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

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 flow-Control servovalves.

Additional specifigations may be necessary to define special requirements for specifi¢)contpol systems.
Also, specialized test procedures may be necessary to measure servovalve performance if these unusual
specification areas. These considerations are beyond the scope of this recommended practice.

RECOMMENDED ABBREVIATIONS

ac - alternating current dc - direct current hp - horsepower ma ~ milliamperes
AR - amplitude rptio deg - degrees Hz -Hértz mw - milliwatts
C - degrees Celsius emf - electromotive force kgi=kilogram PA - phage angle
cis - cubic inched per second F - degrees Fahren i; - inch{es) psi - pouhds per
cm - centimeters g - standard acceleration *\lb - pounds square inch
db - decibels of gravity m - metres v - volts

gbm - gallons per minite m - milli (prefix) - micrq (prefix)

RECOMMENDED TERMINQLOGY

Servovalve, Elegtrohydraulic Flow-Control—~“An electrical input, flow-control valve, whjch is capable of
continuous contrgl.

-1 Hydraulic Amplifier - A fluid valving device which acts as a power amplifier, such as|a sliding spool,
or a nozzle flgpper, or a jet pipe)with receivers.

.2 Stage - A hydraulic amplifier used in a servovalve. Servovalves may be single-stage,| two-stage,
three-stage, gtc.

-3 OQutput Stage -| The.final stage of hydraulic amplification used in a servovalve.

-4 Port - A fluid comrectiomtothe servovalve; €.8., supply port, return port, control port.

.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.

.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.

.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.

Electrical Characteristics

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

7

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 éonjunction 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 polarify 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.

> d a d ol-ofthe—~valve. Control power is a
maxinmum with full input signal, and is zero with zero-input signal. It is indepgndent of the coil con-
nectiop (series, parallel, or differential) for any conventional two-coil operatiqn. For differential
operation, the control power is the power consumed in excess of the electrical gquiescent power. This
power|increase is a result of the differential current change.

.7 Total Electrical Power - The sum of the instantaneous control power and the quiescent power, ex-

pressed in mw.

.8  Coil !Epedance - The complex ratio of coil voltage to ceil current. It is imporfant to note that the coil
imped

nce may vary with signal frequency, signal amplitude, and other operatipg conditions due to
back gmf generated by the moving armature.

-9 Coil Resistance - The dec resistance of each torque motor coil, expressed in ohns.
.10 Polarity - The relationship between the direction of control flow and the direction of input current.

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

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

Static Pefrformance Characteristics

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

flow i referred t6)as No-Load Flow when there is zero load-pressure drop. (ontrol flow is referred
to as Loaded Flow when there is load-pressure drop. (See paragraph4.3.12, Load Pressure Drop.)
Conventional test equipment normally measures no-load flow.

.2 Rated|[Rlow - The specified control flow corresponding to rated current and specified load pressure

d h o SN 1 _£1 . 11 S~ | 41 1 Al
Irop. —hatea rmow IS mormairy specireadas tre No—1oat TIows

.3 Flow Curve - The graphical representation of control flow versus input current. This is uéually 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  TFlow 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 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. Flow gain may vary with the polarity of the input, with the
magnitude of load differential pressure and with changes in operating conditions. See Fig. 4,

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

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

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

4.3.7 Symmetry - The degree of equality between the normal flow gain of one polarity and that of the reversed

polarity. Symmretry-tsmeasuredastiredifference trormmat fiow ot of eaci polATTty], expressed as

percent of th¢ greater. See Fig. 4.

4.3.8 Linearity - The degree to which the normal flow curve conforms to the normal-flow gajn line with other
operational variables held constant. Linearity is measured as the maximum,déviation pf the normal flow
curve from the normal flow gain line, expressed as percent of rated currént.” See Fig.| 4.

4.3.9 Hysteresis -|The difference in the valve input currents required to produce the same valve output during
a single cyclg of valve input current when cycled at a rate below thatat which dynamic pffects are im-
portant. Hysteresis is normally specified as the maximum difference occurring in the fflow curve
throughout plys or minus rated current, and is expressed as percent of rated current. |See Fig. 1.

4.3.10 Threshold 4 The increment of input current required to'produce a change in valve output, expressed as
percent of nated current. Threshold is normally specified as the current increment required to re-
vert from afcondition of increasing output to a condition of decreasing output, when current is changed
at a rate below that at which dynamic effects are-important.

4.3.11 Internal Ledkage - The total internal valve.flow from pressure to return with zero conkrol flow
(usually measured with control ports blocked), expressed in cis or gpm (cm3/ sec). Lieakage flow
will vary with input current, generally being a maximum at the valve null {null leakags).

4.3.12 Load-Press|ire Drop - The differential pressure between the control ports, expressed in psi. In con-
ventional three-way servovalve§,)load-pressure drop may be expressed as an equatiof, wherein it is
equated to the supply pressure,) less return pressure, and less the pressure drop acrgss the single
active contrpl orifice. (Ps~Pr-Po=Pl).

4.3.13 Valve Presdure Drop'- JThe sum of the differential pressures across the control orififes of the output
stage, expressed in\psi (bars). Valve-pressure drop will equal the supply pressure njinus the return
pressure minussthe’load pressure drop.

4.3.14 Pressure Gdaim = pressure drop with input current at zero control flow (con-
trol ports blocked), expressed in psi/ma (bars/ma). Pressure gainisusually specified as the average
slope of the curve of load pressure drop versus current between + 40% of maximum load-pressure
drop. See Fig. 5.

4.3.15 Null Region - The region about null wherein effects of lap in the output stage predominate.
4.3.15.1 Null - The condition where the valve supplies zero control flow at zero load-pressure drop.
4.3.15.2 Null Pressure - The pressure existing at both control ports at null, expressed in psi (bars).

4.3.15.3 Null Bias - The input current required to bring the valve to null, excluding the effects of valve hy-
steresis, expressed as percent of rated current.

4.3.15.4 Null Shift - A change in null bias, expressed as percent of rated current. Null shift may occur with
changes in supply pressure, temperature, and other operating conditions.
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etering edges with the spool at null.

See Fig. 6A.

See Fig. 6B.

4.3.16 Lap - In a sliding spool valve, the relative axial position relationship between the fixed and movable
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 Zero Lap - The lap condition where there is no separation of the straight line extensions of the normal
flow curve.

4,3.16.2 Overlap - The lap condition which results in a decreased slope of the normal flow curve in the null
region.

4.3.16.3 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 Herformance Characteristics

4.4.1 Frequen

frequenc
operatin

(usually

4,4.3
© flow var

sinusoidqlly over a range of frequencies.
implitude and zero load pressure drop, expressed as amplitudé/ratio, and|phase angle.
¥ response may vary with the input-current amplitude, temperature, supp

current ¢

4.4.2 Amplitud
frequenc

Phase L

r conditions.

5 or 10 Hz). Amplitude ratio may be expressed in decibels where db = 20

ation, measured at a specified frequency and expressed in degrees (time

frequency in Hz x 360 deg per cycle).

] (control

Pressure control servovalves can have widely varying control characterist

# 4.5 Pressure [Control Servovalve Terminology
4.5.1 Scope -
cluded a

5 a guide to the ideal control characteristics.

Only terminology thatis\not common with flow control servovalves is presented.

e Ratio ~ The ratio of the control-flow amplitude to the input-current amp
v divided by the same ratio at the same input-current amplitude at a speci

hg - The instantaneous time separation between the input current and the ¢

Several three-way, negativ|
pressure decreases-ag-control current increases) are included in Fig. 6.
commonly used in antiskid-braking systems.

Response - The complex ratio of flow-control flow to input current-as the current is varied
Frequency response is normall measuyed with constant input

Valve
Iy pressure, and other

I;itude at a particular

ied low frequency
AR.

log1 0

brresponding control-
separation in seconds x

ics. Fig. 6.1 is in~
e gain characteristics
because these are

4.5.2.

#4.5.2 Termindlogy
4.5.2.1 Electrical Characteristics
4.5.2.1.1 Input-€urrent=Fhecurrentto-thevalve;expressed-in-ma;—whieh commands—e

4,5,2.2 Static Performance Characteristics

ntrol pressure.

1.2 Rated Current - The specified input current, expressed in ma, of either polarity to produce rated
control pressure. The particular coil connection (differential, series, or parallel must be specified
in conjunction with the rated current. Rated current does not include nuil bias current. (See Fig. 2)

4.5.2.1.3 Polarity - The relationship between the direction of change of control pressure and the direction of
change of input current.

4.5.2.2.1 Control Pressure - The pressure at the control port of a three-way valve, or the differential pressure
between the control ports of a four-way valve, expressed in psi or bars. Control pressure is referred
to as blocked load pressure when there is zero steady flow to the load.
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4.5.2.2.2

/4.5.2.2.3

4,5.2.2.4

4.5.2.2.5

4.5.2.2.6

4.5.2.2.7

4.5.2.2.8

4.5.2.2.9

4.5.2.2.5.1

4.5.2.2.5.2

4.5.2.2.11

Rated Control Pressure - The specified control pressure corresponding to rated current with a
specified supply pressure and load flow. Rated control pressure is normally specified for a blocked
load (zero steady flow to the load).

Control Pressure Curve - The graphical representation of control pressure vs input current. This
is usually a continuous plot throughout a complete cycle between limits of plus and minus rated cur-
rent values for four-way valves, and between limits of zero and rated current for three-way valves.

Normal Control Pressure Curve - The locus of midpoints of the complete cycle control pressure
curve. This locus is the zero hysteéresis control pressure curve. Usually valve hysteresis is
sufficiently low, such that one side of the control pressure curve can be used for a normal control
pressure curve.

