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1. PURPOSE - This recommended practice is intended as a guide to aid in the specification and testing of
electrohydraulic flow-control servovalves.

2. SCOPE - The recommendations contained in this ARP are confined to the input and output characteristics of
electrohydraulic flow-control servovalves. The information presented should be useful in standardizing the.
terminology, the specification of physical and performance parameters, and the test procedures used in con-
junction with these components.

The recommendations do not restrict nor attempt to define the internal design characteristics of servovalves.

As such, the material is equally applicable to servovalves having different internal functioning, different
ratings, different physical size, etc. In certain instances, standards for valve design are recommended to
increase component interchangeability, as, for example, pigtail color—coding, valve polarity, mounting bolt
and fluid port locations.

The specifications contained herein should be adequate to describe electrohydraulic fiow-¢ontrol servovalves.

Additional specifications may be necessary to define special requirements for specifiC cogtrol systems.
Also, specializedl test procedures may be necessary to measure servovalve performance |n these unusual
specification areps. These considerations are beyond the scope of this recomnjended praptice.

3. RECOMMENDEIL ABBREVIATIONS

ac - alternating|current dc - direct current hp - hersepower ma - mflliamperes
AR - amplitude [ratio deg - degrees . Hz .~ Hertz mw - nfilliwatts
C - degrees Celsius emf - electromotive force kg = kilogram PA - plase angle
cis - cubic inch¢s per second F - degrees Fahren in, - inch(es) psi - pqunds per
cm - centimeterns g - standard acceleration™ 1lb - pounds square inch
db - decibels of gravity m - metres v - voltis

gpm - gallons per.minute m - milli (prefix) - micro (prefix)

4. RECOMMENDEID) TERMINOLOGY

4.1 Servovalve, Elpctrohydraulic Flow-Contfoly~ An electrical input, flow-control valve, yhich is capable of
continuous confjrol.

4.1.1 Hydraulic Amplifier - A fluid-valving device which acts as a power amplifier, such gs a sliding spool,
or a nozzle flapper, or a jet pipe with receivers.

4.1.2 Stage - A hlydraulic amplifier used in a servovalve. Servovalves may be single-stage, two-stage,
three-stage| etc.

4.1.3 Output Stagd >~The final stage of hydraulic amplification used in a servovalve.

4.1.4 Port - A fluid connection to the servovalve, e.g., supply port, return port, control port.

4.1.5 Two-Way Valve - An orifice flow-control component with supply and one control port arranged so that
action is in one direction only, from supply to control port.

4.1.6 Three-Way Valve - A multiorifice flow-control component with supply, return and one control port ar-
ranged so that valve action in one direction opens supply to control port and reversed valve action opens
the control port to return.

4.1.7 Four-Way Valve - A multiorifice flow-control component with supply, return, and two control ports
arranged so that the valve action in one direction opens supply to control port #1 and opens control port
#2 to return. Reversed valve action opens supply to control port #2 and opens control port #1 to return.

4.2 Electrical Characteristics

4.2.1 Torque Motor - The electromechanical transducer commonly used in the input stages of servovalves.

<N
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.2 Input Current - The current to the valve, expressed in ma, which commands control flow.

.3 Rated Current - The specified input current (expressed in ma) of either polarity to produce rated flow.

The particular coil connection (differential, series, or parallel) must be specified in conjunction with
the rated current. Rated current does not include null bias current.

.4 Quiescent Current - A dc current that is present in each valve coil when using a differential coil

connection, the polarity of the current in the coils being in opposition such that no electrical control
power exists.

.5 Electrical Quiescent Power - The dissipation required for differential operation when the current

through each coil is equal and opposite in polarity.

Electrical Control Power - The power dissipation required for control of the valve. Control power is a
maximum with full input signal, and is zero with zero-input signal. It is indepgndent of the coil con-
nection (peries, parallel, or differential) for any conventional two-coil operatiqn. For differential
operation, the control power is the power consumed in excess of the electrical quiescent power. This
power ingrease is a result of the differential current change.

-7  Total Elgctrical Power - The sum of the instantaneous control péwer and the duiescent power, ex-

pressed |n mw.

.8  Coil Impedance - The complex ratio of coil voltage to coil’current. It is important to note that the coil -

impedange may vary with signal frequency, signal amplitude, and other operatihg conditions due to -
back emf] generated by the moving armature.

.9 Coil Resistance - The dc resistance of each tordue motor coil, expresséd in ohms.

.10 Polarity - The relationship between the dixection of control flow and the directfon of input current.

.11 Dither - | A low amplitude, relatively high frequency periodic electrical signal,|sometimes superim-

posed on|the servovalve input to réduce threshold. Dither is expressed by the dither frequency (Hz)
and the peak-to-peak dither current amplitude (ma).

Static Perfofrmance Characteristics

3
-1 Control Flow - The flow:through the valve control ports, expressed in cis or gpm (cm” /sec). Control

to as Logded Flow.when there is load-pressure drop. (See paragraph 4.3.12, load Pressure Drop.)

flow is re¢ferred to-as. No-Load Flow when there is zero load-pressure drop. Cpntrol flow is referred
Conventilnal test'equipment normally measures no-load flow.

.2 Rated Flew— The specified control flow corresponding to rated current and spetified load pressure

drop. Rated flow is normally specified as the no-load flow.

.3 Flow Curve - The graphical representation of control flow versus input current. This is usually a

continuous plot of a complete cycle between plus and minus rated current values. See Fig. 1.

.3.1 Normal Flow Curve - The locus of the midpoints of the complete cycle flow curve, which is the zero

hysteresis flow curve. Usually valve hysteresis is sufficiently low, such that one side of the flow
curve can be used for the normal flow curve. See Fig. 2.

.4 Flow Gain - The slope of the control flow versus input current curve in any specific operating region,

expressed in cis/ma or gpm/ma (cm3/ sec/ma). Three operating regions are usually significant with
flow-control servovalves: (1) the null region, (2) the region of normal flow control, and (3) the region
where flow saturation effects may occur. See Fig. 3. Where this term is used without qualification,
it is assumed to mean normal flow gain.
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4.3.4.1

4.3.

4. 3.

4. 3.

4. 3.

4.3.

10

.11

4. 3.

.13

.14

.3.15

4.3.15.

.4.2

. 3.15.

. 3.15.

Normal Flow Gain - The slope of a straight line drawn from the zero flow point of the normal flow

curve, throughout the range of rated current of one polarity, and drawn to minimize deviations of the

normal flow curve from the straight line.

magnitude

of load differential pressure and with changes in operating conditions.

Flow gain may vary with the polarity of the input, with the
See Fig. 4,

Rated Flow Gain - The ratio of rated flow to rated current, expressed in cis/maor gpm/ma (cm3 /sec/ma).

Flow Saturation Region - The region where flow gain decreases with increasing input current.

Flow Limit - The condition wherein control flow no longer increases with increasing input current.
v be deliberately introduced within the servovalve.

limitation ma;

polarity. Sy
percent of th

Linearity -
operational v
curve from t

Hysteresis -
a single cycl

portant. Hys
throughout p

Threshold + The increment of input current required\to”produce a change in valve ou
percent of rated current.

vert from

at a rate below that at which dynamic effects.are important.

e greater.

b of valve input current when cycled at a rate below that at which dynamid

See Fig. 4.

Linearity is measured as the maximum' deviation

The difference in the valve input currents required to\produce the same

teresis is normally specified as the maximum différence occurring in th
s or minus rated current, and is expressed as percent of rated current.

Threshold is normally specified as the current increment

See Fig.

Flow

hat of the reversed
v, expressed as

Che degree to which the normal flow curve conforms to the normal flow gain line with other
ariables held constant.
e normal flow gain line, expressed as percent of rated current.

. of the normal flow
4,

valve output during
effects are im-

e flow curve

See Fig. 1.

tput, expressed as
required to re-

condition of increasing output to a condition of decreasing output, when ¢urrent is changed

Internal Iedkage — The total internal valve flow from pressure to return with zero cgntrol flow

(usually mepsured with control ports blocked), expressed in cis or gpm (cm3/sec).
ith input current, generally being a maximum at the valve null (null leakaj

will vary

Load-Press

ure Drop - The differential pressure between the control ports, express

ventional th
equated to t
active conty

Valve Press

ree-way servovalves, load-pressure drop may be expressed as an equati
e supply pressure, less return pressure, and less the pressure drop ac
ol orifice. {(BPs-Pr-Po=Pl).

ure Drop*- The sum of the differential pressures across the control ori

stage, expr
pressure mj

bssed id psi (bars). Valve-pressure drop will equal the supply pressure
jnus) the load pressure drop.

Leakage flow
).

bd in psi. In con-
pon, wherein it is
ross the single

fices of the output
minus the return

Pressure Gain - The rate of change ofload pressuredrop with input current at zero control flow (con-
trol ports blocked), expressed in psi/ma (bars/ma). Pressure gainisusually specified asthe average
slope of the curve of load pressure drop versus current between + 40% of maximum load-pressure

drop. See Fig. 5.

Null Region - The region about null wherein effects of lap in the output stage predominate.

1

3

steresis, expressed as percent of rated current.

Null Shift

- A change in null bias, expressed as percent of rated current.

changes in supply pressure, temperature, and other operating conditions.

Null - The condition where the valve supplies zero control flow at zero load-pressure drop.
Null Pressure - The pressure existing at both control ports at null, expressed in psi (bars).

Null Bias - The input current required to bring the valve to null, excluding the effects of valve hy-

Null shift may occur with
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4.3.16 Lap - In a sliding spool valve, the relative axial position relationship between the fixed and movable
flow-metering edges with the spool at null. For a servovalve, lap is measured as the total separation at
zero flow of straight line extensions of the nearly straight portions of the normal flow curve, drawn
separately for each polarity, expressed as percent of rated current.

4.3.16.1

4.3.16.2

4.3.16.3

Zero Lap - The lap condition where there is no separation of the straight line extensions of the normal

flow curve. See Fig. 6A.

Overlap - The lap condition which results in a decreased slope of the normal flow curve in the null

region. See Fig. 6B.

Underlap - The lap condition which results in an increased slope of the normal flow curve in the null

region. See Fig. 6C.

4.4 Dynamic Pe

rformance Characteristics

4.4.1 Frequency
sinusoidallly over a range of frequencies. Frequency response is normdlly measured with constant input

Response - The complex ratio of flow-control flow to input current as thle current is varied

current ani
frequency
operating d

4.4.2 Amplitude

frequency
(usually 5

4.4.3 Phase lag

5.

.1

flow variat
frequency

PROCUREME

plitude and zero load pressure drop, expressed as amplitude ratio, and phase angle. Valve
response may vary with the input-current amplitude, temperature, supply pressure, and other
onditions.

Ratio - The ratio of the control-flow amplitude to'the input-current ampllitude at a particular
livided by the same ratio at the same input-current amplitude at a speciffied low frequency
br 10 Hz). Amplitude ratio may be expressed in decibels where db = 20 1og10 AR.

- The instantaneous time separation befween the input current and the cporresponding control-
on, measured at a specified frequency and expressed in degrees (time §eparation in seconds x

n Hz x 360 deg per cycle).

NT SPECIFICATIONS

Introduction
hydraulic flq

- This section is intended to be a guide for the preparation of specificatlions covering electro-
w control servovalyves.” Certain background information is given to explain various considera-

tions approp

iate to suchspecifications. This background material is presented in Seftion 5.2. Section 5.3

contains a sample specificdtion for a standard servovalve. In both Sections 5.2 and §. 3, the subparagraph
numbers in parentheses/at the right margin form an independent numbering system which should be used

for a servovplve specification. The format of this proposed specification is:

L
@)

cope
eference Specifications

(3) L\-C\iuil Clllclltb

(3. 1) Design Requirements

(3.1.1) Mechanical
(3.1.2) Electrical
(3.1.3) Hydraulic

(3.2) Performance Requirements

(3.2.1) Rated Test Conditions
(3.2.2) Static

(3.2.3) Null

(3.2.4) Dynamic

(3.3) Environmental Requirements
(4) Quality Assurance Provisions
(5) Preparation for Delivery
(6) Notes

The specification information in Section 5.2 covers three common valve sizes, identified as Sizes I, II,
and III. These three sizes correspond to three different ranges of flow capacity based on MIL-H-5606
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5.2

5.2.1

5.2.2

having approx1mate maximums at 3000 psi (200 bars) valve pressure drop of 2, 6, and 15 gpm (125,

375, 950 cm /sec), respectively., Design requirements which affect 1nterchangeab111ty are specified
for the three valve sizes, including maximum envelope, mounting details, electrical input configura-
tion, hydraulic output configuration, and polarity. If is recognized that other valve sizes are available,
Much of the information given in this document will be applicable to these non-standard valve sizes.

