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corporated, Tucson, Ariz., a corporation of Delaware

Original No. 2,673,338, dated March 23, 1954, Serial No.
278,086, March 22, 1952, Application for reissue No-
vember 22, 1954, Serial No. 470,556

22 Claims, (Cl. 340—206)

Matter enclosed in heavy brackets [ § appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to an apparatus for obtaining a
timed interval proportional to a condition and particularly
to an apparatus of this general type which is pneumatical-
ly operated. The timed interval obtained may be utilized,
for example, to provide an electrical impulse-of corre-
sponding duration for operating a counter or a relay in a
power circuit used for driving a machine, such as a feeder,
for intervals timed in proportion to the condition.

It is an object of this invention to provide a simple ap-
paratus for obtaining a timed interval of a duration which
is a function of a condition.

Another object is to provide an apparatus converting a
pressure varying as a linear or non-linear function of a
condition to a timed interval varying as a linear function
of the condition. .

Another object is to provide an apparatus of this gen-
eral type capable of providing timed intervals over a wide
range and with a high degree of accuracy at the lower
values of the range.

Another object is to ptov1de an apparatus for remotely
actuating a machine for periods proportional to a condi-
-tion by telemetered impulses varying proportional to a
condition.

~Another object is to provide means for actuating a
meter or counter mechanism by a flow sensing instrument
wherein all reaction effects of the meter or counter mech-
anism upon the sensing mstrument and vice versa are
eliminated.

Another object is to provide an instrument of this gen-

eral type which utilizes a low pressure air scanning jet

and whose consumption of air is not higher than that of
the usual air operated instruments.

Other objects of the invention will become apparent
from consideration of the following detailed description
and of the claims.

The invention is particularly suited for providing a
timed interval in proportion to a fluid flow which permits
driving a counter or actuating a feeder or other machine
for periods proportional to flow and will, therefore, be
described in connection with fluid flow. It is, however,
to be understood that the invention is not limited to this
particular application; but can be used to provide timed
intervals in proportion to other conditions.

In the preferred embodiment of the invention a con-
trolled measuring air pressure proportional to a condi-
tion, for example to flow, is utilized to position an air
jet scanning tube over a revolving flat disk having four
raised camlike faces, each shaped to convert the meas-
uring pressure to a measure of the flow in timed intervals.
The disk is revolved at constant speed at 14 revolution
per minute so that one face passes the scanning tube each
minute. Back pressure built up in the air system while the
raised cam faces pass in close proximity to the jet tube
and obstruct the flow of air therefrom operates to close
an -electric circuit for a duration in proportion to flow.

When the controlled metering pressure is obtained from
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2
a non-linear converter and is proportional to flow head,
the cam faces are shaped to convert the flow head to a
direct measure of the flow; when the metering pressure
is obtained from a linear converter and is directly propor-
tional to flow, the cam faces are shaped for linear rela-
tionship with the metering pressure.

The invention will be more readily understood by ref-
erence to the drawings wherein:

Figure 1 is a diagrammatic view, partly in section, of
an embodiment of the invention utilizing a controlled
measuring pressure whose value is proportional to flow
head;

Figure 2 is a vertical sectional view of the cam carrying
disk and its drive means, the air jet system and the elec-
tric switch which is opened and closed by the air system;

Figure 3 is an enlarged diagram of one cam shaped for
deriving a timed interval in proportion to flow when the
metering pressure is proportional to flow head;

Figure 4 is an enlarged diagram of one of the cams
shaped for deriving a timed interval in proportion to flow
when the metering pressure is proportional to flow; and

Figure 5 is a vertical sectional view of a detail of a
modified embodiment.