Pressure Gain — The slope of the control preéssure versus input current curve at a gpecified value of

supply pregsure and flow throughout the region where control pressure varies, exprgssed in psi/ma

or bars/m4. When used without qualification, it is assumed to mean normal pressurne gain,

NOTE: THe term defined by ""control pressure" does not imply blocked load pressure unless so
specified - (see 4.5.2.2.1).

The dependence of the servovalve pressure gain on supply pressure is defined as eithpr fixed gain or
variable gajn as follows:

Fixed Gain - The pressure gain is essentially independent.of supply pressure.
Variable Gain - The pressure gain tends to be proportional to supply pressure.
Normal Pr¢ssure Gain - The slope of a straight line.drawn to minimize deviations of the normal control
pressure cyrve throughout the range of the curve wherein control pressure varies with input cur-

rent. The minimum deviation line is defined as-that line which has its greatest negatlve deviation
(A1) equal to its greatest positive deviation..(See Fig. 4)

A four-way|valve may have the normal pressure gain separately defined for positive gnd negative
differential [pressures.

Rated Presgure Gain - The ratio of rated control pressure and rated input current at h specified
supply presgure, expressed in'psi/ma or bars/ma. This is the specified ""nominal" gressure gain.
The normal|pressure gain of 4.5. 2. 2. 6 must be within a tolerance band centered on the rated
pressure gajin,

Rated Flow |Capacity’=-TLoad flow corresponding to full displacement of the servovalve output stage
with specifipd values of control pressure, supply pressure, and return pressure.

Pressure Droop - The reduction in control pregsure with increasing load flow at a constant value
of input current and with a specified supply pressure. Expressed in psi/cis or bars/L/min.

4.5.2.2.10 Symmetry - For a four-way valve, the degree of equality between the normal control pressure

gain of one polarity and that of the reversed polarity. Symmetry is measured as the difference
in normal pressure gain of each polarity expressed as percent of the greater.

Linearity - The degree to which the normal control pressure curve conforms to the normal pressure
gain line, with other operational variables held constant. Linearity is measured as the maximum
deviation of the normal control pressure curve from the normal pressure gain line, expressed as
percent of rated current.
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4.5.2,2.12 Hysteresis ~ The difference inthe valve input current required to produce the same valve output during a

4,5.2.2.13

4,5.2.2.14

4,5.2.3 Dynamic¢ Performance Characteristics

single cycle of valve input current when cycled at a rate below that at which dynamic effects are im-
portant. Hysteresis is normally specified as the maximum difference occurring in the control pressure
curve throughout the full range of input current, and is expressed as percent of rated current.

Null - For afour-way valve, the condition where the valve supplies zero control pressure with zero flow to
theload. Three-way valves donothave an equivalent null condition. However, it is often convenient to
specify an operating point from which "null bias' and "null shift" canbe specified. "Null shift, " if applied
to athree-way valve, means a change in the null bias. Null bias is the input current required to produce the
specified operating point.

Deadband ~ For some three-way valves, the region around zero input current (expressed in ma) in
which there is no change of control pressure corresponding to input current changes. With these
valves, null shift is the change in deadband at a specified supply pressure.

4,5.2.3.1 Frequency Response - The complex ratio of control pressure to input current ag the|current is varied sinu-
soidallyover a range of frequencies. Frequency response is normallymeasuredwith constant input current
amplitude and expressed by the amplitude ratio and phase angle. Since frequéency response is verydependent
onload characteristics, itis essential that the testload be specified. Noxinally this|will be aload volume
with or without aloadorifice. Frequency response will normally varywith supply pressure and input current
amplifude, aswell as with the load characteristics, temperature,, andothe r operatipg conditions.

4.5.2.3.2

4.5.2.3.3

4.5.2.4

Amplifude Ratio - The ratio of the control pressure amplitude to the input current amplitude at a particular

frequency divided by the same ratio at the same input currentamplitude ata specified low frequency (usually

0

.5to]l.0Hz)., Amplitude ratio maybe expressedindecibelswhere db = 20 log 1 OAR.

Phase[Lag - The instantaneous time separation between the sinusoidally varying input current and

the corresponding control pressure variation, medsured at a specified frequencly and expressed in

degregs. (Time separation in seconds x frequency is Hz x 360 deg per cycle.)

Typical Control Pressure vs Current Charactexistics - For all the curves of Figs| 6.1 and 6.2, the verti-

cal

will saturate at a level related to supply pressure.
The fam]ly of curves indicates operadtion at various supply pressure levels.

5. PROCUREMENT SPECIFICATIONS

axis [is control or output pressure, andthe horizontal axis is control current. | The control pressure

5.1 Introduction 4 This section is intended to be a guide for the preparation of specificationls covering
electrohydraylic flow control servovalves. Certain background information is given to|explain
various consiferations appropriate to such specifications. This background material ig presented
in Section 5. 2. Section 5.3contains a sample specification for a standard servovalve. | In both
Sections 5.2 &nd 5. 3, \the/subparagraph numbers in parentheses at the right margin form an inde-
pendent numbgringSystem which should be used for a servovalve specification. The format of this

proposed speg¢ification is:
(1)

2)
(3)

“)
()
(6)

Sco
Reference Specifications
Requirements
(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
Quality Assurance Provisions
Preparation for Delivery
Notes
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The specification information in Section 5. 2 covers three common valve sizes, identified as Sizes I, I
and IIl. These three sizes correspond to three different ranges of flow capacity based on MIL-H-5606
having approximate maximums at 3000 psi (200 bars) valve pressure drop of 2, 6, and 15 gpm (125,
375, 950 cm3/ sec), respectively., Design requirements which affect interchangeability are specified
for the three valve sizes, including maximum envelope, mounting details, electrical input configura-
tion, hydraulic output configuration, and polarity. L 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 bhe 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 generally affect pfroducibility of the
servovalve. Moreover, particularly close parameter control can often require(@ desigy that reduces the
basic componepnt reliability. Therefore, improvements over the recommended specifications should be
carefully related to system performance requirements hefore closer parameter control [is arbitrarily im-
posed.

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

be essentially the same.

5.2 Specification Cpnsiderations

5.2.1 Scope (1.)

The introductpry paragraph of the servovalve specification should identify specifically fthe type of com-
ponent. It is joften helpful if a brief description of the application can be included in the introductory
paragraph, together with any additionallinformation which describes broadly the servoyalve require-
ments. Any dnusual design or performance requirements could be cited to indicate thd general nature
of the hardware to be procured by-the specification (e.g. , high temperature, high resppnse, three-way,
etc.).

5.2.2 Reference Specifications 2.)

Documents ligted in this-Section should include those specifications and/or drawings specifically
referenced in|the téxt of the specification. All referenced specifications shall he applicable only to the
extent specified-in(the text of the servovalve specification. Military specifications, stgndards, publica-
tions, etc., shall’be listed hy numher and complete title preceded by a statementas—£bllows: "The
following documents of the issue in effect on the date of invitation 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 V (3.1.1.2)

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

Envelope Drawing Coil Connections
Mounting Details Valve Polarity
Mating Electrical Connector Dry Weight

The servovalve port connections should be legibly marked. Suitable locating pins may be pro-
jded to prevent incorrect connection of servovalve and manifold. The following identification of
sprvovalve ports is recommended:

<

Supply Poext’- P
Return-Port - R
Contrel Port1 -1
Control Port 2 - 2

he envelope given noxmally represents the installation space for the sdrvovalve. It should in-
icate maximum diménSions and specify the location and dimensions of plectrical connectors or
ther critical areas.if applicable. The outline dimensions given in Fig.| 7 are furnished as a guide
L the selection.of-servovalves. The cube-type envelopes shown reflect|conditions which can be
het within theéSindustry. No allowance for electrical connectors has be¢n made. Departure from
he maximunt dimensions shown can often be obtained in certain areas ip order to meet more ex-
cting space limitations.

L ot = o O QL b

r

'he_recommended mounting and porting configurations and methods of dimensioning these areas
dregivenin Fig 8 Only four-way port configurations are indicated; hpwever, 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.

QOutput Flow At
3000 psi (200 bars) Pressure

Size Drop with MIL-H-5606
gpm (cm®/sec)
1A .480 in. (1.2 cm) diamond 2 (125)
IB .480 in, (1.2 cm) diameter 2 (125)
II . 625 in, (1.6 cm) diameter 6 (375)

Im .780 in, (2.0 cm) diameter 15 (950)
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5.2.3.1.1.3

5.2.3.1.1.4

5.2.3.1.1.5

5.2.3.1.1.6

5.2.3.1.1.7

5.2.3.1.1.8

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.
Identification (3.1.1.3)

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

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

The fpllowing additional information may also be included:

Part Number (Customer)
Rated Pressure

Rated Current

Fluid

Materials (3.1.1.4)

Materials used should conform to all applicable specifications and specified enyironments.
Fluid|or environmental conditions, etc., often require special precautions to Qe taken regard-
ing the selection of compatible materials to minimize the effects of chemical ofr electrical re-
action, fungus growth, etc. Where applicable, these conditions should be spedified.
MIL-$TD-143 may be used as a guide in the ‘selection of suitable materials.
Standard Parts (3.1.1.5)
Standard parts such as MS or AN-should be used wherever they are suitable fof the purpose.

Lockihg Devices (3.1.1.6)

All threaded parts sheuld be securely locked or safetied by safety-wiring, selftlocking nuts,
or other approved’methods. Safety-wire should be applied in accordance with ftandard

MS33340. Snap rings should not be used as retainers unless they are positively retained in
their {nstalled-position.

