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The present invention. relates to altitude
measurement and rate of climb measurement and
more particularly to improved method and ap-
paratus for making such measurements and for
utilizing such measurements for controlling air-
craft, and other media. R

The conventional altitude meter and rate of
climb meter utilizing the change of atmospheric
pressure with change of altitude to determine
altitude or rate of climb have inherent inaccu-
racies, and one of the objects of the present in-
vention is to provide an improved method and
apparatus for obtaining substantially instantane-
ous altitude and rate of climb measurements in
which - inaccuracies formerly accepted as inevi-
table are eliminated. Other objects will be in
part obvious and in part pointed ouf hereinafter.

In the drawings,

Figure 1 diagrammatically represents a con-
ventional rate of climb meter;

Figure 2 diagrammatically represents a rate of
climb instrument embodying the present inven-
tion; . . =

Figure 3 diagrammatically represents a rate
of climp indicator and an altitude indicating in-
strument embodying the present invention; and

Figures 4 and 5 diagrammatically represent a
control systéem embodying the invention. :

A brief review of the operation of, and of the
inherent inaccuracies in, the present conven-
tional rate of climb indicator will aid in an under-
standing of the advance made by the present
invention. . Cor

Referring to Figure 1, the conventional rate of
climb meter is diagrammatically shown, without,
howevér, the usual means for compensating for
temperature and altifude errors. Such.a meter
utilizes the change inatmospheric pressure that
takes place as an aircraft changes its-altitude.
A preumatic capacitance or chamber [ is con-
nected. with the atmospheric or barometric pres-
sure: through a restriction or pneumatic resis-
tance R so that the pressure in the chamber may
equalize with the atmospheric pressure when the
latter -is. not changing. But when the atmos-
pheric pressure is changing, the restriction causes
the pressure in the chamber to lag behind the
changing atmospheric pressure so that a pres-
sure difference exists between that in the cham-

ber and that of the atmosphere at least so long.

as the latter is changing. 'This pressure- difier-
ence is taken as an indication of the rate of at-
mospheric pressure change and therefore as the
rate of climb or descent. ‘

" Referring in more detail to the ‘dra,wing of Fig-
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ure 1, the pneumatic capacity chamber is con-
nected through a restriction R and a tube 2 to
the aimospheric pressure. The tube 2 termi-
nates in a static pressure head 3 and extends to
o suitable place on the aircraft where an accurate
barometric pressure exists. - Supported in the
chamber | on a bracket 4 is a spring-loaded bel-
lows 5 having a free or movable end 6, 1. e. the
free.end of the bellows 5 in moving away from
the fixed end moves against a spring restricting
sction. The bellows is directly connected through
the tube 2-to the atmosphere without any de-
liberately inserted resistance. The beliows,
therefore, is exposed on one side to the atmos-
pheric pressure P1 and on the other to the cham-
ber pressure Pz and expands and contracts in
proportion to.the pressure difference (P1—P2).
The bellows 5 is provided with a suitable spring
characteristic selected 'in "accordarce with the
range of movement desired for the corresponding
expected range of pressure difference (P1—P2).

The chamber | is, of course, pneumatically
tight except for its connection to the atmosphere
through the resistance R. The free end 6 of
the bellows: 5 operates & suitable index pointer 1
which cooperates with a scale 8 visible through a
window 9 to indicate the degree of expansion or
contraction of the beliows 5 and so the rate of
climb or descent.

An inherent inaccuracy of this instrument is
that it actually measures the rate of change of
the pressure. Pz in the chamber | instead of
measuring the rate of change of the pressure Pi.
Further, the pressure Pz lags behind the pres-
sure P: when the latter has a rate of change.
Thus this instrument has an inherent “lag”
which renders it inaccurate. In other words, it
takes time for an accurately indicative pressure
difference (P1—P2) to be established between the
changing chamber pressure P2 and the changing
atmospheric pressure Pi1. Thus, assuming that
P; is suddenly given a constant rate of change,
time is required for the pressure Pz to acquire the
same rate of change and for the pressure dif-
ference (Pi—P2). to become constant, and since it -
is (P1—P2) that is used to indicate the rate of
change of P, time is required to elapse before the
instrument will indicate the rate of change of Pi.

The larger the volume of the chamber { or
the greater. the resistance R, the greater is this
lag.. Bus if the volume is reduced or the restric~
tion is reduced, then the pressure difference ap-
plied to the beliows § for a given rate of change
of pressure Pi is reduced, and the large multipli-

' eation of motion then necessary to obtain a read-
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able indication of the pressure difference intro-
duces other inaccuracies.

In the present invention this inherent inac-
curacy is substantially minimized by utilizing an
auxiliary source of power to maintain a condition,
such as pressure, equal to or in fixed linear rela-
tionship with the atmospheric pressure. Then

the rate of change of the auxiliary condition due-

to rate of change of altitude is obtained by effec~
tively measuring the potential or the flow re-
quired to maintain the predetermined-relation-
ship between said condition and the changing
atmospheric pressure. With this. method: of
measurement there is no undesirable. inherent
lag and the rate of change of the atmospheric
bressure and so the rate of climb or descent is
substantially instantaneously measured,
Referring to PFigure 2, in which one illustra-

tive apparatus for carrying out the method .of.

the invention is diagrammatically disclosed,
mechanism is provided for maintaining a pneu-
matic pressure Ps in a chamber i8 in a predeter-
mined relationship to the atmospheric pressure
P, In the present embodiment the relationship
is-a: linear relationship which is:a, constant pres-
sure differerice. This mechanism includes a suit-
able source.of auxiliary supply pressure (in the
rresent emhodiment a suction pressure Ps) con-
nected through lines {1 and 12 to the interior of
the.chamber {9 so that a.constant relationship,
such-as. a. pressure difference (Pi—P3) may be
maintained hetween the pressure Pz in the cham-
ber 13: and .the atmospheric pressure Pr. The
suction pressure Ps may be obtained conveniently
in aircraft from s Venturi tube in the external
air stream.
manner -may: be.of the order of five inches of

mercury.or more. below the prevailing barometric.

or atmospheric pressure Pi.