In Figure 1 a Venturi tube 10, forming a part of a con-
duit 11, is shown connected to a converter 12 by a high
pressure conduit 13 and a low pressure conduit 14 lead-
ing from the Venturi inlet and throat, respectively. The
converter 12 is shown for purposes of illustration as a
pneumatic converter receiving its air supply through an
air line 15. The converter 12 may be of the linear type,
adapted to convert the pressure differential derived from
the Venturi tube 10 to a controlled air pressure propor-
tional to the flow through the conduit 11; or it may be of
the non-linear type, which converts the Venturi differen-
tial head to a.controlled air pressure proportional thereto.
Such converters are well known in the art and need net
be described herein. An example of a linear converter is
shown in my Patent No. 2,520,547, and an example of a
non-linear or pressure propertioning converter is. shown
In Figure 1 it is assumed
for purposes of illustration that the converter 12 is of the
non-linear type.

The controlled measuring air pressure varying as the
flow head derived from the -converter 12 is conveyed

-through a line 16 to a pressure responsive device 20. The

piston 21 of the device 20 is sealed to the casing 22 by a
roller type diaphragm 23 flanged between the body 24 and
the cap 25 of the casing to form an airtight piston chamber
26 and permit substantially friction-free travel of the pis-
ton 21. Air pressure applied in the chamber 26 depresses
the piston 21 against the force of a spring 27, the displace-
ment being a measure of the flow head. (If converter 12
is of the linear type, the displacement is-a direct measure of
the flow.) Movement of the piston positions a rack 28,
which in turn rotates a gear 29. An indicator 30 may be
connected to the shaft of the gear 29 and be rotated with
it over a dial 31 for ready indication of the magnitude
of the metering pressure. The dial 31 is shown calibrated
in proportion to flow head, or the square of the flow, as
converter 12 is of the non-linear type. Obviously, if a
linear converter is used, the flow increments on the dial
31 will be made equal. The apparatus described above is
old and is not claimed herein except insofar as it cooper-
ates with the new parts of the system. '

A sector gear 32 meshes with the gear 29, the gearing
being arranged so that the ratio of the radii of gear 29

.and sector gear 32 may be of the order of 3 to'1, in which

case, if the full range of the controlled measuring pressure
is properly biased by the spring 27, the rack 28 will turn
the gear 29 through an angular range of 90°, and t.he
sector 32 through an angular range of 30°,

 An air jet scanning tube 40 is pivotally supported in a
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manner-to' be described later, and the sector gear 32 is
pivoted-in common-with the-air jet tube-40 so that the two
rotate together through the same angular range. The
scanner 40 has an outlet portion 41 which is at right
angles to the vertical ‘extension ‘of the tabe ‘40 (see'Figure
2). ‘A disk 42 is rotatably supported on‘a drive shaft
43 to rotate in a plane normal to, ‘and adjacent, the outlet
end 41 of the scanner tube 40. Four raised cam faces 45
- are mounted on the disk, as shown. A meotor 46 rotates
the shaft 43 through suitable gearing at constant speed at
one-quarter revolution per minute so that one face 45
passes the end 41 of the scanner tube 40 during each cycle
of ‘a minunte. -Each cam face 45 is shaped to convert
the measuring pressure, which in this case varies as the
flow head, to'a timed interval varying directly as the flow.

The use of four cam faces for the obstruction and
release of the ‘scanming air jet is optional. 'In the case of
cams "shaped like those ~of ‘the preferred embodiment
shown in ‘the figures, the use of four, each in a time cycle
interval ‘of 90°, ‘gives edges that do mnot depart “greatly
from radial-—thus the cutoff and release of the scanning
air jet is readily predetermined and sharply defined. Ob-
viously, a shaped cam can be developed for a disk turning
once per minute. However, " the "edges of such a cam
‘would depart greatly from-the nearly radial, and the ob-
“struction and release of the scanming jet would ‘become
less accurate as to the exact timing ‘desired.

