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FOREWORD

Fluidics is the control technology that relies on fluid interactions to perform functions of sensing, logic,
amplification, signal transmission, signal conditioning and control. Fluidics, therefore, parallels many of
the functions traditionally associated with electronics. Pure fluidics, sometimes called fluerics, employs
no moving part mechanical devices at all, but most operational fluidic systems employ mechanical
peripheral components, such as valves, actuators, push buttons, switches commonly associated with
fluid power control.

Since the original release of this document, significant changes have occurred in the fluidic technology.
A number of successful applications have been in operation for many years. They have proven that the
current state of the technology offers significant advantages over other methods of performing the same
functions when requirements call for:

High reliability

Operation in harsh environments such as high temperature, EMI/EMP, vibration
Protection from, or immunity to nuclear, electromagnetic, or directed beam weapons
Deadband free amplification and switching

Operating frequencies beyond the capability of hydromechanical control elements

®o0 T

Fluidics may be implemented in either pneumatic or oil based systems. Pneumatic applications
frequently use available energy, such as engine compressor discharge, as power. Hydraulic fluidics
employ standard aircraft hydraulic fluids, but frequently operate at much lower pressures than the main/
power hydraulic system. In the most sensitive sensing and control applications, such as rate sensing,
the use of laminar flow nozzles offers very high signal/noise ratio systems.

Fluidics are usually integrated with fluid power control systems and require appropriate interface

devices with these systems. Reference should be made to the appropriate fluid power systems
specification. The power fluid conditioning for fluidic devices is described in AIR1245.
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FOREWORD (Continued)

The content of this document is not necessarily complete and may be revised on a continuing basis as
the field demands. No attempt has been made to be all inclusive in the listing of types of devices or
elements, nor could the suggested specification parameters be considered more than a guideline to the
types of parameters which have so far been found of importance. Similarly, it is difficult to establish test
procedures in a field where wide variations in devices exist and where new devices of a highly
proprietary nature may be added.

TABLE OF CONTENTS

1. S OPE .. et ee e e e — e e e ae e et n bt aee e ean e eeaeaeaas 4
1.1 0T SN 4
2. REFERENGCES ... ettt e e e ettt e e e e e e et ee e e ae e s et nee e e snne 4
2.1 Applicable DOCUMENTS ... ... e e 4
2.2 1= ] T o] o = RPN 4
2.2.1 L 7= 3 = - | PP 4
2.2.2 e 4 o)1) 1= = 5
223 I = =T« 11 o= - PP 8
224 R =Y g =TT =P 8
225 ACIUALOIS .. e 8
226 BT o] = Y £ RN 9
227 oo (o3 I oA o= RN 9
2.2.8 L o W] = T=Y o 1T o1 T 9
229 Nomenclature and Units. ... e e 9
3. GRAPHIC SYMBOLOGY .....coi ittt ees et r e e s ettt te e ae e s e s s ae e eeeean e aas s e e eeaeaees e steaeeeeeesnnnes 13
3.1 Functional Logic SymbBols ... e e 14
3.2 Fluidic CircUit ComPONENtS ..o e e e e e e e e e e ee e e e eaeaes 14
3.3 Typical CirCUIt DIagramS ......coi e e e e s e e e e ee et s e e e e e ee e aentn s e eeeeeeaeaeeeees 14
3.4 T ) o= L 1T T ol T T = S 14
3.5 ANAIOY FILIAIC DEVICES ..c..uiiiiiii et 19
3.6 Laminar Versus Turbulent Flow-Fluidic Devices ........ccccvciii e e 19
4. FLUIDIC DEFINITIONS ..ottt ettt e e ekt ee e e e e s e sttt ae e eeee e e na e e eneeee e e ssnbe e e snnnes 19
4.1 LE 7] 1= - | R 19
4.1.1 e 0Tl =T [ = o Lo = SRR 21
41.2 Fluid Capacitainee ... ..o e e 22
4.1.3 L 1T I 1= = T =SSN 22
4.1.4 e 0T W0 T (=Y o A o T RS 22
Documents

Document Sharing Hub

Full document details: SAE ARP993D


http://www.avadocuments.com/doc/sae-arp993d
http://www.avadocuments.com/doc/sae-arp993d

