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1. SCOPE

This SAE Aerospace Recommended Practice (ARP) provides recommended test requirements for electrohydrostatic

actuators (EHAs).

NOTE: This document does not address tests and issues of a higher system level, such as the primary flight control surface
level where multiple EHAs and or electrohydraulic servoactuators (EHSAs) may be integrated.

1.1 Purpose

The purpose of this document is to facilitate the generation of test specifications, plans and procedures for EHAs covering
Integration, Acceptance, and Qualification testing.

1.2 Field of Application

This document focuses

NOTE: It should be the
specifications, §
and test metho

2. REFERENCES

2.1 Applicable Docun
The following publicatio
shall apply. The applica
event of conflict betwee
Nothing in this docums
obtained.
2.1.1  SAE Publicatio

Available from SAE Inte
and Canada) or +1 724

on EHA issues for both military and commercial aircraft applications.
user’s responsibility to ensure that particular qualification or certification req

standards, or regulations for the intended application are satisfied\by the EH
s that are developed.

hents

ns form a part of this document to the extent specified herein. The latest is
ble issue of other publications shall be the*issue in effect on the date of th

nt, however, supersedes applicable laws and regulations unless a speci

NS

rnational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 871
L776-4970 (outside USA), www.sae.org.

rs: Aircraft Flight\Controls, Power Operated, Hydraulic, General Specificati
ace - Impulse Testing of Hydraulic Components

blogy‘and Definitions for Aerospace Fluid Power, Actuation and Control Ted

h the text of this document and references cited herein, the text of this docu}w
i

Lirements, or applicable
A design, and the tests

sue of SAE publications
purchase order. In the
ent takes precedence.
c exemption has been

[-606-7323 (inside USA

bn For

hnologies

hment Process - Anrnqpnr‘n FIy-R\JI-\I\Iirn Actuation Q\Jle’rnm

ARP1281 Actuatg
ARP1383 Aerosp)
ARP4386 Termin
ARP5007 Develo
ARP6154

ARP7490

Actuators

AS4941

AS8775 Hydrau

lic System Components, Aircraft and Missiles, General Specification For

Aerospace Fluid Power Electrohydrostatic Module, Design, Performance and Test Recommendations

Recommended Guidelines for the Specifications of Motor Control Electronics for Electrically Powered

Aerospace - General Requirements for Commercial Aircraft Hydraulic Components
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2.1.2 ISO Publications

Copies of these documents are available online at https://webstore.ansi.org/.

ISO 22072 Aerospace - Electrohydrostatic actuator (EHA) - Characteristics to be defined in procurement specifications
2.1.3 RTCA Publications

Available from RTCA, Inc., 1150 18th Street, NW, Suite 910, Washington, DC 20036, Tel: 202-833-9339, www.rtca.org.
RTCA DO-160 Environmental Conditions and Test Procedures for Airborne Equipment

2.1.4 U.S. Government Publications

Copies of these documgnis are available online at hitps.//quicksearch.dla.mil.

MIL-STD-704 Aircraff Electric Power Characteristics

MIL-STD-810 Environmental Engineering Considerations and Laboratory Tests
2.2 Related Publicatipns

The following publications are provided for information purposes and are not a‘required part of this|fSAE Technical Report.
2.2.1 SAE Publications

Available from SAE Intgrnational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724{776-4970 (outside USA), www.sae.org.

ARP6025 Duty Cycle Considerations for Electrohydrestatic Actuators
2.3 Terminology
Refer to ARP4386 and |SO 22072 for EHA specific terminology.

2.4 Abbreviations

ACE actuatdr control electronics

ATP acceptance testprocedure

BIT built-in ftest

CE control electronics

EBHA electrical backup hydraulic actuator
EHA electrohydrostatic actuator

EHAS electrohydrostatic actuation system
EHM electrohydrostatic module

EHSA electrohydraulic servoactuator

EMI electromagnetic interference
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ESD

HIRF

ICD

IAP

MCE

MDE

PDE

electrostatic discharge
high-intensity radiated field
interface control document
integrated actuator package
motor control electronics
motor drive electronics

power drive electronics

REU remote

SOV solenoi

uuT unit un

3. GENERAL

An EHA incorporates a
fixed displacement hyd
issues documented in t

An EHA is typically con
bidirectional electric mg
hydraulic actuator. Ref
Console and MCE may

An electrohydrostatic
bidirectional hydraulic
EHM.