Por mechanical simplicity it is assumed in the
present embodiment. that the.atmospheric. pres-
sure-P: surrounds. the apparatus.. In . practice
this could be obtained. by covering.those parts sus-
ceptible to the surrounding pressure and conduct-
ing the- pressure P: to the cover as in Figure 1.

The pressure Pj is varied to maintain the pres-
sure- difference- (P1—P3) - econstant by- providing
a restrietion {8 in the suction lime i{, and then

varying the pressure in the line 12 leading to the:

chamber- 19 in accordance with the difference in
pressure ketween the. atmospheric pressure Pi
and the chamber pressure Ps. This is accom-
plished by providing a.eonnection from Iine 12 to
atmesphere - through line- (3-and- a stationary

nozzle or relief port i4 supperted on & bracket 15

carried .by the chamber 8.  Cooperating with
the nozzle 14 is a bafile 16 carried by the free end

of a detecting bellows {1 suitably supported by -

the chamber 18 and opening into it. Thus the
bellows 1T responds on the oufside to the atmos-
pheric pressure P1 and on the inside to the pres-
sure P3; and so is made to respond to the pressure
difference (P1—P3). By providing the restrietion
{8-in line {1 ahead of the nozzle 4, the pressure
in the line 12 may be varied over wider Hmits and
the nozzle may be made smaller and the bafile
more sensitive. Such & nozzle and bafle con-
struction is-so-sensitive in its operation. that
minimum - pressure is obtained in- line 12 when
the bafile touches the nozzle and maximum pres~
sure Is obtained in line 12 when the bafie is
moved only one-thousandth of an.ineh from. the
nozzle, .

With this: construction: the bellows 1T expands

and contracts to cover and uncover the hozzle 4.

Suction pressures obtained in this .
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to control the pressure in the line (8 and in the
chamber {8 so that the bafle 16 is always in jux-
taposition to the nozzle 14, i. e., is always main-
tained within a thousandth of an inch proximity
to the nozzle. The operation may be. outlined
as follows: - If Pi; increases or starts to increase
and the pressure difference (F1—P3) consequently
increases or starts to increase, the pressure on
the bellows (7 increases, causing it to contract to
uncover. the nozzle i4, and the pressure in the
lines {3 and 12 starts increasing with the result
that the pressure P; in the chamber 10 and in
the-bellows (T increases to reduce the pressure
difference and move the baffle {8 back to Juxta-
position to the nozzle. In this manner the pres-
sure Ps3 is caused to increase in exact proportion
to the increase in pressure Pi. Likewise, if Pi
starts to reduce, as when an aircraft starts as-
cending; bellows {71 expands due to the reduction
in the pressure difference (Pi—P:). The baffle,
therefore, moves closer to cover the nozzle caus-
ing the pressure in lines 13 and 12, and in the
chamber {8, to start reducing so that Psis ecaused:
to reduce at the same rate that P:. is  reducing.
This action is so rapid that an essentially constant
bressure difference (P1—P3) is maintained, the
deviation from the comstant being acted upon
while it exists as a rate rather than a measurable
quantity.

The fixed relationship that is thus maintained :
at all times between the pressure P1 and: the:
pressure Fs may be determined by selection of the
spring characteristics of the detecting belows 1.
Thus if the bellows has zero spring  characteris+
tic the pressure difference maintained- would: be
zero, -In the present embodiment, however, &
bellows with a. relatively stiff spring characteris«
tic Is used so that the pressure difference has a
Dositive finite value. The position of the nozzle
14 with respect to the bafile {6 may be varied by -
adjusting the nozzle toward or away from. the
baffle and in this way the pressure difference .
(P1—P3) may be adjusted to be half of the maxi~ .
mum suction pressure, or any other fraction of
it desired. If the instrument is adjusted se that-
the pressure difference is half way between the :
maximum and minimum suction pressures then
the instrument has the same potential to give the:
bressure Ps; a rate of increase as it has to:give
the:pressure F3 a rate of decregse..

The potential or the flow of air to-and from the:
chamber {0 .necessary to maintain the pressure
P3 in linear relationship with the atmospheric
bressure.P1 is measured by providing a. measur-
ing restriction 18 in the line 12. The restriction
19.is of such a size that with.the available. change
of pressure in. P4 the pressure Ps is caused. ta fol~
low the largest rate of change likely td be. enw
countered in atmospheric. pressure P1,. whereby -
the pressure difference (P1—P3) is maintamed:
constant. This restriction provides a-Dpressure
difference between the pressure Py in line (2 and
that of P existing in the chamber {0 se. long as
there is: flow into or out of the chamber,-and the:.

" flow into or out of the chamber- 10 is proportional.

to. this pressure difference. 'This pressure differ-
ence is measured by an indicating. spring-loaded
bellows 29 connected to line 12 so that the pres=
sure P¢ in the bellows 20 is. the same ag that. ex-
isting in the lines 2 and 3. The bellows: 20 i
made. responsive to the pressure Ps and so to
(P:—P3). by mounting the bellows in the cham-
ber 10. ‘

Since the indicating bellows: 20 indieates, tHe -

- rate of flow into or out of the chamber -t0, and



9,445,385.

5

since the rate at which the pressure Ps in the
~hamber §0 changes is proportional to- the rate
of flow into or out of it, the indicating bellows 20
indicates the rate at which P3 changes. Since,
as ahove described, P3 is maintained in a fixed
linear relationship with the atmospheric -pres-
sure P1, the indicating bellows 20 therefore in-
dicates the rate at which the atmospheric pres-
sure P1 changes. ) :

The condition of the indicating bellows 20 is
indicated by a pointer 21 supported inside the
casing on a support 22 and cooperating with an
index 23. A link 24 connects the free end of the
indicating bellows 20 and the pointer 21.  The
portion of the chamber {0 in front of the pointer
2¢ is made transparent so that the pointer. may
be viewed. Whereas in Figure 2 the bellows 20
is made to respond to the pressure difference
(Ps—P3), it might also.be made to respond to
the pressure difference (Ps—P1) by exposing the
outside of bellows 20 to the atmosphere and this
pressure difference might be calibrated to indi-
cate rate of climb. . ‘