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)

When possible, seals, gaskets, and packings should be of such composition and installation as toj
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 "mon-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.

Ve
N

£

~

P2RN
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5.2.3.1.2 Electrical (3.1.2)

5.2.3.1.2.1

5.2.3.1.2.2

5.2.3.1.2.3

(921
(2]

Coil Connections

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

coil 2 lead 3 lead -4 lead

connector B A B A C B A D C

pins

external

pigtail green red green red blue green redyJye¢llow Dblue

colprs

Rafed Current (3.1.2.2)

Rated current should be stated in ma for the particular,eoil connection specified in 5.2.3.1.2. 1.
Spécifying rated current and resistance combinations/dess than those recommended by the manu-
facturer may require the servovalve to be designed.with less than optimum electrical control
power. In general, a very low value for rated cidrent requires the use o extremely small
malgnet wire, with resultant reliability hazardsyso it should be avoided if|possible.

Qujescent Current (3.1.2.3)

If differential coil operation is specified, normal quiescent current valueg and polarity should be
stdted. Also, maximum anticipatedquiescent current should be specified. If abnormal variations
of fjuiescent current are anticipated, then the range of variation should be gtated.

Indulation Resistance and Dielectric Strength (3.1.2.4)

Mihimum insulation-redistance of valve coils and leadout wires to valve bpdy should be specified.

It s recommended that this value be 50 megohms under room temperature and humidity conditions
folllowing a 15~second application of a dc potential equal to 1000 v or fivg times the maximum
anticipated ¢oil voltage, whichever is less. Repeated applications of high voltage to the servovalve
mdy eventually break down the coil insulation, so a maximum number of Insulation resistance tests
shpuld H€ specified. The recommended number of tests is not more than|four times on one servo-
valve.

Coil Resistance (3.1.2.5)

The dec resistance of the valve coil or coils should be specified. A + 107 tolerance for individual
coil resistance is recommended and the temperature (usually 68 F (20 C))at which 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).
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5.2.3.1.2.6

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

It is usually not specified where high output impedance servovalve driving
amplifiers are used and the influence of valve complex impedance on servovalve input current is
When impedance is specified, it is usually stated as a vector quantity, together with a
Since coil impedance will change considerably with slight variations in servovalve
design, it is recommended that the individual servovalve manufacturers be consulted before this

ably from unit to unit.

negligible.
tolerance.

Coil Impedance

parameter is specified.

The apparent impedance of servovalve coils will be influenced markedly by operation of the torgue
This influence is due to back emf's generated by the moving armature, so it will depend
upon supply pressure, input current amplitude, and frequency. Therefore, the magnitude of

motor.

each of

these parameters should be included with a coil impedance specification.

The coi
conside|
Since s
be spec

Usually|
subject
frequen|
hydraul
1000 H
impedal
from dd

5.2.3.1.3 Hydraulic

5.2.3.1.3.1 Operati

| impedance presented to low frequencies is more pertinent for contrel)sy
rations than are measurements made with a conventional 1000 Hz impedal
brvovalve coil impedance will vary with frequency, it is recommended thg
ified and measured at a low frequency.

50 Hz is chosen for specification purposes, as measurements at lower fj
to test equipment inaccuracies. Measurements of 60yHz should be avoid
cy interaction, and frequencies above 60 Hz are generally of less interes
ic systems. At 50 Hz the servovalve coil inductance will be considerably
v, which is the frequency at which coil inductanceé has been traditionally y
ice presented to a carrier frequency demodulator (e.g., 400 Hz, 800 Hz,

hg Pressures

The sys

5.2.3.1.3.2 Proof H
The sen
insuffic
1.5 sup
supply |
tests an
ture duy

tem supply pressure shouldbe specified together with the nominal retury
ressure
vovalve should‘withstand, without evidence of external leakage (other thaj
bly pressire applied for two minutes to ports P 1 and 2, with return open
ressure-applied simultaneously to all ports for two minutes. Normally,

e applied at room temperature for production acceptance tests and at mas
ing.a qualification test. Proof pressure should be applied at a maximum

sign to design and cannot be predicted frem low frequency measurementsf

jent to form/a drop) or permanent performance degradation, the following proof pressures:

(3.1.2.6)
£

~

stem dynamic
hce bridge.
t this parameter

requencies are
ed because of line
t in electro-
 higher than at
heasured. Coil
etc.) will vary

VA

3.-1.3) |

(8.1.8.1
pressure.
(3.1.3.2)
1 slight wetting
followed by
proof pressure

fimum tempera-
rise rate of

25,000

5.2.3.1.3.3 Burst P

The servovalyve should not rupture with burst pressures of 2.5 supply pressures on ports P 1 and
2 (applied at 2 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 ser

Far A 1o 1 A 5
Sl/UIO., (Licd bal s/ LllJJJ.)-

ressure

vovalve shall not be required to operate after this test.

(3.1.3. 3)

£
~
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Pressure Impulse

Pressure impulse requirements for servovalves are occasionally specified as necessary to
satisfy vehicle or system specifications. The following recommendations pertain to a pressure

impulse specification and demonstration testing when such is necessary.

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 period.

T ended pressure limits encompass the pressure transients of most systems. The
dwell time and rather slow cyclic rate allow stress equalization and totalfelastic deformation of

cdmponents within the servovalve.
telst technique that avoids uncertainties of pressure peaks and the numbe
stiresses associated with underdamped pressure waveforms.

It

dyring pressure impulse testing (see 5.2.3.2.1).

components.
pressure impulse test.
afl +50% rated, and the remaining half with\-50% rated.
blocked during pressure impulse testings/ Return pressure shall be the

One-half of the impulse cycles shall be applied

should be the nominal specified.

]

permanently reduceluseful servovalve life.

p
npr for normalfield operation.

Fluid

The-working fluid for the servovalve should be specified.
a& preservative oil or alternate test fluids, should also be noted.

S!:ould it be necessary to impose a.return pressure impulse requirement
In any case the magnitude of the returlt
ceed that of the supply préssure during any portion of a pressure impu

The exposure

The overdamped waveform further provides a consistent

1] of cyclic pressure

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

The servovalve should withstand 200, 000 supply pressure impulse cycles| with no external
lefakage nor other evidence of loss of structuraltintegrity or permanent d¢formation of internal
The servovalve shall conform to,specified performance to

erances following a
vith the input current

Servovalve control ports shall be

gpecified nominal,

the supply pressure
pressure shall not
se cycle.

Impulse pressure testing of a servovalve is expected to impose severe fqtigue cycles that
As such a servovalve that has successfully com-

eted pressure impulse testing should not be used for subsequent structpral test evaluation,

(3.1.3.4)

to other fluids, such

External Leakage

(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.

Internal leakage is usually specified and measured with no externally applied dither. Dither will

generally

c underlapped, so the internal lea
increases als dither is applied.

5 Performance R4

5.2.3.2 quirements

5.2.3.2.1 Rated Test Copditions

Unless otherw
defined in this

se stated, all servovalve specifications apply to a gét)of standard test
section. Any specification of performance over.a'fange of conditions

range of tempgratures, supply and return pressures, output loading, etc.) should be
Section 5.2.3.B. These environmental specifications are normally given as a maxim
variation of the particular parameter (flow gain, null, coilfesistance, etc.) over the
range of each ¢perating condition (valve pressure dropy témperature, etc. ). Iffors
necessary to spt the parameter tolerance at some non-standard test condition, or if 3
environmental condition is expected, it should be sb stated in this section.
is to be used pfrimarily at elevated temperature{_then it may be desirable to specify t
as a rated test|condition. It should be noted\that the normal tolerances given in Secti
not apply when|the test conditions are non<standard.

The performarnce specifications given. in Section 5. 2. 3.2 apply for operation of the se
the following sfandard test conditions:

Fluigd: (Normally as, specified in Paragraph 5.2.3.1. 3. 4)
Operating pressire: (Normally as specified in Paragraph 5.2.3.1. 3. 1)
Quieiscent curlrént: (Normally as specified in Paragraph 5.2.3.1.2. 3)
Temperatufe:™ Normally 90 to 120 F (32 to 50 C) fluid and 65 to 90 F (18 to
Filtration®/Conform with National Aerospace Standard 1638, Class 6 or be

age normally

(3.2)
(3.2.1)

conditions as
i.e., over a
specified in

Lm percentage
full specified
me reason it is
ome unusual

For example, if the valve

his temperature
bn 5. 2. 3.2 may

rvovalve under

32 C) ambient
ter

5.2.3.2.2 Static

5.2.3.2.2.1 Rated Flow

(3.2.2)

(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%.
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ARP 490D

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%. I 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 particul
cases are not considered in this document.

Symmetry

ar application. These

(8.2.2.3)

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 special requirement

ahd is not considered in this document.

Hysteresis

s

ysteresis, as defined, includes threshold and electromagnetje:effects.
op width is a function of input amplitude plus some constant value. St
parameter is 5% of rated current.

—

<

o

iently small due to electrical feedback gain such that 5% servovalve hy

=5

ditions. Plots of a full hysteresis 1oop are usually run at less than 0.1
Threshold

Fhreshold should be specifiéd as a maximum percent of rated current a
1.0%. In standard two“stage servovalves, this parameter is essentiall]
flriction of the moving elements in the second stage. Hydraulic oil cont
increase the tendency of these parts to bind; therefore, it is important
defined and tested according to a specified cleanliness standard. Elect
plied mechdnical dither is usually not included in the definition and test

In typdical positional systems, high servovalve threshold can cause stati
scillations. In both cases it is only threshold in the flow null region o

(3.2.2.4)

Therefore, hysteresis
indard tolerance for this

Vhen assessing the significance of this parameter, ‘the effect of servovglve hysteresis on system
positional accuracy should be considered. In most systems, the magnitude of this error is suffi-

steresis is acceptable.

