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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
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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.
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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 ’s intended for use as the basis for a procurement specification Toriuidic devices and
systems when fhe need for such a specification arises.

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

2. REFERENCES:
2.1 Applicable Docliments:

The following publications form a part of this specificationto the extent specified hgrein. The latest
issue of SAE publications shall apply. The applicableiissue of other publications shall be the issue in
effect on the date of the purchase order. In the evient of conflict between the text of this specification
and references|cited herein, the text of this specification takes precedence. Nothing in this

specification, hpwever, 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;

2.2.1 General:

FLUIDICS: The generalfield 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

e general class of devices or circuits whose-output is a continuous
mple, a proportional amplifier.

e general class of devices or circuits whose output is a discontinuot
mple, a bistable amplifier.

general class of devices which respond to a signal or signals sepa
powers the output.

e general class of devices which operate on the signal inputs withg
er supply.

An active fluidic component which provides a variation in output po
| contral signal variation. The polarity of the output may be either pg

function of its

Is function of its

rate from the fluid

ut the use of a

wer greater than
sitive or negative

control signal. The level (pressure or flow) of the control signal ma

y be greater or

less than the respective output levels.

PRESSURE AMPLIFIER: A component designed specifically for amplifying pressure signals,

usually with h

igh 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.
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OUTPUT PORT ~__§§!
FIGURE 2 - Wall Attachment Amplifier
2.2.2 (Continued):
VENTS: Aux|liary ports used to establish a reference pressure in a particular redion of the

amplifier; analogous to an electrical ground potential.

JET INTERA
modulate the
geometry is il

WALL ATTAQ
jet to a wall (€
Terminology L

VORTEX AM
modulating th

TURBULENC
transition of a
in Figure 4.

CTION AMPLIFIER: An amplifier which utilizes control jets to defleq
output, usually employed as an analog amplifier. Terminology usag
ustrated in Figure 1.

HMENT AMPLIFIER: An.amplifier which utilizes control of the atta
oanda effect) to modulate the output, usually employed as a digita
sage for the geometry is illustrated in Figure 2.

PLIFIER: An amplifier which utilizes the pressure drop across a co
e output. Terminology usage for the geometry is illustrated in Figur

E AMPLIEIER: An amplifier which utilizes control of the laminar-to
power jet to modulate the output. Terminology usage for the geom

AXISYMMETRIC FOCUSED-JET AMPLIFIER: An amplifier which utilizes control of the

it a power jet and
e for the

chment of a free
amplifier.

htrolled vortex for
e 3.

turbulent
etry is illustrated

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 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 controlfsignal mayy either be above
or below loca| throat pressure to result in a positive of negative (suction) quiescent control flow.
LAMINAR FLDW AMPLIFIER: In this jet amplifier the nozzle(Reynolds number is maintained at
such a level that laminar flow conditions exist in the device.
FANOUT, HYBTERESIS LINEARITY, RESPONSE, SATURATION, SIGNAL/NOISE RATIO: Note:
This terminolpgy when related to fluidics has the samé meaning as the generally|accepted usage
in other contrpl fields. See Section 4 for definitiofs.

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

2.2.4 Sensors:
SENSOR: Acomponent which senses variables and produces a signal in a medium compatible
with fluidic delvicesyfor 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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2.26

2.2.7

2.28

2.29

Displays:

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

output transducer.

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

- ;. Kdigital component or circuit with two stable states and sufficient ﬁitsteresis so that it
has "memoryl. Its state is changed with a control pulse; a continuous controbsighal is not

necessary forl it to remain in a given state.

Circuit Elements:

RESISTOR:

produces a p
essentially re
Section 4 for fefinition of fluidic resistance.

CAPACITOR] A passive fluidic element which, because of its own compliance o
compressibili
See Section
flow in the

for definition of fluidic capacitance. Note that fluidic capacitor can
its electrical counterpart blocks DC.

INERTANCE:| A passive fluidic elementwhich, because of fluid inertia, has a pres
it, which leads flow through it by essentially 90°.

FANOUT, HYSTERESIS, LINEARITY, RESPONSE, SATURATION, SIGNAL/NOI
This terminol¢gy when related to fluidics has the same meaning as the generally
in other contropl fields. See Section 4 for definitions.

Nomenclaturg and‘Units:

Passive fluidic element which because of viscousdosses or turbulent losses or both
essure drop as a function of the flow through it‘ahd has a transfer function of
| components (i.e., negligible phase shift) overthe frequency range of interest. See

fluid

, produces a pressure in the devicg'which lags net flow into it by egsentially 90°.

hot block steady

sure drop across

See Section 4 for definition of fluidic inertance.

