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1. SCOPE
1.1 Purpose

This SAE Aerospace Recommended Practice (ARP) is intended to provide design and qualification requirements for self-
displacing hydraulic accumulators.

These requirements are intended be included in the Procurement Specification for the accumulator. Those requirements
identified by the use of “shall” are considered to be essential requirements; those requirements identified by the use of
“should” are considered to be optional requirements for inclusion in the Specification at the discretion of the Purchaser.

In addition, test methods for production acceptance and qualification purposes are provided.

The accumulator is inllended for use in military aerospace hydraulic systems with rated presspres of up to 8000 psi
(55 158 kPa) and of thg following types as specified in AS5440:

a. Typel-65to +160 [F (-54 to +71 °C) fluid temperature

b. Type Il -65 to +275|°F (-54 to +135 °C) fluid temperature
The accumulator is alsq intended for use in commercial aerospace and helicopter hydraulic systenys.
1.2 Classification
The accumulators shalllbe classified per the rated system pressure‘@nd rated return pressure as fqllows:
a. Class 1500 Hydraulic system, rated system pressure 1500:psi (10 342 kPa)
b. Class 3000 Hydraulic system, rated system pressure:3000 psi (20 684 kPa)
c. Class 4000 Hydraulic system, rated system pressure 4000 psi (27 579 kPa)
d. Class 5000 Hydraulic system, rated system-pressure 5000 psi (34 473 kPa)
e. Class 8000 Hydraulic system, rated system pressure 8000 psi (55 158 kPa)
In addition to the aboye system-pressure classification, the rated return pressure shall be stated or classified for the

particular application. The basijc.classification number above has a dash number added to specify the return pressure as
follows:

Each 100 psi (689 kPa) shall be designated by a two digit number, for example:

e 01 Hydraulic system, rated return pressure 100 psi (689 kPa)

Each additional 100 psi (689 kPa) will be a corresponding increase in dash number, for example:
e 05 Hydraulic system, rated return pressure 500 psi (3447 kPa)

1.2.1  Accumulator Identification

Each accumulator shall be identified as Class XXXX - YY, where:

a. XXXX s the rated system pressure

b. YY is the rated return pressure
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For example. an accumulator that is identified as Class 3000-10 means that it is to be used in a hydraulic system where:

a. The rated system p

ressure is 3000 psi (20 684 kPa)

b. The rated return pressure is 1000 psi (6894 kPa)

2. REFERENCES

21
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The following publications form a part of this specification to the extent specified herein. The latest issue of SAE
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FIGURE 1 - ACCUMULATOR SCHEMATIC DIAGRAM
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A self-displacing accumulator essentially comprises an accumulator combined with a pressurized reservoir. The gas
precharge displaces the tandem piston and the low pressure fluid chamber is filled with fluid from the low pressure side of
the hydraulic system. When the system is pressurized, the high pressure fluid chamber is filled with fluid from the high
pressure side of the hydraulic system and the gas compressed. This results in the separator moving and causes fluid
from the low pressure chamber to be returned to the low pressure side. With the system working, any fluid then
withdrawn from the high pressure side is simultaneously replaced on the low pressure side, thus maintaining a constant
volume of fluid both in the system and the accumulator.

SEPARATOR: The separator is the part of the accumulator (the interconnected tandem piston) that isolates the gas
precharge from the high pressure hydraulic fluid, and the low pressure hydraulic fluid from the atmosphere.

VESSEL: The vessel is the portion of the accumulator that contains the pressurized hydraulic fluid and gas and separates
both from the atmosphere.

GAS PORT: The gas port is the connection in the accumulator where the gas precharge is suppliedl into the accumulator.

HIGH PRESSURE PORT: The high pressure port is the connection in the accumulator wherg high pressure fluid is
supplied into/out from the accumulator.

LOW PRESSURE PORT: The low pressure port is the connection in the accumulator where fluid|from low pressure side
of the hydraulic system|is supplied into/out from the accumulator.