Phase lag of the servovalve and of the tegt equipment increases the appgrent hysteresis. There-
bre, it is important to specify and mgasure servovalve hysteresis undgr essentially static con-

Hz.
(3.2.2.5)

nd the normal value is
 a measure of the static
imination will generally
hat this parameter be
rical or externally ap-
of this parameter,.

c errors or limit cycle
[ the servovalve that is

Lignificant. Therefore, threshold specifications are considered to app]

y particularly to this

region of servovalve operation. If desired, specifications can require threshold measurements

at additional points, usually one on either side of null. It should be rec

ognized 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 stiffnes

s 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 retu

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

N

5.2.3.2.2.7 Flow Limit 3.2.2.7)
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.

5.2.3.2.2.8 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 servomalve-design-and-is-not-subject-to-change-byparts-toleranco-variation—Mpreover, the gen-
eration gf a family of load-flow curves for each unit is generally impractical from an economic

point of view.

This chafracteristic of servovalves can be utilized to relate a loaded—-flow. system Tequirement to
the corre¢sponding no-load flow specification. The no-load characteristics are pré¢ferable for
specificdtion parameters to facilitate servovalve testing. Correlation of loaded td unloaded flow is
then estdblished by special tests on a typical unit.

The spedification can define the effect of varying load pressure on control flow foi] various constant
input cunrents. Most servovalves present a constant orifice opening under these ¢onditions so that
increasing load pressure drop decreases the control flow by the square root relationship. For
servovalyes of this type, the specification can define'a maximum deviation from the square root
curve exfending from no-load flow to zero flow (fox varying load pressure drop) af| a constant input
current. VA
N~
5.2.3.2.3 Null ' (3.2.3)

5.2.3.2.3.1 Lap (3.2.3.1)

Lap tolefances are independent'of rated flow gain tolerances and establish the null pressure and the
effective|servovalve gain in(the'null region. When a nominal zero lap condition is|specified, the
tolerance extends toward underlap and overlap in equal amounts.

Normally, servovalves are considered to be closed center, minimum overlap flow] control valves.
If signifipant departure from the zero lap case is intended, then unusual specification methods not
included |in this ‘@ocument would be required. However, it is possible to modify seérvovalve per-

formance bycsmall changes in lap conditions. These changes usually amount to tolerance reloca-
tion and hdve'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.

Overlap 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 ;o

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 allowab

le variation at zero

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

follows:

- - 2.5% overlap to
2.5% underlap

- - 0% overlap to
5% underlap

- - 5% overlap to
0% underlap

Nominal zero lap
Nominal underlap

Nominal overlap

Null Bias

haveno—oxternal null adiu
o)

(3.2.3.2)

tments. The servo-

M any ser vovatve dt:bisuo are-av atable wh‘;uh
LIve null on these designs is set by the manufacturer and the maximum

ety

& <

¢st conditions.

uring the life of the servovalve, the null bias at rated testiconditions ny
riginal setting. This is usually attributed to a continuing'stress relief
lies in the servovalve and may be accelerated by theapplication of cert
h example, a change in null bias at rated test conditions may occur as
on of extreme temperature.

o » T O

o=}

he long-term change in null bias is usually-less than 3% of rated curre
tting. Because of the practical problem of separating the effects of in
aiquent change, the specification normally requires a null bias of 5% of
seful life of the servovalve. This paArameter then includes the tolerand
Ipng-term variations.

Null Shift
full bias may change with the application of environments. Supply pres
nd hydraulic oil temperature are three common variable environments

ull shift for thes® environments is usually specified as a percent of raf

hroughout the required variation of the environment. Null shift may b¢

hould be specified. This parameter is usually set to within 2% ofrrated

N
4
i
darameter is specified, it should be defined as a maximum absolute valiue not to be exceeded
t
q

acceptable null bias
current under rated

)ay change from its

of the critical assem-
ain environments. As
h result of the applica-

nt from its original
itial setting and sub-
rated current over the
e of initial setting and

(3.2.3.3)
sure, return pressure,
and maximum allowable

ed current. When this

specified for other

nvironménts if they are determined to be critical to system performangce.

(3.2.4)

Amplitude Rhatio

(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 limits 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 response at extremes of
these operating conditions are generally unreliable and should be measured on a prototype
model if performance requirements are critical. Continuity of production is usually controlled

by test at one particular set of operating conditions.
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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 reference 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
frequency range of interest. The general comments and specification recommendations of the
previous paragraph apply equally to phase angle definitions.

5.2.3.3 Environmental Requirements (3. 3)

Standard servovalves for military applications are designed to meet cextain specific pnvironments and
will perform their designed function fully in some and to a limited degree in others. [It is important to
be aware of|the environments in which limited performance is to belexpected and als¢ the specific per-

formance pdrameter most affected by a particular environment.

Some of the|environments which are normally encountered by ‘Servovalves and the spécific areas of

performance which are affected are the following:

(1)

(2)

(3)

(4)

(6)

Tempenature - Servovalve performance, at varidus temperatures, will be greatly influenced by
the visqosity of the fluid. As an example, onl§limited performance will be obtalned below fluid
temperatures of ~20 F (-30 C) using MIL-H=5606 as the operating fluid. At -65 ¥ (-55 C) fluid
servovalve performance sufficient for system start capability should normally be expected. Servo-
valve pressure gain and null shift can be-important at this temperature,

Altitudd - Normally, the only servovalve characteristics that are affected by altifude are insulation
resistance and dielectric strength.

Vibratign, Acceleration,rand Shock - Normally, the only servovalve characteristics which are
affected by these environments are null shift and structural integrity.

Humidity, Salt Spray, and Immersion - Normally, the only servovalve characteristics that are
affected) by these-environments are insulation resistance, dielectric strength and|integrity of pro-
tective finishes.

Fluid Canta Depend : p . may be expected
to perform to Spemflcatlon for a 11m1ted perlod 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.

5

~

RS

~ S
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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

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.

“#.)

(4.1)

5.2.4.1 Quality Assurance General Requirements
Informlation pertaining in general to test equipment, method ol tesling, or the
may be outlined below to prevent redundant statements in the procedures W]

Gover

5.2.4.1.1 Clas

hment Control Documents should be included.

sification of Tests

The

are g

5.2.4.1.2

Calil

ypes of tests that are necessary to establish and maintain control on tH
enerally described as:

Qualification Tests
Acceptance Tests

Reliability Tests

ration of Instrumentation

All measuring and testing equipment<must be maintained in a calibrated con

stan
mea
that
man
equi

5.2.4.1.3 Gen¢

Hards which are necessary to define servovalve operating characteristi
Lburements should be accounted for in defining the operating limits; thex
these tolerances be held to“a minimum. The standard test equipment y
facturers is usually Sealed to obtain maximum readability and accurad
bment is required,(the method and equipment tolerances required shoy

bral Test Notes

The

Le notes-should define all conditions, values, and procedures that will §

the
bie
air

“1:1"om the system, and avoiding back flushing of the servovalve may be d

ajority-of the tests. Items such as quiescent current, fluid type, filty
andfluid temperatures are described. Caution notes for cleaning tes

b

inspection techniques
here applicable,

(4.1.1)

e servovalve design

(4.1.2)

dition to provide the
cs. Tolerances in test
efore, it is imperative
sed by servovalve

y. If special test

1d be specified.

(4.1.3)

e standard throughout
ation required, and am-
manifolds, bleeding
etailed.

5.2.4.2

Qualification Tests

Qualification tests may be conducted on a sample group of units selected at random out of the first
production valves from-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

These tests are normally conduct

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:

(4.2)

ed by the manufacturer
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Vibration Test
Shock Test
Humidity Test

Salt Spray Test
Immersion Test
Contamination Test

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.

5.2.4.3 Acceptance Tests
Acceptance tedts are conducted on each unit delivered by the manufacturer. These(td
formance to dgsign limits as established by the design specification. Testing i< gehe
standard test gquipment at ambient room temperature with the hydraulic fluid-at‘norm
perature.
The following gjarameters are normally included in an acceptance test procedure:
Examination of Product Symmetry
Coil|Resistance Pressitire Gain
Insulation Resistance and Dielectric Strength Intérnal Leakage
Proqf Pressure Null Bias
Polalrity Threshold
Rated Flow Hysteresis
Lineprity Dynamic Performance
5.2.4.4 Reliability Tests

5.2.5

5.2.6

5.3

5.3.1

Reliability test
assure that the
lish confidence
of this nature y
with or without

Preparation for D

s may be conducted on a periodic or a sampling basis throughout the p1
required level of reliability is maintained. Reliability tests may also
in a new design or-where a unit has unusual operating conditions or en|
sually define lifeexpectancy by imposing a given number of typical ope
extreme envirenmental conditions.

blivery

This section should specify all delivery requirements.

requirements, int

erior packaging, package markings, and wrapping. Requirements that

(4. 3)

sts prove con-

rally conducted on

al operating tem-

(4.4)

oduction run to
be run to estab-
vironment. Tests
rating cycles

5-)

Standard items usually noted include container

are somewhat

unique to servovalvessuchasftlushinganrduseof preservative fhuidsshoutdatsobetnciuded in this section.

Notes

(6.)

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.

Sample Specification - Servovalve, Electrohydraulic Flow-Control

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

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.

(1.)
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5.3.2 Reference Specifications - The following documents of the issue in effect on the date of invitation

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
MIL-H-5606
MIL-H-8775

MIL-Q-9858

Preservation - Methods of

Hydraulic Fluid, Petroleum Base, Aircraft and Ordnance
Hydraulic System Components, Aircraft and Missiles,
General Specification for

Quality Program Requirements

MIL-B-25732
MIL-H-25475

Standardg

Drawing

TOT

XYZ JAircraft Corp.

