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2.1

SCOPE:

This SAE Aerospace Recommended Practice (ARP) is intended as a guide to aid in
the specification and testing of electrohydraulic servovalves.

The recommendations contained in this ARP are confined to the input and output
characteristics of electrohydraulic servovalves, the primary focus being four-
way flow control servovalves. Three-way flow control servovalves are
discussed to a limited extent, and terminology recommended for use with
pressure control servovalves is also presented. The information presented
should be useful in standardizing the terminology, the spec1f1cat10n of
physical a in
conjunctiop with these components.

The recommpndations do not restrict nor attempt to define .the internal design
characteristics of servovalves. As such, the material is;equally applicable
to servovallves having different internal functioning, different ratings,
different physical size, etc. In certain instances¢ standards fpr valve
design are| recommended to increase component interchangeability,|as, for
example, vphlve polarity, mounting bolt and fluid ‘port locations.

The speciffications contained herein should be adequate to descripe
electrohydraulic servovalves. Additional.specifications may be pecessary to
define spegial requirements for specificicontrol systems. Also,|specialized
test procefdures may be necessary to measure servovalve performangce in these
unusual sppcification areas. These considerations are beyond the scope of

REFERENCES]:

Applicable Documents:

The following publications form a part of this specification to| the extent
specified| herein. ~The latest issue of all SAE Technical Reports shall apply.

.1 SAE Publlications: Available from SAE, 400 Commonwealth Drive|, Warrendale,

PA 15096-000%.

AIR810 i ids, MIL-H-

5606, MIL-H-6083, MIL-H-83282, and MIL-H-46170, Used in Hydrau11c
Test Stands

ARP1231 Gland Design, Elastomeric 0-Ring Seals, General Considerations

ARP1383 Impulse Testing of Hydraulic Actuators, Valves, Pressure
Containers, and Similar Fluid System Components

AS4059 Cleanliness Classification for Hydraulic Fluids
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2.1.2
(R)

2.2

2.2.1

NASA Publications: Available from the Clearinghouse for Federal Scientific
and Technical Information, Springfield, VA 22151.

NHB 5300.4 Reliability Program Provisions for Aeronautical and Space System
Contractors

U.S. Government Publications: Available from Standardization Documents
Order Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.
MIL-H-5606 Hydraulic Fluid, Petroleum Base; Aircraft, Missile and
Ordnance

MIL-H- i id—Fi i i pcarbon Base,
Aircraft, Metric, NATO Code Number H-537

MS3354p Safety Wiring and Cotter Pinning, General Prac

tices for

MIL-STP-785 Reliability Program for Systems and Equipment
Production

Environmental Test Methods and Engineering Guidelines
Materials and Process Requirements'for Air Forge Weapon
Systems

D-45662 Calibration System Requirements

Development and

MIL-ST
MIL-ST

D-810
D-1587

MIL-ST

Definiti

The foll
electroh
pressure

Genera

SERVOV
contro
is ad

HYDRAU

amplif
receiv

STAGE:

single-stage, two-stage, three-stage, etc.

DNS :

pwing definitions describe recommended terminology for
ydraulic flow-control servovalves. Terminology applic
-control servovalves can*be found in Appendix B.

ALVE, ELECTROHYDRAULIC FLOW-CONTROL: An electrical in
| valve, which(is capable of continuous control. Outp
irect function’of input current.

| IC AMPLIFTER: A fluid valving device which acts as a
ier, such as a sliding spool, or a nozzle flapper, or

ere.

See 3.2.3.1.1.1.

able to

but, flow-

it stage flow

power
p jet pipe with

Ives may be

OUTPUT STAGE: The final stage of hydraulic amplification used in a
servovalve.
PORT: A fluid connection to the servovalve, for example, supply port,

return

TWO-WAY VALVE:

port, control port.

An orifice flow-control component with supp

ly and one

control port arranged so that action is in one direction only, from supply
to control port.
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2.2.1

2.2.2

(Continued):
THREE-WAY VALVE:

A multiorifice flow-control component with supply, return

and one control port arranged so that valve action in one direction opens
supply to control port and reversed valve action opens the control port to

return.

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 #l te—return:

Electrig¢al Characteristics:

TORQUE MOTOR:
stages

INPUT CURRENT:
control|flow.

The electromechanical transducer commonly used
of servovalves.

The current to the valve, expressed in mA, wh

in the input

ch commands

of either

RATED CURRENT: The specified input current: (expressed in mA)
polarity to produce rated flow. The particular coil connecti
(differential, series, or parallel) must be specified in conj
the rated current. Rated current do€s not include null bias

QUIESCENT CURRENT: A DC currentithat is present in each valv
using a|differential coil connection, the polarity of the cur
coils bg¢ing in opposition such that no electrical control pow

ELECTRICAL QUIESCENT POWER: The dissipation required for dif

operation when the current through each coil is equal and opp
polarity.
ELECTRICAL CONTRGL POWER: The power dissipation required for

the valye. Control power is a maximum with full input signal
with zero-input signal. It is independent of the coil connect

n
nction with
urrent.

coil when
ent in the
r exists.

erential
site in

control of
and is zero
ion (series,

paralle Cor d1fferent1a]) for any convent1ona1 two co11 oper

of the e]ectr1ca].qu1escent power'
differential current change.

TOTAL ELECTRICAL POWER:
power and the electrical quiescent power, expressed in mW.

COIL IMPEDANCE:

The complex ratio of coil voltage to coil current.

ation. For
med in excess

Th]S power increase is a result of the

The sum of the instantaneous electrical control

It is

important to note that the coil impedance may vary with signal frequency,
signal amplitude, and other operating conditions due to back emf generated

by the moving armature.

COIL RESISTANCE:
ohms.

The DC resistance of each torque motor coil, expressed in
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2.2.2

2.2.3

(Continued):

POLARITY:
direction of input current.

DITHER:

The relationship between the direction of control flow and the

A low amplitude, relatively high frequency periodic electrical

signal, sometimes superimposed on the servovalve input to reduce threshold.
Dither is expressed by the dither frequency (Hz) and the peak-to-peak

dither current amplitude (mA).

Steady state characteristics:

CONTROL FLOW: The flow through the valve control ports, expre
or gpm (mL/s). Control flow is referred to as No-Load Flow wh
zero load-pressure drop. Control flow is referred to as-Loade:
there is|load-pressure drop. (See 2.2.3, Load Pressure Drop.)
Conventignal test equipment normally measures no-load.flow.

RATED FLOW:
specifie
load flow.

FLOW CURYE:
current.
plus and

The specified control flow corresponding to rated
load pressure drop. Rated flow is normally specifie

The graphical representation’of control flow vers
This is usually a continuous.plot of a complete cycl
minus rated current values .0f no-load flow. See Figu

NORMAL FLOW CURVE: The locus of *the midpoints of the complete
curve, which is the zero hysteresis flow curve. Where valve h]
sufficieptly low, one side of the flow curve can usually be us

normal flow curve. See Figure 2.
FLOW GAIN: The slope.af the control flow versus input current
specific|operating region, expressed in cis/mA or gpm/mA (mL/s

operating regions.-are usually significant with flow-control se
(1) the pull region, (2) the region of normal flow control, an
region where flow saturation effects may occur. See Figure 3.
term is

ssed in cis
bn there is
i Flow when

current and
i as the no-

Is input
b between
re 1.

cycle flow
ysteresis is
bd for the

curve in any
/mA). Three
rvovalves:

d (3) the
Where this

hsedwithout qualification, it is assumed to mean normpl flow gain.

NORMAL FL

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 Figure 4.

RATED FLOW GAIN:
cis/mA or gpm/mA (mL/s/mA).

FLOW SATURATION REGION:
increasing input current.

The ratio of rated flow to rated current, expressed in

The region where flow gain decreases with
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CONTROL FLOW
P TO C1

—7/ 'YSTERESIS

INPUT CURRENT (-} INPUT CURRENT (+)

CONTROL FLOW
P TO C2

FIGURE 1 - Flow Curve
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CONTROL FLOW
P TO C1

NORMAL
FLOW CURVE

INPUT CURRENT (-)

AN

RN

~——NULL BIAS

INPUT CURRENT (+)

CONTROL FLOW
P TO C2

FIGURE 2 - Normal Flow Curve
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CONTROL FLOW
P TO Ct

\
INPUT CURRENT =) K/ INPUT CURRENT (+)
1

EXAGGERATED
NORMAL. ELEW 1 NULL REGION

CURVE 2. NORMAL REGION
3. SATURATION REGION

CONTROL FLOW
P TO C2

FIGURE 3 - Operating Regions
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ATED CURRENT—

INPUT CURRENT (=)

————  STRAIGHT LNE 'B"

INPUT CURREN]

[+

P TO C2

CONTROL FLOW

NON-LUNEARITY A2
WITH SLOPE S2

FIGURE 4 - Linearity/Symmetry
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2.2.3

(Continued):

FLOW LIMIT: The condition where control flow no longer incre
increasing input current.
within the servovalve.

SYMMETRY: The degree of equality between the normal flow gai
polarity and that of the reversed polarity. Symmetry is meas
difference in normal flow gain of each polarity, expressed as
the greater. See Figure 4 and 4.4.3.3.

LINEARITY: g F
normal flow gain line with other operat1ona1 var1ab1es he]d c
Linearity is measured as the maximum deviation of the normal
from the normal flow gain line, expressed as percent ofCrated
Figure §

HYSTEREBIS: The difference in the valve input cudrrents requi
the samg valve output during a single cycle of+valve input cu
cycled pt a rate below that at which dynamic.effects are impo
Hysterepis is normally specified as the maximum difference oc
flow cupve throughout plus or minus rated current, and is exp
percent| of rated current. See Figure I

THRESHOLD: The smallest increment .of input current which wil

change [in valve output, expressed.as percent of rated current|

is normplly specified as the current increment required to re
conditipn of increasing output;'to a condition of decreasing o
current| is changed at a rate’below that at which dynamic effe
importapt.

INTERNAL LEAKAGE: The-total internal valve flow from pressur
with zero control flow (usually measured with control ports b
expresspd in cisHor gpm (mL/s). Leakage flow will vary with
generallly beingya maximum at the valve null (null leakage).

LOAD-PRESSURE DROP: The differential pressure between the co
express-d in psi (kPa) In convent1ona1 three—way servova]ve

supply pressure,
the single active control orifice.

less return pressure and ]ess the pressure
(Ps - Pr - Po = P1).

VALVE PRESSURE DROP: The sum of the differential pressures a
control orifices of the output stage, expressed in psi (kPa).
pressure drop will equal the supply pressure minus the return
minus the load pressure drop.