SE RATIO: Note:
accepted usage

BASIC QUA

eters 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

2.292.
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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 | to
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)
(incrementdl = Gj)
volume flow Ga, Ga dimensionless
mass flow Gu, Gwmi dimensionless
pressure Gp, Gp;
gravitational congtant 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 rafe m KRg/s b—p
in

power w Js, N—m’ Watts in-Ibfs
Prandtl Numbper Neg, PR (=c, wki)
pressure P N/m?; Pa Ib/ing, psi

static Ps

total P

absolute P.

gage Pq
resistance R N-s a4 in"'-g"

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

const. volume Cy
const. pressure Co

ratio

Stokes Number

k=c,/c, dimensionless

Ngk dimensionless
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TABLE 1B (Continued)
Quantity Symbol Si Units English (Ib-in-s)
Strouhal Number Ns, S (=tv/l) dimensionless
thermal conductivity ki Watt in—1ib -
m-°K in-s~°R
time t s (]
velocity
general v m/s in/s
mean ¥ mis infs
acoustic Ve m/s in/s
viscosity
absolute 7} Kg N-s Ib-s
m-s’ m? in?
kinematic v m?/s in%/s
volume m? in®
volume flow rate Q m*/s m%/s
2.2.9.1 General Supscripts:

a. Control:

(1) quiescent: co
(2) diffefential: cd

b. Incremg

c. Output:

(1) differential~od

d. Supply:

Cc

ntal:

(o)

S
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2.2.9.2 Conversion Factors and Constants: Conversion factors are listed such that exact conversion
constants are given first, whenever such exist, i.e., 1 inch = 2.540000 cm. This practice permits
exact conversion, wherever possible, to the precision of the computing device used.

3.

gravitatio

[ S N R - I U N W N

Poise = (

R (Universal Gas constant)= 8309.2 J/Kg-mol-°K =

1 Stoke = 1
GRAPHIC SYMB

The purpose of g
terms with the us
function of circuit
written communid

The recent devel
understanding of
The initial version
both digital and a
functions of ampl
reason, the funct

The symbols sho
principles and de

new devices becpme prevalent and standardization appears to be in order.

Examples of typi

inch = 0.0254000 m
Newton = 0.2248 Ib;
N-m (1 Jpule)= 88504 in-Ib; = U.0002388 Kcal = 0.0009478 BTU

raphic symbols is to enable the circuit designerto communicate in |
b1 of his technology. The symbols are employed to convey the arrgngement and

i

Atmosphere = 101325 Pa = 14.696 psi,

BTU = 9338.5 in-Ib = 1055 Joules = 1.4148 HP-s
Bar = 10° Pa = 10° N/m? = 14.503 psi (Ib/in?)
gallon (US) = 231 in® = 3785.41x10° m®

nal constant g = 386.088 in/s® = 9.80665 m/s?
1 m=39.37in

1 N-s/m? = 14.503x10°° Ib-s/in?

= 15443 ft-lb/lb,,-mol-°R
cm?/s 1 ¢S (centistoke) = 1 mm?/s = 0.00155000 in’/s

OLOGY:

elements. They must transcend linguisticbarriers which often impe
ations.

bpments in electronic logic and eontrol circuitry have brought about

of this document showed $Specific fluidic logic symbols. These fun
alog, have been overtaken by the more general logic symbology o
ication, logic and control as represented by ANSI| and IEEE standa
onal symbology of the previous ARP has been omitted in this editig

wn in the following section are representative of the currently used
lices known today. Additional diagrams may be added to this listing

inambiguous

de verbal and

a broadly based

the logic functions, which was not available in the early days of the fluidic technology.

ctional symbols,
enoting the

rds. For this

n.

bperating
at any time when

tal-operating circuits are shown. In actual practice, the circuit desigher will use the

(
nomenclature andunits listed in 2.9 10 def th d I d I |

components shown in the circuit diagram as necessary for the purpose intended. Thus, if a diagramis
to convey simply a functional arrangement of components, no more than the circuit elements need be
shown on the circuit drawing. If, however, the drawing is to denote a specific operating arrangement of
parts, which is to be implemented by a manufacturer, then resistance, capacitance, and port
impedance values can be added, or component model humbers can be specified on the drawing.

O deflne the ImMpedance values and power [evels of various
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SAE

3. (Continued):

Fluidics frequently form a bridge between the electronic and fluid power technologies. Every effort has
been made to use symbology commonly accepted and standardized for fluid power technology as well
as for the electronic technology, for similar functions encountered in the fluidic technology.