"Refering now-to the ‘enlarged diagrammatic view of a
‘cam face shown in Figure 3, the cam radius r from the
zero flow value ¢ircle a to the 100 percent flow value circle
b is made equal to the chord of the angle ¢ through which
‘the air jet tube 40 travels. In this square root cam the
Tadial values of the several ‘angular layout “positions of
the-scanner tube ‘measure the flow heads and are propor-
tional to the square of the flow, while the included angles
of the cam face edges at the various radial value circles
vary directly with the flow. The included angle of the
cam face on the 100 percent circle is ' made such that the
:cam face obstructs the scamming air jet during 55-seconds.
‘Since here the included cam angle occupies its portion of
‘a 90° segment of the 'diSk 42 (see Figure 1, which is
rotated at the'rate of 90° in one ‘minute, the full count of
*55-seconds for 100 percent flow requires that the included
-angle-at this radius be

55
60
‘or 82.5°. ‘At half flow the scanner tube is at a.circle d

whose ‘radius is determined by .the scanner angular dis-
.placement of

2 X 90

30°
4
or 7%°. The angle included between .edges of the
cam face at the half flow circle is 414 ° for:a 2714 sec-
:onds count. :Similarly, the radius of the one-quarter flow
-gircle e is for.a scanner.displacement angle of

78
4

or 1%°, and the included angle is 2056 ° for.a 133 sec-
.onds .count. The pivot center of.tube 40 .is perpendicu-
larly over .the cam radius at the mid-point as shown in
‘Figure 1. ,
"Where a linear converter is.used instead. of a non-linear
converter .and the .measuring - air pressure, therefore, is
directly proportional to_flow, the angular positions .of the
scanner tube 40 are also proportional to.flow. .In such
case the cam is shaped as:shown in Figure 4. . The cam
~padius ¢’ again.is made equal.to. the:chord .of the .angle c’
,thmugh which tube.40 travels. .Both the angular measur-
.ing positions..of .the. scanner.tube-40. as increments: of the
.30° full displacement and the.included cam: face. angles.at
-the .corresponding.scanuner positions .are. dlrectly propor-
tional to flow.
Thearca.of the-air jet.opening depends.on the clearance
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-disk 42 passing-it.

diameter of the orifice may be .about-0.020".
‘entering through the connection 54 :supplies that :lost
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between the outlet end 41 of the scanner tube 40 and the
‘The space between the outlet end 41
of the air jet tube 40 and the disk 42 may be viewed as a
jet port of variable size, which is restricted when the air
jet tube passes over a cam and unrestricted when the tube
passes over a space between two cams. The clearance be-
tween the end 41 of the tube 40 and the cams 45 can be as
little as 0.003"’, and the unrestricted port diameter of the
order of 3¢ of an inch,

The ‘scanner’ tube- 40 receives air under low pressure
from an air pressure chamber 50, which is formed in a
casing 51 closed by a diaphragm 52. The diaphragm 52
is flanged between the casing 51 and 'a cover 53. . Air
under pressure enters the scanning system through a con-
nection 54 containing a restricting orifice. With a supply
pressure. of say 11 p. s..i..(pounds .per square inch) the
The -air

through the scanner tube and that due to the leakage per-
mitted around the tube 40, as will be described below.

‘When the scanner tube outlet is unrestricted, the pressure

in the ¢chamber 50 backs up to only:a very low value, such

-as'V4 p.s.i., but-when the scanner tube-outlet is restricted

by ‘passage of ‘a ‘cam face, pressure in-chamber 50 backs
up to somewhat over 1:p.'s.i.

“To-avoid introducing frictional‘forces in-supplying air
to the swingable air jet tube:40 ‘from the-stationary -air

-pressure- chamber ‘50, as by the use of ‘a gland, the tube
holder S8 is permitted: to turn- freely, and means are pro-

vided for greatly reducing air leakage around it. The
inlet portion of the tube holder 55 has a hub 56 which is

serrated, about ‘10 ‘or more ‘circular serrations being
formed -therein, with ‘the outer-edges of the serrations in

«close - circumferential -clearance ‘with the bore 57 of the
casing.. Thus, a series of very small annular openings or
orifices are formed between the serrated hub .and the bore
§7. With 10 serrations the:leak velocity is reduced from

1to

1

V10
or:to:about 5, and with the clearances reduced to a mini-
mum the leakage loss of air is very small, both. at the ¥4

‘p.:s..i..normal ;pressure and at the 1 p. s. i._back pressure.