Packing, Preformed, Petroleumn, HydrauticFoid-Resistent, 275 F
Hydraulic Systems, Missile, Design, Installation, Test, General
Specification for

Marking for Shipment and Storage

Environmental Test Methods
Wire, Lock

Packing, Preformed, Hydraulic, 275 F
Connector, Plug, Electric, Strdight
Safety Wiring, General Pragtices for

0001 Bervovalve, Electrohydraulic (rev. C) (Fig. B, p. 30)
Flow}Control, SpecificatiomControl

Other Publications

Air Horce - NavyAeronautical Bulletin

ANA |Bulletin

No. 438 Agé Control for Synthetic Rubber Parts

Society of Automotive Engineers, Aerospace Recommended PTACUICES

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

(2.)

3.)
(3.1)

(3.1.1)
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5.3.3.1.

5.3.3.1.

5.3.3.1.

5.3.3.1.

5.3.3.1.

5.3.3. 1.

5.3.3.1.

5.3.3.1.

5.3.3.1.

5.3.3.1.

5.3.3.1.

5.3.3.1.

5.3.3.1.

1.

1

Do

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 IThydraulic system (-65t0+275 F (-55to +135 C))per MIL-H-8775.
External Null Adjustment (3.1.1.1.2)

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

Special Tools (3.1.1.1.3)

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

Internal Filtration (3.1.1.1.4)

The servovalve shall incorporate a first stage filter, if required t¢ dassure satisfactory perform-
ance with the system fluid. :

Physical [Description (3.1.1.2)
.1 Envelope (3.1.1.2.1)
The servovalve envelope shall be held to a minimum, not exceeding that of specification control
drawing 0001 (Fig. B).
Mounting (3.1.1.2.2)

The serpovalve shall be designed to'mate with the manifold as specified on drawipng 0001.

Electrigal Connector (3.1.1.2.3)

The serjvovalve connector shall mate with a MS 3106-10SL-3S plug.

.4 Weight (3.1.1.2.4)
The dry| weighttof*the servovalve shall not exceed 1.0 1b (0. 45 kg).

Identifica’;ion (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.

7

~
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.6

.7

.8

.1
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Liocking 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)
A1l seals shall conform to MIL-P-25732 and MS28775, except where the use of nonstandard seal
sizes is considered advantageous from a size and weight standpoint

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

Elgetrical (3.1.2)

1 [Coil Connections (3.1.2.1)
The coil connection polarity and configuration shall be for differential pperation as shown on
specification control drawing 0001 (Fig. B).

2 |Rated Current (3.1.2.2)
The rated differential current ig\defined as the current, of either polatity, required to produce
rated flow, and shall be 10 ma.

3 |Quiescent Current (3.1.2.3)
The quiescent curtent shall be 6 to 10 ma per coil and shall be of the golarity shown on specifi-
cation control drawing 0001 (Fig. B).

4 |[Insulation Résistance and Dielectric Strength (3.1.2.4)
The ifhsulation resistance between the coils and valve body shall be grqater than 50 megohms
following a 15 second application of 1000v dc. Testing shall be performed under room tempera-
ture and humidity conditions. This test shall not be applied more than| 4 times during the life of
a servovalve.

5 Coil Resistance (3.1.2.5)
The dc resistancé 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.

Hydraulic (3.1.3)
Operating Pressures (3.1.3.1)

ARP 490D

The system supply pressure shall be nominally 3000 psi (200 bars).

(3.5 bars).

The actual supply pressure
may vary between 2000 and 3100 psi (140 and 215 bars). Return pressure shall be less than 50 psi
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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
servovalve shall not be required to operate after this test.

5.35.3.1.3.4 Fluid (3.1.3.4)

The working hydraulic fluid will be MIL-H-5606. System filtration will provide fluid meeting the
following maximum contamination level (conforms to NAS 1638; Class 5);

Particle Size Count per 100 ml
microns gh'm) (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)

(92}

There shall He no evidence of externaldeakage, other than slight wetting insufficient| to form a drop,
throughout al] operation and environmental ranges.

.3.3.1.3.6 Internal Leakiage (3.1.3.6)

The internal leakage of thig'servovalve, at rated test conditions, shall not exceed 0.20 gpm (13 cm3/sec).

5.3.3.2 Performance Reqhirements (3.2)
5.3.3.2.1 Rated Test Condlitions (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 055 - 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)
*E?ﬁl&%?élﬁggegﬁ'g{mes apply to the recommended sample specification number shown in parentheses in the
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5.

5.

5.

5.

5.

5.

5.

5.

5.

5.

3.

. 3.

3.

3.

3.

3.

3.

3.

. 3.

3.

Rated Flow (3.2.2.1)
The rated flow shall be 3. 0 gpm (190 cm3/sec) + 10% at no-bad conditions.

Linearity (3.2.2.2)

The linearity shall be a maximum of 7.5% of rated current.

Symmetry (3.2.2.3)

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

Hysteresis (3.2.2.4)
The maximum hysteresis shall be 5% of rated current.
Threshold (3.2.2.5)

.

Pressure Gain (3.2.2.6

p

gignal input of 1% rated current.

Null Bias (3.2.3.2)

Null Shift (3.2.3.3)

- 25 - ARP 490D

"he maximum threshold shall be 1% of rated current.

'he minimum load pressure gain shall be 30% of maximum load pressufe drop for a change of

(3.2.3)
Lap (3.2.3.1)

e servovalve lap, expressed as.a percent of rated current, shall be 2.5% overlap to 2.5%
inderlap.

The null bias at rafed test conditions shall be within 5% of rated currenf over the normal life of
he servovalve,

With Temperature Variation (3.2.3.3. 1

THe maximum null shift (from the null bias at standard test conditiong) over the temperature

range of -20 to +275 F (30 to +135 C), shall be 4% of rated current.

With Supply Pressure Variation (3.2.3.3.2

The maximum nall shift (from the null bias at standard test conditions) with a variation of
supply pressure of + 20%, shall be 2% of rated current.

With Return Pressure Variation (3.2.3. 3.3)J

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.

With Acceleration (3.2.3.3.4

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.
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5.3.3.2.4
5.

5. .1
5. .2
5. .3

[%7]

(9]

7]

W

(9]

Dynamic

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

Temperature

The servovalve shall be capable of operating throughout the temperature range of -65 to +275 F (-55 to
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.
the tolerance on rated flow and threshold are increased to +25% and 2%, respectively. Performance

+135 C).

at -65 F (-55 C)

Altitude

The servovalve ghall be capable of operating at an equivalent altitude of 80, 000.ft (25, 0

(21 mm) Hg abs.
voltage shall be

Vibration

The servovalve ghall be capable of operating within performaatce requirement limits aft
jected to the vibgation environment of MIL-STD-810, Method 514.1, Procedure II.

Acceleration

The servovalve d
Method 513.1, H

Shock

The servovalve ¢
jected to the sho

Fluid Contaminaf

For

hat-betimited-to-thod omof Wi : :

b00v dc.

hall be capable of operation during the sustained acceleration tests of ]
rocedure II.

hall be capable of operating within performance requirement limits aft
k tests of MII'<STD-810, Method 516.1, Procedure I.

ion

The servovalve {
contaminated to

hall bescapable of operating at least 10 hours when supplied with MIL-
Class 6 level of NAS 1638. Contamination count shall be made in acc

ARP 598.

Life

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

schedule:

While at this simulated altitude, the servovalve shall be ‘capable of passing an in-
sulation resistance and dielectric strength test per paragraph (3.1.2.4) exéept that the

(3.2.4)

(3.3)

(3.3.1)

this purpose

(3.3.2)
0 m) or 0.82 in.

maximum applied

(3.5.3)

er being sub-

(3.3.4)

MIL~STD-810,

(3.3.5)

er being sub-

(3.3.6)

H-5606 fluid
rdance with

(3.3.7)
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Fluid Temperature

Input Signal (+) Hours Rate (Hz) F (O
100% sine 35 5 160 (70)
100% sine 35 10 275 (135)
100% square 10 5 160 (70)
507 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)
.3.4 Quality Assurance Considerations 4.)
.3.4.1 Genefal Requirements (4.1)

Recopds of acceptance test results shall be maintained by the manufacturer on each servovalve. These
recotds shall be maintained for a minimum of 5 years after the date-of manpfacture.

.3.4.1.1 Classification of Tests (4.1.1)

a.| Qualification Tests
. Acceptance Tests
c.| Reliability Tests

.3.4.1.2 Ingtrument Calibration (4.1.2)

Instruments and apparatus used in testing'the servovalve shall conform to MIL-Q-9858 calibration
stlandards traceable to the National Bureau of 3tandards.

.3.4.1.3 Ggneral Test Notes (4.1.3)

Uhless otherwise specified;-the rated test condition of paragraph (3.2.1 shall apply to all quality
agsurance testing.