The symbols listed in the following section denote normally accepted venting practice. This is
analogous to the electrical ground connection {(earth), or common signal ground. In special cases, the
component vent may have to be connected to a different potential. This should then be clearly
indicated by an appropriate resistance to ground, or another connection replacing the customary
|| symbol used in fluid power circuitry.

3.1 Functional LogiE Symbols:
The symbols in|Figure 7 are used to represent various logic elements in logic.drawiings. The letters
A, B, C, and D are inputs; the letter Y is the output. The NOT operator is never used alone; it is

always connected to the input or output of another logic element. An elemient that performs only the
NCT operation|is called an inverter. The symbol for an inverter is the'triangle with the NOT circle at
either the inputjor output.

3.2

3.3

3.4

Fluidic Circuit G

Diagrams for "p

symbols performing similar functions. The distinction-between laminar (linear) and

law) resistance
signal/noise rat
does not specif]

The power sup
included in this

Typical Circuit [
The two diagra

and include the
analog circuit in

omponents (See Figure 8):

5 is of obvious importance in fluidié.géntrol circuits to preserve linea|
0. The general symbol of fluid resistance taken over from fluid pow
cally demand laminar flow.

ply symbol, while not a passive control element in the strict sense o
group of symbols alsg.

Diagrams (See Eigure 9):
ms shown-in Figure 9 are typical of digital (logic) and proportional (4

input/eutput characteristics, the digital circuit in the form of a logic
the férm of an amplitude versus log frequency plot. The latter may

an amplitude arpd phase versus log frequency plot (Bode Diagram).

assive" pneumatic and hydraulic circuit:eélements generally follow the fluid power

orifice (square-
rity of output and
er nomenclature,

f the word, is

ontrol) circuits

liagram and the
be expanded to

Digital Fluidic Devices (See Figure 10):

Eight commonly encountered digital fluidic devices are diagrammed in Figure 10. Their logic (truth
table) is shown where applicable, or their input/output characteristic is shown in the form of a time
graph. Most fluidic devices require a vent or "ground” connection. These have been added to each
symbol in this edition.
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a) NOT operator

b) Inverters

A—""‘
51 )y

c) Two-input AND

T

d) Two-input OR

T

g) Two-inpuit NOR

D

e) Two-input
Exclusive OR

A g
D
C__._

h) Three-input NAND

FIGURE 7 - Functional Logic Symbols

f) Two-input NAND

A —
B —1 Y
C —
D —

i) Four-input NAND
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FIXED RESISTANCE VARIABLE RESISTANCE FIXED RESISTANCE VARIABLE RESISTANCE

(CODE: RF) (CODE: RVAR) LAMINAR/LINEAR LAMINAR/LINEAR
(CODE: LVARL)

FIXED nesnsrmim VARIABLE RESISTANCE CAPACITANCE ACITANCE

ORIFICE/NON-U ORIFICE/NON-LINEAR FIXED IABLE
(CODE: RFO) (CODE: RVARO) (CODE: CAPF) (CODE: CAPV)

- B — e

INERTANCE INERTANCE POWER SOURCE SOURCE

FIXED VARIABLE PNEUMATIC DRAULIC

(CODE: INEF) (CODE: INEV) (CODE: PWRP) * (CODE:PWRH)

FIGURE 8 - Fluidic Circuit Components
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FIGURE 9 - Typical Circuit Diagrams
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3.5

3.6

4. FLUIDIC DEFINITIONS:

4.1

Analog Fluidic Devices (See Figure 11):

Five analog fluidic devices have been diagrammed in Figure 11 together with their input/output
curves. These symbols are generally applicable for either turbulent or laminar regime operation.
When either one or the other operating mode is mandatory for circuit function, then specific
symbology must be employed (see 3.6) to denote the type of flow regime required for the circuit.

Laminar Versus Turbulent Flow-Fluidic Devices (See Figure 12):

Whenever laminar or turbulent flow devices are not interchangeable in a fluidic circuit, then the
special symbols shown in Figure 12 for turbulent and laminar flow nozzels must be used. This
applies to both digital and analog circuit elements. In the absence of either symbol, flow in the
element can befpresumed o be turbulent.