Referring to Figure 3, another embodiment of
the invention is shown in which several features
are included which improve and extend the oper-
ation over that obtained under some conditions
by the apparatus shown in Figure 2. Thus, for
example, in most practical forms of such an ap-
paratus as shown in Figure 2 a proportioning
effect is introduced by the operation of the bafle
and nozzle, which proportioning effect may cause
a variation in the relationship maintained be-
tween the pressure P3 and the atmospheric pres-
sure P1 for different values of the atmospheric
pressure, and for different values of the suction
pressure Ps. This is overcome in the embodiment
of Figure 3 by a relay system. The relay system
also permits the baffle operating bellows to e
made stiff so that errors. due to the effects of
gravity and inertia are eliminated. Also, sudden
variations in the suction pressure Ps, which under
practical operating conditions are almost inevita-
ble, are eliminated by providing a pressure regu-
lator in the suction line. The relay system also
reduces the effect that sudden change of suction
pressure would otherwise have on the measure-
ment. In Figure 3, provision is made for obtain-

ing the true barometric or atmospheric pressure

jnstead of making the detecting bellows respon-
sive as in Figure 2 to the cockpit pressure which
frequently differs from the atmospheric pressure.
And, since the tubing for conveying such a static
pressure to the instrument introduces a 1ag be-
tween the true barometric pressure and the
barometric pressure as received at the instru-
ment, means are provided for compensating for
this lag and for removing its effects.

Referring to Figure 3, the suction pressure Ps,
instead of belng connected directly to the restric-
tion 18 and nozzle 14, is connected through &
spring-loaded bellows 25 and a port 26 located
within the bellows. The connecting tube 1la
connects the bellows 95 with the restriction 18
and the nozzle i4. The bellows 25 is exposed to
approximately barometric pressurée on the outside
so that it responds to the differerice between the
approximately barometric ambient pressure Pi,
and the suction pressure Ps; within the beHows.
1t is provided with a spring char‘acteristic such
a5 to close off the port 26 when the pressure dif-
ference goes below & _predetermined value
(P1,—Ps;) and to expand to open the port 26
when the pressure difference rises above the value
(P1,—Psy). Thus a substantially constant rela-
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tive suction pressure is maintained ifi the line
ia. ‘ . : .

Tnstead of using nozzle 14 as the relief port
by which the operating pressure Ps is varied, the
pressure back of the nozzle 14 as varied by the
operation of the baffle 18 operates a relay valve.
generally indicated at 21. The relay valve com-
prises a spring-loaded bellows 21 communicating
with the pressure back of the nozzle |14 and car-
ries ‘a bafle 29 adapted to control the opening
of a relief port or nozzle 30 provided in the line
§2. 'This relief port 30 has a ‘larger area. than
the nozzle 14 and so can vary the pressure in Iine-
12 more rapidly than could the nozzle and bafie
of Figure 2. A second, and larger-bore, resist-
the line {lag so that the
pressurein line {2 may be manipulated more con-
veniently by the operation of the baffle 28.

wWith this construction the “proportioning” ef-.
fect of the bafile and nozzle may by logical de-
sign be eliminated by making the relay valve so
sensitive that for all practical purpoeses it is al-
ways moving toward an open or a closed posi-
tion bub so fast that the resulting pulsations. in
the instrument are not indicated. ‘Thus, as the
valve 21 is tending to close off, the pressure re-
sponse is felt by the bafile 16 so quickly that be-
fore the pressure has a chance to decrease to
any visible extent beyond its proper value the
pafle 16 causes the relay valve to throw in the
reverse direction. - Likewise the response of the
pafie 16 to the resulting pressure increase is so
fast that the relay valve starts to throw in the
reverse ‘direction before any visible change -in
pressure above its proper value is indicated. So
with this construction the. pressure difference
(P1—P3) _is effectively maintained substantially
constant throughout the whole range of the in-
strument.

The indicating bellows 20 and the measuring
restriction 19 is the same as that shown in Fig-
ure 2.

Whereas the suction wcontrol valve serves to
maintain the overall suction pressure approxi-
mately constant it does not eliminate sudden
changes in the suction supply pressure. In the
present embodiment of the invention, however,
the relay valve 21 eliminates the effect of such
sudden changes in the suction pressure on the
reading of the instrument. The relay valve ac-
complishes this result by increasing or decreas-
ing the pressure Ps to compensate for decrease O
increase in the suction pressure Ps;. The opera-
tion of this compensation may be traced as fol-
lows: Assuming the pressures Ps and P3: to be
balanced, if the pressure Ps; suddenly decreases
(i, e. the suction becomes greater), it will-have
the double effect of trying to reduce the pressure
P4 and of reducing the pressure back of the noz-
zle 14. But this latter reaction causes the hel-
Jows 28 of the relay valve to contract to uncover’
further the nozzle 30, and hence independently-
to increase Ps. The opposite reaction takes place’
if the pressure Ps, suddenly increases.

The barometric or ‘gtmospheric pressure -is
brought to the instrument, as in Figure 1, through
a head 3 and line 2. Line 2 connects with one
side 31 of 'a differential pressure detecting bel-
lows generally indicated as 32. The other bellows
33 is connected through a line 34 with the pres-:
sure P3; in the chamber i0. The bafle 16 is
mounted between the movable ends of the bellows
3{ and 33 and so responds to the pressure dif-
ference in the bellows. The pressure in the bel-
Jows 31 is approximately that of the true atmos-
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phetic pressure Pi existing at.the head 3 but be-
cause of the distance in length of duct that sepa-
rates the bellows 81 from the place of measure-
ment.of the atmospheric bressure, the pressure in
the bellows 3{ actually lags behind the pressure P;
if the latter is changing and so the Dressure in
the bellows 31 will be designated as Ps.