To test an EHA, a test s
System, and a Loading
may be required depen
Figure 1. The Test Con
depending on the syste

3

electronics unit
d operated valve

ler test

linear or rotary hydraulic actuator and a variable spg€ed,; bidirectional elect
raulic pump for actuator control, and associated power drive electronics (R
nis ARP are not necessarily all-inclusive.

hprised of the motor control electronics (MEE) or motor drive electronics (
tor, a bidirectional hydraulic pump, a manifold (with the functionality require
br to ARP7490 for alternate terms used for MCE. In some applications, t
be physically combined or separated.

odule (EHM) is typically comprised of the MCE, variable speed bidirectiq

etup is required and.is comprised of a Test Controller, a Test Console, incly
Actuator. The unit'under test (UUT) in Figure 1 represents a typical EHA.
ding on the specific UUT and Test Stand. Mechanical and hydraulic interfe
roller may-be fabricated from actuator control electronics (ACE) or a remot
M and hardware availability.

ric servomotor driving a
DE). The tests and the

MDE), a variable-speed
d by the system), and a
he function of the Test

nal electric motor, and

ump. Refer to ARP6154 for details of the design performance and test recommendations for an

ding a Data Acquisition
Additional connections
ces are not included in
b electronics unit (REU)
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If this document does not list a test applicable to both EHAs and EHSAs, the reader may refer to ARP1281, which addresses
test issues applicable to EHSAs.

In the discussion of the tests and test methodologies contained in this document, the numerical definition or specification of
the test parameters to be imposed or measured is not included. These definitions or specifications should be developed to
conform to the requirements of the applicable EHA technical specification document, considering the usual influencing
factors such as instrumentation accuracy, test temperature, etc.

4. TEST CONSIDERATIONS

4.1 System Considerations

The performance of an EHA is heavily dependent upon the associated electronics — both the power drive for the electric
motor, as well as the associated control Ioop closures The EHA includes the MCE whether mounted locally on the actuator

itself, or at a remote loga ' inition, are not a part of

HA elements, physical

pted to the MCE. While
d that the planning and
the impact that the Test

This document is inten@led to discuss issues related to testing of the EHA and includestissues rel
this document is not infended to discuss issues related to the Test Controller, it is to he recognizg
execution of several, if pot most, tests on an EHA needs to be undertaken with full conhsideration of
Controller used to test the EHA will have on the EHA under test.

For example, the EHA has performance capability dependent upon the metor capability, the capab
supply voltage, power cpntrol algorithms built into the MCE, and all loop:glosures around the MCE, {
Similarly, the failure transient performance of the EHA is dependent upon the performance of any m

ility of the MCE and the
he motor, and the EHA.
ode select valves within

the EHA, the electrical| energization/de-energization of electrically.'actuated mode select valves and the motor, and the

control algorithms that govern various EHA functions.

The test methods sholild also consider balanced and unbalanced actuator configurations. Fo
actuators may introducg unique test requirements based“on the direction of travel and the capabilit

example, unbalanced
y of the compensator.

As such, in all those ins
electronics have an img

stances where an EHA is subjected to a test that necessitates electronics f
act on the performance of the EHA, the Test Controller will be either:

or its operation and the

a. The actual electron|cs to be used with the actuator (e.g., the ACE or REU),

or
b. The test electronics

the required configy
electronics (or a va

that areused to test the EHA, which should be validated separately and in
ration and capability, to ensure accurate EHA test results. Such electronics 1
idated Test Controller).

Hependently as being of
hay be termed validated

4.2 Component Considerations

4.2.1  Motor Control Electronics (MCE)

A critical safety consideration in handling the MCE in a test environment is to ensure that the MCE is discharged before
handling it. While a typical MCE contains bleed resistors or other devices to ensure the internal charge on capacitors has
been depleted, the time over which the discharge occurs can vary, and in the event of failure of the bleed device, may not
discharge at all. It is imperative that before handling the MCE, the voltage from source to return be verified to be at a safe
level, usually below 30 V.
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4.2.2 EHA Mechanical Components

In addition to the usual importance of component cleanliness before assembly for EHSAs, EHA mechanical components
require additional considerations. Due to the relatively small, closed hydraulic circuit of EHAs, ensuring that components
are adequately cleaned before assembly and any reassembly during a test program is very important to preclude adverse
impacts on EHA fluid cleanliness and integrity.

For any disassembly that may be required during a test program, the disassembly procedure should carefully consider
minimizing fluid loss, recovery, storage and reuse, or replenishment of any fluid that may be lost.

An important safety consideration in the disassembly of the EHA in a test environment is to ensure that the EHA reservoir

is depressurized or discharged before opening the hydraulic circuit of the unit.