General:

The analysis of|fluidic systems utilizes the well established technology developed for electronic
systems analysis. To do so, definitions of the fluidic equivalents/of potential, current, resistance,
inductance and|capacitance are required. In fluidics, two possible sets of definitions are possible:

a. Option A:

(1) potential = pressure (i.e., energy per unit volume)
(2) current £ volume flow (i.e., volume per unit time)
(3) so powagr (i.e., energy per unit time) =‘potential * current

b. Option B

(1) potential = energy per unit mass
(2) current £ mass flow (i.e., mass per unit time)
(3) so powagr (i.e., energy penunit time) = potential * current

Option A has the advantagéof using an easily measured parameter, pressure for fluidic potential.
However, when volume flow is used for fluidic current in pneumatic systems, complressibility effects
may cause the het stéady current leaving a point in a circuit to be different from the net steady
current entering,thus apparently contravening Kirchoff's law of current.

Option B overcomes this problem by the use of mass flow as fluidic current which must conform to
Kirchoff's law, but it introduces the complication of using energy per unit mass to represent fluidic
potential. Inthe case of pneumatic systems, energy per unit mass is represented by a temperature
term, whereas with hydraulic systems it can be measured quite simply by pressure divided by the
constant density. This situation leads either to the use of different definitions for pneumatic and
hydraulic fluidic systems, or back to the use of pressure as fluidic potential.
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4.1 (Continued):
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fluidic equivale
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4.1.1 Fluid Resista
rate entering

FIGURE 12 - Laminar Versus-Turbulent Flow Fluidic Devices

5 recommended that option A be adopted as the basis for the defin
otential, current, resistance, inductance and capacitance. It should
t of inductance/is‘known as inertance, whereas the other terms ma

e applied when calculating fluidic current at any point.

he tesistor. For incremental values, dP/dQ is used. The units are

Pa-s/m3.

nce (Equation 1): For average value, R is the ratio of pressure drop

ER
I

tion of the fluidic
be noted that the
y be used as they

Iso be emphasized that the continuity equation (i.e., mass flow for a pneumatic

to volume flow
Kg/(m4s) or
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4.1.2 Fluid Capacitance (Equation 1): C is the ratio of the volume flow to the rate of change of pressure.

Q
(dP)
(dt)

C = The units are m*s /Kg or m*/Pa

(Eq. 1)

4.1.3 Fluid Inertance (Equation 2): L is the ratio of pressure difference to the rate of change of volume

4.2 Digital Element

4.21

422

423

424

425

flow.

AP
(dQ)

3

L = The units are Kg/m or(Pa-s )/m

(Eq. 2)

Fluid Current
fluid conductd
an element in
compressibilif

Pressure Gain (Amplification): The ratio of output pressuire’change to control pre
witching to occur. Data shall be taken intheé vicinity of the operating point indicated

required for s
by the referen

Flow Gain (A
switching to ¢
reference col

Power Gain (
switching to o
reference col

Fanout: The
identical ele
fanout may b

(dt)

r. It should be noted that in pneumatic systems, the net steady flui

y effects. The units are me/s.

U7

ce column of Figure 13 and the load shall be specified.

hmn of Figure 13 and the load shall be specified.

imn of Figure 13 and the load shall be specified.

humber ofdigital elerents which can be controlled from the output
ent opetating at a common power nozzle supply pressure. It shou
affected by operating speed (signal frequency).

Response:

(Flow): Q, is the volume of fluid per unit time passing an arbitrary ¢

mplification): The ratio of output flow change to control flow changsg
ccur. Data shall be taken in thevicinity of the operating point indica

ross section of a
fl current leaving

the circuit may differ from the net steady fluid current enteting because of

ssure change

required for
fed by the

Amplification): The ratio of output power change to control power cHange required for
ccur. Data shall be-taken in the vicinity of the operating point indica

ted by the

of a single
d be noted that

ich ocecurs in

response to the apprOX|mate step control of recommended amplltude Propagatlon delay is the

time between the instant the control step reaches 50% of the final value and the instant the output
reaches 50% of the final value as illustrated in Figure 14. Load shall be specified if the response is
load sensitive.
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FUNCTION
TYPE (Refer to appropriate figure)
CONFIGURATION
Performance Points (see *1)
PERFORMANCE (At Null) | Il i v \
a) Fluid Air
b) Tempémturs 254°K
Pres- || Power Part 1 1.6 Bar
sure || Power Part 2 1.8 Bar
c) Pa Outlet 1 Bar
or Vent 1 Bar
Bar Control Bar
d) Flow | Power Part 1 4x10™
Power Part 2 5x104
Kg/s | Outlet variable
vent 10 x 107 ¢jmax
Control 1 x 10 rhax
Pressure 50
e) Gain | Flow 10
Power (see *4) 500
Ampli-{ Prassure 50
f) fica- | Flow 7
tion Power (see *3) 350
Q) Fan-out (See *3)
h) Res- | Frequency Response H;
ponse| @2 = 45° (see *2)
w
Propagation Delay (see *3)
k) Noise | Generated Amplitude
Noise 9% of Pomax - Pomin :
he term Power Gain