To. offset, the effect of this lag a restriction 35

is provided in.the line 34 between the chamber
18 and the bellows 33 so that the pressure Pz al-
ways leads the pressure Ps in bellows 33 so long
as' the. pressure Pe is caused to have a rate of
change. In other words, providing this restric-
tioh has the effect of causing the. pressure P: to
be changed. to a greater extent than it would
otherwise be changed to follow a corresponding
change in Py,  In thiz manner, since the pressure
Ps5 in the bellows 3! always lags behind the
changing pressure P1, the excess correction to
the pressure P; caused by the resistance 35 makes
the pressure Ps follow the pressure Pi instead of
the pressure Ps. The value of the resistance 35 is
selected so that the time constant of the resist-
ance 2% and its associated volume (bellows 23)
effectively: equals the time constant of the re-
sistance of line 2 and its associated volume., The
broper amount of resistance may be empirically
obtained by connecting the atmospheric end of
tube 2 -and the bellows 33 through the restriction
35 to'a common pressure chamber. The resist-
ance 35 is then varied until, following a change
in pressure in the chamber, no difference in pres-
sure occurs between pressures Ps and Ps.

This instrument thus is adapted to indicate
accurately. the changing harometric pressure.
Wheresis it is not shown as corrected for tempera-
ture conditions as may be desirable in some in-
stanees when used for aircraft, it does give an ge-
curate indication of the rate at which the
barometric pressure is changing and if the rate
of change of atmospheric pressure is due %o the
rate of change of altitude the instrument indi-
cates the rate of change of altitude.

As shown in Figure 3, the apparatus may also
be-used as-an improved indication of barometric
pressure and so of altitude by making an ex-
hausted or. aneroid bellows 36 responsive solely
to the pressure P: in the chamber 8. By ad-
Justing the spring characteristic of such a bel-
lows, the bellows may be calibrated to indicate
the pressure P; instead of the pressure Ps. Using
the pressure Ps to operate an altitude indicating
bellows has the advantage that the lag in the
bressure: due to the restriction in the line 2 is
eliminated in the bressure P; and so this error
which is' usually present in altimeters is elimi-
nated. .

'‘The aneroid bellows 35 may be located within
the.chamber 18, or, as.shown in Figure 3, may be
mounted in a chamber {8g connected to the
chamber {8 by a line 37. Ag shown, the bellows-
36 is mounted on a suitable support 28, Through
a connection 39 it operates an indicating pointer
40 cooperating with an index 4. As before, the
chamber 10a is provided with a transparent por-
tion so-that the pointer 40 and secale 44 may be
viewed: - . .

We have assumed- above the use of suction
pressure- to operate the instrument, i. e., a pres-
sure below and related to the existing atmos-
pheric pressure, If desired, however, the instry-
ment may be made to operate on a Dositive pres-
sure, i e.; one above atmosphere. This would
require only the reversing of the operation of
the:nozzle. 14 with respect. to.the:bafile of Figure 2:
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to cause:an increase .of pressure in bellows 11. t6
uncover- the nozzle, No change would be re-
quired in the structure of Fligure 3 except a new
adjustment of the nozzles 14 and. 30.

From the foregoing, deseription it is evident
that with the proper selection. of values for the
various:pneumatic capacities of the parts and the
various restrictions an instrument may be built
to indicate accurately the instantaneous rate of
climb, or the instantaneous altitude, or both.
Care. must be exercised, however, to select the
values above mentioned in accordance with known
laws of bneumatically: operated instruments..
This may conveniently be done by setting up the
equation. of the.instrument and calculating the
values necessary to make it operate as above de-
scribed, i e., inr such & manner that it at all times
functions to. maintain the pressure P; in the de-
sired relationship withrespect to the atmospheric
bressure. whether the atmospheric pressure has:
a.rate of change or not. Also the value of the
measuring resistance 19 should be selected . so as:
nof to interfere with the maintenance of the pres-
sure P3 but at the same. time- should 'be sufficient
to provide the desired bressure difference between
P4+ and Ps necessary for accurate: measurement or
control..

The apparatus of the bresent invention is par-
ticularly adapted to control rate of climb (or gl-
titude) of aircraft.

Referring: to- Pigure 4; a novel controiler em-
bodying the present; measuring: instruments for
controlling the altitude or rate of climb or de-
scent of aircraft is shown, The instrumeni com-
brises the rate of climb- measuring apparatus
diagrammatieally showhn: in Pigure 3, a pressure
responsive follow-up mechanism generally indi-
cated at §0.and responsive to the Dressure dif-
ference- (P3—pa), g, servo-motor mechanism gen-
erally indicated at St adapted to operate Suitable
rate or. altitude changing means such as an ele-
vator generally indicated at 52. The pressure re-
sponsive mechanism: 59 comprises two sets. of
opposing bellows generally indicated at 53 and 54,
The: opposing bellows: §3. comprises: a:bellows 55
and: a bellows 58 respectively - supported in a.
framework: 51 at their far-ends. The movahle
adjacent ends of the bellows react against one
end of a torque lever 58. The other-set of op-
posing bellows: 54 comprises a hellows 59 and g
bellows 68 mounted in the same manner that the
bellows 55: and 55 are mounted and: carrying. be-.
tween their adjacent ends: the other end of the
torque. lever: 58; The: bellows 55 is connected
through a line 55¢ with the Pressure P+ and the
bellows 58: is connected through line 594 with the
bressure Ps-so. that the respective pressures Py
and P3 are maintained at all times in the re-
spective bellows 55 -and 59

These pressures effectively act against an ad-
justable spring system which is'manually adjust-
able to adjust the controller 4o ‘maintain the de-
sired rate of climb or descent. The spring sys-
tem in the present embodiment eomprises com-
pression: springs 64 and 62 respectively mounted
kbetween opposing arms ef the torque lever 58 and.
the opposing arms 63 and 64 of an.adjustable
setting lever 65. The lever 65 is. bivoted :at. 65z
and the torque lever 58 is pivoted at 12,

With this construction the effect of the pres-
sure Py in bellows:55.opposes the effect of the pres-
sure Ps in the bellows 59.and the spring sysfem
can be manually adjusted either to impart a mo-
ment to the torque lever 58.in favor of the bel-

- lows..B5. or to. impart. 'a,torque‘,i‘mome‘nt to the
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torque lever 58 in favor of the bellows 59, In
other words, the bellows 55 and B9 oppose each
other and the springs 61 and 62 are adjustable
to change the effect of one bellows on the other
for any given pressure difference (Ps—P3).