4.2.3 Fluid - Fill and

Bleed, Integrity, Replenishment

4.2.3.1 Fluid Filland
Proper filling and bleed
the UUT and test stang
EHA tests and as neceq
and bled.
4.2.3.2 Fluid Integrity
In an extended test pr
method to obtain a sam
4.2.3.3 Fluid Repleni
In an extended test prdg
during disassembly anc
address the implication
applicable EHA specifig
4.2.3.4 Other Consid
Depending upon the coj
internal pressurizations

intended, consideration
expected changes in flU

4.3 Test Fixture and

Bleed

are often developed to ensure adequate fill and bleed in the test environ
sary during an extended test program, it should be verified that'the EHA ha

bgram, the need to monitor the condition of thesnEHA fluid periodically sh
ple of the EHA fluid, and its replenishment if required, should be documentg

shment

gram, the EHA fluid may need to be replenished due to external leakage

reassembly that may be required of the UUT mechanical components. T|
5 of such replenishment. The _cleanliness of the fluid used for replenishment
ation.

erations

hfiguration of the'\EHA, some specific tests may result in internal temperatu
or external fluid loss. In such cases, unless such internal pressurization o
should be.given to conducting such tests with the EHA reservoir partially
id volume:

Setup-Considerations

ng of the EHA are crucial to its performance. A fill and bleed test procedurg and tooling/fixtures for

ment. Before beginning
5 been adequately filled

buld be examined. The
d in the test procedure.

or due to the fluid lost
he test program should
should comply with the

e increases, excessive
I overboard fluid loss is
filled to accommodate

In addition to the usual considerations given to the design of the required test fixtures and setups for EHSAs, EHA test
fixtures and setups may require additional issues to be addressed depending upon the planned tests. The following is an
illustrative list of such considerations:

requirements may not be the same for all the EHA elements.

parameters.

a need for separate tests for each component.

Environmental considerations for the required heat transfer for the EHA, including the PDE. The considerations or

Endurance and duty cycle testing: Need for synchronizing the load system to EHA commands and/or PDE operating

Duty cycle testing: Worst case requirements for the EHA may or may not be the worst case for the PDE. There may be
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Consideration of undertaking an EHA endurance test with validated electronics instead of the P
with the EHA on the aircraft.

Careful consideration of performance test stress on the actuator and the PDE. Due to losses su

The rate at which EHA endurance testing is conducted may be impacted by the EHA and/or electronics temperatures.

DE intended to be used

ch as the motor and the

PDE electrical losses and the energy required to accelerate/decelerate the motor-pump inertia, the duration of testing

such as stall force and frequency response, among others, may need to be limited to avoid cau
the motor or the PDE.

4.3.1 Instrumentation

sing thermal damage to

During certain tests, it may be necessary to install sensors in addition to the sensors that may already be a part of the EHA.

Consideration of such sensors should ensure that the sensors or their attachment hardware do not i

mpact the EHA function

or performance in a mahner that may Invalidate the test.

4.3.2 Electric Power

upply

The electric power supply system used during EHA testing should be sufficiently representative of
intended application the EHA. As such, it should conform to several important requiren
characteristics (resistarjce, inductance, and capacitance) of the power supply system and wiring,
characteristics should bHe representative of the intended application.

In addition, the electric power supply system should be of sufficient capability'to provide the maxim
the EHA. If the power
in the intended applicatjon of the EHA, it may be necessary to ensure that the EHA is not command
where it delivers more gower than its design capability.

Further, the dynamic regponse characteristics of the power supply should be evaluated to ensure th
not limit the dynamic pgrformance of the EHA. A power supply that can supply sufficient steady st
may not provide enouglh capability during transient operation typical of testing aerospace EHAs.

If the PDE has been de
motor deceleration, it sh
power, and the electric
with the applicable bus
to the PDE to absorb th

signed to provide regeneratiye power back to the supply bus during aiding
ould be ensured that the electric power supply being used for EHA testing d
power quality on thessupply bus is measured under a regenerative mode
power quality requirements. The need for a load bank or batteries for use in
e worst case regenerative energy should be evaluated.

Test procedure docume
to avoid ground loops,
misconnection.

ntation should include a detailed wiring diagram to instruct test personnel g
ensure_maximum protection from electric shock, and avoid equipment dg

the power supply of the
nents. The impedance
and the circuit breaker

im anticipated power to

pply has capability above what the EHA requifes) or the capability is more than the power supply

ed to an operating point

at the power supply will
ate voltage and current

oad conditions or rapid
an absorb regenerative
of operation consistent
parallel with the supply

n accurate connections
mage from unintended

4.4 Documentation

In developing a test plan or procedure for an EHA, documents relevant to the EHA requirements and design such as the

following may be referenced as necessary.

EHA Technical Specification

EHA Hydraulic Schematic Diagram

EHA Test Controller Schematic Diagram

EHA Interface Control Document (ICD), Electrical

EHA Interface Control Document (ICD), Mechanical

Such documents will have document numbers per the requirements of the corresponding supplier or procurement activity.
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5. SCOPE OF TESTS AND METHODOLOGY

In 5.1 through 5.3, three categories of tests are described as they apply to EHAs: Integration Tests, Acceptance Tests, and
Qualification Tests. These categories, following the terminology generally used in the industry, are defined as follows:

Integration Tests: These tests are designed to subject the EHA to a series of tests to verify that it functions per its design
requirements. These tests may be limited to functional verification at a relatively higher level or could include lower level
performance verification. These tests generally precede formal qualification tests and are not counted as a part of the formal
qualification.