The recommended specification limits included in Sections 5.2 and 5. 3 are consistent with the require-
ments of most systems and can be met with reliable servovalve designs of proven producibility. It is
important to understand and appreciate that compromises can be made in the specification of a flow-
control servovalve. Specific performance parameters can often be improved by relaxing other perform-
ance requirements. For example, frequency response can normally be improved by allowing increased
internal leakage. Likewise, valve internal leakage can be reduced by allowing overlap, but this will
cause reduced valve flow gain in the null region.

Reduction of the tolerances recommended in Sections 5. 2 and 5. 3 will generallyaffect producibility of the
servovalve. oreover, particularly close parameter control can often requiré a design that reduces the
basic compongnt reliability. Therefore, improvements over the recommended specifiqations should be
carefully related to system performance requirements before closer parameter contro| is arbitrarily im-
posed.

In general, the specification information is directed towards servovalves for use in military control sy-
stems. Howeyer, it should be recognized that the requirements of many commercial cpntrol systems will
be essentially|the same.

Specification Considerations

Scope 1.)

The introducffory paragraph of the servovalve. specification should identify specifically the type of com-
ponent. It ig often helpful if a brief deseription of the application can be included in the introductory
paragraph, together with any additional information which describes broadly the servevalve require-
ments. Any|unusual design or performance requirements could be cited to indicate tHe general nature
of the hardware 'to be procured by 'the specification (e.g., high temperature, high response, three-way,
etc.).

Reference Specifications 2.)

Documents 1}sted in:this section should include those specifications and/or drawings specifically
referenced in the text of the specification. All referenced specifications shall be applicable only to the
extent speciffied in the text of the servovalve specxfxcatlon Military specifications standards, publica-
tions, etc. i = nen follows: '""The
following documents of the issue in effect on the date of 1nv1tatxon for bids form part of this specification
to the extent specified herein.' Contractors' specifications and/or drawings shall be listed under the
contractors' name and shall always be identified by the specific date of issue which is applicable.

The priority of any specified documents shall be clearly indicated to avoid misunderstanding. Some
parts of applicable government documents may be incompatible with the particular application. In such
cases, it should be noted whether these shall be disregarded or that approval to deviate from the re-
quirements indicated shall be obtained.

5.2.3 Requirements (3.)

5.2.3.1 Design Requirements (3.1)

5.2.3.1.1 Mechanical (3.1.1)
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Design Configurations (3.1.1.1)

A major difference in flow-control servovalves lies in the utilization of the electrical control
power. When this control power is applied to a torque motor directly controlling the output stage,
it is termed a single-stage servovalve.

Servovalves employing one or more hydraulic amplifiers interposed between the output stage and
the torque motor are termed two, three, etc., stage valves as applicable. For certain applications,
sliding spool type hydraulic amplifiers are used for both single and multistage servovalves. How-
ever, two-stage servovalves employing a spool type output stage and some form of frictionless
variable orifice amplifier are used most extensively. Modern multistage servovalves often employ
some form of feedback from the output stage spool to the torque motor. This configuration is
analogous to negative feedback systems employed in certain electronic amplifiers and has similar
advantages.

Physical Description (3.1.1.2)

The installation requirements for the servovalve should be specified. Thpse are normally refer-
ended in a specification control drawing and include:

Envelope Drawing Coil Connections
Mounting Details Valve/Polarity
Mating Electrical Connector DryWeight

The¢ servovalve port connections should be legibly marked. Suitable locatfing pins may be pro-
vided to prevent incorrect connection of servovalve and manifold. The following identification of
senvovalve ports is recommended:

Supply Pert - P
Return Port - R
Control Port 1 -1
Control Port 2 - 2

The envelope given normally represents the installation space for the seryovalve. It should in-
dichte maximum dimensions and specify the location and dimensions of el¢ctrical connectors or
other critical areas\if applicable. The outline dimensions given in Fig. 7|are furnished as a guide
in the selection.of-servovalves. The cube-type envelopes shown reflect c¢nditions which can be
mef within the.industry. No allowance for electrical connectors has been|made. Departure from
the[maximum-dimensions shown can often be obtained in certain areas in ¢rder to meet more ex-

acting space limitations.

are given in Fig. 8. Only four—way port conflguratlons are indicated; however three-way servo-
valves should use the same basic mountings and dimensions except that control port 2 should be
eliminated.

The flow capacity of commercially available servovalves most frequently employed may be classi-
fied broadly in terms of their respective port circle dimensions.

Output Flow At
3000 psi (200 bars) Pressure

Size Drop with MIL-H-5606
gpm (cm®/sec)
IA .480 in. (1.2 cm) diamond 2 (125)
IB .480 in. (1.2 cm) diameter 2 (125)
1 . 625 in. (1.6 cm) diameter 6 (375)
m .780 in, (2.0 cm) diameter 15 (950)
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It is not essential that these maximum ratings be rigidly followed since the allowable
pressure drop within the servovalve at maximum required flow, or interchangeability
requirements, often dictate the mounting configuration to be employed.

5.2.3.1.1.3 Identification (3.1.1.3)

An area on each servovalve should be available for the engravement or secure attachment of
identifying information. Identification as a2 minimum should include:

Manufacturer
Model Number (Supplier's Model or Part Number)
Serial Number

The] Tollowing additional information may also be included:

Part Number (Customer)

Rated Pressure

Rated Current

Fluid

5.2.3.1.1.4 Materials (3.1.1.4)
Materials used should conform to all applicable specifi¢ations and specified ¢nvironments.
Fluid or environmental conditions, etc., often wequire special precautions to be taken regard-
ing the selection of compatible materials to minimize the effects of chemicallor electrical re-
actipn, fungus growth, etc. Where applicable, these conditions should be specified.
MII-S8TD-143 may be used as a guide in-the selection of suitable materials.

5.2.3.1.1.5 Standard Parts (3.1.1.5)

Standard parts such as MS or ‘AN should be used wherever they are suitable for the purpose.

5.2.3.1.1.6 Locking Devices (3.1.1.6)

All threaded parts should be securely locked or safetied by safety-wiring, self-locking nuts,
or other approved methods. Safety-wire should be applied in accordance with standard

MS33540. Snap\rings should not be used as retainers unless they are positively retained in
their installed position.

5.2.3.1.1.7 Structural Strength (3.1.1.7)

All component parts of the servovalve should have sufficient strength to withstand all loads or
combinations of loads resulting from hydraulic pressure, temperature, actuation, and torque
loads imposed during installation and operation under rated conditions.

5.2.3.1.1.8 Seals (3.1.1.8)

When possible, seals, gaskets, and packings should be of such composition and installation as to|
satisfy the requirements of all applicable military specifications and specified tests. If a
specific seal compound is desired for certain fluid or environmental conditions, the specifica-
tion for the compound should be included. The cure date of elastomeric seals within the servo-
valve should be clearly marked on the exterior of the valve housing, if required.

In servovalves it is normal to employ so-called ""non-standard" packings and installations be-
cause of space limitations; these installations, while at times in conflict with certain military
standards, have proven to be highly successful.
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5.2.3.1.2 Electrical

Coil Connections

for

coi

conhector

single-ended, push-pull, and four-wire applications are shown below.

1 2 lead 3 lead 4 lead

(3.1.2)

(3.1.2.1)

The external wiring configuration for the torque motor coils should be specified, together with the

connector pin identification or pigtail color coding, as applicable. Recommended coil connections

n A n A Fal n A n
=) 39 D L3 ~ D FzY L C

€
p.
Cco

5.2.3.1.2.2

5.2.3.1.2.3

pins

rnal
ail
rs

green red green red blue green red yel

ed Current

ed current should be stated in ma for the particular eoil connection sped

ow blue

(3.1.2.2)

ified in 5.2.3.1.2.1.

cifying rated current and resistance combinations less than those recommended by the manu-

turer may require the servovalve to be designed with less than optimum
ver. In general, a very low value for ratedcurrent requires the use of g
onet wire, with resultant reliability hazards; so it should be avoided if p

escent Current

If
st
of

5.2.3.1.2.4 Ins

ifferential coil operation is speecified, normal quiescent current values &
ted. Also, maximum antieipated quiescent current should be specified.
huiescent current are anticipated, then the range of variation should be st4

ulation Resistance @and Dielectric Strength

Mi

himum insulation - resistance of valve coils and leadout wires to valve bod

It

following a.153second application of a dc potential equal to 1000 v or five t
anficipated coil voltage, whichever is less.
mdy eventtally break down the coil insulation, so a maximum number of i
sh¢uldybe specified. The recommended number of tests is not more than fdur times on one servo-

s recommended that this value be 50 megohms under room temperature

Repeated applications of high v

electrical control
xtremely small
bssible.

(3.1.2.39)

nd polarity should be
If abnormal variations
Ited.

(3.1.2.4)

v should be specified.
hnd humidity conditions
jmes the maximum
oltage to the servovalve

}

ulation resistance tests

5.2,3.1.2.5 Co

The dc resistance of the valve coil or coils should be specified.
coil resistance is recommended and the temperature (usually 68 F (20 C))atwhich resistance is mea~
sured should be stated. If more than one coil is required, it may be necessary to specify the re-
sistance match of the coil pairs (usually within 10% of the nominal specified resistance).

valve.

il Resistance

A+10%t

(3.1.2.5)

olerance for individual
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5.2.3.1.2.6

Coil Impedance

(3.1.2.6)

Coil impedance is a difficult parameter to measure accurately and normally will vary consider-

ably from unit to unit.

It is usually not specified where high output impedance s

ervovalve driving

amplifiers are used and the influence of valve complex impedance on servovalve input current is

negligible.

toleran

ce. Since coil impedance will change considerably with slight variations

When impedance is specified, it is usually stated as a vector quantity, together with a .

in servovalve

design, it is recommended that the individual servovalve manufacturers be consulted before this
parameter is specified.

The apparent impedance of servovalve coils will be influenced markedly by operation of the torque

motor.

This influence is due to back emif's generated by the moving armature,

so it will depend

upon supply pressure, input current amplitude, and frequency. Therefore, the magnitude of

each of

The co
consid
Since o
be spe

Usually
subject
frequel
hydrau
1000 H
impeds
from d|

5.2.3.1.3 Hydraulic

5.2.3.1.3.1 Operat

these parameters should be included with a coil impedance specification

il impedance presented to low frequencies is more pertinent for cantrol §
erations than are measurements made with a conventional 1000 Hz)impeds
ervovalve coil impedance will vary with frequency, it is regcomimended th
ified and measured at a low frequency.

F 50 Hz is chosen for specification purposes, as measurements at lower
to test equipment inaccuracies. Measurements of 60 Hz should be avoi
icy interaction, and frequencies above 60 Hz are generally of less intere
lic systems. At 50 Hz the servovalve coil inductance will be considerab
z, which is the frequency at which coil inductance has been traditionally
nce presented to a carrier frequency dembodulator (e.g., 400 Hz, 800 Hz
bsign to design and cannot be predictedfrom low frequency measurement

ing Pressures

The sy

5.2.3.1.3.2 Proof ]
The se
insuffiq
1.5 suj
supply
tests a

stem supply pressure $hould be specified together with the nominal retur
Pressure

rvovalve should withstand, without evidence of external leakage (other thg
ient to form'a drop) or permanent. performance degradation, the followin
ply pressure applied for two minutes to ports P 1 and 2, with return ope
pressure applied simultaneously to all ports for two minutes. Normally,

ystem dynamic
Ince bridge.
at this parameter

frequencies are
led because of line
st in electro-

y higher than at
measured. Coil

L etc.) will vary

L

Pe

(3.1.3)

(38.1.3.1

n pressure.
(3.1.3.2)

n slight wetting

g proof pressures:

h, followed by

proof pressure
ximum tempera-

re_applied at room temperature for production acceptance tests and at mg

h rise rate of

ture d
25,000

5.2.3.1.3.3

Eb 1ifa 43 £ 4 I £ la. 141 h IS | PR H
s o uaI IO atIOItOST © L 00T P COSTICTSIIouTa Ot appTIeu at—a HTAXTITUT.

psi/min, (1725 bars/min.).