PRESSURE GAIN: The rate of change of load pressure drop with
at zero control flow (control ports blocked), expressed in ps
Pressure gain is usually specified as the average slope of th

load pressure drop versus current between 40% of maximum load-

drop. See Figure 5.

ases with

Flow Timitation may be deliberately introduced

n of one
ured as the
a percent of

5 to the
bnstant.

flow curve
current. See

red to produce
rrent when
rtant.

curring in the
ressed as a

| produce a
Threshold
vert from a
itput, when
rts are

e to return
locked),
input current,

ntrol ports,
s, load-
uated to the
drop across

cross the
Valve
pressure

input current
i/mA (kPa/mA).
e curve of
pressure

- 11 -



https://saenorm.com/api/?name=0f08a468104cb09a6e3ef095c040fe1b

SAE ARP490 Revision E

:

PDROP, C1—-C2

LPAD PRESSURE

INPUT GURRENT (=) NPUT CURRENT (4

FIGURE 5 - Pressure Gain
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I 2.2.3

2.2.4

(Continued):

NULL REGION: The region about null where effects of lap in the output
stage predominate.

NULL: The condition where the valve supplies zero control flow at zero
load-pressure drop.

NULL PRESSURE: The pressure existing at both control ports at null,
expressed in psi (kPa).

NULL BI g vatve null,
excludipg the effects of va]ve hysteres1s cent of rated

NULL SHIFT: A change in null bias, expressed as pencent of rated current.
Null shfift may occur with changes in supply pressuré, temperature, and
other operating conditions.

LAP: Ip a sliding spool valve, the relative.axial position rplationship
between| the fixed and movable flow-metering edges with the sppol at null.
For a sprvovalve, lap is measured as the total separation at gero flow of
straight line extensions of the nearly.straight portions of the normal flow
curve, firawn separately for each polarity, expressed as percept of rated
current|

ZERO LAP: The lap condition whére there is no separation of the straight
line extensions of the normalcflow curve. See Figure 6(a).

OVERLAP: The lap condition which results in a decreased slope of the
normal flow curve in thei'null region. See Figure 6(b).

UNDERLAP:

The Tap.condition which results in an increased sflope of the
normal

low curve~in the null region. See Figure 6(c).

Dynamic| Performance Characteristics:

FREQUENLCY RESPONSE o input
currentls i - of frequencies.
Frequency response is norma]]y measured w1th constant 1nput current
amplitude and zero load pressure drop, expressed as amplitude ratio, and
phase angle. Valve frequency response may vary with the input-current
amplitude, temperature, supply pressure, and other operating conditions.

The comp]ex ratio of f]ow—contro] flow t

AMPLITUDE RATIO: The ratio of the control-flow amplitude to the input-
current amplitude at a particular frequency divided by the same ratio at
the same input-current amplitude at a specified low frequency (usually 5 or
10 Hz). Amplitude ratio may be expressed in decibels where dB = 20
Tog,,(AR).

- 13 -
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FIGURE 6 - Lap Definitions
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' 2.2.4 (Continued):

PHASE LAG: The instantaneous time separation between the input current and
the corresponding control-flow variation, measured at a specified frequency
and expressed in degrees (time separation in seconds * frequency in Hz *
360° per cycle).

BODE DIAGRAM: A graphical depiction of servovalve frequency response,
wherein phase lag and logarithmic amplitude ratio (usually expressed in dB)
are plotted versus input signal frequency. See Figure A2.

2.3 Symbols and—Abbreviations:

(R)

AC alternating current

AR amplfitude ratio

°C degrepes Celsius

cis cubig inches per second

dB decipel
DC direct current
deg degree

emf electromotive force
°F degrpes Fahrenheit

' gpm gallpns per minute
h hour
Hz Hert
in inch
kg kilogram
kPa  kilopascal
L lite
1b poun
M mega| (prefix)
m mete

mA milljiampere
mL millfiliter
PA phasge angle
psi  pounds.per square inch

Symbols and abbreviations used in this ARP are as listed below:

s secohrd

) Volt

Q Ohm

M micro (prefix)

3. PROCUREMENT SPECIFICATIONS:

3.1 Introduction:

(R)

This section is intended to be a guide for the preparation of specifications
covering electrohydraulic flow control servovalves.
information is presented in 3.2 to explain various considerations appropriate
. to such specifications. Supplementing this section is Appendix A, where a
sample specification for a typical servovalve can be found.

- 15 -
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3.1

(Continued):

The following numbering system is recommended for the organization of
servovalve specifications. The numbers in parentheses to the right of each
paragraph title in 3.2 correlate with this numbering system. The sample
specification of Appendix A follows this system also.

(1.) Scope
(2.) Reference Documents
(3.) Requirements

(3.1) Design Requirements
(3.1.1) Mechanical
(3.1.2) Electrical
(3.1.3) Hydraulic
Performance Requirements
(3.2.1) Rated Test Conditions
(
(

(3.2)

3.2.2) Steady State
3.2.3) Null
(3.2.4) Dynamic

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

The specification information in 3.2 covers three common valve §izes,
identified as Sizes I, II and III, ~Design requirements which affect
interchangeability are specified for the three sizes, including|maximum
envelope, [mounting details, electrical input configuration, hydraulic output
configuration, and polarity.(_It is recognized that other valve|sizes are
commonly psed. The information provided in this section is gengeral enough to
be applicable to most of-these cases also.

The recommended specification limits included in 3.2 and Appendjix A are
consistent with the requirements of most systems and can be met|with reliable
servovalve designs of proven producibility. It is important to|understand
and appregiate~that compromises can be made in the specificatiop of a flow-
control servevalve. Specific performance parameters can often pe improved by
relaxing pther performance 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 3.2 and Appendix A will generally
affect producibility of the servovalve. Moreover, particularly close
parameter control can often require a design that reduces the basic component
reliability. Therefore, improvements over the recommended specifications
should be carefully related to system performance requirements before closer
parameter control is arbitrarily imposed.

In general, the specification information is directed towards servovalves for
use in aircraft control systems. However, it should be recognized that the
requirements of many other control systems will be essentially the same.

- 16 -
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3.2 Specification Considerations:

3.2.1

3.2.3

3.2.3.1
3.2.3.1
3.2.3.1

3.2.3.1
(R)

Scope (1.):
should identify specifically the type of component.
a brief description of the application can be included in the

The introductory paragraph of the servovalve specification
It is often helpful if

introductory

paragraph, together with any additional information which describes broadly

the servovalve requirements.
requirements could be cited to indicate the general nature of

Any unusual design or performance

the hardware

to be procured by the specification (for example, high temperature, high

response, three-way, etc.).

Reference nt +—Documen ed—Ha—th : Oh
those specifications or drawings, or both, specifically refep
text of|the specification. Al1 referenced specificationsOsha
applicable only to the extent specified in the text of the se
specification. Military specifications, standards, publicati
shall b¢ Tisted by number and complete title, preceded by a s
follows} "Unless otherwise specified in the solicitation, the
issue of documents shall be the issue in effect{on the date o
for bid$." Contractors’ specifications or drawings, or both,
listed ¢nder the contractors’ name and shallialways be identi
specifi¢ date of issue which is applicable.

Requirements (3.):
Design Requirements (3.1):
.1 Mechanical (3.1.1):

.1.1 Design Configurations—(3.1.1.1): A major design variab

control servovalves. lies in the utilization of the elec]

hould include
bnced in the
11 be

rvovalve

bns, etc.,
tatement as
applicable

f solicitation
shall be

fied by the

e in flow-
Lrical control

power. When this)control power is applied to a torque
controlling theoutput stage, it is termed a single-sta
Servovalvessemploying one or more hydraulic amplifiers

between the output stage and the torque motor are terme
etc., stage valves as applicable. For certain applicat
spool<type hydraulic amplifiers are used for both singl
stage servovalves. However, two-stage servovalves emp]l
type’o " qe ome ] ionle i

amplifier are used most extensively. Modernfhdlti sfage

otor directly
je servovalve.
nterposed

1 two, three,
ons, sliding
p and multi
Dying a spool
e orifice
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.
.1.2 Physical Description (3.1.1.2):

the servovalve should be specified. Those requirements

The installation requirements for

are normally

referenced in a specification control drawing and include:

Envelope Drawing
Coil Connections
Mounting Details
Valve Polarity

ao oo

- 17 -



https://saenorm.com/api/?name=0f08a468104cb09a6e3ef095c040fe1b

SAE ARP490 Revision E

3.2.3.1.1.2 (Continued):

e. Mating Electrical Connector
f. Dry Weight

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

Supply Port: P
ReturmPort—R
Control Port 1: 1
Control Port 2: 2

o0 T

The envelope given normally represents the installation|space for the
s¢rvovalve. It should indicate maximum dimensions and specify the
l¢ocation and dimensions of electrical connectors or other critical
areas if applicable. The outline dimensions given in Fjgure 7 are
furnished as a guide in the selection ef<servovalves. The cube-type
envelopes shown reflect conditions which can be met within the
industry. No allowance for electrical connectors has been made.
Departure from the maximum dimensions shown can often be obtained in
certain areas in order to meet more exacting space limitations.

he recommended mounting and porting configurations and|{methods of

mensioning these areas are given in Figure 8. Only four-way port
nfigurations are indicated; however, three-way servo-yvalves should
ie the same basic mountings and dimensions except that|one control

rt should be eliminated.

equently employed may be classified broadly in terms ¢of their

I
d
o
u
p
T
f
respective port pattern dimensions as follows (see also|Figure 8).

§e flow capacity of commercially available servovalves|most
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TABLE 1 - Rated Flows for Standard Valve Sizes

Flowl
Size gpm (mL/s)
IA  .480 x .300 in (12.19 x 7.62 mm) 2 (125)
IB ¢.480 in (¢12.19 mm) 2 (125)
IT ¢.625 in (¢15.88 mm) 6 (375)
111 ¢.780 in (¢19.81 mm) } 15 (950)

1 Maximum no-load flow at 3000 psid (20 000 kpa) using MIL-H-5606 fluid at 100 °F (38 °C). For alternate
fluids and pressures, the applicable maximum flow can be estimated as:

Q" = (Q/6210)*(P/p)*/¢

where:
Q = Maximum|flow, per the preceding table
Q° = New max{mum flow
P = Valve pressure drop, psid
p = Fluid myss density, lbf.s2/ind
3.2.3.1.1.2 (Cpntinued):
It| is not essential that these maximum ratings be rigidlly followed
sipce the allowable pressure drop: within the servovalve [at maximum
reEuired flow, or interchangeability requirements, often| dictate the
mounting configuration to be employed.
3.2.3.1.1.3 Identification (3.1.1.3)¢ An area on each servovalve shﬁuld be
ainlab]e for the engravement or secure attachment of identifying
information. Identification as a minimum should includel:
a.| Manufacturer
b.[ Model Number’ (Supplier’s Model or Part Number)
c.| Serial Number
Additional information may also be included, such as the following:
a.| CRart Number (Customer)
b.—Rated——Pressure
c. Rated Current
d. Fluid
e. Contract number
f. Assembly date
3.2.3.1.1.4 Materials (3.1.1.4): Materials used should conform to all applicable
(R) specifications and specified environments.