The integration tests discussed in this document are EHA level integration tests, which usually are the responsibility of the
EHA manufacturer. Higher level aircraft system integration tests, including verification of proper integration of a set of EHAs

with the aircraft flight control system, power generation, etc., are beyond the scope of this document.

Acceptance Tests: The!
performance requirems
conducted at laboratory

Qualification Tests: The
tests to verify that the B
requirements. These te
also be used to describ

All test results and obse

For guidance regarding
as applicable.

5.1 Integration Tests
Integration tests generg
these tests is to ensure
per the design requiren

5.1.1 Integration Perf

Integration performancg tests are designed and conducted to evaluate the performance of the EH

based on steady state g
they may be a relatively

5.1.2 Integration The

i N Tt e EHA — ottt

nts. Acceptance tests verify a part of the entire set of design requirem
ambient conditions.

se tests, designed to verify the flightworthiness of the EHA design, subjec
HA meets all its performance and life requirements, over all éxtremes of €
5ts constitute a verification of the entire set of design requirements. The ter|
e the qualification tests.

rvations should be recorded on an appropriate test data sheet.

the development of test plans and procedures for EHAs, refer to AS4941,

lly consist of three types of tests —performance, thermal, and failure transieg|
that the EHA functions per itsdgsign requirements, with the associated loo
ents.

ormance Tests

nd/or dynamie-performance requirements of the EHA, either designed spec

small subsgtof the performance tests required for acceptance tests (see 5

rmal Tests

dividual EHAs meet the
ents and are generally

the EHA to a series of
nvironmental and other
m verification tests may

AS8775, and ARP5007

ht tests. The purpose of
D closures implemented

A. These tests may be
fically for integration, or
.2.6).

Integration thermal test

are designed and conducted to evaluate the thermal performance of the E

HA. These tests may be

based on steady state and/or dynamic performance requirements of the EHA, either designed specifically for integration, or
they may be a relatively small subset of the duty cycle test requirements. See 5.3.7 for duty cycle tests that include a
discussion of the thermal tests.

5.1.3 Integration Failure Mode Tests

Integration failure mode tests are designed and conducted to evaluate the failure transient performance of the EHA. These
tests should be designed based on the specific failure transient performance that is important to evaluate as a part of the

integration. See 5.3.5 for failure transient tests that include a discussion of the various issues related to failure transient
performance tests.
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5.2 Acceptance Tests

See 5.2.1 through 5.2.8 for a description of the recommended EHA acceptance tests and test methodologies. These tests
are conducted at the ambient and unit operating temperatures specified in the applicable test procedures. All test results

and observations should be recorded on an appropriate test data sheet.

5.2.1 Examination of Product

Carefully examine the EHA to determine conformance with the requirements of the applicable specifications, standards,

and engineering drawings for workmanship, marking, and any visible defects.

5.2.2 Software/Firmware Version Verification

As applicable, it is recommended to implement a method to verify the correct version of the software or firmware is loaded

into the PDE. Such verfication coutdbe via a direct query of the software or firmware, or throug|

marking on the associajed nameplate.
5.2.3 Weight

Since an EHA that is rea
If an EHA is comprised

dy for acceptance test procedure (ATP) would be filled and bled,the wet we

5.2.4 Proof Pressure

5.2.41  High Pressurg Proof

For an EHA, if it is not fg¢asible to generate the high pressures required to conduct the high pressure
pump and motor, then the high pressure proof test may be conducted with the required high press
external source through a suitable port of the EHA. To prevent’excessive pressurization of the re
during a high pressure proof test, the pressure of the return Circuit may be controlled by an appro
circuit specifically designed for that purpose.

When high pressure is introduced from an external'source to either the extend or retract cavities, th
differential pressure at the pump and the de-energized motor should be considered. To preclude un
or other possible damage, the pump and thesmotor may be removed from the EHA, replacing then;
required functionality. Tlhe high pressure_proof tests on the pump and motor in this case may be ¢

h build documents, and

ght should be recorded.

of separate elements, then these elements should be filled(bled, and weigled separately.

proof test with the EHA
ure introduced from an
rn cavities of the EHA

u
lriate external hydraulic

b effects of the resulting
tontrolled pump rotation
with a test block of the
onducted separately at

the pump and motor asgembly levels, consistent with the applicable specification.

1 to be functional at the
may significantly affect the ability to execute the proof pressure test, may either be disabled or
(similar to the industry practice for EHSAS).

During high pressure proof test of-af EHA, a component such as a relief valve that is not designe
proof pressure, or whig
removed from the EHA

While an EHA design ) , it is highly desirable to
preclude or minimize the need for such component removal to the maximum extent possible. This intent may be satisfied,
for example, by increasing the return pressure to preclude operation of the relief valve with the high proof pressure, if the
applicable requirements document so permits.

