?ce disposed at one end of the chamber, and a second ter 
minal segment de?ning an elongated, open~end cavity 
near the opposite end of said chamber; 

F. a ring magnet externally supported by said pintle in cir 
cumscribing relationship with the open-end cavity and 
adapted to establish therein a magnetic ?eld; 

G. biasing means acting against said pintle operatively cou 
pled between said housing and said pintle for continu 
ously urging the pintle in displacement toward said ori?ce 
whereby the pintle is caused to be displaced by said bias 
ing means in response to decreasing rates of ?ow for ?uid 
?owing within said ori?ce; 

H. a tubular circuit housing telescopingly received within 
said open-end cavity; 

I. adjustable coupling means adjustably coupling the circuit 
housing with said switch housing in a manner such that 
the magnet is caused to be repositioned relative to the cir 
cuit housing as the pintle is displaced in response to varia 
tions in rates for ?uid ?owing within said ori?ce; 
a plurality of magnetically responsive switch elements 
electrically coupled with an associated circuit and 
pivotally supported within the circuit housing adapted 
pivotally to be displaced in response to the force of the 
magnetic ?eld established by said magnet for interrupting 
the associated circuit as the pintle is displaced; and 

K. a ?uid bypass system including a plurality of ?uid bypass 
ports fonned within said ori?ce, a bypass channel 
coupling said bypass ports with the discharge port, and an 
adjustable needle valve arranged within the bypass chan 
nel, between said bypass ports and said discharge port, 
whereby the ?ow of ?uid from said conduit is selectively 
diverted from said ori?ce at selected rates for thus con 
trolling the displacement of said pintle. 