Bellows 56, opposing bellows 59, and bellows 64,
opposing bellows §9, are force halancing bellows
and operate as a “follow-up” mechanism. Aux-
iliary pressure is supplied to bellows 56 and 60 in
such manner as at all times to just balance the
effect of the pressures-(P3—Ps) and of the spring
system to maintain the torque lever 58 in a sub-
stantially neutral position. As will be described,
this same auxiliary pressure is used to regulate
the position of the elevator 52. :

The auxiliary pressure (Ps) supplied to the
bellows 56 and the auxiliary pressure (P7) sup-
plied to the bellows §0 is controlled by a double
nozzle, single bafle mechanism comprising a
pafie 86 and nozzles 67 and 68. The nozzles
are connected through lines 69 and 70 and xe-
sistances 6%8¢ and T8« with the suction pressure
Ps. The output or back pressure of the nozzles
as manipulated by the bafile 66 is connected re-
spectively through lines 71 and Tla with bellows
56 and 60.. .

The bafile 66 is loosely mounted on a shaff 12
on which the torque lever 58 is suitably mounted
and is operated through oppositely disposed re-
silient stops 13 and 14 mounted on the hub 15 of
the torque lever 58. With this construction the
slightest movement of the torque lever is trans-
mitted to the bafle 66, but if the movement is
greater than that permitted by the nozzles 67 or
8 the resilient stops 13 and 14 yield to prevent
straining of the parts. One of the stops 13; 14
is positively located in its normal position so that
the bafiie 65 under normal conditions is held in a
definite position with respect to the torque
lever 58. :

The construction of the baflles and nozzles is
such as described in connection with Pigures 2
and 3 and such that only a slight movement of
the baffie is required to move it through its op-
erating range to cause maximum pressure change
back of the nozzles. It is preferably designed so
that when the bafle is in neutral position equal
pressures tend to build up back of the respective
nozzles. The equal :pressures thus established
are preferably about hali-way between the mini-
mum pressure that tends.to build up back of the
nozzle when covered by the bafile and the maxi-
mum pressure that tends to build up back of the
nozzle when completely uncovered by the baflle.
The position relationship between th.g torque lever
and the baffle is such that the torque lever-holds
the baffle within its operating range, as described
so ‘long as the torque lever is in its neutral
position, ) ‘

The bafle B8, being responsive to the output
pressures of the nozzles through the bellows 56
and 62 and torque lever 58 establishes a pneu-
matic “follow-up” system by which the operat-
ing pressures Ps and Pr in the bellows 5% and
60 always balance the variable pressures P3 and
P, and the adjustable effect of the springs. 61

-and 62 so that the tordue lever is held stationary
in its neutral position except for slight move-
ments necessary to move the baffle 66 through
its small operating range. In other words, the
pneumatic follow-up system constitutes a force
bhalancing system in which the pressures Ps and
P; are maintained at whatever values are neces-
sary to counterbalance the effects of the vary-
ing pressures P3 and Ps«, Thus the pressures Ps
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and P7 vary respectively and in direct propor-
tion to the variation in the values of the pres-
sures P4 and Ps.  If the springs 61 and 62 are
s0 adjusted as to exert equal and opposite forces
on the torque lever 58, the pressure difference
between Ps and Pr equals whatever pressure dif-
ference exists between Pz and Ps and when the
aircraft has zero rate of climb or descent, the
pressure difference (Pe—P3) is zero and the pres-
sure difference (Ps—P1) is zero. If under this
condition of adjustment the aircraft acquires a
rate of change such as, for example, a rate of
descent then, as above described, pressure Pi
hecomes greater than pressure Pz and the pressure
difference between them is proportional to the
rate :of  descent. As the pressure difference
(Ps+—P3) changes from zero to its new value, the
pneumatic follow-up system causes pressure Ps
to increase and pressure Pr to reduce to estab-
lish a pressure difference edual to that of
(Ps—P3) to maintain the torque lever 58 in its
neutral position. The reverse action takes place
if the aircraft assumes a rate of climb. . -
The output pressures Ps and Pr-of the two
nozzles in addition to being used to establish the
pneumatic feed-back system are also used to
operate the differential or servo-motor 5i. The
pressure Ps back of the nozzle 67 is conducted
to one side of the differential motor through a
line 18 and the differential pressure Pz back of
the nozzle 68 is conducted to the other. side of
the differential motor through -a line.17. .The
differential motor may be of any desired type
and, as diagrammatically illustrated, comprises
two spring-loaded bellows 78 and 18 covered re-
spectively by covers 80 and 81. The bellows sup-"
port a common shaft 82 connected mechanically
through a yoke to operate g lever 83 .which in
turn is suitably mechanically connected to op-
erate the elevator 52. With this construction,
therefore, the position of the elevators is made
a function of the difference between the ‘output
pressures Ps and Pr and in turn a function of
the valile of the pressure difference (Ps—P3).
When the pressure difference is zero the ele-
vator may be adjusted to assume a-neutral posi-
tion, but the servo-motor. operates the- elevator
so that when the pressure difference (Ps—Ps)
becomes negative the elevators tilt in one di-
rection from neutral an amount which is a func-
tion of the pressure difference and- when the
pressure difference becomes positive the elevators
tilt in the opposite direction. .
Still considering -the above adjustment, i e

5 with the springs 61 and 62 exerting equal and

opposite force on the torque lever, it .is evident
that if the aircraft for some reason tries to as- |
sume @ rate of descent; the resulting increase
of the pressure difference (Ps—P3) causes the
pressure Ps to increase and the pressure.P7 to
decrease causing the bellows of the differential
motor. to' move to the right with the result that
the elevator is tipped to check the tendency of
the ajrcrsft to assume a rate of descent. The
reverse achion takes place if the aircraft tries
to assume a rate of .climb.. The controller with
this adjustment therefore tries to give the air-
eraft minimum rate of climb or descent.

To adjust the controller thus described to give
the aircraft a rate of descent, the. handle 650
of the spring-loading mechanism is moved clock-
wise. as shown in Figure 4, to cause the spring
system to. put an: unbalanced moment on the
toraue lever. This operation changes the equal
or one-to-one relationship maintained by the
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follow-up system between the pressure difference
(P4—P3) ‘and the pressure difference (Ps—P7),
and thus changes the functional relationship be-
tween the pressure difference (Ps—P3) and the
position of the elevator.