. 3. 4.2 Qualification Tests (4.2)
.3.4.2.1 (eneral (4.2.1)
| specified by the purchase order, qualification tests shall be conducted on three (3) servovalves

2]

Lledted at random from the production lot. Two (2) of the servovalves [shall be subjected to the

following tests:

Performance Verification Test (4.2.2.2)
High Temperature Test (4.2.2.3.1)

Low Temperature Test (4.2.2.3.2)

Extreme Low Temperature Test (4.2.2.3.3)

Temperature Null Shift Test (4.2.2.3.4)

Altitude Test (4.2.2.4)
Vibration Test (4.2.2.5)
Acceleration Test (4.2.2.6)
Shock Test (4.2.2.7)

Performance Verification Test (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

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

5.3.4.2.2.1

5.3.4.2.2.2

Physical Cor

plance

The servova

Performance

ve shall be checked for physical compliance with specification conttol-dr:

Verification

The following shall constitute the performance verification test:

Insulation Rd
Coil Resista
Proof Press
External Les
Internal Leal
Rated Flow
Linearity

Symmetry

Hysteresis

Threshold

sistance & Dielectric Strength
ice

ire

kage

Kage

Pressure Galin

Lap
Null Bias
Null Shift wi

h/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

of the per-

(4.2.2.2)
(4.2.2.8)
(4.2.2.2)
(4.2.2.9)
(4.2.2)
(4.2.2.1)
wing 0001.
(4.2.2.2)
(3.1.2.4)
(3.1.2.5)
(3.1.3.2)
(3.1.3.5)
(3.1.3.6)
(3.2.2.1)
(3.2.2.2)
(3.2.2.3)
(3.2.2.4)
(3.2.2.5)
(3.2.2.6)
(3.2.3.1)
(3.2.3.2)
(3.2.3.3.2)
(3.2.3.3.3)
(8.2.4)
(4.2.2.3)
(4.2.2.3.1)

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 4 hours during which time a
relative humidity of less than 15% shall be maintained. The performance requirements during
the testperiod 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.

7

N

N
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Low Temperature

The servovalve shall be placed in a test chamber and the temperature

(4.2.2.3.2)

of both the chamber and

the fluid loweredto -20 F (-30 C). The length of the soak period shallbe 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

The servovalve shall be placed in a test chamber and the temperature

(4.2.2.3.3)

of both the chamber and

the fluid loweredto-65F (-55 C). Thelengthof 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

The servovalve shall be placed in atest chamber andthe temperature of
fluid lowered to -20 F (-30 C). Thetemperature of the chambex and the
cledfrom -20to +275 F (-30to +135 C) and back to -20 F (-30 C) with a cy
5 hours. The performance requirements shall belimited to’recording thi
inboth directions. Results of this test shall conform tothe specification li

Altitude

|

"he servovalve shall be maintained at an equivalent altitude of 80, 000 ft
1 mm) Hg abs. While at this simulated altitude, the servovalve shall
Iisulation resistance and dielectric streéngth test per paragraph (3.1.2.
um applied voltage shall be 500v dc,

Yibration

fored for resonant frequencies only. Resonant dwells shall be performg

Acceleration

érythis purpose, the allowable null bias deviation from the limits of ps

(4.2.2.3.4)

both the chamber andthe
fluid shall be slowly cy-
cletime of notless than

e null biasevery 20 F (7 C)
mits of para. (3.2.3.3.1).

(4.2.2.4)
(25,000 m) or 0. 82 in.

be capable of passing an
1) except that the maxi-

(4.2.2.5)

This test shall be conducted)in accordance with MIL~-STD-810, Method $14.1, Procedure II,
with the exception thatithe servovalve shall be pressurized at rated supply pressure and moni-

d for 30 minutes for each

bserved resonaxce from 5 to 2000 Hz in each of the three mutually perjpendicular axes.

4.2.2.6)

[his test-shall be conducted in accordance with MIL-STD-810, Method $13.1, Procedure II. The
erformance requirements during the test period shall be limited to monitoring the null bias.

ragraph (3.2.3.2) shall

€ U.2% of rated CUrTent per g of acceleration.

Shock

4.2.2.7)

This test shall be .conducted in accordance with MIL-STD-810, Method 516.1, Procedure 1.

Life

The life test shall be performed in accordance with the schedule of paragraph (3.3.7).

(4.2.2.8)

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

Acceptance testing shall be performed on each servovalve delivered by the manufacturer.

5.3.4.3.1 Tests

5.3.4.3.1.1 Physical Compliance

The servovalve shall be checked for physical compliance with

(4. 3)

(4.3.1)

(4.3.1.1)

specification control drawing 0001

5.3.4.3.1.2

(Fig. B).

Performance Tests

The follo

Polarity

Insulation Resistance

Coil Resistance
Proof Pre¢ssure
External [Leakage
Internal ILeakage
Rated Flagw
Linearity
Symmetry
Hysteresils
Threshold
Null Bias

Dynamic

5.3.4.4 Reliability Tegts

Reliability tes
order.

5.3.4.4.1 Tests

Reliability tests shall consist of the following:

(4.3.1.2)

jcation paragraphs:

(3.1.2.1)
(3.1.2. 4)
(3.1.2.5)
(3.1.3.2)
(3.1.3.5)
(3.1.3.6)
(3.2.2.1)
(3.2.2.2)
(3.2.2.3)
(3.2.2.4)
(3.2.2.5)
(3.2.3.2)
(3.2.4)

(4.4)

s shall be~¢onducted on a random sample, periodic basis as establishdd by the purchase

(4.4.1)

Acceptance Test

Life Test

5.3.5 DPreparation for Delivery

5.3.5.1 Preservation and Packaging

Each servovalve shall be packaged in accordance with Method IA of MIL-P-116.,

5.3.5.2 Packing

Packing shall be in accordance with Method IA of MIL-P-116.

(4.3)
(4.2.2.8)

®.)

(5.1)
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.5.8 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.

6 Notes 6.)

6.1 Intdnded Use (6.1)

The servovalve will be used to control the actuators in the flight contto¥ syb-system of an aerody-
namic surface.

.6.2 Deflinition of Terms (6.2)

Thé definitions of terms used in this specification are ifiaecordance with $AE ARP 490.

RECOMMENDED TEST METHODS

General - This section is intended to be a guide in~&stablishing test procedures for performance measure-
ments df electrohydraulic flow control servovalves. The characteristics coveped include static and dy-
namic fJerformance. but are limited to acceptance type of testing. Test methoads for qualification tests
(includihg performance under specific environments) are only covered in a gerjeral nature.

Most sdrvovalve performance charactéristics can be obtained utilizing either ¢ontinuous plotting equip-
ment o manual point-by-point methods. Although the point-by-point methods [are recognized, the use of
continupus plotting equipment is ‘recommended and deseribed herein. The use|of overlays is discussed.
In genefal, where alternate_rhethods of testing are acceptable, one method will be described and the
others mentioned. It should'be noted that no order of testing is implied by the| following sections except
where $pecifically noted and reasons stated.

In ordelr to be consistent with the definitions of this document, the acceptance parameters of applicable
static gerformance characteristics are expressed as percentages of rated curpent. However, it should be
noted that these parameters may be expressed directly in current units. The |test methods recom-
mended aresthose in most general use. Conformance with these procedures Will assure test uniformity,
and willl ‘aid’ in the correlation of performance measurements.

Test Equipment - Figures 9through 13 are simple schematics describing 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 he 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 pm) rms finish, flat within ,001in. (0.025 mm) total indicator reading andfree of allburrs, nicks, and
scratches.
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DYNAMIC RESPONSE
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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 a 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 he compatible with flow and dynamic requirements of the
servovalve being tested, Actuator leakage should be sufficiently low to have a negligible influence on

wements

test meas

Instrumey
tolerance

To minim|
should be

in the sen

The exist
minimize

Electrical Tests

Insulation Resig

tation should be selected to be compatible with required ranges under
5 should be compatible with specified servovalve parameter tolebances

placed as close to the valve manifold as possible. Compliance of the f

H to reduce the influence of dither on test results.

tance and Dielectric Strengtk - The\servovalve need not be pressurize

ever, if interna
draulic fluid.

Apply specified|
Maintain the te
applied voltage
electrieal instr
tion, this test 1

Coil Resistancd

1 electrical components are in contact with the fluid, the servovalve m)

dc voltage between the ¢oil terminations (connected together) and the
t voltage for specified time. With the test voltage still applied, meas
level divided by the Smeasured current value gives the insulation resist
hments may givethe/insulation resistance directly.) With a four-lead,
hay also be pexrformed between the coils.

- The doresistance of the coil, or eoils, should be measured and t

ture recorded.
required. If th
measured sepa

If the«écorded temperature is other than the specified temperature,
e servovalve has a three or four lead coil connection, the resistance o
Fately. A conventional Wheatstone bridge type electrical test instrume)

The servovalve

Hdnaotb
=

JJaa
SHotTa

est. Test equipment

ize the effect of compliance, pressure transducers used in the pressule gain schematics

luid and transducers

ovalve control lines should be minimized for pressuxé gain measurements,

bnce of ripple in either the electrieal eurrent source or the hydraulic qupply should be

d for this test; how-
st be filled with hy-

servovalve body.

ire the current. The
ance. (Equivalent
two-coil configura-

he ambient tempera~-
h correction may be
each coil should be
nt is usually used.

, and time should be

vonlied with nra arized fluid duringa this meacurement
t—-Be—SsHpprieaiapresstted—a—ab g

allowed to stabilize its temperature at room ambient.

Coil Impedance -
series with a non-inductive resistor.

justed to give a

sufficient output to supply undistorted input current.
pressure during this measurement.

with appropriat

A test schematic, as well as the vector relationship of the voltages, is indicated in Fig. 12.
the vector impedance, first measure the ac voltages e
Coil impedance characteristics are given by the following expressions:

and eT.