The portion ‘of - the hub 56 outside the casing 51 .is

-supported ‘by. arms ‘58. . .An end cap :59 extends over the
‘outer ends of the:arms-58. _Ball ‘bearings are provided,

as shown, for practically perfect alignment and substan-
tially: frictionless angular movement :0f: the tube 40 -with

“its _hub -56. The sector gear 32 is rigidly fixed to, and
:supported by, the hub 56, as shown, so that the tube 40

rotates together with the: sector .gear:32.

. A pusher pin:60 is mounted on the:diaphragm plate 61
and extends. through the cover 53 to the outside, as shown.
A spring 62 encircles the pin 60 and urges the pin and
diaphragm into the :air supply .chamber 50, the spring

-force -being -adjusted ' to overcome the normal air :pres-

sure in chamber .50 acting on 'the dlaphragrn :52. The
:space - between diaphragm ‘52 :and cover: 53 is vented “to
atmosphere through. a vent:63.

An electric switch 70 may:be_mounted. in any:suitable

~manner, ‘such :as .on.the casing cover.53. The switch is

connected in an-electric circuit by wires 71:and 72. The
spring .bladed -contacts 73 .and.74 of the switch.70. are
spaced when the pusher pin 60 is retracted by the spring

-62,-and the circuit, therefore, is.open. When the spring

force is overcome by a build up of pressure in air supply
«chamber 50 in excess of the normal air pressure therein,
the 'pin. 62 is extended and closes the switch 70.

‘The operation:of ‘the apparatus will be readily under-
'stood. ‘The:scanner. tube 40:is positioned :by movement
of the - pressure ‘responsive device 20 .in response . to the
measuring: air pressure .from :converter :12. proportionally
to:the flow_head derived from venturi.10. Jf converter.12
is.of :the linear. type,.then.the:measuring . air _pressure is

directly:proportiondl to. the flow,-and the angular.position
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of the scanner tube is also directly proportional to the
flow. In either case, the cams 45 (shaped according to
Figure 3 or 4) convert the angular position of the scanner
tube 40, which is a function of flow, to timed intervals
which are proportional to flow. As the disk 42 is rotated
adjacent the outlet end of the tube 40, the clearance
between the disk and the tube is alternately restricted
when the tube passes over a raised cam face, and unre-
stricted when it passes over an area between two cams.
The portion of each one minute cycle of rotation of the
disk during which the clearance is thus restricted depends
on the angular position of the scanning jet tube, as de-
termined by the measuring air pressure.

Restriction of the clearance due to passage of the tube
- 40 over a rajsed cam face 45 creates an increased back
pressure in the pressure chamber 50, which overcomes
the force of the spring 62 and moves the diaphragm 61
and pusher pin 60 in switch closing direction. There-
fore, the circuit through switch 70 is closed during each
one minute time cycle for an interval proportional to
flow.

Obviously, instead of raising the cam faces 45 on the
disk 42, the spaces between the cam faces can be raised
and the pusher pin be formed to close the switch 70
when it is retracted by the spring 62, such as, for ex-
ample, by forking the end of the pin 60a and extending
it around the contacts 73 and 74, as shown in Figure 5.
Pressure in the chamber 50 then is less than the force
of the spring 62 during each period while a cam face
passes the tube 40 and the spring 62 retracts the pin 60a
to close the switch 70 for timed periods. When a space
between two cams passes the tube 40, back pressure in
the chamber 50 overcomes the spring force to extend the
pusher pin 60a and open the switch 70. Thus, whether
the cam faces or the spaces between them are raised,
the switch circuit is closed during each time cycle for
periods proportional to flow and open during the balance
of the cycle.