In other words, loading the torque lever 58 un-
evenly to give it'a moment in the clockwise direc-
tion changes the pressure difference (Ps—P7)
otherwise required to balance a given pressure
difference (Pi—P3) a value proportional to the
unbalanced moment. The pressure - difference
(Ps—P7) which is thus caused to exist operates
the -elevator 52 to give the aircraft a rate of
descent. As the -aircraft assumes a rate of
descent, however, the pressure difference (P4—P3)
increases in proportion to the rate of descent and
other conditions being equal the pressure differ-
ences (Ps+—P3) and (Ps—P7), although now un-
equal, balanee at a value which is a function of
the setting of the spring system and the aircraft
Is -given a rate of descent which is a function of
the setting of the spring system. Also, other
conditions being equal, as the torque lever is
loaded to give it a larger moment, the rate of
descent is increased and as it is loaded less un-
evenly the rate of descent is decreased. Likewise,
as the torque lever is loaded unevenly in the
reverse sense the aireraft is given a rate of rise
which is a function of the spring-loading.

As described in connection with the adjust-
ment for zero rate of climb or descent, if the
controller is adjusted, for example, to give the
afreraft the rate of descent and the aircraft tends
to descend more rapidly than the adjustment
calls for, the pressure difference (Ps—PpP3) in-
creases over that which is normal for the ad-
Justment, causing the pressure difference Pg—Pr)
to inerease with the result that the elevator 52
is operated to check the increased rate of descent.
The reverse action takes place if the rate of
descent slows down. Thus the controller tends
to maintain a steady rate of descent or rise, as
the case may. The controller, therefore, ma-
nipulates the elevator 52 to maintain the desired
rate of rise or descent which is a function of
the moment imparted to the torque arm by un-
equally loading the springs 61 and 62 which itself
is determined by the adjustment of the handle
655,

In Figure 5, the controller is shown connected
up to manipulate the elevator to maintain a de-
sired altitude. 'To this end, either the pressure
P4 or P3 (P4 as shown) is connected to the bellows
55, but the bellows 58 is replaced by an adjustable

spring 84. The bellows 56 and 68 are provided as

before and the pneumatic feed-back system is the
same ‘as in Figure 4. With this construction,
when the force exerted by the pressure P: on the
torque lever 58 equals that exerted by the spring
84 the pressure difference (Ps—pP7) is zero and
the pressures Ps and P7 are equal and the elevator
52 is in its neutral Dbosition. When the pressure
Py is steady it is proportional to the existing at-
mospheric pressure and when corrected for
baromeiric conditions is proportional to the alti-
tude. Under such conditicns, an aireraft on
which the controller is installed would be flying at
an altitude proportional to the pressure Py, If
however, the aircraft starts to lose altitude, the
pressure Pq instantly increases, as ahove de-
scribed, and causes the pressure in bellows 58 to
Increase proportionally and the pressure in the
bellows 60 to decrease proportionally with the
result that the elevator 52 is adjusted to check the
descent.
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The -altitude at which the aireraft is thus
controlled is adjustable by adjusting the com-
pression of the spring 84 as by adjusting the
threaded screw 85 supporting an adjustable sup-
port 88 of the spring 84. TIf, for example, the
spring pressure is increased, the reaction of the
bneumatic feed-back system is such that the
pressure in bellows 68 increases and the pressure
in bellows 88 decreases with the result that the
elevator is adjusted to cause the aircraft to
descend. "But as it descends, the pressure Pa
increases until eventually the force exerted by Ps
on the torque lever 58 balances that exerted by
the spring 84 so that the controller now manipu-
lates the elevator to maintain the aircraft at s
lower altitude than that maintained by the pre-
vious adjustment. : :

The rate of climb or descent controller and
the altitude controller thus described have the
advantage of being immediately responsive to
changes in altitude or to rate of change of alti-
tude and so are .adapted to manipulate the
elevator or other mechanism influencing rate of
climb or descent to maintain the desired condi-
tion of flight of the aircraft. ‘A further advan-
tage of the controller as an altitude controller is
that by making the controller responsive to the
bressure Ps quantitative corrective changes in
the elevator position are made not only in re-
sponse to.the departure of the aircraft from the
desired altitude, but also in response 1o the rate
of change of the altitude. -

We claim:

1. Apparatus for measuring the rate of change

5 of atmospheric pressure as, for example, that due

to changing altitude comprising, in combination,
& pressure chamber, a source of suction pressure
a connection between said source and pressure
chamber, valve means for controlling the flow of
said suction pressure to and from said chamber
to maintain the pressure therein in a prede-
termined relationship to said atmospheric pres-
sure, restriction meansbetween said valve means
and pressure chamber to cause a suction pres-
sure differential to exist so long as there is flow
to or from said chamber, and means for measur-
Ing the suction pressure differentia] required to
maintain said reélationship,

2. Apparatusfor measuring the rate of change
of atmospheric pressure as, for example, that due
to changing altitude comprising, in combination,
a pressure chamber, a source of suction pressure,
a connection between said source and said pres-
sure chamber, means ‘for controlling the flow of
said suction pressure to and from said chamber
to maintain the pressure therein in a predeter-
mined relationship to said atmospheric pressure,
a measuring restriction in said connection be-
tween said controled flow of suction pressure
and said pressure chamber for measuring the
pressure difference required to maintain said re-
lationship, and means responsive to the pressure
drop across said restriction, said means being
calibrated to ‘translate said Dressure drop into
rate of change of the atmospheric pressure.