Fluid or environmental conditions, etc., often require special
precautions to be taken regarding the selection of compatible
materials to minimize the effects of chemical or electrical reaction,
fungus growth, etc. Where applicable, these conditions should be
specified. MIL-STD-1587 may be used as a guide in the selection of
suitable materials.
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3.2.3.1.1.5

3.2.3.1.1.6

3.2.3.1.1.7

3.2.3.1
(R)

.1.8

3.2.3.1.2

3.2.3.1.2.1

3.2.3.1.2.2

3.2.3.1.2.3

Ele

Standard Parts (3.1.1.5): Parts to industry and milita

ry standards,

such as AS, MA, NAS, MS, or AN, should be used wherever they are

suitable for the purpose.

Locking Devices (3.1.1.6):
locked or safetied by safety-wiring, self-locking nuts,
approved methods.
standard MS33540.

A11 threaded parts should be securely

or other

Safety-wire should be applied in accordance with
Snap rings should not be used as retainers unless

they are positively retained in their installed position.

Structural Strength (3.1.1.7): Al component parts of

nombiﬁatfons 6f loads resulting from hydraulic pressure
actuation, and torque loads imposed during install@atio
nder rated conditions.

Jeals (3.1.1.8): Seals should be of such composition @
j0 as to satisfy the standardization and operating req
the applicable specifications. If a spe€ific seal comx
desired for certain fluid or environmental conditions,
qpecification for the compound should be included. In

jervovalves it is often necessary to“utilize nonstandar

ecause of space and weight constraints. Therefore, wh
gtandard size seals is desirable, the specification shd
se of nonstandard seals whenCthe concurrence of the pY
dctivity is obtained. Further, to assure adequate seal
the worst possible combinations of seal size, gland siz
jtretch, and gland eccentricities, the design of any ng
installations should-follow the recommendations put for

trical (3.1.2):

Coil Connections (3.1.2.1): The wiring configuration f
otor coilswshould be specified, together with the conn

identification or lead wire color coding, as applicabldg.

cpil connections for single-ended, push-pull, and four-
applications are shown in Figure 9.

the servovalve

or

, temperature,
and operation

nd dimensions
irements of

ound is

the

aerospace

d seals

ile the use of

uld permit the

ocuring
squeeze under

e, seal

nstandard seal

th in ARP1231.

or the torque
ector pin
Recommended
wire

Rpated en . Rated cu en hotHa—Ppe 3
the particular coil connection specified in 3.2.3.1.2.1
rated current and resistance combinations less than tho
by the manufacturer may require the servovalve to be de
less than optimum electrical control power. In general
value for rated current requires the use of extremely s
wire, with resultant reliability hazards; so it should
possible.

Quiescent Current: If differential coil operation is s
normal quiescent current values and polarity should be
maximum anticipated quiescent current should be specifi

ed in mA for

. Specifying
se recommended
signed with

, a very low
mall magnet

be avoided if

pecified,
stated.
ed. If

Also,

abnormal variations of quiescent current are anticipated, then the

range of variation should be stated.
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\YAVA Y4
A B 2 PN - SINGLE ENDED
A8 ¢ 3 PN — PUSH PULL
(000 (000
[A___B C D] 4PN-FOR WRE

FIGURE 9 - Standard Coil Connections
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3.2.3.1.2.4
(R)

3.2.3.1.2.5
(R)

3.2.3.1.2.6

3.2.3.1.2.7
(R)

I

nsulation Resistance (3.1.2.3):

The minimum insulation resistance

for valve coils and lead wires to the valve body should be specified.
The recommended value is 50 MQ under room temperature and humidity
conditions following a 15 s application of a DC potential equal to
500 V, or five times the maximum anticipated coil voltage, whichever

i

D

s less.

ielectric Strength (3.1.2.4): For systems where combi

ned

environmental effects are of concern, such as when ambient pressure,
temperature, and moisture act together, an AC dielectric strength

r

equirement should be specified.

SO 0O SO0

IO ct+t-OnE IO

b

or acceptance testing, a one time application of 1000
or 15 s is recommended. To avoid undue insulationdeg
est should not be repeated during the course of -the va
or subsequent tests, as may be desirable following req
r modification, a voltage of 800 Vrms at 60 Hz" for 15
ecommended. Even at this reduced level, the’AC dieleg
epresents a severe condition for the coil)insulation a
e repeated any more than necessary to demonstrate mini
ith the applicable quality assurance- standards.

il Resistance (3.1.2.5):
ils should be specified. A +10% tolerance for indivi
sistance is recommended and the temperature (usually
which resistance is measured should be stated.
il is required, it may be necessary to specify the re
the coil pairs (usually within 10% of the nominal sp
sistance).

il Impedance (3.1.2.6): Coil impedance is a difficul
asure accurately and normally will vary considerably

Vrms at 60 Hz
radation, this
lve’s life.
air, overhaul,
s is

tric test

nd should not
mum compliance

The DC-resistance of the valve coil or

dual coil
68 °F (20 °C)

If more than one

sistance match
ecified

t parameter to
from unit to

it.
rvovalve driving amplifiers are used and the influenc
mplex impedance on servovalve input current is neglig
pedance is specified, it is usually stated as a vecto
gether with a tolerance. Since coil impedance will ¢
nsidérably with slight variations in servovalve desig
commended th indivi
efore this parameter is specified.

It is_uswally not specified where high output im

edance

of valve
ible. When
quantity,
ange
, it is

be consulted

The apparent impedance of servovalve coils will be influenced

m
b
s

arkedly by operation of the torque motor. This influe
ack emf’s generated by the moving armature, so it will
upply pressure, input current amplitude, and frequency

nce is due to
depend upon
. Therefore,

the magnitude of each of these parameters should be included with a

c

0il impedance specification.

The coil impedance presented to low frequencies is more pertinent for
control system dynamic considerations than are measurements made with

d

conventional 1000 Hz impedance bridge. Since servova

Tve coil

impedance will vary with frequency, it is recommended that this

p

arameter be specified and measured at a low frequency.
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3.2.3.1.2.7

3.2.3.1.3.1

I 3.2.3.1.3.2

3.2.3.1.3.3

3.2.3.1.3.4
(R)

3.2.3.1.3 Hydraulic (3.1.3):

(Continued):

A 50 Hz frequency is commonly chosen for specification purposes, as
measurements at lower frequencies are subject to test equipment
inaccuracies. Measurements at 60 Hz should be avoided because of
possible line frequency interaction, and frequencies above 60 Hz are
generally of less interest in electrohydraulic systems.

At 50 Hz the servovalve coil inductance will be considerably higher
than at 1000 Hz, which is the frequency at which coil inductance has
been traditionally measured.

frequency interaction may warrant selection of an dlterhate
measurement frequency. It should also be noted that colil impedance
presented to a carrier frequency demodulator (for “exampfle, 400,

8p0 Hz, etc.) will vary from design to design-and cannot be predicted
from low frequency measurements.

Ntte that in those countries having power supplied at 5b Hz, line

Operating Pressures (3.1.3.1): The,system supply pressure should be
specified together with the nomindl return pressure.

Proof Pressure (3.1.3.2): TheZservovalve should withstand, without
eyidence of external leakage(other than slight wetting| insufficient
tp form a drop) or permanent performance degradation, the following
proof pressures: 1.5 *-supply pressure applied for 2 mfin to ports P,
1} and 2, with return-open, followed by supply pressure| applied
symultaneously to all-ports for 2 min. Normally, proof| pressure
tests are applied.at room temperature for production acteptance tests
and at maximum_temperature during a qualification test.| Proof
pressure should’be applied at a maximum rise rate of 25/000 psi/min
(172 500 kPa/min).
B

rst Pressure (3.1.3.3): The servovalve should not rupture with
byrst<pressures of 2.5 * supply pressure on ports P, 1,|and 2
(gppkied at a maximum rise rate of 25 000 psi/min (172 500 kPa/min)
a i > owed by 1.5 *
supply pressure applied simultaneously to all ports. The servovalve
shall not be required to operate after this test.

Pressure Impulse: Pressure impulse requirements for servovalves are
occasionally specified as necessary to satisfy vehicle or system
specifications. They are commonly specified to ensure adequate
component fatigue life and proper elastomeric seal design. The
following recommendations pertain to the specification of pressure
impulse requirements and demonstration testing, when such is
necessary.
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3.2.3.1.3.4

3.2.3.1.3.5

3.2.3.1.3.6

3.2.3.1.3.7

(Continued):

The requirements of ARP1383 should be followed, except as appropriate
to simulate any significant application-specific characteristics or
concerns, such as fluid temperature, number of cycles, etc. It is
recommended that half of the impulse cycles be applied with the
servovalve input current at +50% of rated and the remaining half with
-50% of rated. It is also recommended that standard test conditions
(other than operating pressures) be imposed during pressure impulse
testing (see 3.2.3.2.1).

ne_servovalve-shoutd—conform—to—specified—performance; tolerances
ollowing a pressure impulse test. However, because.@ pulse pressure
esting is expected to impose severe fatigue cycles that permanently
educe useful servovalve 1ife, a servovalve that-has sticcessfully
tompleted pressure impulse testing should not bée “used for subsequent
btructural test evaluation, nor for normal field operation.

Tuid (3.1.3.4): The working fluid for £he servovalve|should be
pecified. The exposure to other fluids, such as preservative oil or
d1ternate test fluids, should also be noted.

ixternal Leakage (3.1.3.5): Normally, the specification allows no
gxternal leakage, other than a slight wetting insufficient to form a
drop, throughout all operatiomal and environmental ranges.

nternal Leakage (3.1.3.6)% Internal leakage should be specified as
the maximum flow from priessure to return under rated test conditions
ith zero control flow.~ Internal leakage can vary with input
qurrent, but is usuaHy specified as a value not to be |exceeded
throughout the current range. If necessary, this parameter can be
qpecified both @t null and at rated signal with different maximum
limits at the(two points.

In general;—servovalve first-stage leakage can be reduged, but at the
gxpense.of dynamic response. Also, the null leakage of the second
Jtagewill vary greatly with the lap condition. More qverlap will
educe” null leakage, but will make the valve susceptible to silting
ith a possible adverse effe on threshold and b ardsis.

Internal leakage is usually specified and measured with no externally
applied dither. Dither will generally cause the servovalve to appear
slightly underlapped, so the internal leakage normally increases as
dither is applied.