*1 Refer to curve sheet *2 Proportional *3 Dig

is used a definition shall be provided with it.

ital Devices *4 When il

FIGURE 13 - Sample Performance Presentation Sheet
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percentage of
by the supply

flow. See Figure 15.
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FIGURE 14 - Propagation Delay

pak-to-peak amplitude of the pressure noise in the output shallbe listed as a fraction
pressure difference between high and low states of the deviee.

he difference between the value of the control parameter which will switch the

e direction and that value of the control parametet which will switch it in the opposite
measured on a control output curve as in Figure 15 and is expressed as a

the supply conditions, e.g., flow hysteresisds'the width of the hystefesis loop divided

e—— AQ ——

CONTROL

AQ

FIGURE 15 - Hysteresis = — x 100
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4.2.8 Control Impedance: Z, is the ratio of control pressure change to flow change measured at a
control port. The value depends on the operating point of the element since the control pressure/

flow curve may not be linear.

4.2.9 Output Impedance: Z,, is the ratio of output pressure change to flow change measured at a output
port. The value depends on the operating point of the element since the output pressure/flow

curve may not be linear.

4.3 Proportional Elements:

4.3.1 Pressure Gain (Local). The slope of the curve of output pressure versus control pressure (see.
Figure 16 in tfe vicinity of the operating point.

OVERALL
GARIN PRESSURE

GARIN

QUTPUT PRESSURE. Po

o

CONTROL PRESSURE, Pe

FIGURE 16 - Pressure Gain

4.3.2 Flow Gain (Lacal): Theslope of the curve of output flow versus control flow (see Figure 17) in the
vicinity of the [operating point.

4.3.3 Power Gain (Local). The slope of the curve of output power versus control power in the vicinity of
the operating palnLEom&gain.shalUn&caJnuJaiediaLsmaﬂ_ahang.e&aessihanjO% of saturation)

of control power. See Note 4, Figure 13.

4.3.4 Pressure Gain (Overall). The slope of the line drawn between the operating point and the origin of
the pressure gain curve (see Figure 16).

4.3.5 Flow Gain (Overall). The slope of the line drawn between the operating point and the origin of the
flow gain curve (see Figure 17).
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OVERALL
FLOW LOCAL
3| cAIN FLOW
3 GAIN
o
-4
w
5
a.
[
2
/ //
CONTROL FLOW Q.
FIGURE 17 - Flow Gain

4.3.6 Power Gain (Dverall). The slope of the line drawn between:the operating point gnd the origin of
the power gain curve.

4.3.7 Frequency stponse: This parameter is fully described by a gain/phase plot. An indication of the
frequency regponse is that frequency at which the output lags the control signal by 45° for a
specified loaq and control amplitude.

4.3.8 Noise: The peak-to-peak amplitude of the pressure noise of the device will be ligted as a fraction
of the pressule difference between maximum and minimum output at a specified|load.

4.3.9 Saturation: The maximum outputvalue regardless of the control magnitude (seq Figure 18).

4.3.10 Linearity: The deviation of the measured gain curve from the straight line average gain
approximation. It is defined as the ratio of the peak-to-peak output deviation to peak-to-peak
output range,|expressed as a percentage. Range shall be defined if other than maximum output
level. See Figure 49;

43.11 Hysteresis; The-total width of the hyc’rnrncic Innp nyprnccnd as-a percentage ofthe peak_to-peak

saturation control signal. The measurement is to be made at frequencies below those where
dynamic effects become significant in the device. See Figure 20.

NOTE: This definition differs from the hysteresis definition for digital elements.
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FIGURE 18 - Saturation

CONTIROL —>

FIGURE 19 - Linearity
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OUTPUT —>

%

CONTROL [~

NN

\

.

FIGURE 20 - Hysteresis in Proportional Elements

4.3.12 Control ImperIance: Z., is the ratio of pressure change to flow changeneasured at the control
port. The numerical value may depend on the operating point since control presgure/flow curve

may not be linear. See Figure 21. For active elements the powef. source should|be connected at
the time of mgasurement.

SLOPE = 1/2¢

OPERATING
POINT

Qc /Qg

Pec/Ps

FIGURE 21 - Control Impedance

4.3.13 Output Impedarce: ZO, istheratioof pressure uhallgc to-flow uhallgc meastired-at the output port
of the element. The numerical value may depend on the operating point since the output pressure/
flow curve may not be linear. See Figure 22.
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