RATED SYSTEM PRE$SURE: The rated system pressure is the nominal.steady state pressure that is achieved:
a. From the output prassure of the hydraulic system pumps - for an accumulator used in the power generation system
or

b. Due to thermal eff¢cts at the point of the actuation of-a thermal relief valve - for an accurulator used to provide
stored energy (for ¢xample, a brake accumulator)

RATED RETURN PRESSURE: The rated return\pressure is the maximum pressure that cah be generated in the
hydraulic system return] network due to fluid returning to the hydraulic reservoir as a result of th¢ operation of hydraulic
services.

MAXIMUM RATED PRESSURE: The maximum rated pressure is the maximum steady state pressure that could be
generated in the accumulator due to.for example, a failure in the power generation system such that the system pressure
reaches the system relief pressure{.ora sustained high transient pressure that occurs during the operation of the system.

NOTE: The maximum fated,pressure and the rated system pressure could be the same for an agcumulator that is used
to provide stor¢d epergy. For this type of application, the value of the maximum rated gressure/rated pressure
would the therrtal relief valve opening pressure.

PRECHARGE GAS VOLUME: The precharge volume is the gas volume contained within the accumulator and separated
from the hydraulic fluid, with the separator bottomed at the fluid end.

SWEPT (EXPELLED) OIL VOLUME: The swept (expelled) oil volume is the fluid that is expelled from the accumulator
fluid port when the accumulator separator is moved from the position where the fluid stored in the accumulator is at the
rated pressure and at a prescribed temperature to being fully bottomed against the fluid end of the accumulator. It should
be noted that the swept oil volume is a function of the precharge pressure.

MAXIMUM SWEPT OIL VOLUME: The maximum swept oil volume is the maximum volume of hydraulic fluid that can be
stored in the accumulator at the maximum pressure (either the thermal relief pressue or the system relief pressure) at
cold temperature. To determine the maximum swept volume, the volume at both conditions must be calculated. The
difference in gas volume between the precharge volume and the smaller of the proof pressure volume and the cold
temperature relief pressure volume is the maximum swept oil volume. Real gas laws, including compressibility, should be
used to calculate these volumes.
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VOLUMETRIC EFFICIENCY: The volumetric efficiency is the capability of the accumulator to expel the volume of
hydraulic fluid with which it has been filled as the hydraulic pressure is reduced from the maximum pressure to 0 psi
(0 kPa). This is expressed as an efficiency using the equation:

Volumetric efficiency = (Expulsion Volume/Filling Volume) x 100%

STATIC LEAKAGE: Static leakage is the fluid or gas leakage with the unit statically pressurized.

DYNAMIC LEAKAGE: Internal leakage, across the separator piston fluid/gas, fluid/fluid and fluid/atmosphere seals, which
occurs during operation (cycling)

EXTERNAL GAS LEAKAGE: External leakage is the leakage of the gas precharge from within the vessel as evidenced by
free gas bubbles when the accumulator is immersed in a test fluid.

INTERNAL GAS LEAK
seal. If a ventis incorp

ENDURANCE TEST:
accumulator in order t(
comprises the realistic
appropriate test rig.

FATIGUE TEST: The f
fatigue test comprises t

PURCHASER: The Pu
accumulator. The Purg
braking systems, for ex

SUPPLIER: The Suppl
qualification of the com

PROCUREMENT SPE

AGE: Internal gas leakage is the leakage of gas precharge across the g
prated into the piston seal design, the gas leakage will be to atmosphére:-

The endurance test is the test that is intended to determinethe wea

determine if it will operate satisfactory throughout its operational lifetim
simulation of the operation of the accumulator over the life that has been d

htigue test is the test that is intended to determine‘the fatigue strength of
he repeated application of pressure impulses, usingthe appropriate test rig

haser is typically an aircraft manufacturery a'modification center, or a syste
ample).

er is the manufacturer of the aceumulator who will be responsible for the
bonent.