3.2.3.2 Performance Requirements (3.2):

3.2.3.2.1 Rated Test Conditions (3.2.1): Unless otherwise stated, all servovalve
specifications apply to a set of standard test conditions as defined in
this section. Any specification of performance over a range of
conditions (that is, over a range of temperatures, supply and return
pressures, output loading, etc.) should be specified in accordance with

3.

2.3.3. These environmental specifications are normally given as a
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3.2.3.2.1

3.2.3.2.2
3.2.3.2.2.1

3.2.3.2.2.2

3.2.3.2.2.3

(Continued):

maximum percentage variation of the particular parameter (flow gain,
null, coil resistance, etc.) over the full specified range of each
operating condition (valve pressure drop, temperature, etc.). If for
some reason it is necessary to set the parameter tolerance at some
nonstandard test condition, or if some unusual environmental condition
is expected, it should be so stated in this section. For example, if
the valve is to be used primarily at elevated temperature, then it may
be desirable to specify this temperature as a rated test condition. It
should be noted that the normal tolerances given in 3.2.3.2 may not

app ly—vwhen—the—test—conditions—arenonstandard:

The |performance specifications given in 3.2.3.2 applyCfor|operation of
the [servovalve under the following standard test conditions:

a. |Fluid - Normally as specified in 3.2.3.1.3.5
b. |Operating pressure - Normally as specified in 3.2.3.1/3.1
Cc. [Quiescent current - Normally as specified in 3.2.3.1.2.3

d. (Temperature - Normally 90° to 120°F (32° to 50°C) flujd and 65° to
90°F (18° to 32°C) ambient

e. [Fluid cleanliness - Conform with AS4059 Class 5 or cleaner
Steddy State (3.2.2):

Rated Flow (3.2.2.1): “Valve rated flow should be specified for the
rdted current and<a-particular load pressure drop. Rated flow is
ugually specifiéd’at no-load conditions since more accurate and more
edonomical test-methods can be employed. The tolerance |for rated
flow is generally +10%.

Linearity.(3.2.2.2): Linearity of the normal flow curvd should be
specified as a maximum percent of rated current. Standdrd tolerance
forothis parameter is 7.5%. If significant flow gain ngnlinearities
a ici i i Fors—H ity-should be
specified over the range where linear operation is desired.
Linearity, therefore, may be specified to a point less than rated
signal. If servovalve specifications require a radical deviation
from zero lap, it is usually advantageous to redefine linearity
according to the unique requirement of the particular application.
These cases are not considered in this document.

Symmetry (3.2.2.3): Symmetry of control flow on either side of null
should be specified. Standard tolerance for this parameter is 10%.
Intentional asymmetry can be specified, but this is a special
requirement and is not considered in this document.
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3.2.3.2.2.4 Hysteresis (3.2.2.4): Hysteresis, as defined, includes
electromagnetic effects. Therefore, hysteresis loop wi
function of input amplitude plus some constant value.
tolerance for this parameter is 5% of rated current.

When assessing the significance of this parameter, the

servovalve hysteresis on system positional accuracy sho
considered. In most systems, the magnitude of this err
sufficiently small due to electrical feedback gain such
servovalve hysteresis is acceptable.

l— : ag—O0 R 2 Dvd e—aha——=o € o O ’Ill_
apparent hysteresis. Therefore, it is important to spe
mpasure servovalve hysteresis under essentially steady

cpnditions. Plots of a full hysteresis loop are usually

than 0.1 Hz.
3.2.3.2.2.5 reshold (3.2.2.5): Threshold should be specified as
ercent of rated current and the normal value is 1%. I
atic friction of the moving elementsiin the second st
draulic fluid contamination will generally increase t
ese parts to bind; therefore, it(i's important that th
¢ defined and tested according.to a specified cleanlin
ectrical or externally applied mechanical dither is u
cluded in the definition and test of this parameter.

= MO+ T 0 +T -

typical positional systems, high servovalve threshol
latic errors or Timit'cycle oscillations. In both cas
reshold in the flow-null region of the servovalve tha
s{gnificant. Therefore, threshold specifications are c
agply particularly to this region of servovalve operati
dgsired, specifications can require threshold measureme
aqditional points, usually one on either side of null.
rgcognizedithat additional test points are more a check
quality_than performance measurements which can be rela
td system operation.

Prle ain : . S a naramate
considered when determining the accuracy of a servovalv
combination. Positional accuracy and static stiffness
combination (amount of output deflection per unit of ex
are performance characteristics which relate to the ser
pressure gain.

ct+t WV -

3.2.3.2.2.6 Pre in

Pressure output of the servovalve is nonlinear with res
signal and saturation usually occurs at a small percent
current. Therefore, this parameter is defined over a 1
about null, usually +40% of maximum load pressure drop.
conventional four-way servovalve, maximum load pressure
to supply minus return pressure.

threshold andvi

dth is a
Standard

effect of
uld be

or is
that 5%

increases the

cify and
state
run at less

A maximum
n standard

o-stage servovalves, this parameter js<{essentially a measure of the

hge.
ne tendency of
js parameter
pss standard.
sually not

can cause

s it is only
is

nsidered to

n. If

ts at

It should be

on servovalve

ted directly

hat must be

e and actuator
of the

ternal load)
vovalve

pect to input

of rated

imited range
For a

drop is equal
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? 3.2.3.2.2.6

3.2.3.2.2.7

3.2.3.2.2.8

3.2.3.2.3.1

3.2.3.2.3 Null (3¢2.3):

(Continued):

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

Flow Limit (3.2.2.7): Flow limit when specified is stated as a
maximum flow which will not be exceeded for any servovalve input.
Load pressure drop must be defined and is usually specified as zero.
Flow 1imit is specified only when the application requires control of
this parameter.

Contre B g P bre —8

c aracterlst1c is usua]]y not 1nc]uded in servova]ve specifications.
When it is specified, it is generally not required, @s-part of
production acceptance tests since this characteristic i$ established
by servovalve design and is not subject to change by parts tolerance
variation. Moreover, the generation of a family of load-flow curves
fqr each unit is generally impractical from.an economic|point of
view.

This characteristic of servovalves canibe utilized to relate a
19aded-flow system requirement to the“corresponding no-load flow
specification. The no-load characteristics are preferable for
specification parameters to facilitate servovalve testing.

Correlation of loaded to unloaded flow is then established by special
tests on a typical unit.

The specification can define the effect of varying load|pressure on
control flow for various constant input currents. Most|servovalves
present a constant orifice opening under these conditions so that

- increasing load pressure drop decreases the control flow by the

square root relationship. For servovalves of this type| the

specification can define a maximum-deviation from the square root
cyrve extending from no-load flow to zero flow (for varying load
pressure [drop) at a constant input current.

Lap e—independen flow gain
to]erances and estab11sh the nu]] pressure and the effect1ve
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 significant departure from the zero
lap case is intended, then unusual specification methods not included
in this document would be required. However, it is possible to
modify servovalve performance by small changes in lap conditions.
These changes usually amount to tolerance relocation and have the
following general effects on servovalve performance.
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3.2.3.2.3.1

3.2.3.2.3.2

(Continued):

a. 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 condition. 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.

extend between zero lap and some maximum overldp.” Flow gain
through the null region will be less than nomlnal gpin, but will
not go to zero due to clearance between the;sTiding| member and
its mating metering edge. Pressure gain will generally be lower
and silting tendencies will be greater{  Servovalve| Teakage at
null will be low; effects of erosion-wear will be lgss.

b Overlap is usually specified by allowing the lap toEerance to

The total tolerance spread should be.the same regardlesfs of which lap
cpndition is desired and is expressed in percent of ratpd current.
This value will be the allowable.variation at zero flow of the
extrapolated normal flow curve defining lap. The norma]l tolerances
fpr lap are as follows:

al. Nominal zero lap: 2.5% overlap to 2.5% underlap

b. Nominal underlap: . 0% overlap to 5% underlap

c[ Nominal overlap:( 5% overlap to 0% underlap

Null Bias (3.2.3:2): Many servovalve designs are availjable which

have no external null adjustments. The servovalve null| on these
designs is set-by the manufacturer and the maximum acceptable null
bfias shouldsbe specified. This parameter is usually set to within 2%
of rated-cturrent under rated test conditions.

During the 1ife of the servovalve, the null bias at rated test
cpnditions may change from its original setting. This [is usually
att¥d HtH i itieal assemblies
in the servovalve and may be accelerated by the application of
certain environments. As an example, a change in null bias at rated
test conditions may occur as a result of the application of extreme
temperature.

The long-term change in null bias is usually less than 3% of rated
current from its original setting. Because of the practical problem
of separating the effects of initial setting and subsequent change,
the specification normally requires a null bias of 5% of rated
current over the useful life of the servovalve. This parameter then
includes the tolerance of initial setting and long-term variations.
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3.2.3.2.3.3 Null Shift (3.2.3.3): Null bias may change with the application of
environments. Supply pressure, return pressure, and hydraulic fluid
temperature are three common variable environments and maximum
allowable null shift for these environments is usually specified as a
percent of rated current. When this parameter is specified, it
should be defined as a maximum absolute-value not to be exceeded
throughout the required variation of the environment. Null shift may
be specified for other environments if they are determined to be
critical to system performance.

3.2.3.2.4 Dynamic (3.2.4):

3.2.3.2.4.1 Amplitude Ratio (3.2.4.1): The dynamic transfer function of
rvovalves can generally be approximated by a second=order
fferential equation. However, since mathematical representation is
proximate, the preferred method of specifyingramplitude ratio is by
fining graphical limits on a Bode diagram. ~Usually, maximum and
nimum limits are plotted through the frequency range ¢f interest.

Soavan

rvovalve frequency response will vary with fluid temperature,

pply and return pressures, and input current amplitude. Therefore,

edictions of servovalve response at“extremes of these|operating

nditions are generally unreliableand should be measured on a
ototype model if performance requirements are critical. Continuity
production is usually controlled by test at one partjcular set of
erating conditions.

O O0OTNOT "W

rvovalve dynamic response measured at large current amplitudes will
turate at higher frequencies due to limited output of|the torque
tor and intermediate stages. At low input current amplitude,
rvovalve thresheld effects produce distorted waveforms. In either
se, departure(from sinusoidal waveforms can produce ambiguous and
en meaningless response data. The recommended peak-t¢-peak
plitude ofithe input current for dynamic response testing is one-
1f the »rated current.

o X O ODOVWI3nWLm

plitude ratio is usually normalized to a reference frequency of 5
10 Hz.

3.2.3.2.4.2 Phase Angle (3.2.4.2): Phase angle should be specified on the same
Bode diagram 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.

3.2.3.3 Environmental Requirements (3.3): Standard servovalves for aerospace
applications are designed to meet certain specific environments 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 be expected and also the specific performance parameter
most affected by a particular environment.
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3.2.3.3

(Continued):

Some of the environments which are normally encountered by servovalves
and the specific areas of performance which are affected are the
following:

a.