3. Apparatus for measuring the rate of change
of atmospheric pressure, such - as, for example,
that caused by changing altitude of an aireraft,
comprising, in-combination, a pressure chamber,
a source of suction pressure; a connection between
sald source and said pressure chamber, means re-
sponsive to'said atmospheric pressure and to pres-
sure in said pressure chamber for controlling the
flow "of "said suction pressure to and from said
bressure chamber to maintain the pressure there-
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in in a predetermined relationship to said at-
mospheric pressure, and a metering orifice in said
connection between said source and said pressure
chamber for establishing a pressure differential
which is a function of the flow required to main-
tain said relationship, and means continuously
responsive t¢ the value of said pressure differ-
ential. :
4, Apparatus for measuring the rate of change
of barometric pressure such as, for example, that
caused by changing altitude of an aircraft, com~
prising, in combination, a pressure chamber, a
source of auxiliary pressure, a connection be-
tween said source and said pressure chamber,
control means for controlling the flow of pres-
sure to and from said pressure chamber to main-
tain the instantaneous value of the pressure in
said chamber in a predetermined relationship to
the instantaneous value of the barometric pres-
sure, said control means including oppositely act-
ing expansible members respectively connected
through balanced restrictions to the pressure
chamber and to a barometric pressure head,
and a restriction to said fiow of pressure in said
connection between said source and said pres-
sure chamber for creating a pressure differential
which is a function of the flow required to main-
tain said relationship whereby said differential
may be utilized as a measure of the rate of change
of barometric pressure, and means continuously
responsive to the value of sald pressure differ-
ential.
" B. Tn apparatus for measuring the rate of
change of pressure such as that caused by the
changing altitude of aircraft, in combination, a
pneumatic capacity, a source of auxiliary pres-
sure, a line leading from said source of auxiliary
pressure to said pneumatic capacity, control
‘means for controlling the flow of pressure to and
from said pneumatic capacity including a re-
striction in said line, a port to atmosphere in said
line beyond said restriction, a valve for said port,
mechanism for operating sald valve, said mecha-
nism being responsive to the effective pressure
difference between the pressure in said pneu-
matic capacity and the barometric pressure
whereby said valve controls the operating pres-
sure back of said port to maintain the pressure
in said pneumatic capacity in a predetermined
relationship with respect to said barometric pres-
sure, a restriction in said line beyond said port
for establishing a pressure difference between the
pressure in said pneumatic capacity and the op-
erating pressure in said line, which pressure dif-
ference is a function of the flow required to main-
tain the pressure in said pneumatic capacity and
means responsive to the pressure difference for
indicating the value of the rate of change of
-altitude. ’
-g.'In apparatus for measuring the rate of
change of altitude of aireraft by measuring the
rate of change of the barometric pressure com-
prising, in combination, s pneumatic capaclty, a
source of auxiliary pneumatic pressure, & con-
nection between said source of auxiliary pres-
sure and said pneumatic capacity, conitrol means
for eontrolling the flow of pressure to and from
said’ pneumatic capacity, said control means in-
cluding a restriction in said connection, a port to
atmosphere in said connection beyond said re-
striction, a valve for said port, means for operat-
ing said valve including a relatively stiff spring-
1caded bellows responsive on one side to the pres-
sure in said pneumatic capacity and on the other
side to the barometric pressure and adapted to
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14
operate said valve to maintain an operating pres-
sure back of said port such as to maintain a pre-
determined pressure difference between the pres-
sure in said pneumatic capacity and said baro~
metric. pressure, a restriction in said connection
beyond said port for establishing a pressure dif-
ference between the pressure in said pneumadtic
capacity and the operating. pressure in said con-~
nection so long as there is flow between the two
pressures, and means responsive to the pressure
difference for indicating the value of the rate of
change of altitude as indicated by said pressure
difference. ' : :

7. Tn apparatus for measuring the rate of
change of altitude of aircraft by measuring the
rate of change of the barometric pressure com-
prising, in combination, a pneumatic capacity, a
source of auxiliary pneumatic pressure, a con-
nection between said source of auxiliary pres-
sure ‘and said pneumatic capacity, control means
for -controlling the flow of pressure to and from
said pneumatic capacity, said control means in-
cluding 5 vestriction in sald connection, a port
to atmosphers in said connection beyond said
restrictior, a valve for said port, means for op-
erating said valve including a relatively stiff
spring-loaded bellows responsive on one side to
the pressure in said pneumatic capacity and on
the other side to the barometric pressure; & sec-
ond restriction in said connection, a second and
larger port to atmosphere in said connection
beyond said ‘second restriction, a valve for-said
port, a spring-loaded bellows for operating said
valve and responsive to the pressure back of said
first port as manipulated by said first ‘bellows,
s2id second port and valve acting as a relay valve
controlling the operating pressure determining
the flow to and from said pneumatic capacity
whereby a predetermined pressure” difference is
maintained between the pressure in .said pneu-
msatic c¢apscity and the barometric pressure, 2
vegtriction in said connection for establishing a
pressure difference between the pressure in said
pneumatic capacity and the operating pressure
ifl said’'line so long as the pressure in sald pneu-
matic capacity has a rate of change, and 2
spririg-loaded hellows: responsive to the pressure
difference for’ indicating the value of the rate
of chanee of altitude as indicated by said pres-
sure difference. - :

8. Apparatus responsive 0 barometric pressure
for measuring altitude of “aireraft comprising,
in‘combinatioﬁ,‘a pneumsatic capacity, a source
of suxiliary pressure, a connection between said
source of auxiliary pressure and said pneumadtic
capacity, confrol means for controlling the flow
of pressire to and from said pnetiinatic capacity
ineluding & port to atinosphere in said connec-
tion, a valve for said port, ‘means for operating
said valve including a first bellows ‘connected to
said pneumatic capacity, @ second bellows op-
posing the control action of the first bellows and
connected to a ‘barometric static head through
an unavoeidable restriction, and a restriction be-
tween said first bellows and said pneumatic ca-
pacity to offset the lag caused by the unavoidable
restriction whereby said control means maintains
the instantaneous value of the pressure of said
pneumatic capacity in a pridetermined relation-
ship with the instantaneous value of said baro-
metric’ pressure, and means proportionally re-
sponsive to the pressure in said pneumatic ca-
pacity for indicating the altitude. g

9. ‘Apparatus responsive: to barometric pressure
for measuring -altitude ;and rate of change of
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altitude -of -aircraft comprising,-in ‘combination,
a prneumatic capacity,.a source of auxiliary pres-
sure, ‘a-connection between:said source of auxil-
iary ‘pressure-and said pneumadtic:capacity, con-
trol means ‘for controlling the flow of pressure
"to ‘and from said pneumatic ‘capacity including
@ port-to atmosphere in said connection, a valve
for said port, ‘means for -operating said -valve
including a first bellows connected to said pneu-
matic capacity, a-second bellows connected to a
barometric pressure head through an unavoid-
able restriction, and = restriction between said
first bellows and said pneumatic capacity to offset
the lag caused by the unavoidable restriction
whereby said control means maintains the in-
stantaneous value of the pressure of said pneu-
matic capacity in a predetermined relationship
with the instantaneous value of said barometric
pressure, means proportionally responsive to the
pressure .in said pneumatic capacity for indicat-
ing the altitude, and means for effectively meas-
uring flow to.and from said pneumatic capacity
and for indicating as a result of said measure-
ment the rate of change of altitude.