Burst Pressure

(3.1.3.3)

The servovalye should not rupture with burst pressures of 2.5 supply pressures on ports P 1 and
2 (applied at a maximum rise rate of 25, 000 psi/min (1725 bars/min) and usually at room tem-
perature) with return open, followed by 1.5 supply pressure applied simultaneously to all ports.
The servovalve shall not be required to operate after this test.
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5.2.3.1.3.4 Pressure Impulse

5.2.3.1.3.5

5.2.3.1.3.6

Pressure impulse requirements for servovalves are occasionally specified as necessary to

satisfy vehicle or system specifications.
impulse specification and demonstration testing when such is necessary,

The following recommendations pertain to a pressure

A pressure impulse specification shall define the cyclic pressure conditions, servovalve con-
ditions during imposition of cyclic pressures, fluid and ambient temperatures, and required

minimum number of pressure cycles,

It is recommended that pressure impulses on the servo-

valve supply port have the form of an overdamped square wave between limits of (0.33 + 0.05)
X nominal supply and (1.50 + 0.05) X nominal supply. Maximum cycle rate shall be 5 Hz and

dwell time at each pressure extreme shall be at least 10% of the cyclic pe

riod,

The¢se recommended pressure limits encompass the pressure transients df most systems.

dwell time and rather slow cyclic rate allow stress equalization andotal
coipponents within the servovalve.
test technique that avoids uncertainties of pressure peaks and thé number
stresses associated with underdamped pressure waveforms.

The
clastic deformation of

The overdamped waveform further provides a consistent

of cyclic pressure

It is recommended that standard test conditions (other than operating pregsures) be imposed

duing pressure impulse testing (see 5.2.3.2.1).

The servovalve should withstand 200, 000 supply pressure impulse cycles
leakage nor other evidence of loss of structuralédntegrity or permanent de
components,

with no external
formation of internal

The servovalve shall conform to specified performance tol¢rances following a

prgssure impulse test. One-half of the impulse cycles shall be applied with the input current

at $50% rated, and the remaining half with -50% rated.
blocked during pressure impulse testing.

Servovalve contr
Return pressure shall be the s

Shquld it be necegsary to imposé.a return pressure impulse requirement,
shquid be the nominal specified. In any case the magnitude of the return

bl ports shall be
pecified nominal.

the supply pressure
pressure shall not

exdeed that of the supplypressure during any portion of a pressure impulge cycle.

As such a servovalve that ha

ulse pressure testing of a servovalve is expected to impose severe fatjgue cycles that

B successfully com-

plefed pressure)impulse testing should not be used for subsequent structural test evaluation,

The-werkingfluidfor-the-servovalveshould be—speeifieds Fhe—¢
as preservative oil or alternate test fluids, should also be noted.

External Leakage

(3.1.3.4)

0 other fluids, such

(3.1.3.5)

Normally, the specification allows no external leakage, other than a slight wetting insufficient

to form a drop, throughout all operational and environmental ranges.
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5.2.3.1.3.7

Internal Leakage (3.1.3.6)

Internal leakage should be specified as the maximum flow from pressure to return under rated test
conditions with zero control flow. Internal leakage can vary with input current, but is usually
specified as a value not to be exceeded throughout the current range. If necessary, this parameter
can be specified both at null and at rated signal with different maximum limits at the two points.

In general, servovalve first-stage leakage can be reduced, but at the expense of dynamic response.
Also, the null leakage of the second stage will vary greatly with the lap condition. More overlap
will reduce null leakage, but will make the valve susceptible to silting with a possible adverse
effect on threshold and hysteresis.

Interna} leakage is usually specified and measured with no externally applied dither. Dither will
generally cause the servovalve to appear slightly underlapped, so the internal)lehkage normally
increades as dither is applied.

5.2.3.2 Performance Requirements (3.2)

5.2.3.2.1 Rated Tes{ Conditions : (3-2.1)

Unless otherwise stated, all servovalve specifications applyto a set of standard tedt conditions as
defined in fthis section. Any specification of performancetover a range of conditions (i.e., overa
range of tgmperatures, supply and return pressures, output loading, etc.) should b specified in
Section 5. 2.3.3. These environmental specificationsare normally given as a maximum percentage
variation ¢f the particular parameter (flow gain, null, coil resistance, etc.) over the full specified
range of egch operating condition (valve pressutreéddrop, temperature, etc.). If for[some reason it is
necessary(to set the parameter tolerance at some non-standard test condition, or if some unusual
environmeptal condition is expected, it shotld be so stated in this section. For example, if the valve
is to be usled primarily at elevated tempetrature, then it may be desirable to specify] this temperature
as a ratedftest condition. It should be'noted that the normal tolerances given in Sedtion 5. 2. 3. 2 may

not apply When the test conditions aré-hon-standard.

The perfoymance specifications)given in Section 5. 2. 3. 2 apply for operation of the gervovalve under

the followihg standard test éonditions:

Fluid: (Normally as specified in Paragraph 5. 2. 3. 1. 3. 4)
Operating(pressure: (Normally as specified in Paragraph 5.2.3.1.3. 1)
Ruiesgént*current: (Normally as specified in Paragraph 5.2.3.1.2.3)
Cempérature: Normally 90 to 120 F (32 to 50 C) fluid and 65 to 90 F (18 fo 32 C) ambient
Filtration: Conform with National Aerospace Standard 1638, Class 6 or l'etter

5.2.3.2.2 Static (3.2.2)

5.2.3.2.2.1

Rated Flow (3.2.2.1)

Valve rated flow should be specified for the rated current and a particular load pressure drop.
Rated flow is usually specified at no-load conditions since more accurate and more economical test
methods can be employed. The tolerance for rated flow is generally + 10%.

AN
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Linearity (3.2.2.2)

Linearity of the normal flow curve should be specified as a maximum percent of rated current.
Standard tolerance for this parameter is 7.5%. If significant flow gain non-linearities are anti-
cipated for a particular application, linearity should be specified over the range where linear
operation is desired. Linearity, therefore, may be specified to a point less than rated signal.
If servovalve specifications require a radical deviation from zero lap, it is usually advantageous
to redefine linearity according to the unique requirement of the particular application. These
cases are not considered in this document.

Symmetry (3.2.2.3)

Symmetry of control flow on either side of null should be specified. Standard tolerance for this
parameter is 10%. Intentional asymmetry can be specified, but this is a $pecial requirement
d is not considered in this document.

steresis (3.2.2.4)

Hlysteresis, as defined, includes threshold and electromagnetic effects. Therefore, hysteresis
Idop width is a function of input amplitude plus some constant value. Stanflard tolerance for this
parameter is 5% of rated current.

When assessing the significance of this parameter,the effect of servovalvle hysteresis on system
positional accuracy should be considered. In most systems, the magnitude of this error is suffi-
clently small due to electrical feedback gain§uch that 5% servovalve hyst¢resis is acceptable.

Phase lag of the servovalve and of the test equipment increases the appargnt hysteresis. There-
fdqre, it is important to specify and measure servovalve hysteresis under pssentially static con-
ditions. Plots of a full hysteresis:loop are usually run at less than 0.1 Hz.

Threshold , (3.2.2.5)

hreshold should be spegified as a maximum percent of rated current and|the normal value is
0%. In standard two=-Stage servovalves, this parameter is essentially a measure of the static
friction of the moving-elements in the second stage. Hydraulic oil contamlination will generally
ifcrease the tendency of these parts to bind; therefore, it is important that this parameter be
defined and tested according to a specified cleanliness standard. Electrical or externally ap-
ied mechanical dither is usually not included in the definition and test of|this parameter.

=

k=

In typical positional systems, high servovalve threshold can cause static ¢rrors or limit cycle
ogcillations. In both cases it is only threshold in the flow null region of the servovalve that is

shifieant: re S A . yparticularly to this
region of servovalve operation. If des1red spe01f1cat1ons can require threshold measurements
at additional points, usually one on either side of null. It should be recognized that additional
test points are more a check on servovalve quality than performance measurements which can be
related directly to system operation.

Pressure Gain (3.2.2.6)

Pressure gain is a parameter that must be considered when -determining the accuracy of a servo-
valve and actuator combination. Positional accuracy and static stiffness of the combination
(amount of output deflection per unit of external load) are performance characteristics which re-
late to the servovalve pressure gain.

Pressure output of the servovalve is nonlinear with respect to input signal and saturation usually
occurs at a small percent of rated current. Therefore, this parameter is defined over a limited
range about null, usually + 40% of maximum load pressure drop. For a conventional four-way
servovalve, maximum load pressure drop is equal to supply minus return pressure.
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5.2.3.2.2.17

5.2.3.2.2.8

Flow Limit

Pressure gain will normally exceed 20% of maximum load pressure drop for a change in
signal input of 1% rated current.

(8.2.2.7)

Flow limit when specified is stated as a maximum flow which will not be exceeded for any servo-
valve input. Load pressure drop must be defined and is usually specified as zero. Flow limit is
specified only when the application requires control of this parameter.

Control Flow versus Load Pressure Drop (3.2.2.8)

This characteristic is usually not included in servovalve specifications. When it is specified, it is
generally not required as part of production acceptance tests since this characteristic is established
by se tatiom—pMoreover, the gen-
eration|of a family of load-flow curves for each unit is generally impractical-fram an economic

point of view.

This cHaracteristic of servovalves can be utilized to relate a loaded-flow systen] requirement to
the corjresponding no-load flow specification. The no-load charactéristics are greferable for
specifi¢ation parameters to facilitate servovalve testing. Correlation of loaded|to unloaded flow is
ablished by special tests on a typical unit.

The sps
input ¢
increag
servov
curve ¢

current.

5.2.3.2.3 Null

5.2.3.2.3.1 Lap

Lap tollerances are independent of rated flow gain tolerances and establish the null pressure and the

effectiy
toleran

Norma

If significant departure from the zero lap case is intended, then unusual specifig

include
forman

beification can define the effect of varying load pressure on control flow i
irrents. Most servovalves present a constant orifice opening under thes
ing load pressure drop decreases the controlflow by the square root rel
plves of this type, the specification can define a maximum deviation from
xtending from no-load flow to zero flow;{for varying load pressure drop)

e servovalve gain-in the null region. When a nominal zero lap condition
ce extends toward-underlap and overlap in equal amounts.

ly, servovalves are considered to be closed center, minimum overlap {1

d in this*document would be required. However, it is possible to modify
ce by small changes in lap conditions. These changes usually amount to

br various constant
b conditions so that
itionship. For

the square root

at a constant input

(3.2.3)

(3.2.3.1)

is specified, the

w control valves.
ation methods not
servovalve per-

tolerance reloca-

tion an

1 have the following general effects on servovalve performance.

Underlap is usually specified by allowing the lap tolerance to extend between zero lap and some
maximum underlap. Flow gain will vary between 100% and 200% of nominal flow gain in the null
region. Pressure gain is normally higher and tendencies to silt are less than for the overlap con-
dition. Internal leakage of the servovalve at null increases as the underlap increases. Therefore,
wear due to erosion of metering edges could be greater for the underlap case, and with mildly
contaminated systems the internal leakage could increase more rapidly with time.

QOverlap is usually specified by allowing the lap tolerance to extend between zero lap and some
maximum overlap. Flow gain through the null region will be less than nominal gain, but will not go
to zero due to clearance between the sliding member and its mating metering edge. Pressure gain ‘
will generally be lower and silting tendencies will be greater. Servovalve leakage at null will be
low; effects of erosion wear will be less.
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The total tolerance spread should be the same regardless of which lap condition is desired and

is expressed in percent of rated current.

This value will be the allowable variation at zero

flow of the extrapolated normal flow curve defining lap. The normal tolerances for lap are as

follows:
Nominal zero lap - - 2.5% overlap to
2.5% underlap
Nominal underlap - - 0% overlap to
5% underlap
Nominal overlap - - 5% overlap to
0% underlap
Null Bias

(3.2.8.2)

Falve null on these designs is set by the manufacturer and the maximum
should be specified. This parameter is usually set to within 2%%f rated
est conditions.

priginal setting. This is usually attributed to a continuinbg stress relief
blies in the servovalve and may be accelerated by the application of certs
hn example, a change in null bias at rated test conditions may occur as 4
ion of extreme temperature.

Che long-term change in null bias is usually less than 3% of rated curren
betting. Because of the practical probléem of separating the effects of ini
bequent change, the specification normally requires a null bias of 5% of 1
wseful life of the servovalve. This.parameter then includes the tolerancd
ong-term variations.

Null Shift

Null bias may change\with the application of environments. Supply pres§
ind hydraulic oil temperature are three common variable environments
null shift for these environments is usually specified as a percent of ratg
parameter ig)specified, it should be defined as a maximum absoclute valu
fhroughout the required variation of the environment. Null shift may be
environments if they are determined to be critical to system performanc

Many servovalve designs are available which have no external null adjus{:nents.