Temperature:
be greatly influenced by the viscosity of the fluid.

Servovalve performance, at various temperatures, will
As an example,

only limited performance will be obtained below fluid temperatures of

-20 °F (-30 °C) using MIL-H-5606 as the operating fluid.

At -65 °F

(-55 °C) fluid servovalve performance sufficient for system start

apability should normally be expected. Servovalve pre
ull shift can be important at this temperature.

1titude:
ffected by altitude are insulation resistance?and die
trength.

ibration, Acceleration, and Shock:
hift and structural integrity.

umidity, Salt Spray, and Immersdion: Normally, the on
haracteristics that are affected by these environment

rotective finishes.

luid Contamination:
ervovalve may be expected to perform to specification
eriod of time only. Care must be taken to be sure th
perating time desired and the contaminant level are c

ife: The performance of a servovalve is a function o
hich, regardless of excellence of design, may reduce
hese factors include extreme environments, fluid cont
requency and magnitude of electrical and pressure ove
ervovalve is designed to perform many millions of cyc
épendent upon the above factors, some degradation of

bsure gain and

See“4.7.1.

Normally, the only servovalve charactéristi¢s that are

ectric

Normally, the only servovalve
haracteristics which are affected by:these environments are null

y servovalve
5 are

nsulation resistance, dielectric strength and integrity of

Dependent upon the degree of contamination, a

for a limited
it the
pmpatible.

f many factors
its life.
amination, and
rloads. A
Jes. However,
performance is
bntamination

will cause inc;eases in interné] leakage flow, increase nonlinearity
through the null region, decrease pressure gain, and will probably

increase both hysteresis and threshold.
will tend to cause similar changes in performance. It

The other factors mentioned

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 employed during life testing.
Additionally, if severe operating conditions are imposed during an
extensive life test, some allowance for degradation of performance

must be made.
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3.3

w

4.1.

.1

(Continued):

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 specified.

Quality Assurance Considerations (4.):

Quality assurance provisions are

outlined to establish a means of test and inspection for a servovalve in
order to assure that all critical design parameters of thg valve have been

met and
vendor
outline

2

d procuring agency facilities, or in combinations as
in each test specification.

Assurance General Requirements (4.1):
to test equipment, method of testing, or the inspect

sification of Tests (4.1.1):
stablish and maintain control on‘the servovalve design
rally described as:

Qualification Tests
cceptance Tests
Reliability Tests

Calijpration of Instrumentation (4.1.2):

ards which are’necessary to define servovalve operati
acteristics,.
in defining the operating limits; therefore, it is imf
e tolenances be held to a minimum.

by servovalve manufacturers is usually scaled to obtd
ability and accuracy.
od-and equipment tolerances required should be specifi

Information p

The types of tests that

A1l measuring and

Tolerances in test measurements should h
The standard test

If special test equipment is r¢

or both
specifically

ertaining in
ion

should be

are necessary
are

testing
provide the
ng

e accounted
erative that
equipment

in maximum
quired, the

3

General Test Notes (4.1.3):

These notes should define all

ed.

conditions,

values, and procedures that will be standard throughout the majority of
Items such as quiescent current, fluid type, filtration

the tests.

required, and ambient and fluid temperatures are described.

Caution

notes for cleaning test manifolds, bleeding air from the system, and
avoiding back flushing of the servovalve may be detailed.

Qualification Tests (4.2):

Qualification tests (first article tests) may

be conducted on a sample group of units selected at random out of the

first production valves from the manufacturer.

These tests

are normally

conducted by the manufacturer per test procedures which are approved by

the procuring agency.

These tests are conducted to demonstrate

compliance with design and performance requirements, particularly
throughout extremes of environments.
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3.2.4.2

3.2.4.3

(Continued):

The number of units subjected to a qualification test and t
tests will depend on the final system requirements, previou
with a particular valve model, and other test information a
available from the manufacturer. The following is a partia
tests which the procuring agency may elect to include in a
test program.

Preparation of Test Unit
Vibration

Proof Pressur
FOO+——"FeSSHY

o
<

ontamination Sensitivity
pulse

S3 XL a-TTAQ H0O Ao

information pertaining to thedmaintenance of parts, prg
or these tests should be described. Such items as ap
ired for the test procedure, rework and retest instruct
ailure, identification‘of the test parts, and the typ
ies of final data required should be outlined.

ance Tests (4.3): Acceptance tests are conducted on
as established by the design specification. Testing
ted on standard test equipment at ambient room tempen
Tic fluid-at normal operating temperature.

1lowing parameters are normally included in an accept

he particular
S experience
nd statistics
1 Tist of
qualification

cedures, and
provals

ions in case
e and number

each unit

red by the manufacturer. These tests prove conformance to design

is generally
ature with the

fance test

ure?

Examination of Product
Coil Resistance
Insulation Resistance
Dielectric Strength
Proof Pressure
Polarity

Rated Flow

Linearity

Symmetry

Pressure Gain
Internal Leakage

Null Bias

— Xl o TQ-HhO OO OT®
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3.2.4.3 (Continued):

m. Threshold
n. Hysteresis
o. Dynamic Performance

.2.4.4 Reliability Tests (4.4): Reliability tests may be conducted on a

periodic or a sampling basis throughout the production run to assure that
the required level of reliability is maintained. Reliability tests may
also be run to establish confidence in a new design or where a unit has
unusual operating conditions or environment. Tests of this nature
usually define life expectancy by imposingagiven—number—gf typical
operating cycles with or without extreme environmental conditions.

.2.5 Preparation for Delivery (5.): This section should specify a11 delivery

requirements. Standard items usually noted include containen requirements,
interigr packaging, package markings, and wrapping.“Requiremdnts that are
somewhat unique to servovalves such as flushing and’use of preservative
fluids |should also be included in this sectionc

.2.6 Notes (6.): Miscellaneous ordering data arespecified in this paragraph.

If a definition of terms is included in the“specification, it should be
presented in the notes.

RECOMMENDED TEST METHODS:

General:

performance measurements of electrohydraulic flow control servavalves. The
characterfistics covered include steady state and dynamic performance, but are
Timited tp acceptance type of testing. Test methods for qualiffication tests
(including performancé_under specific environments) are only covered in a
general npture.

This sectfion is intended to beia guide in establishing test pra;edures for

Most servpvalve.performance characteristics can be obtained utillizing either
continuous plotting equipment or manual point-by-point methods. Although the
point-by-point methods are recognized, the use of continuous plotting
equipment| is recommended 3 ibed herein he e_of overlays is
discussed. In general, where alternate methods 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
specifically noted.

In order to be consistent with the definitions of this document, the
acceptance parameters of applicable steady state performance characteristics
are expressed as percentages of rated current. However, it should be noted
that these parameters may be expressed directly in current units. The test
methods recommended are those in most general use. Conformance with these
procedures will assure test uniformity and will aid in the correlation of
performance measurements.
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4.2 Test Equipment:

(R)

Figures 10 through 13 are simple schematics describing equipment necessary to

test servovalves for various parameters.
show basic system operation.

These schematics are
However, additional components ar

provide convenience or safety when constructing a test stand.
equipment for testing of servovalves, there are many aspects to be

considered.

a.

These include:

intended to
e required to
In designing

Hydraulic lines should be p]aced so as to have a minimum number of bends.

S1z1ng hydrau11c 11nes to minimize pressure drop re]at1ve t
requ :
mechanical and hydrau11c v1brat1on of the test stand

Mounting manifold dimensions are provided in Figure 8.for t
valve sizes identified in 3.2.3.1.1.2. A1l mounting manifa
adequately flat to prevent servovalve body deflection durin
inst3llation. Normally, the mounting manifold/surface, in
area should have a 32 pyin (0.8 ym) rms finish, flat within
(0.035 mm) total indicator reading and free<of all burrs, n
scratches.

Manudlly operated valves should be ofChigh quality to ensun
leakdge.

Use gf magnetic material including the servovalve manifold
magngtic fields in the proximity of the servovalve may affe
perfqrmance.

Care |should be taken to have elastomers compatible with ops
and tlemperatures.

Care [should be taken to maintain proper cleanliness in the
Excegt for thespossible special requirements of life and cd
testing, test Stand fluid cleanliness requirements should 3
the gqleanliness requirements for the system in which the vd3
used.| AS4059, Class 5 or cleaner cleanliness is recommends
shoulld 1n1t1a11y be flushed unt1] the recommended contaming
attained hefore P \F e 3 o od Periodi amp lin
also recommended.

o flow
inimize

he standard
1ds should be
g
the sealing
0.001 in
icks, and

e zero

or presence of
ct its

rating fluids

test stand.
ntamination

t least meet
lve is to be
d. The system
tion level is
g of fluid is

Actuators used for test should be selected to be compatible with flow and

dynamic requirements of the servovalve being tested.

Actuator leakage

should be sufficiently low to have a negligible influence on test

measurements.

Instrumentation should be selected to be compatible with required ranges

under test.
specified servovalve parameter tolerances.

Test equipment tolerances should be compatible with
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4.2 (Continued):

i. To minimize the effect of compliance, pressure transducers used in the
pressure gain schematics should be placed as close to the valve manifold
as possible. Compliance of the fluid and transducers in the servovalve
control Tines should be minimized for pressure gain measurements.

J. The existence of ripple in either the electrical current source or the
hydraulic supply should be minimized to reduce the influence of dither on
test results.

4.3 ElectricalJests:

4.3.1 Insulati

pressuri

on Resistance and Dielectric Strength: The servovalvé need not be
zed for this test; however, if internal electrical components are

in conte

fluid.

Apply sp

and the

With the

voltage

resistarce.

resistance directly.) With a four-lead, two-coil configuratia
may alsg

4.3.2

follows

where:

]

-

—— >

Coil Reg
measured
is othern

ct with the fluid, the servovalve must be filléd with

ecified voltage between the coil termindtions (connect
servovalve body. Maintain the test voltage for specif
test voltage still applied, measure-the current. The
Tevel divided by the measured current value gives the
(Equivalent electrical instruments may give the i

be performed between the coils.

istance: The DC resistance of the coil, or coils, sha
and the ambient temperature recorded. If the recorde
than the specified-temperature, a correction may be a

R=Rj[1+a\(T-T,)]
®,=1/(390.1+Ty), for T in°F
«,=1/(234.5+Ty), for T in°C

hydraulic

ed together)
ied time.
applied
insulation

nsulation

n, this test

uld be
d temperature
pplied as

(Eq.1)

assumed), °F*' (°C™?)

measured resistance, Ohms
corrected resistance, Ohms

actual temperature, °F (°C)
specification temperature °F (°C)

nn nn

temperature coefficient of resistivity (copper conductor

If the servovalve has a three or four lead coil connection, the resistance

of each

bridge type electrical test instrument is usually used.

coil should be measured separately.