SAE ARP993D Page 3 of 36
TABLE OF CONTENTS (Continued)
4.2 Digital Elements .. oo e 22
421 Pressure Gain (Amplification) ... e 22
422 Flow Gain (AmMplIfication) ... e e 22
423 Power Gain (AMPIIfICation) ... ..o e e 22
42.4 =T Lo T | PR S 22
425 E4=ET o oY o [T PP 22
426 N oYL= PP ST 24
427 o Y £ =T =TT LR 24
428 Control IMPedanCe .. ..o 25
429 OUEPUL IMPEUANCE ... e et 25
4.3 Proportional EISMENTS ... ... s e e e e e ee e e e eee e ae 25
4.3.1 Pressure Gain (LOCal) .. ..o et e e e ee e er e e e ee e ae 25
432 o oA - o e T o | PP 25
4.3.3 Power Gain (LOCAI) ......oooii e e e e 25
4.3.4 Pressure Gain (OVerall) ... e e e 25
4.35 Flow Gain (OVerall) ...... ..o et 25
436 Power Gain (OVerall).... ... e 26
437 o (=T L= To T == o T o == RSP 26
4.3.8 N T T PSR 26
439 e T= 111 = 1 4o o [ 26
T I 0 T N 4 =T T4 N 26
A.3MT  HYSIEIESIS oo e e 26
4.3.12  Control IMPedanCe ... e e 28
4313 OUtpUt IMPeance ... e 28
5. SUGGESTED SPECIFICATION GUIDELINES ...t 29
5.1 T3 Lo T o PP 29
5.2 17 <= 30
5.3 LT a Ty 1 T T = )£ o 1 30
5.4 PerfOrManCe .......ooooiiiiiiii ettt 30
5.4.1 L 1= o= - | R 30
542 T = g g o] 11T = =P 32
543 Characteristic Curves (Digital AmpIfiers) ... 32
544 Proportional AMPITIEIS .......cooi e e e e e e e e e e e e e e e e ee e ae 35
545 Characteristic Curves (Proportional AmMPlIifiers) ... 35
ST L I PSPPSR 36
Documents

Full document details: SAE ARP993D

Document Sharing Hub


http://www.avadocuments.com/doc/sae-arp993d
http://www.avadocuments.com/doc/sae-arp993d

SAE ARP993D Page 4 of 36

1. SCOPE:

The scope of this document is limited to encompass terminology, symbols, performance criteria and
methods reflecting the current status of the technology.

1.1 Purpose:

The purpose of this document is to promote the use of a common terminology and useful symbols
and to encourage users and manufacturers of fluidic devices and systems to conform to meaningful
standards of performance.

This document is intended for use as the basis for a procurement specification for fluidic devices and
systems when the need for such a specification arises.

This document shall be the starting point for future SAE documents, either through revision or
addition, in the field of fluidics as such documents become necessary.

2. REFERENCES:
2.1 Applicable Documents:

The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this specification
and references cited herein, the text of this specification takes precedence. Nothing in this
specification, however, supersedes applicable laws and regulations unless a specific exemption has
been obtained.

AIR1245 Power Sources for Fluidic Control
ARP4386 Terminclogy and Definitions for Aerospace Fluid Power, Actuation, and Control
Technologies
2.2 Definitions:
2.21 General:

FLUIDICS: The general field of fluid devices and systems performing sensing, logic, amplification
and control functions employing primarily no-moving-part (flueric) devices.

FLUERIC: An adjective which can be applied to fluidic devices and systems performing sensing,
logic, amplification, and control functions if no moving mechanical elements whatsoever are used.

ELEMENTS: The general class of devices in their simplest form used to make up fluidic

components and circuits; for example, fluidic restrictors and capacitors, a proportional amplifier or
an OR-NOR logic gate. Elements are the least "common denominators" of the fluidics technology.
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FIGURE 1 - Jet Interaction Amplifier

2.2.1 (Continued):

ANALOG: The general class of devices or circuits whose output is a continuous function of its
input; for example, a proportional amplifier.

DIGITAL: The general class of devices or circuits whose output is a discontinuous function of its
input; for example, a bistable amplifier.

ACTIVE: The general class of devices which respond to a signal or signals separate from the fluid
stream which powers the output.

PASSIVE: The general class of devices which operate on the signal inputs without the use of a
separate power supply.