A suitable oscillator is connected to drive the servovalve coil (or ¢

peak-to-peak current of one-quarter servovalve rated current.

e change in current amplitude.

and er-

oils) connected in

The oscillator is set at the desired frequency and the amplitude ad-
The oscillator should have
The servovalve should be supplied with fluid at rated
When the servovalve has two coils they are usually connected in series,

To determine

Then measure the angle o« between e
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phase angle 3 = tan €T  sin o
€T cos X _¢ég
. Re . €
coil impedance Z = T sin « = R \%
eg sin B R
. T sin & henries.
apparent induct L = —
pp inductance ThE 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 the load valve(s) to
block the comtrol ports. If coils are so connected, and if desired, apply quieseent current of the polarity
defined in the specification. Apply at least half rated input current with polafify as indicated in the spe-
cification. Dbserve the pressure at each control port. The specified cont¥el port shpuld show a higher
pressure than the other control port. If the torque motor contains two eoils which ark externally ac-
cessible (i.d., three or four leads are brought out), this test shouldbe conducted segarately for each
coil,

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

6.4.2 Proof Presslire and External Leakage - With the load valve(s) closed and return valve(s) open, apply the
specified prqgof pressure to the servovalve supply. poit 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 input current andthe supply pressure to zero, and close the return port shutoff valve. Apply
specified retyrn proof pressureto the supply port at a maximum rise rate of 25, 000 psi/njin (1725 bars/
min) and maai[tainfor 2 minutes. Openthe return port shutoff valve and reduce the supply|pressure to zero.

During and affter the applicatipn\of the specified proof pressures, observe the servovdlve for permanent
deformation and external leakage.

6.4.3 Flow Curve t The flow-etrve generated by the procedure described in this paragraph may be used to
measure the|following.parameters: rated flow, hysteresis, symmetry, linearity, and null bias.
(Reference Fig. 14x)

To generate the-flow curve, apply rated snpply presanre to the servavalve Conneet dne 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.
Comnect 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.

midpoints het
of the flow cu

ween the two sides of the plotted curve.

Should this not be the case, construct the Normal Flow Curve by drawing a curve through the
Construct a Normal Flow Gain Line, on each half

rve, 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 hetween itself and the normal flow curve.

Rated Flow

- Measure the flow at plus and minus rated current. Rated current is

and does not include null hias current.

measured from null

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.

result to a percent.

Hysteresis
6.4.7, whe
surement itf
limited to tl

Symmetry -
the normal
tween the iy

Linearity -
flow gain 1if

Null Bias -
This currern

The accura
null bias m{
first eyeling

A pressure
sure gain pl
same fashic
a current z

Null Shift w

pf the servovalve may also be measured from the pressure gain plot @
h the plot is ohtained by cycling hetween plus and minus rated cunrent.

Lis region hecause of the high pressure gain of most flow conttol servo

flow gain lines.

e,

the null region of the unit (not generally advisable when using the Tlow|

Determine the flows at cqual increments of current on Heth sides of tH
Calculate the symmetry of the servevalve by dividing
o flows by the larger flow, and converting the resGlt™Mo a percent.

Measure the maximum current difference befween the normal flow cul
Divide this differcnce hy the rated inputZurrent, and convert the 1§

Measure the current at the midpoint bétween the two sides of the flow
t is the null hias of the servovalve.

y of this null hias measurement is adequate for most applications. If
y be measured with greater, @ecuracy by obtaining a flow plot with an ¢
' to eliminate residual hyéteresis.

pain plot (referenceparagraph €. 4.7) may also be used to measure null
ot is used, it is péeessary to obtain a current zero and differential pre
n as described abeve for the flow curve zeros.
ro on the floWw-eurve.

In this case it is not nd

th Pressure

(1) Supply

Pressure - Increase supply pressure to the high value defined in the spl

Genera

ca’flow (or pregsure) eurve  Measyre the null bins,— Reduee
4

Divide this difference by the rated input current, and convert the

scribed in paragraph
This permits mea-

plot), but is usually
alves.

e zero flow point of
he difference he-

rve and the normal

esult to a percent.

curve at zero flow.

Hesired, however,
xpanded seale, after

| bias. If the pres-
ssure zero, in the
cessary to establish

ecification.
ressure to

P=s PETREEeY K Y3
*e-eHe SHPPTY—°

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.

the differences to percents of rated input current.

Convert

Return Pressure - Repe.at 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 - Generate 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 interseection, 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.



https://saenorm.com/api/?name=19c8d1459062f146198a15ddfeecfd35

ARP 490D - 38 -

6.4.5

6.4.6

6.4.7

6.5

6.5.1

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—rrsse & —determined—Generaty-the—recording—sensitivity is increased to
improve flow measuring accuracy. Recording speed should be sufficiently slow that an|accurate flow
measurement fis obtained.

Pressure Gair - With control ports blocked, generate a plot of load pressuré drop versus input current
throughout the|null region. When using conventional pen type recorders, it is important to achieve a very
slow rate of input current variation and thereby avoid pen velocity effects.

Dynamic Response (Reference Figs. 13 and 14.2)

Test Circuit Qonsiderations

(1) The test dircuit should be designed to minimize fluid‘compliance. Factors affecting compliance
include:

(a) Volurpe of fluid and hydraulic line length-between the servovalve and the test aftuator.

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

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

(3) The test dctuator shoul@d-have low mass and friction so that the servovalve will be tlested at es-
sentially no load.

(4) The resonfant fréquencies of the test actuator and test equipment should be significqntly above the
range of servovalve 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.

g

PN

N
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Use of Overlays - Assessment of servovalve performance obtained by X-Y plots of both static and dynamic
characteristics (see Sections 6.4 and 6.5) is readily accomplished through the use of overlays showing ac-
ceptable performance limits. 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-
mary concern. Use of overlays can eliminate manual data reading and graphical construction. They pro-
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. 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-
meters and often they give even tighter control of servovalve performance.

Overlays should be prepared on a material having good dimensional stability such as translucent mylar, *
Usually the overlays for all static performance tests can be contained on a single shTet, and overlays
for dynamic performance tests on a second sheet. Typical acceptance test overlaysfare shown in Figs.
14, 14.1, and 14.2.

The overlays [should contain both reference axes for careful alignment withythe actual servovalve data plot.
It is recommdnded that actual plots be obtained with zero X and zero Y-0n each servpvalve data sheet for
use in aligning the overlay (rather than trust to preprinted grid pap€r).

Part (A) of Fig. 14 is an overlay for the no-load flow plot taken‘throughout the rangé¢ + 100% rated current
input. Alignment with either null point should confirm acceptable rated flow, polarify and null bias. The
maximum separation of the no-load flow plot should be within the hysteresis limit of| Part (B).

Either side of the actual no-load flow plot is generalljused to access servovalve lingarity. Several dif-
ferent types of overlay limits can be used for lineatity, and the most suitable type will depend upon the
control needefl for specific nonlinearities (e.g., flow saturation, flow irregularities| servovalve lap, and
symmetry). convenient overlay is a pair of\parallel lines drawn at a slope corresgponding to rated flow
and rated curfent (C). These overlay limitsidefine the straightness of the flow curve throughout the length
of the overlay|.

This length cqn be selected to control nonlinearities throughout any desired portion ¢f the flow curve. The
overlay shown in Fig. 14 extend§ from about -10% to +100% of rated current, so includes flow saturation,
flow irregulayities in the normal control region, and nonlinearity of the lap region. |A second pair of limits
can be included and used in.conjunction with the first for a check of symmetry (as illustrated).

The linearity loverlay ‘shown would be rotated as necessary for use with servovalves [having rated flows
throughout the allowable range. If servovalve linearity, as defined in paragraph 4. 3.8, is measured from
the overlay, theréwill be a small variation corresponding to rotation of the overlay] This variation will
depend upon the'Scale factors selected for the flow plot and the range of rated flows pllowed. Typically,
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. This limit would be used
in conjunction with a line drawn on the servovalve flow plot. The line would be drawn parallel to the normal
flow gain line and through a point of maximum nonlinearity.

An expanded current scale is generally used for the servovalve pressure gain plot. Performance limits
for pressure gain are shown in Part (D), Fig. 14.1. Servovalve threshold should also be measured with
expanded scales, using suitable overlay limits (E). If flow gain at null is critical, then a separate overlay
may be used to assess linearity through null. This overlay could be similar to the linearity overlay dis-
cussed previously, but would be used in conjunction with an expanded flow plot in the null region. An over-
lay can be used for checking servovalve leakage, as shown in Part (F), Fig. 14.1.

*Registered trademark DuPont
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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. Suitable
allowance should be made for plotter pen effects.

6.7 Environmental 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
development or qualification test program. If the specification can be satisfied by a stapdard servovalve
design, it may|be possible to qualify by similarity. In this case, the servovalve manufgcturer may have
sufficient applicable data already documented.

The environmental tests described in this section include all environments noted/in this [document. General]
test philosophy] is presented and special precautions are noted. MIL-STD-810’may be used as a guide for
environmental [testing.

6.7.1 Temperature|- Temperature environmental testing discussed in this.section is intendedl to establish
compliance with Type II requirements for hydraulic components, operating with MIL-H-5606. The basic
temperature range of -65 to +275 F (-55 to +135 C) is broken.into three regions of interest: (1) extreme
low temperatyire, storage and start-up (-65 F (-55 C)), (2)dow temperature operational (-20 F (-30 C)),
and (3) high tpmperature operational (+275 F (+135 C)).

Equipment definitions will be the same as those noted’in Section 6.2 as applicable except that the fluid
source must provide for fluid temperature control between -65 F (-55 C)and +275 F (+135 C). Some
special precautions are necessary, however, in-the fluid system. Care must be taken to remove all
traces of water from the operating fluid.  Ifice particles form at low temperatures, s¢rvovalve per-
formance can be affected. Likewise, at-high temperatures it is important to prevent fluid breakdown.
For example,| MIL-H-5606 will begin to'carbonize at higher temperatures. Therefore| it is recom-
mended that 4n inert gas head be maintained in the reservoir for operation above 150 H (65 C).