A conventional Wheatstone
The servovalve

should not be supplied with pressurized fluid during this measurement, and
time should be allowed to stabilize its temperature at room ambient.
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4.3.3 Coil Impedance: A suitable oscillator is connected to drive the servovalve

4.4

4.4.1

Steady State Performance Tests~:

After installing the servovalve onto the test equipment and bef
are perfol
extremes
ports interconnected. This eliminates air from the unit and the test system,
and stabi]izes the’unit at the temperature of the fluid supplied.

coil (or coils) connected in series with a noninductive resistor. The
oscillator is set at the desired frequency and the amplitude adjusted to
give a peak-to-peak current of one-quarter servovalve rated current. The
oscillator should have sufficient output to supply undistorted input
current. The servovalve should be supplied with fluid at rated pressure
during this measurement. When the servovalve has two coils they are
usually connected in series, with appropriate change in current amplitude.

A test schematic, as well as the vector relationship of the voltages, is
indicated in Figure 12. To determine the vector impedance, first measure

the AC Eoliages_ew_and_eT—-Ihen—measune—the—angle-e—be%weeﬂ—eR and e,.
Coil impedance characteristics are given by the following expressions:

Phase apgle:
B = tan™e,sin(a) /[e;cos(a) -eg]}. degrees (Eq.2)
Coil impedance:
Z=Rersin(a)/(e,sin(ﬁ))=Rev/eR, Ohms (Eq.3)
Apparent inductance:

L=Re,sin(a) /(2rfey), Henries (Eq.4)

re any tests
rmed, the unit should be cycled several times between rated input
ith hydrauliic pressure applied to the supply port, and the control

Apply rated supply pressure to the servovalve supply port, and

are so
connected, and if desired, apply quiescent current of the polarity defined
in the specification. Apply at least half rated input current with
polarity as indicated in the specification. Observe the pressure at each
control port. The specified control port should show a higher pressure
than the other control port. If the torque motor contains two coils which
are externally accessible (that is, three or four leads are brought out),
this test should be conducted separately for each coil.

This test may also be conducted with the servovalve control ports opened to
the flow measuring cylinder by observing the direction of piston travel
when input current is applied.
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" 4.4.2

4.4.3

4.4.3.1

Proof Pressure and External Leakage: With the load valve(s) closed and
return valve(s) open, apply the specified proof pressure to the servovalve
supply port at a maximum rise rate of 25 000 psi/min (172 500 kPa/min).
Apply rated input current of either polarity and maintain for 2 min.
Reverse the input current polarity and maintain for 2 min.

Reduce the input current and the supply pressure to zero, and close the
return port shutoff valve. Apply specified return proof pressure to the
supply port at a maximum rise rate of 25 000 psi/min (172 500 kPa/min) and
maintain for 2 min. Open the return port shutoff valve and reduce the
supply pressure to zero.

During 3gnd after the application of the specified proof pressyres, observe
the seryovalve for permanent deformation and external leakage

Flow Curve: The flow curve generated by the procedure described in this
paragraph may be used to measure the following parameters: rated flow,

hysteregis, symmetry, linearity, and null bias. ®Reference Figures 1 and
10.

To generate the flow curve, apply rated supply pressure to the servovalve.
Connect [one input channel of the X-Y plotter to measure input|current, and
the othgr channel to measure control flow.

Generate zero flow and zero current.¥ines 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 Tineg. Connect
the seryovalve 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 ¢ycling should
be slow|enough to minimize any errors which might be generateq in the plot
as a function of speed. It is sometimes advisable to reduce the cycling
speed ag the unitpasses through null to avoid producing a nop-linearity of
the plof as the~flow measuring piston reverses direction.

Except for_null bias measurements, the hysteresis of the servgvalve will
normall (e suff1c1ent1y 1ow that there w111 be neg]1glb]e error in taking
either side e plotte 06 h 0¥ ow! Curve.

Should this not be the case, construct the Norma] Flow Curve by drawing a
curve through the midpoints between the two sides of the plotted curve.
Construct a Normal Flow Gain Line, on each half of the flow curve, from the
point of zero flow of the normal flow curve. The normal flow gain line is
a straight line drawn to minimize the deviation between itself and the
normal flow curve.

Rated Flow: Measure the flow at plus and minus rated current. Rated
current is measured from null and does not include null bias current.
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4.4.3.2

4.4.3.3

4.4.3.4

4.4.3.5

4.4.3.6

Hysteresis: Disregarding plotter non-linearities or servovalve lap
effects in the null area, locate the section(s) of the flow curve of
greatest width parallel to the current axis (zero flow line), and measure
the current difference at this point. Divide this difference by the
rated input current, and convert the result to a percent.

Hysteresis of the servovalve may also be measured from the pressure gain
plot described in 4.4.7, when the plot is obtained by cycling between
plus and minus rated current. This permits measurement in the null
region of the unit (not generally advisable when using the flow plot),
but is usually limited to this region because of the high pressure gain
of :

Symmetry: Determine the flows at equal increments of Cccurrlent on both
sidgs of the zero flow point of the normal flow gain-Tines|. Calculate
the [symmetry of the servovalve by dividing the difference |petween the two
flows by the larger flow, and converting the result to a percent.

Linearity: Measure the maximum current difference between| the normal
flow curve and the normal flow gain line. “Divide this diflference by the

Null| Bias: Measure the current at the“midpoint between the two sides of
the [flow curve at zero flow. This.current is the null bials of the
servpvalve.

The fccuracy of this null bias’measurement is adequate for| most
appliications. If desired, however, null bias may be measured with
greater accuracy by obtaining a flow plot with an expanded| scale, after
first cycling to eliminate residual hysteresis.

A pressure gain plot*(reference 4.4.7) may also be used to| measure null
bias|. If the préssure gain plot is used, it is necessary to obtain a
current zero and-differential pressure zero in the same fashion as
described above for the flow curve zeros. In this case it|is not
necegsary_to-establish a current zero on the flow curve.

Null| Shift with Pressure:

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

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

[
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4.4.4

4.4.5

4.4.6

4.4.7

4.5 Dynamic Rd

4.5.1

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 Figure 3) and with straight Tines
extend them to intersect the zero flow axis. The points of intersection,
if coincident, indicate a zero lap condition. Underlap or overlap causes a
separation of the intersection points which is measured and expressed as a
percentage of rated input current. See Figures 6(a), 6(b), and 6(c).

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 serveovalve my be—variedat—arateslow—enotq o—avofid any dynamic
effects|and the equipment 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
decreasjng 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.

Interna
with co
indicatg
current
oppositg
General

Leakage: The total internal seryovalve leakage at rated pressure
trol ports blocked is determined with flow measuring equipment as
d in Figure 11. A recording of internal leakage versys input
from rated current of one polarity through zero to rated current of
polarity, will enable the maximum leakage to be detefmined.
y the recording sensitivity is increased to improve flow measuring
Recording speed should be sufficiently slow that a accurate
dsurement is obtained;

¢ Gain: With control ports blocked, generate a plot of load

@ drop versus_input current throughout the null region] When using
onal pen type'recorders, it is important to achieve a very slow
rate of |input current variation and thereby avoid pen velocity effects.
sponsg.Fests: (Reference Figures 13 and 14)

Test Cincuit - Considerations:

a. The test circuit should be designed to minimize fluid comp]iance.
Factors affecting compliance include:

(1) Volume of fluid and hydraulic line length between the servovalve
and the test actuator.

(2) Type of hydraulic line (rigid tubing or flexible hoses).
(3) Volume of fluid (total displacement) within the test actuator.
b. Fluctuations of supply or return pressure should be minimized.

c. The test actuator should have low mass and friction so that the
servovalve will be tested at essentially no load.
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. 4.6 Use of Ove

(Continued):

d. The resonant frequencies of the test actuator and test equipment should
be significantly above the range of servovalve test frequencies.

4.5.2 Conditions of Measurement:

a. A constant amplitude undistorted sinusoidal input current should be

provided to the servovalve.

should be adjusted to one-half rated input current.

b. The lowesttestfrequency—orreference—frequency—is—tustratl
5 gr 10 Hz.
c. The [frequency range of the test should be selected in*accd
the [appropriate specification.

4.5.3 Performance of Test:

The peak to peak amplitude of this signal

rdance with

ve versus the

a. Plot] the amplitude ratio and the phase lag“of the servoval
Tog pf frequency throughout the frequency range of the test.

b. RecoEder speed should be sufficiently slow to eliminate spurious
dynamic effects of the instrumentation.

Assessment
state and

through the use of overlays showing acceptable performance limit
are particpilarly well suited to production acceptance testing an

inspection
servovalve
reading an
criteria w
training a

Overlays p

riays:

of servovalve performance obtained by X-Y plots of bo
dynamic characteristics (see 4.4 and 4.5) is readily a

of servovalves where clear-cut acceptance or rejectio
is the primary concern. Use of overlays can eliminat
i graphical.construction. They provide convenient and
nich cap-be utilized by production personnel with a mi
nd experience.

rovide only a "go, no-go" acceptance criterion. Also,

th steady
ccomplished
s. Overlays
E receiving
of the

e manual data
rapid test
nimum of

the most

convenient

represent precise interpretation of the definitions given in 2.2.

0 not
However,

overlays can be constructed which provide rigid control of these servovalve
parameters 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 steady state
performance tests can be contained on a single sheet, and overlays for

dynamic performance tests on a second sheet.

Typical acceptance

overlays are shown in Figure 15.

' Registered trademark of DuPont.

test
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4.6

(Continue

d):

The overlays should contain both reference axes for careful alignment with

the actua

1 servovalve data plot. It is recommended that actual

plots be

obtained with zero X and zero Y on each servovalve data sheet for use in
aligning the overlay (rather than trust to preprinted grid paper).

Part (A) of Figure 15 is an overlay for the no-load flow plot taken

throughou

point should confirm acceptable rated flow, polarity and null bias.

t the range +100% rated current input. Alignment with

either null
The

maximum separation of the no-load flow plot should be within the hysteresis

Timit of

Either si
servovalv
for linea
for speci
irregular
pair of p
current (
throughou

This leng
portion o
-10 to +1
irregular
region.

the first

The linea
servovalv

vt (DN
LI W =y A

le of the actual no-load flow plot is generally used’t
2 Tinearity. Several different types of overlay~limit
rity, and the most suitable type will depend upon the
Fic nonlinearities (for example, flow saturation, flow
ties, servovalve Tap, and symmetry). A convenient ov
arallel lines drawn at a slope corresponding to rated
L). These overlay limits define the straightness of t
L the length of the overlay.

th can be selected to control nonlinearities throughou
F the flow curve. The overlay.shown in Figure 15 exte

A second pair of limits ¢an be included and used in co
for a check of symmetry (as illustrated).

rity overlay shown-would be rotated as necessary for u
s having rated flows throughout the allowable range.