The servo-
cceptable null bias
current under rated

During the life of the servovalve, the null bias at rated test conditions mpay change from its

f the critical assem-
Lin environments. As
result of the applica-

t from its original

tial setting and sub-

rated current over the
of initial setting and

(3.2.3.3)

ure, return pressure,
hnd maximum allowable
d current. When this

e not to be exceeded
Epecified for other

b
.

(3.2.4)

Amplitude Ratio

(3.2.4.1)

The dynamic transfer function of servovalves can generally be approximated by a second-order
differential equation. However, since mathematical representation is approximate, the pre-

ferred method of specifying amplitude ratio is by defining graphical limit

s on a Bode plot.

Usually, maximum and minimum limits are plotted through the frequency range of interest.

Servovalve frequency response will vary with fluid temperature, supply and return pressures,

and input current amplitude. Therefore, predictions of servolvalve resp
these operating conditions are generally unreliable and should be measur
model if performance requirements are critical.
by test at one particular set of operating conditions.

onse at extremes of
ed on a prototype

Continuity of production is usually controlled
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Servovalve dynamic response measured at large current amplitudes will saturate at higher fre-
quencies due to limited output of the torque motor and intermediate stages. At low input current
amplitude, servovalve threshold effects produce distorted waveforms. In either case, departure
from sinusoidal waveforms can produce ambiguous and even meaningless response data. The
recommended peak-to-peak amplitude of the input current for dynamic response testing is one-half
the rated current (+ 25% rated current).

Amplitude ratio is usually normalized to a referénce frequency of 5 or 10 Hz.

5.2.3.2.4.2 Phase Angle : : (3.2.4.2)
Phase angle should be specified on the same Bode plot as amplitude ratio. This parameter is
usually specified as a curve of maximum allowable phase lags, in degrees, plotted through the
frequepcy range of interest. The general comments and specification recommepdations of the
previols paragraph apply equally to phase angle definitions.
5.2.3.3 Environmeital Requirements (3.3)
Standard sdrvovalves for military applications are designed to meet certain specific|environments and

will perfor:

their designed function fully in some and to a limited dégree in others.| It is important to

be aware of the environments in which limited performance is to,be expected and algo the specific per-

formance paprameter most affected by a particular environment.

Some of thd environments which are normally encountered by servovalves and the sgecific areas of

performande which are affected are the following:

1)

(2)

(3)

(4)

(3)

(6)

Tempelrature - Servovalve performance, at vapious temperatures, will be greafly influenced by
the visposity of the fluid. As an example, only limited performance will be obtgined below fluid
temperjatures of ~20 F (-30 C) using MIL=H-5606 as the operating fluid. At -65|F (-55 C) fluid
servovhlve performance sufficient for'8ystem start capability should normally be expected. Servo-
valve gressure gain and null shift-can be important at this temperature.

Altitude - Normally, the only\servovalve characteristics that are affected by alfitude are insulation
resistdnce and dielectric strength.

Vibration, Acceleration; and Shock - Normally, the only servovalve characterfstics which are
affected by these ehvironments are null shift and structural integrity.

Humidity, Salt:Spray, and Immersion - Normally, the only servovalve characteristics that are
affectell by-these environments are insulation resistance, dielectric strength and integrity of pro-
tectivel finishes. '

Fluid Contamination - Dependent upon the degree of contamination, a servovalve may be expected
to perform to specification for a limited period of time only. Care must be taken to be sure that
the operating time desired and the contaminant level are compatible.

Life - The performance of a servovalve is a function of many factors which, regardless of ex-
cellence of design, may reduce its life. These factors include extreme environments, fluid con-
tamination, and frequency and magnitude of electrical and pressure overloads. A servovalve is
designed to perform many millions of cycles and should have a useful life exceeding 1000 hours.
However, dependent upon the above factors, some degradation of performance is to be expected.
In particular, high levels of fluid contamination will cause increases in internal leakage flow, in-
crease nonlinearity through the null region, decrease pressure gain, and will probably increase
both hysteresis and threshold. The other factors mentioned will tend to cause similar changes in
performance. It is, therefore, very important that proper consideration be given to any life test
conducted in view of the probable differences between the actual operating conditions and those em-
ployed during life testing. Additionally, if severe operating conditions are imposed during an ex-

"tensive life test, some allowance for degradation of performance must be made.
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Servovalve performance is not normally affected by such environments as sunshine, sand and dust,
rain, and fungus. If exceptional environments, such as radiation or corrosive atmosphere, will be
encountered in a particular application, then a special environmental requirement should be speci-
fied.

5.2.4 Quality Assurance Considerations 4.)

Quality assurance provisions are outlined to establish a means of test and inspection for a servovalve
in order to assure that all critical design parameters of the valve have been met and are maintained.
These tests may be required at either or both vendor and procuring agency facilities, or in combina-

tions as specifically outlined in each test specification.

5.2.4.1

5.2.4.1.1

5.2.4.1.2

5.2.4.1.3

5.2.4.2

Quality Assurance General Requirements 4.1)

InfortLation pertaining in general to test equipment, method of testing, or'the inspection techniques
may le outlined below to prevent redundant statements in the procedures.” Where applicable,
Govejnment Control Documents should be included.

Clagsification of Tests 4.1.1)

The|types of tests that are necessary to establish and maintain control on the servovalve design
are [generally described as:

Qualification Tests
Acceptance Tests

Reliability Tests

Calibration of Instrumentation 4.1.2)

All measuring and testing equipment must be maintained in a calibrated cgndition to provide the
stafjdards which are necessaryto-define servovalve operating characterisfics. Tolerances in test
medsurements should be accounted for in defining the operating limits; thdrefore, it is imperative
that| these tolerances be Held to a minimum. The standard test equipment fused by servovalve
manqufacturers is usually‘scaled to obtain maximum readability and accurdcy. If special test
equipment is requiréd; the method and equipment tolerances required shduld be specified.

General Test Notes (4.1.3)

the [majority of the tests. Items such as quiescent current, fluid type, filfration required, and am-
biegt'and fluid temperatures are described. Caution notes for cleaning teft manifolds, bleeding
air from the system, and avoiding back Ilushing ol the servovalve may be detailed.

Th1se notes. should define all conditions, values, and procedures that will|be standard throughout

Qualification Tests (4. 2)

Qualification tests may be conducted on a sample group of units selected at random out of the first
production valves from the manufacturer. These tests are normally conducted by the manufacturer
per test procedures which are approved by the buying agency. These tests are conducted to demon-
strate compliance with design and performance requirements, particularly throughout extremes of
environments.

The number of units subjected to a qualification test and the particular tests will depend on the
final system requirements, previous experience with a particular valve model, and other test

information and statistics available from the manufacturer.

The following are normally included in a servovalve qualification test program:
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5.2.4.3

5.2.4.4

5.2.5

5.2.6

Preparation of Test Unit
Proof Pressure Test
Acceptance Tests

Extreme Temperature Tests
Life Test

Burst Pressure Test
Altitude Test

All information pertaining to the maintenance of parts, procedures and data for these tests should be
described. Such items as approvals required for the test procedure, rework and retest instructions
in case of a failure, identification of the test parts, and the type and number of copies of final data

required should be outlined.

- 18 -

Vibration Test
Shock Test
Humidity Test

Salt Spray Test
Immersion Test
Contamination Test

Acceptance |Tests

Acceptance |tests are conducted on each unit delivered by the manufacturer.

formance tg

perature.

The followihg parameters are normally included in an acceptancetest procedure:

xamination of Product
oil Resistance

roof Pressure
olarity

lated Flow
inearity

o Bl n B 2 = S 2 B e I G N 3]

Reliability [Cests

Reliability

with or witjout extreme environmental conditions.

Preparation for Delivery

This section shouild specify all delivery requirements. Standard items usually noted in

requirements, ; "
unique to servovalves such as flushing and use of pres

Notes

Miscellaneous ordering data are specified in this paragraph. If a definition of terms is included in the

specification, it should be presented in the notes.

design limits as established by the design specification.
standard te$t equipment at ambient room temperature with the hydraulic flirid at nor

hsulation Resistance and Dielectric Strength

Symmetry
Pressure Gain
Internal Leakage
Null Bias
Threshold
Hysteresis

Dynamic Performance

ests may be conductedion’a periodic or a sampling basis throughout the j
assure that[the required level pf\reliability is maintained. Reliability tests may als
lish confidence in a new designor where a unit has unusual operating conditions or ¢
of this nature usually defire life expectancy by imposing a given number of typical of

5.3 Sample Specification - Servovalve, Electrohydraulic Flow-Control

5.3.1 Scope - This specification defines the requirements for a two-stage four-way electrohy-
draulic flow-control servovalve. In application, the servovalve will be used in a closed

Testing)is gen

These t|

(4. 3)
ests prove con-~

prally conducted on
mal operating tem-

(4-4)
roduction run to
b be run to estab-

nvironment. Tests
erating cycles

(5.)

tlude container

ervative fluids should also be included in this section.

loop hydraulic actuation system for the control of position of an aerodynamic surface.
Physically, the servovalve will be mounted directly upon a linear hydraulic actuator.

it are somewhat

(6.)

(1)



https://saenorm.com/api/?name=05fa765d7219ba6d940913cde94f6bf0

N

- 19 - ARP 490C

5.3.2 Reference Specifications - The following documents of the issue in effect on the date of invitation (2.)
for bids form a part of this specification to the extent specified herein. In the event of conflict
between this specification and any referenced specification, standard, drawing or publication, the

requirements of this specification shall govern.

Specifications

Military

MIL-P-116 Preservation - Methods of

MIL~-H-5606 Hydraulic Fluid, Petroleum Base, Aircraft and Ordnance
MIL-H-8775 Hydraulic System Components, Aircraft and Missiles,

General Specification for

MIL-Q1+9858 Quality Program Requirements
MIL-P+25732 Packing, Preformed, Petroleum, Hydraulic Fluid Resistant,

275 F

MIL-H}25475 Hydraulic Systems, Missile, Design, Installation, Test, ‘Geng¢ral

Specification for
Standards
Militarfy

MIL-STD-129  Marking for Shipment and Storage
MIL-STD-810 Environmental Test Methods

MS20995 Wire, Lock

MS28715 Packing, Preformed, Hydraulic;{275 F

MS3104 Connector, Plug, Electric, Straight

MS33540 Safety Wiring, General Pragtices for
Drawings

XYZ Alrcraft Corp.

0001 Sgrvovalve, Electrohydraulic (rev. C) (Fig. B, p. 30)
Flow-Qontrol, Specificatign\€Control

Other Pubjlications

Air Force - Navy Aeronautical Bulletin

ANA Bulletin
No. 43F Age Control for Synthetic Rubber Parts

Society of Automotive Engineers, Aerospace Recommended Practices

ARP 490 Electrohydraulic Flow-Control Servovalves
ARP 598 Procedure for Determination of Particulate Contamination of
Hydraulic Fluids by the Particle Count Method

National Aerospace Standard

NAS 1638 Cleanliness Requirements of Parts Used in Hydraulic Systems

5.3.3 Requirements

5.3.3.1 Design Requirements

5.3.3.1.1 Mechanical

3.)
(3.1)

(3.1.1)
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5.3.3.1.1.

5.3.3.1. 1.

5.3.3.1.1.

1

Design Configuration (3.1.1.1)
.1 Classification (3.1.1.1.1)
The servovalve shall be a two-stage, four-way electrohydraulic flow-control servovalve. It shall
conform to the physical requirements of a size II servovalve, as defined in ARP 490 and the tem-

perature requirements of a type Ilhydraulic system (-65to +275 F (-55 to +135 C))per MIL-H-8775.
External Null Adjustment (3.1.1.1.2)

The null shall be properly adjusted before delivery. If an external adjustment is used, it shall be
sealed with an inspection stamp to permit detection of unauthorized adjustment.

.3 Specigl Tools (3.1.1.1.3)

Installation and removal of the servovalve shall not require the use of special fools.

Internfal Filtration (3.1.1.1.4)

The sprvovalve shall incorporate a first stage filter, if requited to assure satisfactory perform-
ance With the system fluid.

Physicql Description (3.1.1.2)
.1 Envelppe (3.1.1.2.1)
The sprvovalve envelope shall be held to a minimum, not exceeding that of spegification control
drawipg 0001 (Fig. B).
Mounfling (3.1.1.2.2)

The sprvovalve shall be designed.fo mate with the manifold as specified on draping 0001.

Electrical Connector (3.1.1.2.3)

The sprvovalve connéctor shall mate with a MS 3106-10SL-3S plug.