The circuit may be used to operate a counter, whose
driving motor speed and gearing is selected to properly
evaluate the count or integration, or a relay may be op-
erated which can be used in a power circuit for driving
a feeder or other machine which it is desired to operate
for timed intervals proportional to flow.

I claim:

1. Apparatus for obtaining an impulse of a duration
which is proportional to a condition comprising an open
ended tube pivotally mounted for movement through a
predetermined angle, means to position said tube along
said angle proportionally to said condition, a disk ro-
tatably supported adjacent and at right angles to the out-
let end of said tube, means for rotating said disk at con-
stant speed, means carried by said disk to intermittently
restrict the clearance between said disk and the outlet
end of said tube for an interval which is proportional
to said condition, means for supplying air under pressure
to said tube, and means operative to close an electric
circuit in response to back pressure from said tube when
said clearance is restricted.

2. Apparatus for obtaining an impulse of a duration
proportional to a condition comprising an electric ¢ircuit,
a normally open switch in said circuit, a tube pivotally
mounted for movement through a predetermined angle,
means for positioning said tube along said angle in pro-
portion to a function of said condition, a disk rotatably
supported in proximity and at right angles to the outlet
end of said tube, means for rotating said disk at constant
speed, the surface of said disk being shaped to inter-
mittently restrict the clearance between said disk and
the outlet end of said tube for periods proportional to
said condition, means for supplying air under pressure
to said tube, and means operable to close said switch in
response to back pressure from said tube when said clear-
ance is restricted. )

3. Apparatus for converting a controlled measuring
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pressure which varies as a function of a flow to a timed
interval varying as a function of the flow comprising a
tube pivotally mounted for movement through a prede-
termined angle, means for positioning said tube along
said angle in proportion to said controlled measuring
pressure, a disk rotatably mounted normal to the outlet
end of said tube and in close proximity thereto, means
for driving said disk at constant speed, a cam face on
said disk shaped as a function of flow, and means for
supplying air under pressure to said tube, the clearance
between said disk and the outlet end of said tube being
restricted during passage of said cam whereby a back
pressure is obtained from said tube during intervals vary-
ing as a function of the flow.

4. The apparatus of claim 3 wherein the measuring
pressure is proportional to the flow head, the cam is a
square root cam, and the duration of the back pressure
is directly proportional to flow.

5. The apparatus of claim 3 wherein the measuring
pressure, the cam, and the duration of back pressure are
directly proportional to flow.

6. Apparatus for obtaining an lmpulse of a dura-
tion which is proportional to a condition comprising an
electric circuit, a normally open switch in said circuit, an
air pressure chamber, means for maintaining a predeter-
mined pressure in said air pressure chamber, a tube hav-
ing its inlet end connected to said air pressure chamber,
said tube being pivotally mounted for movement through
a predetermined angle, means for positioning said tube
along said angle proportionally to said condition, a disk
rotatably supported adjacent and at right angles to the
outlet end of said tube, means for rotating said disk at
constant speed, a cam face on-said disk varying the clear-
ance between said disk and the outlet end of said tube
while passing the outlet of said tube during rotation of
said disk, said cam face being shaped proportional to said
condition, and means operable to close said switch in re-
sponse to change in pressure in said chamber durmg pas-
sage of said tube over said cam face.

7. Apparatus for obtaining an impulse of a duratlon
which is proportional to a condition comprising an elec-
tric circuit, a normally open switch in said circuit, a tube
pivotally mounted for movement through'a predetermined
angle, means for positioning said tube along said angle
proportionally to said condition, a disk rotatably sup-
ported adjacent and at right angles to the outlet end of
said tube and forming with said outlet end an air jet port,
means for rotating said disk at constant speed, a cam face
on said disk restricting said port while passing the out-
let end of said tube during rotation of said disk, said cam
face being shaped proportional to said condition, means
for supplying air under pressure to said tube, and means
operable to close said switch in response to back pressure
from said tube when said port is restricted.