D assess
5 can be used
control needed

erlay is a
flow and rated
he flow curve

L any desired
nds from about
00% of rated current, so includes flow saturation, flow
ties in the normal control region, and nonlinearity of

the lap

hjunction with

5e with

If servovalve

linearity| as defined in 2.2.2, Linearity, is measured from the
there wil] be a small 'variation corresponding to rotation of th
This varigtion willsdepend upon the scale factors selected for
and the range of rated flows allowed. Typically, the variation
Tinearity|limit_due to rotation of the overlay will be +5% of t
Tinearity| or<#0.25% rated current for a +5% linearity specific

overlay,

2 overlay.
Lhe flow plot
of the

ne specified
ation.

An altern ~ to (B),
Figure 15. 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),

Figure 15. Servovalve threshold should also be measured with expanded
scales, using suitable overlay Timits (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 discussed previously, but
would be used in conjunction with an expanded flow plot in the null region.
An overlay can be used for checking servovalve leakage, as shown in Part (F),
Figure 15.
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4.6 (Continued):

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.
agree upon actual overlay limits,
their servovalve test criteria.

and both should use duplicat
Often the servovalve specific

In these cases both customer and supplier must

e overlays for
ation

requirements can be expressed by overlay limits rather than by individual

performance specifications.

It should be clearly understood what edge of the overlay limit
constitu —H—
edges of|the limit lines be drawn to the performance limits, &
servovalye data which is visible outside the 1imit lines show
performapce. Suitable allowance should be made for plotter pe
4.7 Environmental Tests:
Environmental tests are not usually run as a part)of normal ac
testing.| They are most often conducted on a small sample, rep
productign units, as a part of a development or qualification
If the specification can be satisfied by a_standard servovalve
be possibhle to qualify by similarity.
manufact

lines

at the outer
p that the
inacceptable
h effects.

Ceptance
resentative of
fest program.
design, it may

Incthis case, the servovalve
rer may have sufficient applicable data already documénted.

The environmental tests described in\this section include all environments

noted in|this document.
precautigns are noted.
testing.

MIL-STD-810 may be used as a guide for

4.7.1 Temperdture: Temperature ‘environmental testing discussed in

is intgnded to establish compliance with Type II requirementg
The basic temperature

compongnts, operating with MIL-H-5606.
-65 to [+275 °F (-55-to +135 °C) is broken into three regions
a. Extreme low temperature, storage and start-up (-65 °F (-
b. Low temperature operational (-20 °F (=30 °C))

c. High temperature operational (+275 °F (+135 °C))

General ‘test philosophy is presented and special

environmental

this section
for hydraulic
range of

of interest:

45 °C))

NOTE :
below 0 °F have significantly higher kinematic viscos
MIL-H-5606.

Some hydraulic fluids, such as MIL-H-83282 fluid, at temperatures

ities than

Therefore, if such a fluid is used, the temperature

boundaries defining these three regions will need to be revised

upwards.

Equipment definitions will be the same as those noted in 4.2

, as

applicable, except that the fluid source must provide for fluid temperature

control between -65 °F (-55 °C) and +275 °F (+135 °C).
precautions are necessary, however, in the fluid system.
taken to remove all traces of water from the operating fluid

Some special
Care must be

. If ice

particles form at low temperatures, servovalve performance 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.

!
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4.7.1

4.7.2

4.7.3

(Continued):

Therefore, it is recommended that an inert gas head be maintained in the
reservoir for operation above 150 °F (65 °C).

When conducting -65 °F (-55 °C) tests, the unit should be cold soaked until
stabilized at this temperature. Prior to any performance test (see
3.2.3.3.a), the unit should be cycled with -65 °F (-55 °C) fluid, with
control ports blocked, at +50% rated signal for a maximum of 20 cycles at a
maximum rate of 0.25 Hz.

At -20 2 p—C A6 C . ome—operationat panameters are
usually| measured. It is important to stabilize the servovalve and fluid at
the test temperature prior to conducting the test. It is”common practice
to run tests under standard test conditions, before and-after| the tests at
-20 °F [(-30 °C) and +275 °F (+135 °C) so that performance changes, such as
null shjifts, can be determined.

Altitude: Since servovalves are designed to opervate at very high absolute
pressures, the change in external pressure duelto altitude chhnges is
insignificant and can be ignored. Insulatjon resistance, however, can be
affected; especially where terminal connections are exposed tp the
environment. Therefore, only this test:need be conducted durijing
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 tést is
conducted in accordance with 4.3.1 with the specimen placed in a suitable
vacuum ¢hamber.

Vibratign: One purpose of this test is to prove that the seryovalve will
maintain its structuraliintegrity during and after application of the
specifigd vibration 1évels. Another aspect is servovalve pertormance
during the presence of vibration (in particular, null shift and control
flow caysed by the.vibration frequency). To determine servovalve
perform3nce during vibration, it is necessary to operate the servovalve and
make appropriate’ measurements. It is impractical to perform tests for
individyal servovalve parameters during the vibration test. herefore, it
is recommended that the servovalve be cycled in a low gain clgsed loop
dur‘ing ibration with commands—output,—and-error—signa e 6 + uous]y
recorded.

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

The servovalve vibration fixture should be designed for Tow cross talk and
so that no resonances occur below 3000 Hz. The fixture should allow the
unit to be vibrated along each of the three mutually perpendicular axes and
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4.7.3

4.7.4

4.7.5

4.7.6

(Continued):

provide all hydraulic and electrical connections. In addition, the fixture
shall contain provisions for accelerometer mounting near the attach point
of the servovalve for each of the three axes.

Sustained Acceleration: Sustained acceleration conditions allow for
specific parameter measurements during application of the steady state
environment. The pertinent servovalve parameters that may be affected by
this environment are threshold and null bias. FEach of these parameters can
be measured in the blocked load condition. Therefore, only supply and
return onne ion nee be provided ith—pre HHPE g satcers 'in the tWO
blockeq

control ports.

Special precautions should be taken in this test set-upto ayoid servovalve
contamination. Since hydraulic fluid must be supplied to the test specimen
through a rotary joint, it is important to carefully flush the entire
system|prior to servovalve test. It is also advisable to in¢lude a filter
in the [supply line downstream of the rotary jodint. Additionally, care must
be takgn to keep pressure instrumentation as physically close to the valve
as posgible to minimize errors resulting from accelerated columns of fluid.

Shock: | Shock tests are intended to prové’ structural integrity during and
after dpplication of the specified shock level. Because the |time of
applicdtion is extremely short, it. is virtually impossible tq measure
actual |servovalve performance during the shock test. The primary
measurgment consists of comparing servovalve performance befdre and after
the application of shock. Normally, the servovalve is pressyrized during
this tast.

If a measurement during‘the shock test is necessary, pressurg transducers
with hiigh dynamic response can be placed in the blocked control ports and
the unit pressurized during shock applications. If the shock wave causes a
servovallve oscillation, or null shift, this will be detected by the
transddcers.

The shock test fixture should allow servovalve orientation in three axes
and should not have any significant resonances below 3000 Hz.| In addition,
the fixture shou i ions to the
servovalve and, if required, contain the pressure transducers in the
servovalve control ports. Fluid volume in the blocked control ports should
be kept to a minimum.

Humidity: 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 4.3.1 should be run before
and after this environment.

No special test equipment unique to servovalves is required during this
environmental test. Special precaution should be taken to seal the base
ports of the servovalve with a dummy manifold and insert the mating
electrical connector prior to the humidity tests.
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4.7.7

4.7.8

Salt Spray: This environmental test is classified as passive so the
servovalve need not be operated nor pressurized during application of the
environment. The insulation resistance test per 4.3.1 should be run before
and after this environment, and external leakage per 4.4.2. Again, caution
must be taken to seal the base ports of the servovalve and to insert the
mating electrical connector during application of salt spray.

Fungus Resistance: This environmental test is classified as passive so the
servovalve need not be operated nor pressurized during application of the
environment. The insulation resistance test per 4.3.1 should be run before
and after this environment, and external leakage per 4.4.2. Base ports
should he—eevered—and—the—mating—electrical—connector—inserted prior to
testing.

Fluid Cgntamination: This environment has not been standardiZed nor has
acceptalile performance of the servovalve been clearly defined |by past
practicg. Additionally, it is difficult to control-the contamination
conditiqns during this test in a manner that will ensure test
repeatahility.

The recdmmended maximum contamination level.for meaningful tegting of
servovalves which operate on hydraulic fluid is that corresporjding to the
maximum |particle count limits of AS4059.CTass 8 fluid.

Servovallve performance, as affected: by contamination, is assegsed in two
ways:

a. Operjation during application of the environment is continyally
monitored to measure general performance, threshold in particular

b. Effe
befo

cts of fluid eresion are measured by complete performance tests
re and after application of the environment.

As of this revision, a contaminant sensitivity test procedure |is being
developed by the.SAE. This procedure consists of tests which [measure
sensitivity torsilt lock (including magnetic particles for eldctrohydraulic
servovalves).and contaminant wear/erosion. These short, standardized tests
do not establish performance requirements. Rather, they provide a means
for makilng satable comparisons of performance betweenservdvalve
designs. If, in addition to these tests, performance requirements are
invoked, they should reflect the specific requirements of the intended
application.

4.7.10 Life: Servovalve life tests are directed towards establishing the extent

of performance degradation after the specified life requirements.
Servovalve output is continuously monitored to insure that the test unit
remains operational during the entire 1ife test schedule. Complete
performance tests are run before and after life testing. Intermediate
performance tests are optional.

The primary purpose of life tests is to assess performance degradation due
to normal usage. Therefore, it is important that the servovalve not be
exposed to abnormal environments during the test program. In particular,
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4.7.10 (Continued):

fluid contamination during the test period should be carefully controlled
to remain within levels expected for in-field service, since servovalve
wear is largely a function of contamination.

For the purpose of possible product improvements, it may be desirable to
perform a complete disassembly and inspection of the servovalve subsequent
to the lTife test.

5. QUALITY ASSURANCE AND RELIABILITY CONSIDERATIONS:

5.1 Quality|Assurance Considerations:

5.1.1 Scope{ It is the intent of this section to discuss quality|considerations
unique to servovalves and to complement, rather than'to recqmmend, a
quality assurance program. It is presumed that both servovalve
manufgcturers and their users maintain effective quality assurance
programs, planned and developed in conjunction with their other functions.

5.1.2 Contamination Control:

5.1.2.1 Built-in Contamination: Control of.:solrces of contamination during the
assgmbly of a servovalve requires the application of stringent controls
to 3dssure all parts are free of burrs and residual contamination from
preVious manufacturing processes. Assembly areas must be [well controlled
to minimize airborne contamination and be isolated from equipment which
can |generate contamination.