Weight (3.1.1.2.4)
The dry weight of the servovalve shall not exceed 1.0 Ib (0.45 kg).
Identifibation (3.1.1.3)
The servovalve shall include permanent identification showing:
Manufacturer's Name
Model Number
Serial Number
Materials (3.1.1.4)

All materials used in the manufacture of this servovalve shall be of suitable quality and type to
assure compliance with the requirements of this specification.

Standard Parts (3.1.1.5)

Standard parts such as MS or AN should be used wherever they are suitable for the purpose.
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Eledtrical (3.1.2)
Joil Connections (3.1.2.1)
The coil connection polarity and configuratiofi'shall be for differential opdration as shown on
specification control drawing 0001 (Fig. B).

BRated Current (3.1.2.2)

.5

.1

Hydraulic (3.1.3)
Operating Pressures (3.1.3.1)

_21- ARP 490C

Locking Devices (3.1.1. 6)

All threaded parts shall be securely locked or safetied by safety wiring, self-locking nuts or
other approved methods. Safety wire shall be applied in accordance with standard MS33540 and
shall conform to MS20995.

Structural Strength (3.1.1.7)

All component parts of the servovalve should have sufficient strength to withstand all loads or
combinations of loads resulting from hydraulic pressure, temperature, actuation, and torque
loads imposed during installation and operation under rated conditions.

Seals (3. 1. 1. 8)}

i{ll seals shall conform to MIL-P-25732 and MS28775, except where the IJse of nonstandard seal
sfizes is considered advantageous from a size and weight standpoint.

The servovalve shall be clearly marked with the date of assembly of the dlastomers per ANA
Bulletin No. 438.

The rated differential current is/defined as the current, of either polarity, required to produce
ated flow, and shall be 10 ma.

L]

Quiescent Current (3.1.2.3)

The quiescent curtrent shall be 6 to 10 ma per coil and shall be of the polqrity shown on specifi-
gation control drawing 0001 (Fig. B).

| e

hsulation Resistance and Dielectric Strength (3.1.2.4)

The insulation resistance between the coils and valve body shall be greatgr than 50 megohms
fpllowing a 15 second application of 1000v dc. Testing shall be performgd under room tempera-
ris-test-shalne : more-then4-times during the life of

t 3
a servovalve.
Coil Resistance (3.1.2.5)

The dc resistance of each coil shall be 1000 + 100 ohms at 68 F (20 C). The resistance of the
coil pairs shall be matched within 100 ohms,

The system supply pressure shall be nominally 3000 psi (200 bars). The actual supply pressure
may vary between 2000 and 3100 psi (140 and 215 bars). Return pressure shall be less than 50 psi
(3.5 bars).



https://saenorm.com/api/?name=05fa765d7219ba6d940913cde94f6bf0

ARP 480C Z22-

5.3.3.1.3.2 Proof Pressure (3.1.3.2)

The servovalve shall withstand without evidence of external leakage (other than slight wetting insuf-
ficient to form a drop) or permanent performance degradation, the following proof pressures: 1.5
times supply pressure applied for two minutes to ports P 1 and 2, with return open, followed by
supply pressure applied simultaneously to all ports for two minutes. Proof pressure shall be ap-
plied at a maximum rise rate of 25, 000 psi/min. (1725 bars/min.).

5.3.3.1.3.3 Burst Pressure (3.1.3.3)

The servovalve shall not rupture with burst pressures of 2.5 times supply pressure on ports P 1 and
2 (applied at room temperature and at a maximum rise rate of 25, 000 psi/min (1725 bars/min})),
with return open, followed by 1.5 times supply pressure applied simultaneously to all ports. The
servoval ye shall not be required to operate after this test.

5.3.3.1.3.4 Fluid (3.1.3.4)

The worlding hydraulic fluid will be MIL-H-5606. System filtration will)provide flhid meeting the
following|maximum contamination level (conforms to NAS 1638; Clas§\5):

Particle Size . Count per 100 ‘ml
microns (Em} (per ARP 598)
5-15 8,000
15-25 1,425
25-50 253
50-100 45
over 100 8
5.3.3.1.3.5 External|Leakage (3.1.3.5)

There shpll be no evidence of externdl leakage, other than slight wetting insufficignt to form a drop,
throughoyit all operation and environmental ranges.

5.3.3.1.3.6 Internal Leakage (3.1.3.6)

5.3.3.2

The intennal leakage 6f'this servovalve, at ratedtest conditions, shall not exceed 0.2( gpm (13 cm3/ sec).

Performance|Requirements (3.2)

5.3.3.2.1 Rated Test Conditions (3.2.1)

Unless otherwise specified, all servovalve performance requirements apply to a set of standard test
conditions as defined below:

Fluid - As specified in paragraph (3. 1. 3. 4)*
Operating Pressures - Supply pressure 3000 + 50 psi (200 + 3.5 bars)
Return pressure 0 - 50 psi (0 - 3.5 bars)
Valve Pressure Drop - Nominally 3000 psi (200 bars)
Quiescent Current - 8 ma + 0.1
Temperatures - Ambient 65 - 90 F (18 - 32 C)
Fluid 90 - 120 F (32 - 50 C)

Filtration - The fluid entering the servovalve shall conform to the maximum contamination level

specified in paragraph (3. 1. 3.4)

5.3.3.2.2 Static Performance (3.2.2)

Y

xPcP nzl'ggegxl‘gnces apply to the recommended sample specification number shown in parentheses in the
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.3.38.2.2.2

.3.3.2.2.3

.3.3.2.2. 4

.3.3.2.2.5

.3.3.2.2.6
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Rated Flow

The rated flow shall be 3.0 gpm (190 cm3/sec) + 10% at no-bad conditions.

Linearity
The linearity shall be a maximum of 7. 5% of rated current.

Symmetry

The control flow symmetry shall be a maximum of 10%.

_I;Igprpqiq

ARP 490C

(3.2.2.1)
(3.2.2..2)L
(3.2.2.3)

(3.2.2.4)

The maximum hysteresis shall be 5% of rated current.
Threshold
The maximum threshold shall be 1% of rated current.

Hressure Gain

=]

he minimum load pressure gain shall be 30% ofimaximum load pressure|drop for a change of

(3.2.2.5)

(3.2.2.6

(3.2.3)

(3.2.3.1)

(3.2.3.2)

(3.2.3.3)

(3.2.3.3. 1)

signal input of 1% rated current.
.3.3.2.3 Null
.3.3.2.3.1 Ifap
The servovalve lap, expressed-dsa percent of rated current, shall be 2.4% overlap to 2.5%
underlap.
.3.3.2.3.2 Null Bias
The null bias at rated test conditions shall be within 5% of rated current oper the normal life of
the servovalve,
.3.3.2.3.3 Null Shift
.3.3.2.3.3.1 |With,Témperature Variation
The maximum null shiit (from the null bias at standard test conditions) over the temperature
range of -20 to 4275 F (-30 to +135 C), shall be 4% of rated current.
.3.3.2.3.3.2 With Supply Pressure Variation

The maximum null shift (from the null bias at standard test conditions) with a variation of

supply pressure of + 20%, shall be 2% of rated current.

.3.3.2.3.3.3 With Return Pressure Variation

The maximum null shift (from the null bias at standard test-conditions) with a variation of
return pressure from 0 to 100 psi (7 bars), shall be 2% of rated current.

.3.3.2.3.3.4 With Acceleration

The maximum null shift (from the null bias at standard test conditions) with acceleration shall

be 0.2% of rated current per g of acceleration.

(3.2.3.3.2)

(3.2.3.3.9

(3.2.3.3.4
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5.3.

3.2.4

.3 Vibration

.5 Shock

Dynamic

(3.2.4)

With the servovalve supplied with a varying frequency, sinusoidal current with a peak-to-peak ampli-
tude of one-half rated current, the amplitude ratio and phase lag shall be within the limits shown in
Fig. A, page 29.

Environmental Requirements

.1 Temperature

(3.9)

(3.3.1)

The servovalve shall be capable of operating throughout the temperature range of -65 to +275 F (-55 to
+135 C). Performance requirements during temperature testing are to be limited to the -20 to +275 F
(-30 to +135 C) range and shall include rated flow and null shift with temperature. For this purpose

the tolerand
at -65 F (-5

.2 Altitude

The servovplve shall be capable of operating at an equivalent altitude of<80, 000 ft (24

(21 mm) Hg
sulation re
voltage sha

The servov
jected to th

.4 Acceleratid

€ on rate
5 C) shall be limited to the demonstration of a measurable output change

fistance and dielectric strength test per paragra)
|1 be 500v de.

Oow an esho. 1nc Se (4 0

abs. While at this simulated altitude, the servovalve shall-be capable o

hlve shall be capable of operating within performance requirement limits
b vibration environment of MIL-STD-810, Method 514.1, Procedure II.

n

The servovhlve shall be capable of operation during the sustained acceleration tests

Method 513

1, Procedure 1.

The servovplve shall be capable of operating within performance requirement limits
jected to the shock tests,of* MIL-STD-810, Method 516.1, Procedure I

.6 Fluid Cont4

mination

The servo

contaminated $0 a class 6 level of NAS 1638.

ARP 598.

.7 Life

lve\shall be capable of operating at least 10 hours when supplied with M
Contamination count shall be made in

ph (3.1.2.4) except that t

. Performance

(3.3.2)

passing an in-

(3.3.3)

after being sub-

(3.3.4)

of MIL-STD-810,

(3.3.5)

after being sub-

(3.3.6)

L-H-5606 fluid

\ccordance with

(3.3.7)

The servovalve shall have a minimum life of 200 hours when operated in accordance with the following

schedule:

,000 m) or 0.82 in.

he maximum applied|
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Fluid Temperature

Input Signal (+) Hours Rate (Hz) F (C
100% sine 35 5 160 (70)
100% sine 35 10 275 (135)
100% square 10 5 160 (70)

50% sine 25 5 160 (70)
50% sine 25 5 275 (135)
50% square 10 5 160 (70)
25% sine 25 5 160 (70)
25% sine 25 5 275 (135)
25% square 10 5 160 (70)
Quality Assurance Considerations (4.)

.1 General|Requirements (4.1)
Records| of acceptance test results shall be maintained by the manufacturer on jeach servovalve. These
records|shall be maintained for a minimum of 5 years after the date/of manufag¢ture.

.1.1 Clasgification of Tests (4.1.1)

a. Qualification Tests
b.. Acceptance Tests
c. Reliability Tests
.1.2 Instrgment Calibration (4.1.2)

Instrgments and apparatus used in testing\the servovalve shall conform to MIL-Q-9858 calibration

stand

.1.3 Gene

ards traceable to the National Bureau of Standards.

ral Test Notes

Unles
assul

. 2 Qualific

s otherwise specifiedj\the rated test condition of paragraph (3.2.1) sh
ance testing.

ption Tests

.2.1 Gene

If sp4
selec

al

cified'by the purchase order, qualification tests shall be conducted on

tedat random from the production lot. Two (2) of the servovalves sha

(4.1.3)

b1l apply to all quality

(4.2)
(4.2.1)

three (3) servovalves

11 be subjected to the

following tests:

Performance Verification Test

High

Temperature Test

Low Temperature Test

Extreme Low Temperature Test
Temperature Null Shift Test
Altitude Test

Vibration Test

Acceleration Test

Shock Test

Performance Verification Test

“.2.2.2)
4.2.2.3.1)
(4.2.2.3.2)
(4.2.2.3.3)
(4.2.2.3.4)

(4.2.2.4)

(4.2.2.5)

(4.2.2.6)

(4.2.2.7)

4.2.2.2)
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NOTE: The order in which the above tests are performed may be varied except in the case of the per-

formance verification tests.
The third unit shall be subjected to the following tests in the order specified:

Performance Verification Test
Life Test
Performance Verification Test

Burst Test

5.3.4.2.2 Tests

(4.2.
(4.2
4.2
(4.2.

2.2)
2.8)
2.2)
2.9)

(4.2.2)

5.3.4.2.2.1 Physical Gompliance

The servoyalve shall be checked for physical compliance with specification dentrol

5.3.4.2.2.2 Performance Verification

The following shall constitute the performance verification test:

Insulation|Resistance & Dielectric Strength
Coil Resigtance

Proof Prejssure

External Leakage

Internal Liakage

Rated Flow
Linearity
Symmetry|
Hysteresis
Threshold,
Pressure [Gain
Lap

Null Bias

Null Shift with Supply Pressure Variation

Nuff Shift with Return Pressure Variation

Dynamic
NOTE: The order in which the above tests are performed may be varied.

5.3.4.2.2.3 Temperature

5.3.4.2.2.3.1 High Temperature

(4.2.

(4. 2.

(4.2,

(4.2.

—
c )
NN MDD DN NN NN R

2.1)

drawing 0001.