If components of the EHA were disassembled for high pressure proof testing, then the EHA should be reassembled, filled,
bled, and subject to an acceptance test, except for the high pressure proof testing portions of the acceptance test.

5.2.4.2 Return Pressure Proof

Return pressure proof test of an EHA is conducted with the required pressure introduced from an external source through

a suitable port of the EHA in its return or reservoir circuit, using appropriate tooling. During this test, the hydraulic circuit
subject to high pressure proof test may be subject to the return proof pressure.

During return proof pressure test, in general, it is not necessary to remove either the pump, the motor, or any other
components of the EHA.
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If components of the EHA were disassembled for return pressure proof testing, then the EHA should be reassembled, filled,
bled, and subject to an acceptance test, except for the return pressure proof testing portions of the acceptance test.

5.2.5 Verification of Fill and Bleed

Verification of the correct level of fluid fill of the EHA should be accomplished using an appropriate applicable technique
and procedure, which may include utilizing the sensors on the EHA.

Verification of the efficacy of the bleed process executed on the EHA to purge any entrained or entrapped air is an important
step before subjecting the EHA to performance testing and completion of ATP. The appropriate verification technique and
procedure may be unique to a particular EHA design and should be the designer’s responsibility. Common methods to verify
the efficacy of the bleed process are described below and may be used as applicable.

5.2.5.1 EHA Fluid Stiffness Test

The following method dgscribes one approach to determine the stiffness of the fluid in an EHA. ©Qther methods may also be
considered.

This approach utilizes the effect of entrained air on the stiffness (or compressibility) of the)EHA fluifd. Permitting expansion
of a known volume of EHA fluid and monitoring the change in EHA fluid pressure, ‘provides a means to determine the
efficacy of the EHA ble¢d process. Figure 2 illustrates this test method.

Position A Position B Test Evaluafion

Bleed Prgssure Y bocition A
Mgasurement osition
e \l ,/ o EHA Reservoir Piston

-\ L/ Bottomed Out
|

External

o [Piston and

Reservoir

Pressure

Position B

A\
©] EHA |=© (©] EHA [© N _______

Extracted Flpid Volume

Max. Permissible
Pressure at Position B

Figure 2 - EHA fluid stiffness test

An apparatus such as that illustrated in Figure 2 is connected to one of the EHA fluid circuits throtigh a suitable hydraulic
port (for example, the EHA reserv0|r circuit). ThIS apparatus enables controlled extractlon (expc nsion) and re-insertion
(re-compression) of the v - Alfluid with this apparatus
(position A), the EHA is filled and bled to the correct EHA reservoir Ievel and the bleed valve is closed. The bleed valve is
opened, and the external piston is then moved to position B while monitoring the fluid pressure. The fluid pressure in
position B, after allowing sufficient time for it to stabilize, must not exceed a specified value corresponding to an acceptable
efficacy of the bleed process. The test is completed by returning the apparatus to position A condition and disconnecting it
from the EHA. This test can be used to determine the total amount of gas or air in the EHA fluid.

5.2.5.2 EHA Dynamic Stiffness Test

This approach also utilizes the effect of entrained air on the stiffness (or compressibility) of the EHA fluid but utilizes the
measurement of EHA dynamic stiffness to determine the efficacy of the bleed process. It relies upon prior establishment of
the expected dynamic stiffness at a specific frequency or frequencies of the EHA under known bleed conditions, and
adequate control of the parameters relevant to dynamic stiffness. See 5.3.4.
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5.2.6  Acceptance Performance Tests

During and as a part of the acceptance performance tests, relevant input electrical and other parameters may be measured
as required by the applicable specifications, to establish the acceptability of the measured performance during the tests.
Such parameters may include the motor current, line current, line voltage and power, motor revolutions per minute, etc.
5.2.6.1 Static External Leakage

Throughout all ATP testing, no static external leakage is expected for EHAs. For a definitive and rigorous test, in addition

to monitoring the static external leakage with nominal reservoir pressure, it may also be monitored while the EHA is
subjected to a relatively low reservoir pressure such as 5 psig (34.5 kPa gauge) for a sufficiently long time such as 12 hours,

at ambient temperature

5.26.2

and pressure.