8. Apparatus for obtaining an impulse of a duration
which is a function of a rate of flow comprising a pressure
responsive device, means for applying to said pressure re-
sponsive device a pressure varying as a function of the
flow, an open ended tube pivotally mounted for movement
through a predetermined angle, a transmission from said
pressure responsive to said tube to position said tube by
movement of said device, an air pressure chamber, an air
inlet to said chamber, said tube receiving air under pres-
sure from said chamber, a disk rotatably supported at
right angles to and in proximity to the outlet end of said
tube, means for rotating said disk at constant speed, the
surface of said disk being shaped to periodically change
the clearance between said disk and the outlet end. of said
tube, for periods which are a function of said flow, and
means operative to close an electric circuit in responsive
to change in pressure in said air pressure chamber due to
change in said clearance.

9. Apparatus for obtaining an impulse of a duration
which is a function of a condition comprising an open
ended tube pivotally mounted for movement through a
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predetermined .angle, means for .positioning said tube
along said angle proportionally. to a function of said con-
dition, a disk rotatably mounted closely .adjacent -and .at
right.angles to one end of said tube, said disk having:four
equal.portions shaped to provide four cam faces, the radius
of .each .cam face. being equal to the chord of said pre-
determined .angle and the shape of -each cam face being
a function of said condition, means for rotating said disk
at-constant speed, an air pressure chamber, an inlet for
air under pressure into said air pressure chamber, an out-
let from:said air pressure chamber to said tube, an electric
switch, an-electric circuit through said switch, and means
closing said .switch in response to a change in pressure in
said air pressure chamber from a predetermed value due
to one.of :said cam faces passing-said ane end. of said tube.

10._Apparatus for -obtaining. an electric impulse of a
duration which is a function of a-condition comprising a
pressure responsive device, -means for -applying to.said
pressure responsive device a pressure varying as-a func-
tion - of -said -condition, an -open ‘ended tube pivotally
mounted for movement through-a predetermined angle, a
transmission from :said pressure responsive device to said
tube to:position-said tube along said angle by movement
of said device, an-air. pressure chamber, an inlet for air
uvnder  pressure into -said chamber, -an outlet .from said
chamber to one end of -said tube, a-disk rotatablysup-
ported at right angles and in proximity to the outlet end
of -seid. tube and forming with -said outlet end an air jet
port, means for rotating said disk at constant speed, means
carried by said disk to intermittently restrict said  air jet
port for a period which is a function of said condition, and
means operative to close an electric circuit in response to
back. pressure in-said air supply chamber when said port
1is restricted.

11. :Apparatus for obtaining an impulse of a duration
which is a-function of a rate of flow comprising a pres-
sure ‘responsive: device, means for applying to said pres-
.sure responsive device a pressure varying as a function
of the flow, an open -ended tube pivotally mounted for
movement through a predetermined -angle, a transmis-
.sion from-said: pressure responsive device to-said tube to
‘position:said tube by movement of said device, an air pres-
;sure: chamber, an inlet for air under pressure into -said
chamber, an outlet from-said chamiber to the inlet end of
said tube, a disk rotatably supported at right angles and in
sproximity: to the outlet .end of said tube :and forming with
said outlet end -an-air jet port, means for rotating ‘said
disk. at constant speed, -means carried by said disk to
.periodically restrict said- air jet port for periods which
-are a function of said flow, and means operative to close
-an-electric: circuit in response to back pressure in-said air
-pressure chamber when said-port is restricted.