CIFICATION: The Procurement Specification is the document that includes
te and technical criteria

alification test.requirements

parator piston fluid/gas

characteristics of the
e. The endurance test
eclared for it, using the

the accumulator. The

chaser is the organization that is responsible for providing the Procuremgnt Specification for the

m supplier (hydraulic or

design, production and

the following:

a. Specific performan

b. Acceptance and qu

c. Reliability requirements

d. Quality requirements

e. Packaging requirements

3. TECHNICAL REQUIREMENTS
3.1 General

Self-displacing hydraulic accumulators that are intended to be used in military flight vehicle hydraulic systems shall
conform to the general hydraulic components’ requirements of AS8775.

Self-displacing hydraulic accumulators that are intended to be used in commercial aircraft or helicopter hydraulic systems
shall conform to the general hydraulic components’ requirements of AS4941.

This document shall govern whenever there is a conflict between any requirements contained within it and the above
referenced specifications.
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3.2 Qualification Test

The accumulator furnished under this document shall be a product that has been tested and has passed the qualification

tests specified in Sectio
3.3
3.3.1

3.3.1.1  General

n 6.

Functional Requirements

Dynamic Performance Requirements

The Purchaser should identify if there are any important accumulator dynamic behavior requirements depending on the
accumulator design and the hydraulic system characteristics, such as:

a. Response rate for f

b. Response rate for g
c. Optimization of cha
d. Performance at ope
The Purchaser and the
required, the Supplier
program to ensure that
3.3.1.2
The design of the accu
passage restrictions, sh
and fluid temperature p
3.3.1.3  Extreme Pres
The Supplier and the

related to extreme pres
example:

a. High pressure withi

b. High pressure withi

lling the accumulator

ischarging the accumulator

rge pressure/accumulator volumes
rating temperature extremes

Supplier should work together to ensure that the accumulator will meet
should provide a detailed hydraulic model to.be*used in the Purchase

Maximum Préssure Limitation

mulator, including, but not limited to, the effects of friction and inertia of md
all be such that it can withstand‘the pressues generated by any combinati
brmitted by this specification,

sure Rise or Decay Rates

Purchaser should_determine if there are any necessary application-sped
sure rise or decay rates at the interface between the system and the accu

n the accumulator due to inertia of the moving parts and resistance within it

n theraccumulator due to inertia of the fluid in system return circuit

the accumulator is compatible with the hydraulic system dynamic operation|.

these requirements. If
’s hydraulic simulation

ving elements and flow
on of dynamic flow rate

ific detail requirements
mulator, considering for

s fluid passages

C.
d. Responsiveness of

3.3.2

Potential for cavitation within the low-pressure section of the accumulator

the accumulator during rapid pressure decay at the pressure port

Precharge Pressure

The Procurement Specification shall specify the accumulator required precharge pressure for the corresponding

temperature.

3.3.3 Swept (expelled) Oil Volume

The Procurement Specification shall specify the swept oil volume (expelled oil volume) of the high pressure and low
pressure chambers of the accumulator. The volumes of these chambers shall be equal.
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3.3.4 Maximum Swept Oil Volume

The Procurement Specification shall state the maximum rated pressure (either the system relief valve or the dedicated
thermal relief valve pressure, as applicable) in order to enable the maximum swept oil volume to be determined.

3.3.5 Volumetric Efficiency

The volumetric efficiency shall be in excess of 95% of the total oil volume of the fluid stored in the accumulator fluid
chambers at the rated pressure. The expelled volume shall be as specified in 3.3.3.

3.3.6  Separator Friction

The hydraulic fluid pressure at which the separator beglns to move shall not be greater than 150 psid (1034 kPad) when
the pressure is varied 3 n shall be met with the
gas chamber precharged per 3.3. 2 and the Iow pressure chamber pressunzed to rated return_pressure per 3.6.1.2. This
requirement shall be mét over the total stroke of the accumulator, and over the specified temperatyre range.

3.3.7 Leakage Requifements
3.3.7.1  Gas Static Lgakage
Each accumulator shalllhave no external leakage of gas over the lifetime of the application.