Dynamic External Leakage

Throughout all ATP testlng, no dynamic external leakage is generally expected for EHAs. For a defin

set of test requirements
maximum rate: the suc|
should include the load
5.2.6.3 Uncommand
During acceptance tes
adverse noise, chatter,
pump-motor speed, if re
5.2.6.4 Verification o
Verification of all oper
specifications.
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Positioning accuracy,
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5.2.6.6 Maximum O
The maximum operatin
specified time against a

in both directions in the
internal heat generated

consistent with specification requirements are recommended, such.as, 100
cess criterion typically being no single drop of external leakage during or
5 on the EHA which may affect the dynamic external leakage.
bd Motion (Chatter, Instability)
ing, the output motion of the EHA should be monitored for evidence of
or instability. A specific or special test, or monitoring of other internal EHA
quired, should be conducted as specified in the.applicable specification.

f Operating Modes

ating modes of the EHA should bespérformed as required by the app

ccuracy and Stroke

ated stroke, and total stroke of the EHA should be measured as requ
ation.

berating Load

) load test-verifies the EHA is capable of reacting or holding the commande
load equalto the specified maximum operating load, as well as moving the 2
following conditions. Particular attention should be given to the duration of
by actuators powered by an external hydraulic system (e.g., hydraulic sen

itive test, an acceptable
full stroke cycles at the
pfter this test. The ATP

uncommanded motion,
barameters such as the

icable requirements or

ired by the applicable

d actuator position for a
ctuator at a low velocity
he test. A portion of the
oactuators) is removed

by the hydraulic systen

h. However, power-by-wire actuators (e.q., electromechanical actuators a

d EHAs) are prone to

continuously increasing temperatures under constant load conditions because heat is primarily removed by thermal
convection which has limited dissipation capability. This characteristic can make the thermal balance a sizing driver.

A recommended test method to achieve the above objective is as follows:

Command the EHA to mid-stroke or the specified position. Gradually increase the load to the specified maximum operating
load. The successful ability to react to the maximum operating load is demonstrated by the ability of the EHA to maintain
the commanded position within the specified acceptable range.

With the EHA holding the commanded position at the maximum operating load, slowly command a position change to the
EHA. The successful ability to move against the maximum operating load is demonstrated by the ability of the EHA to
achieve the new commanded position within the acceptable range.
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With the EHA holding the commanded position at the maximum operating load, command a position change to the EHA
with a sufficiently low frequency and amplitude sinusoidal position command that ensures, over a cycle, actuator movement
with both positive and negative velocity, as well as pump-motor rotation with both positive and negative rotational velocities.
Successful ability to move against the maximum operating load is demonstrated by the ability of the electrohydrostatic
actuation system (EHAS) to achieve the new commanded position within the acceptable range, including direction reversals
of the actuator and the pump-motor.

It is recommended that the above test be conducted with both opposing and aiding loads, for both retract and extend
actuator movement. Also, in the case of multichannel systems, all modes of operation that can affect output force should
be evaluated.

It is also recommended that the duration of the maximum operating load test be limited as required to ensure that the EHA
does not exceed the temperatures allowed in the specification.

5.2.6.7 Continuous Force

The continuous force tgst verifies that the EHA is capable of reacting to the specified contindaus force for a specified time
without overheating.

In this test, the EHA shpuld be required to hold a commanded position against the reqlired external load, for the required
time duration, while mopitoring and recording the critical EHA temperatures. The ability to withstand the specified load for
the specified duration with the critical temperatures remaining within their specified acceptable limits constitutes successful
completion of the test. The test should take into account the worst case environmental and heat gerjeration conditions, e.g.,
in flight at higher altitudes where the ambient air is cold and convection rates are low, or on the grgund where the ambient
air can be hot and heat|dissipation is improved.

It is recommended thgt the above test be conducted with both:'‘compressive and tensile loads. Also, in the case of
multichannel systems, all modes of operation that can affect output force should be evaluated.

5.2.6.8 Constant Logd Limitation Test
The load limitation test yerifies the ability of the EHA to;limit the constant maximum external load itjcan react.

EHA load limitation capability may be limited by-the use of a device such as a relief valve in the hydraulic schematic of an
EHA, or specific control| system implementation: This test verifies the operation of such a device or|control implementation.

For an external load eqgual to or greater_than the specified maximum load, the EHAS should not be able to hold the
commanded position, ahd the EHA willlmove in a direction dependent upon the external load, at arate consistent with the
design of the EHA or EHAS.

A recommended method to vérify the EHA load limitation capability is as follows:

With zero external loadl_ cemmand the EHA to hold a position required by the applicable specificafion, or within the range
of its operating stroke, such that sufficient stroke capability remains to adequately measure the rate at which the EHA moves
under the maximum load.

Gradually, or as required by the applicable specification, increase the external load to the specified load limitation
requirement, while monitoring the EHA position and velocity, along with all other parameters of interest.

The test is successful if at the specified load limitation requirement, the EHA should cease to hold its commanded position
and move in a direction consistent with the direction of the applied load, at a rate within the performance specification of the
EHA. The application of the maximum external load should be discontinued upon achieving a rate consistent with the
requirement, or before the EHA runs into its internal stop.

As required by the applicable specification, the external load may be reduced gradually, and the load at which the EHA
stops its movement in the uncommanded direction and regains position loop control should be measured.
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An alternate approach that may be used for this test consists of developing a continuous Load versus Rate performance
characteristic curve of the EHA, over the range of load the test is required to be conducted.