.12. -Apparatus for obtaining an impulse-of a duration
which is a function. of :a condition .comprising an open
-ended ‘tube pivotally mounted for: movement through a
-predetermined -angle, means for positioning -said tube
-along:said. angle: proportionally to a function of said con-
-dition, -a disk rotatably mounted closely -adjacent -and at
right angles to-one end of said tube, said disk having four
-equal raised .cam faces, the radius of each cam face being
cequal to the chord of :said predetermined angle and the
shape of each. cam face-being a function of said condi-
.tion, :means for-rotating:said disk at constant speed, an
::air pressure chamber, an inlet for air under pressure into

-said air pressure chamber, an.outlet :from said -air pres- -

.sure.chamber to said tube, an electric switch, -an electric
.civcnit through said switch, and means closing said switch
in response.to a -predetermined: increase in pressure in
.said ‘air pressure chamber due to back pressure from said
- tabe.
.13. ‘Apparatus for obtaining an impulse of -a duration
proportional to a flow comprising -an -electric .circuit, a
normally: open switch in said ‘circuit,.an :air jet tube, an
sair-pressure. chamber. haviog a cylindrical. hollow portion,
-thee-inlet; portion- of -said air.jet- tube having a hub fitting

10

15

20

25

40

50

60

a5

24,088

snpgly into,. and rotatably supported in, said cylindrical
portion, a plurality of serrations in said hub, means for
positioning said tube in response to a pressure varying as
a function of said flow,. a disk rotatably supported ad-
jacent and at right -angles to the outlet end of said tube,
means for rotating said disk at constant speed, a cam
face .on said. disk varying the clearance between the outlet
end of said tube and said disk while passing the outlet
end of said-tube, said cam face being shaped proportional
to said flow, and means operative to close said switch in
response to change in pressure in said air supply chamber
due to change in said clearance while said cam face passes
said outlet end of said tube.

14. Apparatus for converting a controlled measuring
pressure which varies as a function of a condition to a
timed interval varying as function of the condition com-
prising a tube pivotally mounted for movement through a
predetermined angle, means for -positioning said tube
along said angle in proportion to said controlled measur-
ing pressure, means for supplying air under pressure to
said tube, a ‘disk rotatably mounted at right angles to the
outlet end of said tube and in close proximity thereto,
means for rotating said disk at constant speed, and a cam
face on said disk shaped as a function of said condition,
said cam face varying the normal clearance between said
disk and the outlet end of said tube while passing said
outlet end during rotation of said disk, whereby the back
pressure from said tube is varied from normal for a timed
interval varying as a function of said condition.

°15. Apparatus for obtaining an.impulse of a duration
which is a function of a condition comprising an open
ended tube pivotally mounted for movement through a
predetermined angle, .means for positioning said tube
along said angle proportionally to a function of said con-
dition, a disk rotatably mounted closely adjacent and at
right angles to one end of said tube, means for rotating
said disk at constant speed, the surface of said disk being
shaped to form a plurality of cam faces and an equal num-
ber.of raised spaces between said cam faces, each cam
face being shaped as.a function of said condition, said
raised spaces restricting the clearance between said disk
and said end of said tube to provide a predetermined back
pressure from said tube while a raised portion passes said
end, an electric circuit, an electric switch in said circuit,
and means operative to close said switch in response to
decrease in back pressure from said tube while a cam

face passes said end.

16. Apparatus for obtaining an impulse of a duration
which is proportional to a flow comprising an electric
circuit, a normally open switch in said circuit, an open
ended tube pivotally mounted for movement through a

‘predetermined angle, means for positioning said tube along

said .angle proportionally to the flow head, said means
including pressure responsive means, means for applying
to said pressure responsive means a pressure which varies

_proportionally with the flow head, and means transmitting

movement of said pressure responsive means to said tube,
a disk rotatably supported adjacent and at right angles to
one end of said tube, means for rotating said disk at con-
tant speed, four raised square root cam faces on said disk,
each face restricting the clearance between said end of said
tube and said disk while passing the end of said tube,
means for admitting air under pressure to the other end of
said tube, and means operative. to close said switch in re-

.sponse to. back pressure from said tube when said clear-

ance is restricted.