2.2)

.2.4)
.2.5)
.3.2)
.3.5)
.3.6)
.2.2.1)
.2.2.2)
.2.3)
.2.4)
.2.5)
.2.6)
.3.1)
.3.2)
.3.3.2)
.3.3.3)

2. 3)

2.3.1)

The servovalve shall be placed in a test chamber and the temperature of both the chamber and
the fluid raised to +275 F (+135 C), The length of the soak period shall be 4hours during which time a
relative humidity of less than 15% shall be maintained. The performance requirements during
the test period shall be limited to the monitoring of flow and threshold. For this purpose, the
tolerance on rated flow and threshold shall be increased to +25% and 2%, respectively.
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.3.2 Low Temperature (4.2.2.3.2)

The servovalve shall be placed in a test chamber and the temperature of both the chamber and
the fluid loweredto -20 F (-30 C). The lengthof the soak period shall be 4 hours. The performance
requirements during the test period shall be limited to the monitoring of flow and threshold.

For this purpose, the tolerance on rated flow and threshold shall be increased to +25% and 2%
respectively. :

Extreme Low Temperature (4.2.2.3.3)

The servovalve shall be placed in a test chamber and the temperature of both the chamber and
the fluid loweredto-65F (-55 C). Thelength of the soak period shallbe 4 hours. The performance
requirements shall be limited to only a demonstration of operation by a measurable output
change.

Temperature Null Shift (4.2.2.3.4)

'he servovalve shall be placed in atest chamber and thetemperature of bpth the chamber and the
uidlowered to -20 F (-30 C). Thetemperature of the chamber and the fluid shall be slowly cy-
led from -20to +275 F (-30to +135 C) and back to -20 F (~-30.C) with a cydle time of notless than
hours. The performance requirements shall be limitedto recording the[null bias every 20 F (7 C)
nbothdirections. Results of this test shall conform to'the specification linhits of para. (3.2.3.3.1),

ol %1 B o T s B e

Alkitude (4.2.2.4)

THe servovalve shall be maintained at an equivalent altitude of 80, 000 ft {25, 000 m) or 0. 82 in.
21 mm) Hg abs. While at this simulated-altitude, the servovalve shall be capable of passing an
ingulation resistance and dielectric strength test per paragraph (3.1.2.4) except that the maxi-
mum applied voltage shall be 500v._de.

Yibration 4.2.2.5)

This test shall be conduetéd in accordance with MIL-STD-810, Method 51/4. 1, Procedure II,

with the exception that the servovalve shall be pressurized at rated supply pressure and moni-
tored for resonant frequencies only. Resonant dwells shall be performed|for 30 minutes for each
obgerved resonance-from 5 to 2000 Hz in each of the three mutually perpgndicular axes.

Adceleration ' (4.2.2.6)
This test shall be conducted in accordance with MIL-STD-810, Method 513.1, Procedure II. The

rformance requirements during the test period shall be limited to moni oring the null bias.
His-Burnose—the-allewable ias-deviati o agraph (3.2.3.2) shall

Shock (4.2.2.7)

This test shall be conducted in accordance with MIL-STD-810, Method 516,1, Procedure I.

Life (4.2.2.8)
The life test shall be performed in accordance with the schedule of paragraph (3. 3. 7). The per-
formance requirements during the test period shall be limited to monitoring the null bias every
10 hours for conformance with paragraph (3. 2. 3. 2).

Burst Test (4.2.2.9)

The servovalve shall be subjected to a burst pressure test to check conformance with paragraph
(3.1.3.3).
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5.3.4.3 Acceptance Tests (4. 3)

Acceptance testing shall be performed on each servovalve delivered by the manufacturer.
5.3.4.3.1 Tests (4.3.1)

5.3.4.3.1.1 Physical Compliance (4.3.1.1)

The servovalve shall be checked for physical compliance with specification control drawing 0001

(Fig. B).
5.3.4.3.1.2 Performance Tests (4.3.1.2)
The follgwingparameters—witt-becheckedforcomptiance withrappticablespecification paragraphs:
Polarity (3.1.2.1)
Insulatiop Resistance (3.1.2.4)
Coil Resjistance (3.1.2.5)
Proof Pyessure (3.1.3.2)
Externall Leakage (3.1.3.9)
Internal [Leakage (3.1.3.6)
Rated Flpw (3.2.2.1)
Linearity (3.2.2.2)
Symmetyy (3.2.2.3)
Hysteregis (3.2.2.4)
Threshold (3.2.2.5)
Null Biag (3.2.3.2)
Dynamic (3.2.4)
5.3.4.4 Reliability Tests (4-4)
Reliability tepts shall be ¢onducted on a random sample, periodic basis as established by the purchase
order.
5.3.4.4.1 Tests (4.4.1)

Reliability tests shall consist of the following:

Acceptance Test : (4. 3)

Life Test (4.2.2.8)
5.3.5 Preparation for Delivery - (5.)
5.3.5.1 Preservation and Packaging (5.1)

Each servovalve shall be packaged in accordance with Method IA of MIL-P-116,
5.3.5.2 Packing (5.2)

Packing shall be in accordance with Method IA of MIL-P-116,
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5.3.5.3 Marking of Shipment (5. 3)

Each unit package shall be marked with at least the following:

Electrohydraulic Servovalve
Manufacturer's Name
Model Number

Serial Number

The exterior shipping container shall show the procuring agency's purchase order number.

5.3.6 Notes 6.)

5.3.6.1 Intenddd Use (6.1)

5.3.

6.

6.1

6.2

The servovalve will be used to control the actuators in the flight control sub-gystem of an aerody-
namic [surface.

6.2 Definitjion of Terms (6.2)

The definitions of terms used in this specification are in‘@ccordance with SAE ARP 490.

RECOMMENDED TEST METHODS

General - [This section is intended to be a guide in establishing test procedures fgr performance measure-
ments of electrohydraulic flow control servovalves: The characteristics covered|include static and dy-
namic perfprmance, but are limited to acceptance type of testing. Test methods for qualification tests
(including performance under specific envirénments) are only covered in a genergl nature.

Most servdvalve performance characteristics can be obtained utilizing either confinuous plotting equip-
ment or mgnual point-by-point methods. Although the point-by-point methods arg recognized, the use of
continuous [plotting equipment is tecommended and described herein. The use of pverlays is discussed.
In general,| where alternate methods of testing are acceptable, one method will bg described and the
others mentioned. It should be noted that no order of testing is implied by the following sections except
where spedifically noted and reasons stated.

In order to|be consi§tent with the definitions of this document, the acceptance parameters of applicable
static perf¢rmance characteristics are expressed as percentages of rated currenf. However, it shouldbe
noted that fhese,pdrameters may be expressed directly in current units. The tes{ methods recom-
mended are¢ those in most general use. Conformance with these procedures will assure test uniformity,
and will aid in the correlafion of performance measurements.

Test Equipment - Figures 9through13 are simple schematicsdescribing equipment necessary to

test servovalves for various parameters. These schematics are intended to show basic system opera-
tion. However, additional components are required to provide convenience or safety when constructing

a test stand. In designing equipment for testing of servovalves, there are many aspects to be considered.
These include:

(1) Hydraulic lines should be placed so as to have a minimum number of bends. Sizing hydraulic lines
to minimize pressure drop relative to flow requirements is also important. Care should be taken
to minimize mechanical and hydraulic vibration of the test stand.

(2) Servovalve mounting manifold should be as recommended in Fig. 8 and should be of adequate design
to assure rigidity and prevent deformation under application of pressure. The servovalve mounting
surface of the test manifold should be adequately flat to prevent servovalve body deflection during
installation. Normally, the mounting manifold surface, inthe sealing area, should have a 32 pin,

(0.8 pym) rmsfinish, flat within , 001in. (0. 025 mm)total indicator reading andfree of all burrs, nicks, and
scratches.
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Manually operated valves should be of high quality to ensure zero leakage.

Use of magnetic material including the servovalve manifold or presence of magnetic fields in the
proximity of the servovalve may affect its performance.

Care should be taken to have elastomers compatible with operating fluids and temperatures.

Care should be taken to maintain proper cleanliness in the test stand. Stand fluid filtration should be
chosen to be compatible with end use or to 2 minimum requirement of that specified in NAS 1638,
Class 5. The system should initially be flushed until the recommended contamination level is attained
(before servovalves are tested). Periodic sampling of fluid is also recommended.

Actuators used for test should be selected to be compatible with flow and dynamic requirements of the
servgvalvebeing d—Actuator-teakage—shounld-be-sufficientlytow—to-have a negligible influence on
test measurements.

Instrihmentation should be selected to be compatible with required ranges unfler test. Test equipment
tolergnces should be compatible with specified servovalve parameter-tolerances.

To mnimize the effect of compliance, pressure transducers used in the prepsure gain schematics
shoulfl be placed as close to the valve manifold as possiblé:*Compliance of fhe fluid and transducers
in thd servovalve control lines should be minimized for‘pressure gain measyrements.

The gxistence of ripple in either the electrical current source or the hydraulic supply should be
minirhized to reduce the influence of dither on test'results.

6.3.1 Insulation Resistance and Dielectric Strength > The servovalve need not be pressufrized for this test; how-
ever, if internal electrical components are in contact with the fluid, the servovalye must be filled with hy-

6.3.2

6.3.3

draulic fluifd.

Apply specjfied dc voltage between the coil terminations (connected together) and|the servovalve body.
Maintain tl:E test voltage for specified time. With the test voltage still applied, measure the current. The

applied vol
electrical i
tion, this te¢st may alsg)be performed between the coils.

age level divided by‘the measured current value gives the insulation rgsistance. (Equivalent
struments mdy give the insulation resistance directly.) With a four-lead, two-coil configura-

Coil Resistance -<-The dc resistance of the coil, or coils, should be measured ahd the ambient tempera-

ture recorded.. Ifthe recorded temperature is other than the specified temperatuye, a correction may be
required. the servovalve has a three or four lead coil connection, the resistan¢e of each coil should be

measured

ument is usually used.

The servovalve should not be supplied with pressurized fluid during this measurement, and time should be
allowed to stabilize its temperature at room ambient.

Coil Impedance - A suitable oscillator is connected to drive the servovalve coil (or coils) connected in

series with a non-inductive resistor. The oscillator is set at the desired frequency and the amplitude ad-
justed to give a peak-to-peak current of one-quarter servovalve rated current. The oscillator should have
sufficient output to supply undistorted input current. The servovalve should be supplied with fluid at rated

pressure during this measurement.

When the servovalve has two coils they are usually connected in series,

with appropriate change in current amplitude.

A test schematic, as well as the vector relationship of the voltages, is indicated in Fig. 12. To determine
the vector impedance, first measure the ac voltages eRr and eq. Then measure the angle «< between eg
and eT. Coil impedance characteristics are given by the following expressions:
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1 €T sin o«

€T cos < _¢€p

phase angle 3 = tan”

coil impedance Z = ReT sin & = R Vv
eR sin 8 e

o .
apparent inductance L = — 1 sin® , henries.
2nf e
R
6.4 Static Performance Tests - After installing the servovalve onto the test equipment and before any tests are
performed, the unit should be cycled several times between rated input extremes with hydraulic pressure
applied to the supply port, and the control ports interconnected. This eliminates air from the unit and the

test system, and stabilizes the unit at the temperature of the fluid supplied.

6.4.1 Polarity - Apply rated supply pressure to the servovalve supply port, and close thle load valve(s) to
block the contpol ports. If coils are so connected, and if desired, apply quiescentcurgent of the polarity
defined in the [specification. Apply at least half rated input current with polarify as indicated in the spe-
cification. ORserve the pressure at each control port. The specified contrélport shoyld show a higher
pressure than|the other control port. If the torque motor contains two coils which are externally ac-
cessible (i.e.| three or four leads are brought out), this test should be’conducted sepatately for each
coil.

This test may|also be conducted with the servovalve control ports opened to the flow measuring cylinder
by observing the direction of piston travel when input current is applied.

6.4.2 Proof Pressufe and External Leakage - With the load valve(s) closed and return valve(g) open, apply the
specified proof pressure to the servovalve supply port;at a maximum rise rate of 25, 000 psi/min (1725
bars/min). Apply rated input current of either polarity and maintain for two minutes. [Reverse the in-
put current polarity and maintain for two minutes.

Reduce the ingut current and the supply pressure to zero, and close the return port shutoff] valve, Apply
specified retugn proof pressureto the supply port at a maximum rise rate of 25, 000 psi/min (1725bars/
min) and mainfainfor 2 minutes. Open the return port shutoff valve and reduce the supply piressureto zero.