Each accumulator shdl have an internal leakage of gas of not meré than specified below, pr as specified by the
Procurement Specificatjon, over the lifetime of the application:

a. 0.5 ml per hour for accumulators with precharge gas volumes,up to 50 in® (0.8L)

b. 1.0 ml per hour for ficcumulators with precharge gas volumes from 51 to 200 in® (0.8 to 3.3 L)
c. 3.0 ml per hour for accumulators with precharge gas volumes from 201 to 400 in’ (3.3t06.6 L
3.3.7.2 Gas Dynamig Leakage

The accumulator inteynal dynamic gas Jeakage shall be less than 0.5% of the gas Yyolume for each 500
precharge/discharge cyfcles as measured_ih the change in the gas precharge pressure.

3.3.7.3 Hydraulic Flujd Static Leakage

An accumulator shall have ng external static leakage at the rated pressures specified over the lifetime of the application.

Internal leakage shall npt'exceed two drops in 1 hour or as specified in the Procurement Specificatjon, for new build.

The Procurement Specification should stated the maximum internal leakage degradation over the lifetime of the
application.

3.3.7.4  Hydraulic Fluid Dynamic Leakage

Leakage shall not exceed one drop per 100 precharge/discharge cycles per seal or as specified in the Procurement
Specification, for new build.

The Procurement Specification should stated the maximum internal leakage degradation over the lifetime of the
application.
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3.3.8 Operating Temperature
3.3.8.1  Ambient Temperature

The accumulator shall be designed to function correctly over the range of ambient temperature of -65 to +194 °F (-54 to
+90 °C) or as specified in the Procurement Specification.

3.3.8.2 Hydraulic Fluid Temperature

The accumulator shall be designed to function correctly over the range of hydraulic fluid temperature as specified in 1.1
for Military Type | or Type Il systems. For commercial applications, accumulator shall be designed to function correctly
over the range of hydraulic fluid temperature of -65 to +275 °F (-54 to +135 °C) or as specified in the Procurement
Specification.

3.4 Construction
3.4.1 Ports

3.4.1.1  Hydraulic Flujd Ports
Two hydraulic fluid por{s shall be provided. One port shall be connected to the high pressure chamber and the other to
the low pressure chamber. The Procurement Specification shall define-the type and size of the fluid ports. It is

recommended that the fwo fluid ports be different sizes to prevent inadvertent cross connection on|the installation.

The passages from the fluid ports into the accumulator structure should be designed to give al minimum restriction to
hydraulic fluid flow.

3.4.1.2 Gas Port
The Procurement Specffication shall define the type and’size of the gas port.
3.4.2 Vent

If the vent is open to ptmosphere, means.shall be provided to prevent the ingress of external contaminants into the
accumulator.

3.4.3 Separator
The separator that isolates thehydraulic fluid and the gas shall be designed to operate with the maximum precharge

pressure as defined by the £rocurement Specification. Means shall be provided to prevent sdaling off the fluid ports
when the piston is bottgmedradjacent to the fluid port(s).

3.4.4 Fragmentation

If required by the Procurement Specification, the accumulator, when struck by gunfire as specified in 6.6.1, shall remain in
one piece. The greatest dimension of the opening (cut or tear) created by the projectile shall not exceed the dimensions
of the hole (cut) created by the projectile by more than 3.0 in (76.2 mm) in any direction.

3.4.5 Materials and Processes

The general requirements for materials and processes used in the design and fabrication of the accumulator components
shall be in accordance with AS4941 or AS8775, as applicable.
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3.4.6 Corrosion Resistance

All metals shall possess corrosion resistance characteristics or shall be protected by use of permanent coatings to resist
corrosion, in accordance with AS4941 or AS8775, as applicable.

Hydraulic fluid contacting interior surfaces of the accumulator shall not be considered as corrosion protection.