17. Apparatus for obtaining an impulse of a duration
which. is propertional to a condition comprising an open
ended tube pivotally mounted for movement through a
predetermined .angle, means for .positioning said tube
along.said angle proportionally to a function of said con-
dition, .a-disk rotatably supported adjacent and -at right
angles to the:outlet end of said tube and forming with said
outlet end a port, means for rotating said disk at constant
speed,-a.cam.face on said disk shaped .as a function of said
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condition and restricting the size of said port while passing
said outlet end, an air pressure chamber having a flexible
wall, means for maintaining a normal pressure of pre-
determined value in said air pressure chamber, the inlet
portion of said tube being connected to said air pressure
chamber, an electric switch, a circuit through said switch,
a pin mounted on, and movable with, said flexible wall,
and a spring urging said pin into said air pressure chamber
with a force greater than said predetermined value, said
pin being operable to close said switch for timed intervals
proportional to said condition in response to back pressure
in said air chamber in excess of said spring force due to
restriction of said port by passage of said cam face.

18. Apparatus for obtaining a timed interval of a dura-
tion which is a function of a condition comprising a tube
pivotally mounted for movement through a predetermined
angle, means to position said tube along said angle propor-
tionally to said condition, means for supplying gas under
pressure to said tube, a disk rotatably mounted adjacent
and at right angles to the outlet end of said tube, and
means for rotating said disk at constant speed, the surface
of said disk being shaped to intermittently vary the normal
clearance between said disk and the outlet end of said tube
for a period proportional to said condition, whereby the
back pressure from said tube is varied from normal for a
timed interval proportional to said condition.

19. Apparatus for obtaining a timed interval of a dura-
tion which is a function of a condition comprising a tube
pivotally mounted for movement through a predetermined
angle, means to position said tube along said angle propor-
tionally to said condition, means for supplying gas under
pressure to said tube, a member shaped as a function of
said condition, and means for rotating said member at
constant speed, said member being rotatable in a plane
in close proximity of the outlet of said tube and restricting
said outlet while passing it, whereby a back pressure is
obtained from said tube for a timed interval varying as a
function of said condition.

20. Apparatus for obtaining a timed interval of a dura-
tion which is a function of a condition comprising a tube
mounted for movement through a predetermined dis-
tance, means to position said tube along said distance
proportionally to said condition, means for supplying gas
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under pressure to said tube, a member shaped as a func-
tion of said condition, and means for rotating said mem-
ber at constant speed, said member being rotatable in a
plane in close proximity of the outlet of said tube and
restricting said outlet while passing it, whereby a back
pressure is obtained from said tube for a timed interval
varying as a function of said condition.

21. Apparatus for obtaining a timed interval of a dura-
tion which is a function of a condition comprising a
pressure responsive device, means for applying to said
pressure responsive device a pressure varying as a func-
tion of said condition, a tube mounted for movement by
said pressure responsive device, means for supplying gas
under pressure to said tube, a member shaped as a func-
tion of said condition, and means for rotating said mem-
ber at constant speed, said member being rotatable in a
plane in close proximity to the outlet of said tube and re-
stricting said outlet while passing it, whereby a back pres-
sure is obtained from said tube for a timed interval vary-
ing as a function of said condition.

22. Apparatus for obtaining a timed interval of a dura-
tion which is a function of a condition comprising a tube
mounted for movement through a predetermined dis-
tance, means to position said tube along said distance
proportionally to said condition, means for supplying gas
under pressure to said tube, a disk rotatably mounted ad-
jacent and at right angles to the outlet end of said tube,
and means for rotating said disk at constant speed, the
surface of said disk being shaped to intermittently vary
the normal clearance between said disk and the outlet
end of said tube for a period proportional to said con-
dition, whereby the back pressure from said tube is varied
from normal for a timed interval proportional to said
condition.
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