2.2.2 Amplifiers:
AMPLIFIER: An active fluidic component which provides a variation in output power greater than
the impressed control signal variation. The polarity of the output may be either positive or negative
relative to the control signal. The level (pressure or flow) of the control signal may be greater or
less than the respective output levels.

PRESSURE AMPLIFIER: A component designed specifically for amplifying pressure signals,
usually with high impedance output.

FLOW AMPLIFIER: A component designed specifically for amplifying flow signals, usually with
low impedance output.

POWER AMPLIFIER: A component designed specifically for increasing signal power.

Documents

Document Sharing Hub

Full document details: SAE ARP993D


http://www.avadocuments.com/doc/sae-arp993d
http://www.avadocuments.com/doc/sae-arp993d

SAE ARP993D Page 6 of 36

OUTPUT PORT ~—__}

CONTROL PORT —— [ 3

CONTROL NOZZLE~

SUPPLY PORT —— -

FIGURE 2 - Wall Attachment Amplifier
2.2.2 (Continued):

VENTS: Auxiliary ports used to establish a reference pressure in a particular region of the
amplifier; analogous to an electrical ground potential.

JET INTERACTION AMPLIFIER: An amplifier which utilizes control jets to deflect a power jet and
modulate the output, usually employed as an analog amplifier. Terminology usage for the
geometry is illustrated in Figure 1.

WALL ATTACHMENT AMPLIFIER: An amplifier which utilizes control of the attachment of a free
jet to a wall (Coanda effect) to modulate the output, usually employed as a digital amplifier.
Terminology usage for the geometry is illustrated in Figure 2.

VORTEX AMPLIFIER: An amplifier which utilizes the pressure drop across a controlled vortex for
modulating the output. Terminology usage for the geometry is illustrated in Figure 3.

TURBULENCE AMPLIFIER: An amplifier which utilizes control of the laminar-to-turbulent
transition of a power jet to modulate the output. Terminology usage for the geometry is illustrated
in Figure 4.

AXISYMMETRIC FOCUSED-JET AMPLIFIER: An amplifier which utilizes control of the
attachment of an angular jet to an axisymmetric flow separator, (that is, control of the focus of the
jet) to modulate the output. Usually employed as a digital amplifier. Terminology usage is
illustrated in Figure 5.

IMPACT MODULATOR: An amplifier which utilizes the control of the intensity of two opposed,
impacting power jets thereby controlling the position of the impact plane to modulate the output.
Terminology usage is illustrated in Figure 6.
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FIGURE 3 - Vortex Amplifier
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FIGURE 4 - Turbulence Amplifier

CONTROL PORTS OUTPUTS

]
0 POWER JET N OUTP outpuTDUCT_ Yy
0, 023 OUTPUT DUCTS B OUTPUT DUCT O ﬂ

»

/ \ N input Duet 5 (b) FLOW PATTERN WITH  (c) FLOW PATTERN WITH
i N
. W - NO CONTROL FLOW CONTROL FLOW
‘ \ "t "4 'x
d “\POWER CHAMBER
5 €2 " CONTROL CHAMBER

() CONTROLDUCTS /g (a) TYPICAL CROSS SECTION

FIGURE 5 - Focused - Jet Amplifier

Documents

Document Sharing Hub

Full document details: SAE ARP993D


http://www.avadocuments.com/doc/sae-arp993d
http://www.avadocuments.com/doc/sae-arp993d

SAE ARP993D Page 8 of 36

CONTROL £ OUTPUT
DUCTC DUCT 0 INPUT
DUCT s1
INPUT INPUT
DUCT S1 DUCT §2
(a) DIRECT IMPACT MODULATOR (b) TRANSVERSE IMPACT MODULATOR

FIGURE 6 - Impact Modulators
2.2.2 (Continued):

THROAT-INJECTION AMPLIFIER: An amplifier which utilizes auxiliary flow at a nozzle throat for a
control signal to modulate the output flow. Pressure level of the control signal may either be above
or below local throat pressure to result in a positive of negative (suction) quiescent control flow.

LAMINAR FLOW AMPLIFIER: In this jet amplifier the nozzle Reynolds number is maintained at
such a level that laminar flow conditions exist in the device.

FANOUT, HYSTERESIS LINEARITY, RESPONSE, SATURATION, SIGNAL/NOISE RATIO: Note:
This terminology when related to fluidics has the same meaning as the generally accepted usage
in other control fields. See Section 4 for definitions.