5.1.2.2 Hydraulic Fluid Contamination: The control of the contamination and
properties of the hydraulic fluid are extremely important |in the
mandyfacture and use)of servovalves. Contamination not only contributes
to gperational failures but can result in decreased 1ife dnd erroneous
test] results.

5.1.2.2.1 Fi[ltration: The importance of adequate hydraulic system filtration
cannot be minimized. The filtration system should be capable of
controlling the particle count and distribution within 4 prescribed
i i ignificant
effect upon the silting characteristics of a unit utilizing lapped
spools and sleeves having diametral clearances of this same order of
magnitude.

5.1.2.2.2 Sampling: The proper sampling of a hydraulic system is a vital factor
in the control of contamination. Proper design and placement of
sampling valves coupled with controlled sampling procedures are
necessary to minimize the introduction of contamination by the sampling
procedure.
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5.2.2.2.3 Analysis: Once a representative sample has been obtained, the analysis

of this sample is of prime importance. Many methods, both manual and
automated, have been devised to determine contamination levels of a
fluid. The chosen method should comply with the requirements of
AS4059.

5.1.2.2.4 Hydraulic Fluid Properties: The control of the physical properties of

5.1.2.2.4.1 V

(R)

5.1.2.2.4.2

5.1.3

5.2 Reliabili

5.2.1

5.2.2
5.2.2.1

the hydraulic fluid is important in obtaining consistent performance
characteristics from a servovalve. Duplication of test results from
one facility to another can be influenced by differences in the fluid’s
properties. See AIR810.

scosity: Fluid viscosity is influenced principallycby temperature
d system degradation of viscosity improvers. Shearing motion
tween hydraulic system components (e.g., spool wvalves) is the
imary cause of cumulative viscosity improver damage. | Control of
scosity is significant in obtaining consistent leakagp
asurements.

gradation: Excessive water content can produce gelatfines in some
uids. Also, particulate contamination can accelerate| fluid
gradation by acting as catalysts to' form harmful by-products.

ipment and Gaging Calibration.Jolerance: The manufacturers of

ves will normally maintain-a’calibration system in copformance to
45662. However, it should-be understood that within practical

nd state-of-the-art boundaries, calibration tolerance| ratios of

il1 be sought as a goals " The calibration ratio is the pccuracy of
brating standard tothe accuracy of the equipment beipg calibrated.
ases of extreme accuracy the standard is sometimes uspd as the

g instrument, resulting in a 1:1 ratio.

measuri

y:

Scope:
conside
recomme

It is the intent of this section to discuss reliability

ations. unique to servovalves and to complement, rather than to

d, @/ reliability program. Reliability requirements ip the form of
either a numerical value or a reliability program, or both, are sometimes
specifi ified; iabilH irements
should be well defined and should reflect boundary conditions particular 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.

Considerations:

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.
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5.2.2.1 (Con

tinued):

Considerable divergence exists with regard to operating characteristics,

envi

ronmental conditions, and duty cycles.

For this reason, a universal

reliability requirement for servovalves is not considered feasible.

Where it is deemed necessary to specify reliability requirements, the

foll
a.

b.

5.2.3 Numeri
requir
be rea
stipul
servov
to com
Perfor

It may
the re

compliance with specified reliability should be based upo

owing factors should be considered:

Servovalve failure consequence in higher equipment application.

Vulnerahility of anticipated desians to malfunction.

Available service experience, applicable to the sepvov
specified, as to demonstrated reliability.

)emonstrated reliability versus required reliability.
Practical potential for improving servovalve reliabili

[ntentions for employing servovalves redundantly, or f
pther redundant features.

Lonstraints of program (that is, ‘number of servovalves
rocurement lead time, span .time of application, cost,

perational and environmental conditions particular to
hich the valve is to be-installed.

al Reliability Requirements: When a numerical reliab
ment is specified, it should be expressed as a requir
istically measured. Therefore, when a numerical requ
ted, demonstration test requirements should be define
Tve manufacturer to assess the ability of the particu
1y with the specified numerical reliability requireme

glve being

ty.

DY providing

procured,
etc.).

the system in

ility

bment which can
irement is

1 to permit the
ar servovalve
ht.

ance of_reliability demonstration test may not be reqliired.

be possible to employ similarity data to indicate com
iability require i i

Tiance with
d to verify

n test or other

empirical data, or both, and not on reliability predictions based upon
questionable arbitrary assumptions and numerical data.

5.2.4

Reliability Program Requirements:

Formal programs such as those specified

in NASA documents NPC 250-1 and MIL-STD-785 are all inclusive and are

intended to be applied to complex systems.
applicable to components such as servovalves

These programs are not normally

If a reliability program is required, a practical, direct approach is

recommended.

A program plan, tailored specifically to the servovalve under

consideration, should be prepared and effected to direct reliability task.
This program plan should specify specific tasks to be accomplished rather
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5.2.4

5.2.5

5.2.6

(Continued):

than to catalog reliability principles.

A reliability program may be

applied whether or not a new design is involved, to assure the
effectiveness of the design and quality assurance efforts. S
reliability program considerations are listed below.

ome

a. If a new design is required, inherent reliability can most effectively
be achieved through a concentrated reliability design effort performed
by experienced designers, started in initial design concept phase and
continuing through design completion. A failure possibility analysis
is pecommended—a re—HR+Ei ep;—to—serve—as—a—gtride—fpr reliability
desfign review.

b. Program should provide actions to minimize degrading”effefts of human
factors, tolerances, process variances, and othersmanufacturing
limfitations.

c. Spegial tests on materials, processes, component elements|
subpssemblies, etc., may be desirable to.determine or verfify
reljability of these elements or processes prior to produftion
incprporation.

d. Progduction sampling tests may be desirable on certain elements or
assemblies, or on the complete servovalve assembly, depentling upon the
potential for and degree of production variance. :

e. Reljability program shouldinclude provisions for failure|analysis,
data feedback, and desijgn or manufacturing correct on for reliability
retention and/or growth:

Reliabi]ity Test: Whére a numerical reliability requirement js specified,

it is desirable to _also specify a high-confidence, statistica] reliability

demonstration test.to verify achievement. If this is deemed jmpractical,
consideration fox de-rating, such as application of endurance|cyclic
multipljcation,-is suggested to provide a qualitative level of high
confidence. < Other types of hybrid (nonrepresentative) reliabjlity tests
may be $pecified, depending upon application and funds available.

Reliability Prediction: Due to unavailability of applicable servovalve

piece part failure rate data and due to critical interfaces, reliability
predictions using the generic failure rate method or other analytical
techniques do not provide valid indication of compliance with specified

reliability requirements.

used when possible, in performing reliability predictions.

Therefore, actual service or test data should be
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6. NOTES:
6.1 Revision Indicator:

The (R) is for the convenience of the user in locating areas where technical
revisions, not editorial changes, have been made to the previous issue of the
report. If the symbol is next to the report title, it indicates a complete
revision of the report.

PREPARED BY SAE SUBCOMMITTEE A-6D, FLUID POWER UTILIZATION
OF COMMITTEE A-6, AEROSPACE FLUID POWER, ACTUATION & CONTROL TECHNOLOGIES
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APPENDIX A
SAMPLE SPECIFICATION - SERVOVALVE, ELECTROHYDRAULIC FLOW-CONTROL

A.1 SCOPE:

This specification defines the requirements for a two-stage four-way
electrohydraulic 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.

A.2 APPLICABLI—BGGUHENTS:

(R)
The following documents of the issue in effect on the date of- ipvitation 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.

A.2.1 SAE Pub]ications:
Availab)e from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP490 | Electrohydraulic Servovalves
ARP1231| Gland Design, Elastomeric -02Ring Seals, General Consjiderations
AS4059 | Cleanliness Classification' for Hydraulic Fluids

A.2.2 U.S. Goyernment Publications:

Availabje from.Standardization Documents Order Desk, Building| 4D, 700
Robbins|Avenue, Philadelphia, PA 19111-5094.

MIL-P-1]6 Preservation, Methods of
MIL-G-5b14 Gland Design; Packings, Hydraulic, General Reguirements for
MIL-H-5606 Hydraulic Fluid; Petroleum Base, Aircraft, Missile and
Ordnance
MIL-H-8f75 Hydraulic System Components, Aircraft and Missfiles, General
Specification for
MIL-Q-9858—  Quality Program Requirements
MIL-P-83461 Packings, Preformed, Petroleum Hydraulic Fluid Resistant,
Improved Performance at 275°F
MIL-P-83461/1 Packings, Preformed, Petroleum Hydraulic Fluid Resistant,
Improved Performance at 275°F, Sizes and Tolerances
MIL-STD-810 Environmental Test Methods and Engineering Guidelines

MS20995 Wire, Safety or Lock

MS3106 Connector, Plug, Electric, Straight, Solder Contacts, AN
Type

MS33540 Safety Wiring and Cotter Pinning, General Practices for
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.2.3 Drawings:

Available from XYZ Aircraft Corp.

0001 Servovalve, Electrohydraulic Flow-Control, Specification Control
REQUIREMENTS:
.1 Design Requirements:
1.1 Mechanical:

.1.1.1 Design Configuration:

.1.1.1.1 (lassification: The servovalve shall be a two-stage, four-way
lectrohydraulic flow-control servovalve. It shall conform to the
hysical requirements of a size II servovalvé, “as defiped in ARP490
nd the temperature requirements of a type Il hydrauli¢ system
-65 to +275 °F (-54 to +135 °C)) per MI{3H-8775.

.1.1.1.2 External Null Adjustment: The null, shall be properly adjusted before
elivery. If an external adjustment-is used, it shall|be sealed with
n inspection stamp to permit detection of unauthorized adjustment.

.1.1.1.3 bpecial Tools: Installation @and removal of the servovalve shall not
equire the use of special tools.

.1.1.1.4 [nternal Filtration: The servovalve shall incorporate|a first stage
ilter, if required,-to assure satisfactory performance with the
ystem fluid. See.Av3.1.3.4.

1.1.2 Physical Description:

.1.1.2.1 Envelope: «The servovalve envelope shall be held to a minimum, not
xceeding<that of specification control drawing 0001 (Figure Al).

.1.1.2.2 Mounting: The servovalve shall be designed to mate with the manifold
s.specified on drawing 0001.

.1.1.2.3 Electrical Connector: The servovalve connector shall mate with a

MS3106-10SL-3S plug.

.1.1.2.4 Weight: The dry weight of the servovalve shall not exceed 1.0 1b
(0.45 kg).

.1.1.3 Identification: The servovalve shall include permanent identification

showing the following:
a. Manufacturer’s Name
b. Model Number

c. Serial Number
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