During and after the applicationof-the specified proof pressures, observe the servovalye for permanent
deformation and external leakage.

6.4.3 Flow Curve - [The flow curve generated by the procedure described in this paragraph may be used to
measure the fpllowing-parameters: rated flow, hysteresis, symmetry, linearity, and null bias.

e—flow curve —a ate S8 : vovalves orle input channel
of the X-Y plotter to measure input current, and the other channel to measure control flow.

Generate zero flow and zero current lines on a sheet of paper installed onto the X-Y plotter, obtain zero
flow and zero input current conditions, and align the X-Y plotter pen to the intersection of the lines.
Connect the servovalve load ports to opposite ends of the flow measuring cylinder, and cycle the input
current between plus and minus rated input current. Complete at least one cycle with the X-Y plotter
pen raised off the paper, then lower the pen and plot one complete cycle. The rate of cycling should be
slow enough to minimize any errors which might be generated in the plot as a function of speed. It is
sometimes advisable to reduce the cycling speed as the unit passes through null to avoid producing a
non-linearity of the plot as the flow measuring piston reverses direction.
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Except for null bias measurements, the hysteresis of the servovalve will normally be sufficiently low that
there will be negligible error in taking either side of the plotted flow curve loop as the Normal Flow
Curve. Should this not be the case, construct the Normal Flow Curve by drawing a curve through the
midpoints between the two sides of the plotted curve. Construct a Normal Flow Gain Line, on each half
of the flow curve, from the point of zero flow of the normal flow curve. The normal flow gain line is a
straight line drawn to minimize the deviation between itself and the normal flow curve.

6.4.3.1 Rated Flow - Measure the flow at plus and minus rated current. Rated current is measured from null

and does not include null bias current.

6.4.3.2 Hysteresis - Disregarding plotter non-linearities or servovalve lap effects in the null area, locate the

section(s) of the flow curve of greatest width parallel to the current axis (zero flow line), and measure
the current difference at this point. Divide this difference by the rated input current, and convert the
result tpa percent:

is of the servovalve may also be measured from the pressure gdin pldt described in paragraph
hen the plot is obtained by cycling between plus and minus ratedcurrgnt. This permits mea-

surement in the null region of the unit (not generally advisable whenusing the flow plot), but is usually
limited ffo this region because of the high pressure gain of most flow control sgrvovalves.

- Determine the flows at equal increments of curtent on both sides atf the zero flow point of
the normal flow gain lines. Calculate the symmetry of thedervovalve by dividing the difference be-
tween the two flows by the larger flow, and converting the ' result to a percent.

6.4.8.4 Linearily - Measure the maximum current difference between the normal flow curve and the normal

flow gain line. Divide this difference by the rated’input current, and convert the result to a percent.

6.4.3.5 Null Bigs - Measure the current at the midpoint between the two sides of the fllow curve at zero flow.

This current is the null bias of the servovailve.

The accuracy of this null bias measurement is adequate for most applications.| If desired, however,
null biag may be measured with greater accuracy by obtaining a flow plot with pn expanded scale, after
first cy¢ling to eliminate residual hysteresis.

A pressure gain plot (reference paragraph 6. 4.7) may also be used to measurg null bias. If the pres-
sure gain plot is used,\it is necessary to obtain a current zero and differentiall pressure zero, in the

same falshion as deseribed above for the flow curve zeros. In this case it is npt necessary to establish
a current zero on the flow curve.

(1) Supply Pressure - Increase supply pressure to the high value delined in the specification.
Generate a flow (or pressure) curve. Measure the null bias. Reduce supply pressure to
the low value defined in the specification and repeat the null bias measurement. Alge-
braically subtract each of the null bias values from that at rated test conditions. Convert
the differences to percents of rated input current.

(2) Return Pressure - Repeat the procedure described in step (1) with supply pressure main-
tained at its rated value and with return pressure maintained at the high and low values
defined in the specification.

6.4.4 Lap - Geuerate a flow curve of suitably expanded proportions to permit evaluation of the servovalve lap

condition. Locate the nearly straight portions of the normal flow curve (See Fig. 3) and with straight lines
extend them to intersect the zero flow axis. The points of intersection, if coincident, indicate a zero lap
condition. Underlap or overlap causes a separation of the intersection points which is measured and ex-
pressed as a percentage of rated input current. See Figs. 6A, 6B and 6C.
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6.4.5

6.4.6

6.4.7

6.5 Dynamic Responde (Reference Figs. 13 and 14. 2)

6.5.1

6.5.2

6.5.3

Threshold - Servovalve threshold may be evaluated in conjunction with either flow or pressure measuring
equipment. In either case an expanded recording of the output versus input current is preferred. Input
current to the servovalve must be varied at a rate slow enough to avoid any dynamic effects and the equip-
ment resolution must be sufficiently high to permit accurate observation of the servovalve threshold.

Generate a plot by varying the input current to cause first increasing then decreasing servovalve output.
The servovalve threshold is measured from the recording as the input current change necessary to cause
servovalve output to revert from increasing to decreasing and is expressed as a percentage of rated input
current.

Internal Leakage - The total internal servovalve leakage at rated pressure with control ports blocked is
determined with flow measuring equipment as indicated in Fig. 10. A recording of internal leakage
versus input current from rated current of one polarity through zero to rated current of opposite polarity,
will enable the fnaximum leakage to be determined. Generally the recording sensitivity }s increased to
improve flow mpasuring accuracy. Recording speed should be sufficiently slow that @n-gccurate flow
measurement ig obtained.

Pressure Gain 1 With control ports blocked, generate a plot of load pressurejdrop verspis input current
throughout the full region. When using conventional pen type recorders, it~is important fto achieve a very
slow rate of inplit current variation and thereby avoid pen velocity effects.

Test Circuit Copsiderations

(1) The test cifcuit should be designed to minimize fluid\compliance. Factors affecting|compliance
include:

(2) Volumg of fluid and hydraulic line length between the servovalve and the test actuator,

(b) Type of hydraulic line (rigid tubing.or’'flexible hoses).

(c) Volume of fluid (total displacement) within the test actuator.
(2) TFluctuationp of supply or return-pressure should be minimized.

(3) The test actuator should)have low mass and friction so that the servovalve will be tepted at es-
sentially nq load.

(4) The resonaht fréguencies of the test actuator and test equipment should be significantly above the
range of 'selrvovalve test frequencies.

Conditions of Measurement

(1) A constant amplitude undistorted sinusoidal input current should be provided to the servovalve. The
peak to peak amplitude of this signal should be adjusted to one-half rated input current.

(2) The lowest test frequency or reference frequency is usually 5 or 10 Hz.
(3) The frequency range of the test should be selected in accordance with the appropriate specification.

Performance of Test

(1) Plot the amplitude ratio and the phase lag of the servovalve versus the log of frequency throughout
the frequency range of the test.

(2) Recorder speed should be sufficiently slow to eliminate spurious dynamic effects of the instrumenta-
tion.
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Use of Overlays - Assessment of servovalve performance obtained by X-Y plots
characteristics (see Sections 6.4 and 6. 5) is readily accomplished through the us
ceptable performance limits.

mary concern. Use of overlays can eliminate manual data reading and graphical

vide convenient and rapid test criteria which can be utilized by production personnel with a minimum of

training and experience.

Overlays provode only a ''go, no-go' acceptance criterion.

meters and often they give even tighter control of servovalve performance.

Overlays s 2 -
Usually the overlays for all sta’uc performance tests can be contamed ona smgle
for dynamjc performance tests on a second sheet. Typical acceptance test overls
14, 14.1, [and 14.2.

The overlgys should contain both reference axes for careful alignment with the ad
It is recommended that actual plots be obtained with zero X and zero’Y on each s
use in alighing the overlay (rather than trust to preprinted grid paper).

Part (A) of Fig. 14 is an overlay for the no-load flow plot.taken throughout the r4
input. Ali
maximum [separation of the no-load flow plot should be‘within the hysteresis limi

Either sidg of the actual no-load flow plot is generally used to access servovalve
ferent types of overlay limits can be used for-linearity, and the most suitable typ
control nepded for specific nonlinearities (€.g.,
symmetry). A convenient overlay is a pair of parallel lines drawn at a slope con
and rated furrent (C). These overlaylimits define the straightness of the flow ¢
of the overlay.

This length can be selected to-control nonlinearities throughout any desired porti
wn in Fig. 14 extends from about -10% to +100% of rated current, so
larities in the\normal control region, and nonlinearity of the lap regio

Overlays are particularly well suited to production acceptance testing and
receiving inspection of servovalves where clear-cut acceptance or rejection of the servovalve is the pri-

Also, the most convenient overlays for ac-
cessing servovalve linearity and lap do not represent precise interpretation of the definitions given in
Section 4. However, overlays can be constructed which provide rigid control of these servovalve para-

h as translucent mylar, *

nment with either null point should confirm acceptable rated flow, polarity and null bias, The

flow saturation, flow irregularities, servovalve lap, and

8 illustrated).

of both static and dynamic
e of overlays showing ac-

construction. They pro-

sheet, and overlays
lys are shown in Figs.

tual servovalve data plot.
brvovalve data sheet for

nge + 100% rated current

of Part (B).

linearity. Several dif-
e will depend upon the

responding to rated flow
hrve throughout the length

pn of the flow curve. The
ncludes flow saturation,
n. A second pair of limits

es having rated flows
4, 3.8, is measured from
ay. This variation will

depend upon

the variation of the linearity limit due to rotation of the overlay will be +5% of the specified linearity, or

+1/4% rated current for a +5% linearity specification.

An alternate linearity overlay could be a pair of arrows similar to (B), Fig. 14.
in conjunction with a line drawn on the servovalve flow plot.
flow gain line and through a point of maximum nonlinearity.

An expanded current scale is generally used for the servovalve pressure gain plo
for pressure gain are shown in Part (D), Fig. 14.1.
expanded scales, using suitable overlay limits (E).

may be used to assess linearity through null.
cussed previously, but would be used in conjunction with an expanded flow plot in

lay can be used for checking servovalve leakage, as shown in Part (F), Fig. 14.1.

*Registered trademark DuPont

The line would be drawn parallel to the normal

Servovalve threshold should also be measured with
If flow gain at null is critical, then a separate overlay
This overlay could be similar to the linearity overlay dis-

ws allowed. Typically,

This limit would be used

t. Performance limits

the null region. An over-
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6.7

6.7.1 Temperature

6.7.2

6.7.3

Limits used for the overlays should reflect the intent of the specification requirements in areas where
overlays do not give literal interpretation of performance terminology. In these cases both customer and
supplier must agree upon actual overlay limits, and both should use duplicate overlays for their servo-
valve test criteria. Often the servovalve specification requirements can be expressed by overlay limits

rather than by individual performance specifications.

It should be clearly understood what edge of the overlay limit lines constitute acceptable performance.
Here, it is recommended that the outer edges of the limit lines be drawn to the performance limits, so
that the servovalve data which is visible outside the limit lines show unacceptable performance.

allowance should be made for plotter pen effects.

Environmental Tests -

development o

design, it may he possible to qualify by similarity. In this case, the servovalve manufa¢

The environmen
test philosophy
environmental t

compliance wi
temperature r
low temperatu
and (3) high te

Equipment def;
source must p

special precautions are necessary, however, in the fluid system.

traces of wate
formance can
For example,
mended that a

When conducti

Priorto any performance test(see paragraph5.2.3.3. (1)), the unit shouldbe cycled with -
rts blocked; ‘at +50% rated signal for a maximum of 20 cyclesata maximum rate of 1/4 Hz.

with control pq

At -20F (-30 ¢

tal tests described in this section include all environments noted in this (

esting.

Temperature environmental testing discussed in this section is intended
h Type II requirements for hydraulic components,\operating with MIL-H
hnge of -65 to +275 F (-55 to +135 C) is broken into three regions of inter
re, storage and start-up (-65 F (-55 C)), (2)low temperature operational
mperature operational (+275 F (+135 C)).

nitions will be the same as those notéd in Section 6.2 as applicable exceq
rovide for fluid temperature control)between -65 ¥ (-55 C)and +275 F (+134
Care must be taken
- from the operating fluid. JH'iée particles form at low temperatures, se

IL~-H-5606 will begin.to carbonize at higher temperatures. Therefore,
inert gas head be maintained in the reservoir for operation above 150 F

hg -65 F (-55 C)wtests, the unit should be cold soakeduntil stabilized at this

) and\#275 F (+135 C) some operational parameters are usually measured

tant to stabili

e the servovalve and fluid at the test temperature prior to conducting the [test.
common pracwmmmwmmmmat -20F (-30C)

and +275F (+135 C) so that performance changes, such as null shifts, can be determined.