The above test should be conducted for both compressive and tensile external loads, according to the applicable

specification.

During this test, the EHA may be monitored for excessive pressure oscillations and/or erratic noise.

It should be noted that during this test the EHA temperature may increase rapidly due to high force generation and high

energy dissipation.

For this test, the load should be limited by the pressure relief valves and not limited by the EHA control law.

5.2.6.9

Internal Leakage
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d as necessary for this purpose.

ity
t should be conducted with'the specified external load, by commanding the B
command to achieve the required EHA output velocity, imparting the require
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ystem and/orthe EHA may not be able to achieve and maintain a constan
recommended approach to accomplish a valid test is to utilize an average

A for an indication of the EHA performance. The use of such an approach s
icable EHA specification.

ay be accomplished by

measured motor-pump
nd test temperature.

an appropriate position
n, while monitoring and
command (to round the

st. The EHA command

FHA with an appropriate
| load by an appropriate

sign of the EHA loading fixture, the load control system, and/or the dynanjics of the EHA and the

t load or velocity during
elocity and load over a
nould be consistent with

The loaded velocity tes

should be conducted in each direction of operation, with both opposing an

aiding loads.

For this test, it is recommended to preclude end-of-stroke bottoming of the actuator at a sufficiently large velocity, particularly
under significant loads. The EHA command may be limited or tailored as necessary, consistent with the applicable
specification requirements, for this purpose.

5.2.6.12 Frequency Response

Similar to EHSAs, EHA frequency response tests should be conducted for the specified external load and variable position
amplitude commands.

EHA frequency response testing should ensure that the test procedure precludes EHA temperatures that exceed expected
in-service or specification values and includes consideration of the required dissipation of regenerative power and energy.
These aspects may require due consideration of the number of test points per decade or per sweep and the duration of the
test, for the required amplitude and frequency range, and/or additional ventilation or cooling of the EHA. Because the method
used to calculate the amplitude and phase impacts can be sensitive, the method should be reviewed with the customer.
The EHA or the test system regenerated electrical energy management system should be of the required capability.
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5.2.6.13 Run-Up Time

EHA run-up time test measures the time between the issuance of a command to the EHA and the instant the required EHA
velocity is achieved, under specified operating conditions. The issuance of the command should be based on the EHA
specification and could be the time at which the REU or the MCE receives the command.

Consistent with the applicable requirements document, the issued command to the EHA may be a mode select discrete, a
solenoid operated valve (SOV) command to the EHA, or similar. An associated, specified EHA velocity command per the

applicable requirements document should be applied. The test should be conducted with the specified external load.

5.2.6.14 Regenerative Mode Operation

EHA regenerative mode operation test verifies the performance of the EHA while being back-driven, reacting aiding loads,
or while operating at sufficiently high deceleration rates.

The regenerative modsg
position command and

The regenerative mode
those expected in servi

5.2.6.15 Hysteresis

EHA hysteresis test sh
load, and if required by
and aiding loads.

5.2.6.16 Threshold
EHA threshold test may

and if required by the a
aiding loads.

test should be conducted per the applicable requirements document,re
external load, as a function of time.

operation test should be structured to preclude temperaturescof EHA cd
Ce or allowed by the specification of EHA components during the test.

puld be conducted for the specified stroke amplitude' and at the specified
he applicable requirements document, for the spegified external loads, whig

be conducted for the specified stroke amplitude and at the specified rate,
pplicable requirements document,for the specified external loads, which m4

5.2.6.17 Mode Transitjon Time

EHA mode transition time test measures the time between the issuance of a command to the EHA to

and the instant the EHA

Consistent with the app

accomplishes a'mode change, under specified operating conditions.

licable reguifements document, the issued command to the EHAS may be

an SOV command to the EHA, or-similar. If required by the applicable requirements document, g

EHA velocity command

should be applied. The test should be conducted with the specified externg

5.2.6.18 Fail-Safe Mo

ative to the EHA input

mponents greater than

rate, with zero external
h may include opposing

with zero external load,
y include opposing and

initiate a mode change,

a mode select discrete,
n associated, specified
| load.

je-Operation

As required by the applicable requirements document, the EHA fail-safe mode test should verify the ability to engage the
fail-safe mode and meet the associated applicable performance requirements.

5.2.6.19 Degraded Mode Performance

As required by the applicable requirements document, the EHA degraded mode performance test should verify its

performance under the

specified degraded mode operating conditions.
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5.2.6.20 Bearing Backlash
A recommended method to measure the total bearing backlash is as follows:

With the EHA in powered or active mode, command the EHA to a specified position (usually mid-stroke). An external load
is gradually applied to start from zero, increasing to its maximum required tensile and then the maximum required
compressive value and then returning to the initial state for this test. Dial indicators or suitable equipment should be used
to measure the resulting gap between the bearing housing and the spherical bearing at the maximum tensile and maximum
compressive load. The total bearing backlash is the sum of the bearing backlash of all bearings in the primary load path.