2.2.3 Transducers:
TRANSDUCER: A component which converts a signal from one medium to an equivalent signal in
a second medium, one of which is compatible with fluidic devices, e.g., a pressure transducer
generates an electrical output equivalent to pressure in a fluidic circuit.

2.2.4 Sensors:
SENSOR: A component which senses variables and produces a signal in a medium compatible
with fluidic devices; for example, a temperature or angular rate sensor. Sensors are input
transducers.

2.2.5 Actuators:

ACTUATOR: A component which converts fluid energy into an equivalent mechanical output.
Displays are visual output transducers.
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2.2.6 Displays:

DISPLAY: A component which converts a fluid signal into an equivalent visual output. A type of
output transducer.

2.2.7 Logic Devices:

LOGIC DEVICE: The general category of digital fluidic components which perform logic functions;
for example AND, NOT, OR, NOR, and NAND. They can gate or inhibit signal transmission with
the application, removal, or other combinations of control signals.

FLIP-FLOP: A digital component or circuit with two stable states and sufficient hysteresis so that it
has "memory”. Its state is changed with a control pulse; a continuous control signal is not
necessary for it to remain in a given state.

2.2.8 Circuit Elements:

RESISTOR: Passive fluidic element which because of viscous losses or turbulent losses or both
produces a pressure drop as a function of the flow through it and has a transfer function of
essentially real components (i.e., negligible phase shift) over the frequency range of interest. See
Section 4 for definition of fluidic resistance.

CAPACITOR: A passive fluidic element which, because of its own compliance or fluid
compressibility, produces a pressure in the device which lags net flow into it by essentially 90°.
See Section 4 for definition of fluidic capacitance. Note that fluidic capacitor cannot block steady
flow in the way its electrical counterpart blocks DC.

INERTANCE: A passive fluidic element which, because of fluid inertia, has a pressure drop across
it, which leads flow through it by essentially 90°. See Section 4 for definition of fluidic inertance.

FANOUT, HYSTERESIS, LINEARITY, RESPONSE, SATURATION, SIGNAL/NOISE RATIO: Note:
This terminology when related to fluidics has the same meaning as the generally accepted usage
in other control fields. See Section 4 for definitions.

2.2.9 Nomenclature and Units:

BASIC QUANTITIES: The quantities listed in Table 1 refer to the general parameters of a system
or component. Wherever specific or detailed parameters are used, such as the pressure at point 2
subscripts should be used, e.g., P,. In many instances, "customary” units have been listed
alongside the pure units of the S| system. Frequently used conversion factors are provided in
2292,
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TABLE 1 - Basic Quantities

TABLE 1A
Quantity Symbol S| Units FLT (Ib-in-s)
acceleration
angular o rad/s rad/s (°/s)
linear a m/s in/s
angle optional rad(ian) rad (°)
area A m? in?
bulk-modulus B o. N Ib
ra — =3
m in
capacitance C m*—-s® m® in®
Kg ' N o]
density (mass) p Kg Ib-s?
m> in
Diameter D m in
efficiency n dimensionless
Force F N (Kg—m) b
' 2
s
frequency f Hz Hz
gain (overall = G)
(incremental = Gj)
volume flow Ga, Ga dimensionless
mass flow Gu, Gwmi dimensionless
pressure Gp, Gp;
gravitational constant g m/s? in/s®
impedance Z Kg N-s Ib-s
mt-s’ m° in®
inertance L Kg N-s? b —s?
m*’ m° in®
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TABLE 1B

Quantity Symbol Sl Units English (Ib-in-s)
LaPlace operator s 1/s 1/s
length . | m in
Mach Number Nm, M (=v/ve) dimensionless
mass m Kg Ib - s?

in
mass flow rate m Kg/s b-s
in

power w Js, N—m’ Watts in-lb/s
Prandtl Number Neg, PR (=c, wki)
pressure P N/m?, Pa Ib/in?, psi

static Ps

total P

absolute P.

gage Pq
resistance R N-s a4 in'-s™

3 , m-s
m- -Kg
Reynolds Number
y Ng, Re [: ﬂ) dimensionless
n
Signal to noise ratio S/N dimensionless
specific heat C J BTU
Kg-°K Ib—°R

const. volume
const. pressure
ratio

Stokes Number

Cy
Co
k=c,/c, dimensionless

Ngk dimensionless
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