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Figure 16 - Assembled Servo Subsystem
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Figure 17 - Disassembled View of Servo Subsystem
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Figure 26 - Servo Amplifier
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Figure 30 - Probe Output Pulse Figure 31 - Effect of Changing
with Blowing Flow Blowing Flow
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Figure 32 - Eiffect of Figure 33 - Output of Pulsing
Changing Swirl Rate Sensor

The fregquency variation with changing swirl in the vortex chamber
is due to the threshold pressure of the pulse which allows the probe to
discharge for a longer time as shown by Figure 32.

- Figure 33 shows the probe frequency versus bias pressure curves
which are similar to that of Figure 29 showing that the frequency is
mainly controlled by the pressure that exists outside the probe tip.
Here again, one can see that pneumatic biasing improves sensitivity
and provides a sense of direction. The different curves are olLtained
by bleeding flow from a hole in the button opposite to the exit hole of
the vortex chamber which improves the sensitivity many times.

Linearity is achieved somewhat by biasing to the middle of the
sensitive region, but assuring linearity to the limits of saturation can
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where

iy =%y BT
Simplifying
k-\[Pl(Pl -P) :‘/PO(PO - P,)
where
k = B AZ
l - k+ e
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Figure 45 - Filter Step Response

Squaring both sides and solving for P ,
0
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This equation gives the theoretical average filter output pressure,

I'he time constant for charging and discharging a volume between

two orifices at low subsonic flow is

v AP
kl

Q P

O O
where the parameters are defined as follows:
k' specific heat ratio

AP difference between the (psi) initial and final values

of the filter pressure

P P +0,7P (psia)
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Figure 47 - Vortex Summing Figure 48 - Summing Amplifier
Amplifier Schematic

A schematic of the summing amplifier is shown in Figure 48.
The amplifier operates on a constant supply pressure of 30 psig and
accepts input signals from 30 to 60 psig. Its output can vary from
approximately 28 psig to 5 psig and normally operates at approximately
15 psig. The absolute pressure gain of each input port is about one.
Four of the input ports have a negative sign; that is, the output pressure
decreases for an increase in input pressure. The fifth port has a positive
sign.

The primary requirement of the servo amplifier is to provide a
summation point for the various signals. First, the rate signal must
be subtracted from its 'lagged" signal to provide the washout function.
Secondly, the demand signal, or compensated rate input, must be com-
pared to the servo position feedback and a position error signal must
be formed. A device uniquely suited for these functions is the vortex
amplifier shown schematically in Figure 49. A regulated supply pres-
sure is supplied to the "Pg" port and a signal is obtained from the
"P," port. The output signal or pressure is controlled by the HER s on
control port, which is the tangential input to the vortex chamber. It is
possible to have many separate tangential input holes around the vortex
chamber periphery, each one being completely isolated from the others.,
Therefore, each port becomes an input to a summing junction which is
the vortex chamber. The output of the vortex amplifier then becomes the
summation of all the inputs. Subtraction and/or addition can be accom-
plished by the tangential direction of the input ports. If two ports oppose
each other as they enter the chamber, they will subtract their

54



















Lubrication is provided by a black oxide film applied to the
spool and bore by preheating the parts in an oxidizing atmosphere.
The end caps and manifolds are fabricated from 440C stainless steel,
since they serve only as static components, not requiring lubricant.

The four-way flueric input valve was selected because its charac-

Figure 55 - Fluidic Pilot
Operated Servovalve

1 1031 11

& N .-~
e YA N
\\‘ BN

74

/}// 7

L6685~

teristics are low fuel consumption

and minimum flow of less than 20
percent of the maximum rated flow.

Of the many types of valves considered,
a spool valve was decided upon be-
cause it has virtuzlly no unbalanced
loading condition or highly stressed
part.

During the development, it was
of fundamental importance to find
a differential ram pressure signal.

Figure 56 - Vortex Servovalve Assembly
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Figure 63 - View of the Trans- Figure 64 - Assembled View of
ducer Showing the Rotor Ducts the Position Transducer
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Figure 65 - Disassembled View of Position Transducer

— To determine the required duct area distribution, the continuity
equation for a perfect gas flowing adiabati-ally and reversibly was used.

WV
X

A =
X u
X

Where W is the flow rate through the duct (a constant along the duct),

V is the specific volume of the gas at section x, u is the velocity of the
gas at section x and A is the area at section x.
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Table 4 - Summary of Final Rate
Sensor Dimensions

Vortex Chamber:

Bias Injector:

Probe:

Coupling Element:

Supply Pressure =

Diameter
Exit
Length
Bleed

Number of Holes
Hole Size

Spacing
Tip Diameter
Internal Volume

Stainless Steel
Wire Mesh

26 psig

1 1/2 inch
0.027 inch
0.025 inch
3800 cc/min

2 sets of 24
0.005 x 0.005 inch

0.039 inch
0.020 inch
0.0254 inch?

400 x 400 wire/inch

#3997

OUTPUY FREQUENCY IN CPS

r =
0.027 OUTLET HOLE s
0.020 PROBE H
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Figure 76 - Frequency Versus Bias
for Final Rate Sensor Configuration
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Figure 77 - Rate Response of Final Rate Sensor Configuration
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Figure 78 - Rate Sensor and Signal Processing Network -
Combined Schematic
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Figure 79 - Signal Processing Network and Cover Plate
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Figure 80 - Breadboard Rate Sensor Subsystem Schematic
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Figure 81 - Signal Waveforms in the Alternating Bias Amplifier
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Figure 88 - Outputs of 10MF1 and 10CF14 - Waveforms
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Figure 89 - Orifice-Divider Tee
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Figure 90 - Probe Signal and 10MF-1 Output Waveforms
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Figure 91 - Effect of 10BF5 Supply Pressure on Alternating
Bias Amplifier
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Figure 102 - Vortex Amplifier Output Impedance as Function
of Control
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Figure 103 - Vortex Summing Amplifier Assembly
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C. System Integration and Test

1. System Test Configuration

The final component hardware was designed to integrate
into a compact unit as shown in Figure 152. All components were
fabricated from materials suitable for 1000°F operation. The two
major subsystem groupings, the Rate Sensor and Signal Processing
Subsystem and the Servo Subsystem with Compensation Network Volumes
are shown in Figure 153 (a) and (b).

The Rate Sensor and Signal Processing Subsystem consists
of the rate sensor, alternating bias amplifier, and variable-gain pulse

Figure 152 - Fluidic Flight Control System -
Integrated Final Configuration
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(b) Servo Subsystem and Compensation Network Volumes

Figure 153 - Fluidic Flight Control Subsystem
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