The maximum tensile and the maximum compressive load to be applied in the test above should be determined from the
known characteristics of the EHA bearings so that while those loads positively result in movement over the backlash of the
bearings, they do not result in significant deflections due to either the bearing structural compliance or EHA stiffness.

5.2.6.21 Bearing Rotatiomat-Torque

The rotational (or breaout) torque of the EHA bearing(s), such as rod end bearings, should be measured as required by
the applicable specification.

5.2.7 Electrical Tests
The electrical tests listed below should be conducted per the applicable EHA reguirements specification.
o Dielectric Strength

e Insulation Resistange

¢ Bonding Resistancg
5.2.8 Damping Mode] Performance
The damping mode performance test verifies the EHAcan meet the specified minimum damping when it is in damped mode.

The test methodology should be consistent with ‘the applicable requirements document. Testing cah be done as a function
of resisting force versuls actuator velocity oridelta pressure between the extend and retract sidg of the actuator versus
actuator velocity. In sore cases, testing with' a defined sinusoidal position oscillation correlated to feal-time resisting force
is needed to fully charafterize the damping performance of the actuator.

In cases where multiplg actuators ar power sources are used on a control surface, it is also imporfant to characterize and
test the maximum damping forees that the actuator can produce because those forces increase the opposing load on the
active actuator of an Adtive-Damped control surface.

Damping mode perfor ing performance can be
lowest at maximum temperatures due to fluid wscosﬂy, f|UId bulk modulus, and friction from seals and bearings. Similarly,
maximum damping can be highest at minimum temperatures for the same reasons.

Care should be taken to prevent the EHA from overheating during damping mode performance testing. Overheating can
result from repeatedly cycling the damped actuator at a rate higher than the specified duty cycle. Such overheating may
result in degradation of seals and reduced damping performance due to reduction of the fluid viscosity and bulk modulus. It
is recommended to monitor the actuator temperature during damped mode testing in the region of the dynamic piston rod
seals to ensure that the actuator operating temperatures remain within design limits.

5.3 Qualification Tests
Sections 5.3.1 through 5.3.16 describe the recommended EHA qualification tests and test methodologies. These tests

should be conducted under environmental conditions and at unit operating temperatures specified in the applicable test
specifications.
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Throughout all qualification testing, similar to an EHSA, it is important that the operation of the EHA be periodically verified
for acceptable operation and performance, to preclude the possibility of unacceptable degradation or failure.

5.3.1  Proof Pressure

(High Temperature)

The EHA high temperature proof pressure test should be conducted similarly to the acceptance proof pressure test
described in 5.2.4, except that it should be conducted at the high ambient and/or the high unit temperature specified in the
applicable requirements document, after stabilizing the unit temperature at the specified conditions.

If the EHA under test utilizes a gas charged fluid reservoir, the reservoir pressure should be monitored during the test to
ensure that excessive pressurization due to the high temperature does not occur.

5.3.2

High Temperature Performance

EHA performance shou
applicable tests listed in

For all high temperature
may require greater att
implemented if required

5.3.2.1  Stability Marg
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5.2.6 and 5.2.7 of the acceptance tests.

EHA performance tests, concern relative to EHA thermal overstress,or ove
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the applicable requirem
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EHA degraded mode p
5.3.3 Low Temperatu

EHA performance shou
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performance tests, a di

the EHA during low temperature tests, such that during tests of sufficiently long duration, internal d

at the low temperature

ents document, for the specified input command magnitudes, load, and suq

ermal overstress or overheating and the regenerative device capability may
test described in 5.2.6.12; it should be taken into account and addressed.

de Performance
brformance test should be conducted similarly to 5.2.6.19, at the specified h
re Performance

d be verified at the\low temperature specified in the applicable requirement
5.2.6 and 5.2.7 ofthe acceptance tests.

to EHA thetmal overstress or overheating may be none or much less
ferent butrelated concern may need to be addressed. There may be suffig

ply voltage.

be a concern similar to

igh temperature.

s document, through all

juring low temperature
ient local heating within
omponents may not be

structuring the test mett

5.3.3.1

required by the applicable requirement. This aspect may need to be add]e

Stability Margins

ssed and may require

The EHA should be tested for its stability margins (gain and phase) of the position loop at the low temperature specified in
the applicable requirements document, for the specified input command magnitudes, load, and supply voltage.

During this test, EHA thermal overstress or overheating and the regenerative device capability may be a concern similar to
the frequency response test described in 5.2.6.12; it should be taken into account and addressed in the test specification.
5.3.3.2 Degraded Mode Performance

EHA degraded mode performance test should be conducted similar to 5.2.6.19, at the specified low temperature.
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