Altitude - Since servovalves are designed to operate at very high absolute pressures, the change in ex-
ternal pressure due to altitude changes is insignificant and can be ignored. Insulation resistance, how-
ever, can be affected; especially where terminal connections are exposed to the environment.
only this test need be conducted during application of the environment.
changes result from this environment it is not necessary to run pre- and post-environmental performance
The insulation resistance test is conducted in accordance with paragraph 6. 3.1 with the specimen

tests.

Environmental tests are not usually run as a part of normal acceptance testing.
They are most often conducted on a small sample, representative of production units, as a part of a

rfmmmm
sufficient applicable data already documented.

s presented and special precautions are noted. MIL-STD-810 may be used as a guide for

be affected. Likewise, at'high temperatures it is important to prevent fldid breakdown.

Suitable

dard servovalve
turer may have

ocument. Generall

to establish
5606, The bagic
est: (1) extreme
(-20 F (-30 C)),

t that the fluid
C). Some

to remove all
rvovalve per-

it is recom-
(65 C).

emperature,

65F (-55 C)fluid,

It is impor-
i is

placed in a suitable vacuum chamber.

Vibration - One purpose of this test is to prove that the servovalve will maintain its structural integrity
during and after application of the specified vibration levels.
during the presence of vibration (in particular, null shift and control flow caused by the vibration fre-

To determine servovalve performance during vibration, it is necessary to operate the servo-

quency).

valve and make appropriate measurements.
parameters during the vibration test.
low gain closed loop during vibration with command, output, and error signal continuously recorded.

It is impractical to perform tests for indiv
Therefore, it is recommended that the servovalv

Since no permanent performance

Another aspect is servovalve performance

Therefore,

idual servovalve
e be cycled in a
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The amplitude and frequency of the command to the closed loop should be low so that flow saturation does
not occur. Error signal traces will then reflect servovalve threshold, de null shift, or any servovalve
instabilities that may occur. The recommended procedure is to adjust the loop gain to about 40 sec”— and
apply a triangular command signal of 1/3 Hz which calls for a velocity not to exceed the equivalent of 10%
maximum servovalve flow.

The servovalve vibration fixture should be designed for low cross talk and so that no resonances occur
below 3000 Hz, The fixture should allow the unit to be vibrated along each of the three mutually per-
pendicular axes and provide all hydraulic and electrical connections. In addition, the fixture shall contain
provisions for accelerometer mounting near the attach point of the servovalve for each of the three axes.

Sustained Acceleration - Sustained acceleration conditions allow for specific parameter measurements
during application of the steady state environment. The pertinent servovalve parameters that may be

affected tas: ers can be measured in
the blockéd load condition. Therefore, only supply and return connections ne€dpe provided, with pres-
sure trangducers in the two blocked control ports.

Special precautions should be taken in this test set-up to avoid servovalve contamination. Since hy-
draulic fliiid must be supplied to the test specimen through a rotaryjoint, it is ilnportant to carefully
flush the ntire system prior to servovalve test. It is also advigable to include 4 filter in the supply line
downstream of the rotary joint. Additionally, care must be tdken to keep pressyre instrumentation as
physically close to the valve as possible to minimize errors\resulting from accdlerated columns of oil.

Shock - Shock tests are intended to prove structural intégrity during and after application of the speci-
fied shock level. Because the time of application iscextremely short, it is virtually impossible to mea-
sure actupl servovalve performance during the shock test. The primary measufement consists of com-
paring sefvovalve performance before and after the application of shock. Normhplly, the servovalve is
pressuriged during this test.

If a meashrement during the shock test\is necessary, pressure transducers with high dynamic response
can be pliced in the blocked control ports and the unit pressurized during shock [applications. If the
shock wave causes a servovalve oseillation, or null shift, this will be detected Hy the pressure trans-
ducers.

The shock test fixture should allow servovalve orientation in three axes and shoyld not have any signifi-
cant resohances below. 3000 Hz, In addition, the fixture should provide supply Iressure and return con-
nections {o the servevalve and if required contain the pressure transducers in the servovalve control
ports. Ofil volumé.in the blocked control ports should be kept to a minimum.

Humidity|- This environmental test is classified as passive so the servovalve rfleed not be operated nor
pressuriged-during application of the environment. The insulation resistance tegt per paragraph 6. 3.1
should be Tun before and after this environment.

No special test equipment unique to servovalves is required during this environmental test. Special
precaution should be taken to seal the base ports of the servovalve with a dummy manifold and insert the
mating electrical connector prior to the humidity tests.

Salt Spray - This environmental test is classified as passive so the servovalve need not be operated nor
pressurized during application of the environment. The insulation resistance test per paragraph 6. 3.1
should be run before and after this environment, and external leakage per paragraph 6.4.2. Again,
caution must be taken to seal the base ports of the servovalve and to insert the mating electrical con-
nector during application of salt spray.

Fungus Resistance - This environmental test is classified as passive so the servovalve need not be
operated nor pressurized during application of the environment. The insulation resistance test per
paragraph 6. 3. 1 should be run before and after this environment, and external leakage per paragraph
6.4.2. Base ports should be covered and the mating electrical connector inserted prior to testing.
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6.7.9 Fluid Contamination - This environment has not been standardized nor has acceptable performance of

the servovalve been clearly defined by past practice.

contamination conditions during this test.

Additionally, it is very difficult to control the

The recommended maximum contamination level for meaningful servovalve testing is Class 8 per

NAS 1638.

Servovalve performance, as affected by contamination, is assessed in two ways: Operation

during application of the environment is continually monitored to measure general performance, and
threshold in particular. Effects of fluid erosion are measured by complete performance tests before
and after application of the environment. )

6.7.10 Life - Servovalve life tests are directed towards establishing the extent of performance degradation

-3

-3

.1

after the specified life requirements.
test unit remains operational during the entire life test schedule.
run before gnd after life testing. Intermediate performance tests are optional.

The primary
fore, it is important that the servovalve not be exposed to abnormal environments du
bi

program.
since servoy

For the pury
assembly an

QUALITY ASSUH

Servovalve output is continuously monitored to

insure that the

Complete performance tests are

h particular, contamination level during the test period should’be careful
alve wear is largely a function of contamination.

ose of possible product improvements, it may be desirable to perform a
d inspection of the servovalve subsequent to the life test.

LANCE AND RELIABILITY CONSIDERATIONS

purpose of life tests is to assess performance degradation due topnormall usage.

There-
ring the test
y controlled

complete dis-

nd to complement,
vovalve manu-
Heveloped in con-

e application of

Quality Assurahce Considerations
.1.1 Scope
It is the inten} of this section to discuss quality considerations unique to servovalves a
rather than tq recommend, a quality assurance program. It is presumed that both sex
facturers and|their users maintain effective quality assurance programs, planned and
junction with their other functions.
.1.2 Contaminatiop Control
.1.2.1 Built-in Contamination
Control of|sources-of contamination during the assembly of a servovalve requires t
stringent dontrol§to assure all parts are free of burrs and residual contamination from previous
manufacturing processes. Assembly areas must be well controlled to minimize aigtborne contamina-
tion and bé-isolatedfrom equipment which-can generate contamination
.1.2.2 Hydraulic Fluid Contamination

The control of the contamination and properties of the hydraulic fluid are extremely important in the

manufactu
can result

re and use of servovalves.
in decreased life and erroneous test results.

7.1.2.2.1 Filtration

Contamination not only contributes to operational failures but

The importance of adequate hydraulic system filtration cannot be minimized. The filtration system
should be capable of controlling the particle count and distribution within a prescribed tolerance

range.

Contamination below five microns can have a significant effect upon the silting character-

istics of a unit utilizing lapped spools and sleeves having diametral clearances of this same order
of magnitude.
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7.1.2.2.2 Sampling

The proper sampling of a hydraulic system is a vital factor in the control of contamination. Proper
design and placement of sampling valves coupled with controlled sampling procedures are necessary
to minimize the introduction of contamination by the sampling procedure.

7.1.2.2.3 Analysis

Once a representative sample has been obtained, the analysis of this sample is of prime importance.
Many methods have been devised to determine contamination levels of a fluid; however, the most
widely accepted standard is the method described in SAE ARP 598, regarding particle counting.

7.1.2.2.4 Hydraulic Fluid Properties

The ¢ontrol of the physical properties of the hydraulic fluid is important-in)pbtaining consistent per-
fom:la.nce characteristics from a servovalve. Duplication of test resultsfrom one facility to another
can Be influenced by differences in the fluid's properties.
7.1.2.2.4.1 Vj]scosity
Fluid viscosity is influenced principally by temperature\and the mechani¢ally shearing of the vis-
cosity improvers. Control of viscosity is significant/in obtaining consistent leakage measure-
mlents.

7.1.2.2.4.2 Deggradation

Ekcessive water content can produce gelatines in some fluids. Also, pafticulate contamination
can accelerate fluid degradation by acting as catalysts to form harmful bly-products.

7.1.3 Test Equjpment and Gaging, Calibration.Tolerance

The mamjfacturers of servovalves'will normally maintain a calibration system in conformance to
MIL-C-4p622A. However, it should be understood that within practical limits and state-of-the-art
boundarigs, calibration tolerance ratios of 10:1 will be sought as a goal. The calibration ratio is the
accuracy|of the calibrating standard to the accuracy of the equipment being calijrated. In the cases of
extreme pccuracy the standard is sometimes used as the measuring instrument,| resulting in a 1:1 ratio.

7.2 Reliability

7.2.1 Scope

It is the Infent of this section to discuss reliability considerations unique to servovalves and to comple-
ment, rather than to recommend, a reliability program. Reliability requirements in the form of either
a numerical value or a reliability program, or both, are sometimes specified for a servovalve. When
specified, reliability requirements should be well defined and should reflect boundary conditions parti-
cular to the system in which the servovalve will be installed. This requires consideration of certain
aspects pertaining to servovalves as discussed in the following paragraphs.

7.2.2 Considerations

7.2.2.1 Application

The application will normally govern whether reliability requirements are specified, and the extent of
these requirements. This may be decided by failure consequence in a higher level equipment, by a
higher level equipment contract requirement, or by other factors.

Considerable divergence exists with regard to operating characteristics, environmental conditions,

and duty cycles. For this reason, a universal reliability requirement for servovalves is not
considered feasible.
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7.2.3

7.2.4

Where it is deemed necessary to specify reliability requirements, the following factors should be
considered:

Servovalve failure consequence in higher equipment application.
Vulnerability of anticipated designs to malfunction.
Available service experience, applicable to the servovalve being specified, as to demonstrated

reliability.

&

Demonstrated reliability versus required reliability.
Practical potential for improving servovalve reliability.
Intentions for employing servovalves redundantly, or for providing other redundant features.
Constraints of program (i.e., number of servovalves procured, procurement lead time, span

time of application, cost, ete.).

(h)

Operational and environmental conditions particular to the system in which the valve is to be
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Some reliabi]iity program considerations are listed below.

(a)

If a new design is required, inherent reliability can most effectively be achieved through a con-

centrated reliability design effort performed by experienced designers, started in initial design

concept phase and continuing through design completion.

mended as the initial step, to serve as a guide for reliability design review.

(b)

process variances, and other manufacturing limitations.

©)

A failure possibility analysis is recom-

Program should provide actions to minimize degrading effects of human factors, tolerances,

Special tests on materials, processes, component elements, subassemblies, etc., may be desir-

able to determine or verify reliability of these elements or processes prior to production incorpora-

tion.

(d)

Production sampling tests may be desirable on certain elements or assemblies, or on the complete

servovalve assembly, depending upon the potential for and degree of production variance.

(€

manufact

uring correction for reliability retention and/or growth.

Reliability program should include provisions for failure analysis, data feedback, and design or
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Reliability Test

Where a numerical reliability requirement is specified, it is desirable to also specify a high-confidence,
statistical reliability demonstration test to verify achievement. If this is deemed impractical, consid-
eration for de-rating, such as application of endurance cyclic multiplication, is suggested to provide a
qualitative level of high confidence. Other types of hybrid (non-representative) reliability tests may be
specified, depending upon application and funds available.

Reliability Prediction

Due to unavailability of applicable servovalve piece part failure rate data, and due to critical interfaces,
reliability predictions using the generic failure rate method or other analytical techniques do not provide
valid indication of compliance with specified reliahility requirements.’ Therefore, actual service or

test data |should be used when possible, in performing reliability predictions.

PREPARED BY THE SERVOVALVE PANEL
OF COMMITTEE A-6, AEROSPACE FLUID POWER AND CONTROL TECHNOLOGIES
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