10. Apparatus utilizing changing barometric
bressure ‘for measuring rate of change of alti-
tude of -aircraft comprising, ‘in combination, g
pneumatic capacity,-a source of auxillary pres-
sure maintained at-all times in a predetermined
proportion with respect to the value of the baro-
metric pressure, a connection between said source
of guxiliary pressure and said pneumatic capacity,
control means for controlling the flow of pres-
sure to and from said pneumatic capacity, said
control means‘including: a, restriction in said con-
nection, a port to-atmosphere in said connection,
a valve for said port, means for operating -said
valve “including a relatively stiff spring-loaded
bellows responsive on -one side to the pressure
In said pneumatic capacity -and on the other
side ‘to the barometric pressure; g second re-
striction in said connection, a second and larger
port to atmosphere in ‘said ‘connection, a valve
for said-port, a spring-loaded bellows for operat-
ing sald walve and responsive to the ‘pressure
bhack of said ‘first port-as manipulated by said
first ‘bellows, ‘said ‘second port-and valve acting
as a relay valve controlling the operating pres-
sure determining the flow to and from said
bneumatic capacity whereby 2 predetermined
pressure - difference is maintained -between the
bressure in said pneumatie capacity -and the
barometric ‘pressure, -a restriction in said con-
nection beyond said -second port for establish-
ing a .pressure difference between the pressure
in said pneumatic .capacity and -the operating
pressure in -said line:so long as said pneumatic
capacity ‘has a rate of ehange, and a spring-
loaded bellows responsive.to the pressure differ-
ence for indicating the value of the rate of change
of -altitude as indicated by said pressure dif-
ference.

‘11. In apparatus for controlling rate of change
of ‘altitude of aireraft.in response to-barometric
pressure, in combination, a pressure chamber, -a
source of auxiliary fluid pressure, means for con-
trolling the flow of sald auxiliary pressure to-and
from -said pressure chamber to maintain the in-
‘stantaneous value of ‘the pressure therein at .a
fixed value with respect to the instantaneous
value of the barometric Pressure, means respon-
sive to the potential of the auxiliary pressure re-
quired to maintain such relationship for regu-
lating the rate. of ‘change. of altitude of the gir-
eraft, said last-named means being manually ad-

tude.
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Justable to'set the desired rate of change of alti-

12. In apparatus for establishing-a pneumatic
control pressure for controlling aircraft in re-
sponse “to barometric. pressure, in combination,
& pressure chamber, a source of auxiliary fluid
bressure, means for controlling the flow of said
auxiliary pressure to and from said pressure
chamber to maintain the instantaneous value of
the pressure therein at a fixed value with respect
to the instantaneous value of - the barometric
bressure, means responsive to the potential of
the auxiliary pressure required to maintain such
relationship, valve means for controlling the
supply of air to establish said pneumatic pres-~
sure, and ‘means responsive to the output pres-
sure of said valve means, and in conjunction with
said responsive means and in opposite sense
thereto operating said valve means to establish
said pneumatic control ‘pressure.

13.. In apparatus for establishing a pnetmatic
control pressure for controlling aircraft in re-
sponse-to barometric pressure, in combination, a
Dressure chamber, a source of auxiliary fluid
pressure, means for controlling the flow of said
auxiliary pressure to and from said pressure
chamber to maintain the instantaneous value of
the pressure therein at a fized value with respect
to the instantaneous value of the barometric
pressure, means responsive to the potential of the
auxiliary pressure required to maintain. such re-
lationship, valve means for controlling the sup-
ply of ‘air to establish said pneumatic control
pressure, means responsive to the output pressure
of satd valve means and in conjunction with said
responsive means and in cpposite sense thereto
operating said valve means to establish said
pneumatic control pressure, and means for ad-
justing -the opposing Trelationship between said
means responsive to the potential and sald means
responsive ‘to the output pressure.

14. 'In apparatus for establishing a pneumatic
control pressure controlling attitude of aircraft,
in combination, a pressure chamber, a source of
positive pressure, control means responsive to at-
mospheric pressure and to pressure in. said pres-
sure chamber for controlling the flow of said
bositive pressure to and from said pressure cham-
ber to maintain the pressure therein in a pre-
determined relationship to said atmospheric pres-
sure, and a restriction to-said flow of positive pres-
sure between said control means and said pres-
sure chamber, valve means for controlling the
supply of pressure to establish said Pneumatic
control pressure, means responsive to the pres-
sure between said control means and said restric-
tion for-operating said vaive means, and means
responsive to the output pressure of said valve
means and operating said valve means in oppo-
site sense to said meang responsive to the pres-
sure between ‘said control means and said re-
striction.

15. In apparatus for establishing a pneumatic
control pressure controlling altitude of aireraft,
in combination, a pressure chamber, g source.of
positive Dressure control, means responsive to
atmospheric pressure and to Pressure in said pres-
sure chamber for controlling the flow of said posi-
tive pressure to and from said pressure chamber
to maintain the pressure therein in a predeter-
mined relationship to said atmospheric pressure,
and-a restriction to said flow of positive pressure
between said contrel means and said pressure

‘chamber, valve means: for controlling the supply
of ‘pressure to establish said

pneumatic control
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pressure, means responsive to the pressure be-
tween said control means and said restriction for
operating said valve means, means responsive to
the outlet pressure of said valve means and op-
erating said valve means in opposite sense to said
means responsive to the pressure between said
control means and said restriction and means for
adjusting the operating relationship between said
means responsive to the pressure between said
control means and said restriction, and said
means responsive to the operating output pres-
sure of the valve means.

GEORGE A. PHILBRICE.

ALLAN R. CATHERON.
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