When conducting -65F (-55 C) tests, the unit should be cold soaked until stabilized at thid temperature.
Priorto any performance test(see paragraph5.2, 3. 3, (1)), the unit should be cycledwith|-65F (-55 C) fluid,
with control gortsblocked,’at +50% rated signal for a maximum of 20 cyclesat a maximumrate of 1/4 Hz.

At -20 F (-30[C) and 275 F (+135 C) some operational parameters are usually measured. It is impor-

tant to stabilize the'\servovalve and fluid at the test temperature prior to conducting theq test. It is
common practiceyto run tests under standard test conditions, before and after the testq at -20 F (-30 C)
and +275 F (+ §0 orman Tges, such as null smiits, can mined.

6.7.2 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. Therefore,
only this test need be conducted during application of the environment. Since no permanent performance
changes result from this environment it is not necessary to run pre- and post-environmental performance
tests. The insulation resistance test is conducted in accordance with paragraph 6. 3.1 with the specimen
placed in a suitable vacuum chamber.

6.7.3 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. Another aspect is servovalve performance
during the presence of vibration (in particular, null shift and control flow caused by the vibration fre-
quency). To determine servovalve performance during vibration, it is necessary to operate the servo-
valve and make appropriate measurements. It is impractical to perform tests for individual servovalve
parameters during the vibration test. Therefore, it is recommended that the servovalve be cycled in a
low gain closed loop during vibration with command, output, and error signal continuously recorded.
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The amplitude and frequency of the command to the closed loop should be low so that flow saturation does

. Error signal traces will then reflect servovalve threshold, dc 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.

not occur

The servovalve vibration fixture should be designed for low cross talk and so that no resonances occur

below 3000 Hz,
pendicular axes and provide all hydraulic and electrical connections.

The fixture should allow the unit to be vibrated along each of the
In addition,

three mutually per-
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.

v thig environment are threshold and null bias., FEach of these paramete

The pertinent servovalve parameters that may be

rs can be measured in

affected L
the block
sure tran

Special p1
draulic fl
flush the
downstred
physically

Shock - §
fied shocl
sure actu
paring se
pressuriz

If a2 meas
can be pls
shock way
ducers.

The shocl
cant reso
nections {
ports. O

Humidity
pressuriz
should be

bd load condition. Therefore, only supply and return connections need hs
sducers in the two blocked control ports.

recautions should be taken in this test set-up to avoid servovalvé.contam
hid must be supplied to the test specimen through a rotary joint; it is im
entire system prior to servovalve test. It is also advisablé)to include a
Lm of the rotary joint. Additionally, care must be taken(to keep pressur
b close to the valve as possible to minimize errors resulting from accelg

hock tests are intended to prove structural integrity during and after app
t level. Because the time of application is extremely short, it is virtual
h1 servovalve performance during the shock\test. The primary measure
rvovalve performance before and after the application of shock. Normal
ed during this test.

irement during the shock test is’nhecessary, pressure transducers with 4
iced in the blocked control ports-and the unit pressurized during shock aj
e causes a servovalve oscillation, or null shift, this will be detected by

L test fixture should allow servovalve orientation in three axes and shoul
hances below 3000)Hz. In addition, the fixture should provide supply pr
o the servovalve and if required contain the pressure transducers in the
il volume in_the blocked control ports should be kept to a minimum.

- ThiSenvironmental test is classified as passive so the servovalve ne
ed during application of the environment. The insulation resistance test|

b provided, with pres-

nation. Since hy-
portant to carefully
filter in the supply line
e instrumentation as
rated columns of oil.

lication of the speci-
ly impossible to mea-
ment consists of com-
ly, the servovalve is

igh dynamic response
plications. If the
the pressure trans-

i not have any signifi-
essure and return con-
servovalve control

bd not be operated nor
per paragraph 6.3.1

run before and after this environment.
b

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 el

Salt Spray -
pressurized during application of the environment.

should be run before and after this environment, and external leakage per paragraph 6. 4. 2.

ectrical connector prior to the humidity tests.

The insulation resistance test

This environmental test is classified as passive so the servovalve need not be operated nor

per paragraph 6.3.1
Again,

caution must be taken to seal the base ports of the servovalve and to insert the mating electrical con-

nector du

ring 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.



https://saenorm.com/api/?name=19c8d1459062f146198a15ddfeecfd35

ARP 490

D

- 42 -

6.7.9 Fluid Contamination -

Additionally, it is very difficult

contamination conditions during this test.

This environment has not been standardized nor has acceptable performance of
the servovalve been clearly defined by past practice.

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.

and after app

lication of the environment.

Effects of fluid erosion are measured by complete performance tests before

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

after the sp

test unit remains operational during the entire life test schedule.

ecified life requirements.

run before and after life testing Intermediate performance tests are optional
The primary purpose of life tests is to assess performance degradation due tornerm
fore, it is jmportant that the servovalve not be exposed to abnormal environments d
program. |In particular, contamination level during the test period shouldbe’ caref
since servgvalve wear is largely a function of contamination.
For the purpose of possible product improvements, it may be desirdble to perform
assembly and inspection of the servovalve subsequent to the lifejtest.
7. QUALITY ASSURANCE AND RELIABILITY CONSIDERATIONS
7.1 Quality Assurance Considerations
7.1.1 Scope
It is the intept of this section to discuss quality-considerations unique to servovalves
rather than o recommend, a quality assurance program. It is presumed that both se
facturers anfl their users maintain effective quality assurance programs, planned and
junction witl their other functions. :
7.1.2 Contaminati¢n Control
7.1.2.1 Built-in Jontamination
Control of sources'of)/contamination during the assembly of a servovalve requires
stringent [contrels to assure all parts are free of burrs and residual contamination
manufactyring. processes. Assembly areas must be well controlled to minimize ai
tion and Relisolated from equipment which can generate contamination.
7.1.2.2 Hydraulic Fluid Contamination

al usage.

Servovalve output is continuously monitored to insure that the
Complete performance tests are

There-
ring the test
ly controlled

h complete dis-

hnd to complement,

rvovalve manu-
developed in con-

he application of
from previous
rborne contamina-

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

manufacture and use of servovalves.

can result 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 s

ilting character-

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

N

P
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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.

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.

Hydraulic Fluid Properties

The control of the physical properties of the hydraulic fluid is important in obtaining consistent per-
formanct(characteristics from a servovalve. Duplication of test results from pne facility to another
can be ipfluenced by differences in the fluid's properties.

Fluid viscosity is influenced principally by temperature and théymechanically shearing of the vis~
cosity improvers. Control of viscosity is significant in obtaining consistent| leakage measure-
ments.

Excepsive water content can produce gelatinesxin'some fluids. Also, particulate contamination
can glccelerate fluid degradation by acting asteatalysts to form harmful by-products.

The manufadturers of servovalves will ngrmally maintain a calibration system in cpnformance to
MIL-C-4562RA. However, it should be uhderstood that within practical limits and ptate-of-the-art
boundaries, |calibration tolerance ratios of 10:1 will be sought as a goal. The calibration ratio is the
accuracy of the calibrating standaxrd to the accuracy of the equipment being calibratled. In the cases of
extreme accphracy the standard\is sometimes used as the measuring instrument, regsulting in a 1:1 ratio.

7.2 Reliability

7.2.1 Scope

It is the intent-of’this section to discuss reliability considerations unique to servovglves and to comple~
ment, rathep than to recommend. a reliability program. Reliability requirementslin 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:

=®
e

—_
(¢]
~

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.

PPy
g = 0o o
—_— - =

time

insta

Numerical R

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

of -application, cost, etc.).

led

Operational and environmental conditions particular to the system in which the valve is to be

eliability Requirements

When a numd
can be realid

test requirements should be defined to permit the servovalve manufacturer to assess

particular s4g
reliability dd

It may be po
any event, e
and/or other
tions and nuj

Reliability P

rical reliability requirement is specified, it should be expresséd«as a re
tically measured. Therefore, when a numerical requirement &S stipulats

rvovalve to comply with the specified numerical reliability requirement.
monstration test may not be required.

ksible to employ similarity data to indicate compliance with the reliabilit
bidence submitted to verify compliance with specified reliability should bg
empirical data and not on reliability predictions based upon questionable
nerical data.

rogram Requirements

Formal prog]
clusive and 4
cable to com

If a reliabili
tailored sped

reliability t:lts)k. This program plan should specify specific tasks to be accomplished

catalog reli
volved, to af

rams such as those specified in"NASA documents NPC 250-1 and MIL-ST]
re intended to be applied to eomplex systems. These programs are not i
ponents such as servovalves.

y program is required, a practical, direct approach is recommended. 4
ifically to the setrvovalve under consideration, should be prepared and ef

ility principles. A reliability program may be applied whether or not a
sure the effectiveness of the design and quality assurance efforts.

Some reliabi

litysprogram considerations are listed below.

uirement which
d, demonstration
he ability of the
Performance of

I requirement. In
based upon test
arbitrary assump-

D-785 are all in-
vormally appli-

A\ program plan,
fected to direct
rather than to
new design is in-

If a new

(a)

design 1§ required, inherent reliability can most eiiectively 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

(b)

process
(c)

tion.

(d)

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

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-

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.

(e)

manufacturing correction for reliability retention and/or growth.

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

N
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7.2.5 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.

7.2.6 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 reliability requirements. Therefore, actual service or
test data should be used when possible, in performing reliability predictions.

8., NOTES

8.1 Marginal Indicia - The phi (#) symbol is used to indicate technical changesfrom thq previous issue of this
recommend¢d practice.

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