3.4.6.1

Internal Surfaces

All internal surfaces exposed to the precharge gas shall be coated with a film of oil that is compatible with the precharge
gas and the piston seals.

3.4.6.2 External Surf
The external surfaces ¢
or AS8775 (as applicak
dust, and salt fog requi
of primer and paint.

The use of any proteg
environmental conditio
protected against galvg
compatible with the o
specifications.

3.4.7 Electro-conduc

Nooc
oS

f the accumulator shall comply with the corrosion protection requirements

as specified in AS4941

le) or be painted with a suitable primer and top coat, which meets.the hunidity, fungus, sand and

ements as specified in AS4941 or AS8775. The fluid bosses’ spot'faces a

tive coating that will crack, chip, scale or erode during life or as a reg
ns shall be avoided. Assembly requiring the conidct)of dissimilar mete
nic interaction in service by the use of an appropriate finish system. Prot
perating fluid as specified in 3.4.9 and shall. meet the requirements s

ive Bonding

The accumulator should have a facility to enable it to have an effective electro-conductive bond to

The value of the the
accumulator should be

3.4.8 Gas Precharge)
The Procurement Spec
NOTES:

1. The gas precharge

blectrical resistance between-any point on the mounting facilities and
specified in the Procurement.Specification.

fication shall specify the gas and the pressure that is used for the gas prec

shallbean inert gas only.

hd threads shall be free

ult of climatic or other
Is shall be adequately
bctive coatings shall be
ated in the applicable

he airframe.

specified points on the

harge.

pressure shall be specified at a specific temperature such that when

the high pressure fluid

chamber is filled with fluid per 3.4.9, and stabilized at that temperature, the gas pressure will be at the rated system

2. The gas precharge
pressure of 3.6.1.
3.4.9 Hydraulic Fluid

The Procurement Specification shall specify the hydraulic fluid to be used for the application.

3.4.9.1  Hydraulic Flu

id Cleanliness

The Procurement Specification shall state the hydraulic fluid cleanliness limits for:

a.

b. In-service (typical a

Aircraft at new build

nd maximum)
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3.4.10 Seals

The seals contained within the accumulator shall be compatible with the operating fluid as specified in 3.4.9 and the
operating temperature as specified in 3.3.8.2. Unless otherwise specified by the Procurement Specification, the seal
gland design shall be per AS4716 for dynamic applications and AS5857 for static applications.

NOTE: In Figure 1, a single seal is shown on the separator piston between the fluid and gas chambers. This
configuration could be modified to allow dual sealing with a vent to atmosphere between the seals. This
configuration provides additional protection to prevent leakage of gas into the hydraulic fluid.

3.5 Installation Requi

3.5.1

rements

Dimensions and Mounting Requirements

The dimensions and n
Specification.

3.5.2 Marking
3.5.21 General

The nameplate and par
The requirements of AR
3.5.2.2 Warning Lab
Each accumulator shall
RELEASE GAS AND F
3.5.2.3 Nameplate

Each accumulator shall

nounting provisions of the accumulator shall conform to the requiremer

[ number shall be in accordance with AS4941 or AS87(5 as applicable.

P1288 shall also be incorporated if the hydraulic fluid used is according to

a)
-

be permanently marked with a legible Warning in red letters stating:

| UID PRESSURE BEFORE DISASSEMBLING, STORING OR SHIPPING

be furnished with a nameplate that shall include the following information g
ulic, Self-Displacing

Number asper 1.2, for example: “ARP4553 Class 3000-05"

ts of the Procurement

AS1241.

NCCUMULATOR.

s a minimum:

a. Accumulator, Hydrz

b. ARP Classification

c. Manufacture Date

d. Manufacturer’'s SerlallNumber
e. Manufacturer's Name

f.  Manufacturer’s Part Number
g. Oil Swept Volume

h. Operating Fluid

3.6  Strength

The strength requirements shall be in accordance with AS4941 or AS8775, as applicable.

3.6.1

Rated Pressure

The Procurement Specification shall state the rated pressure for the high and low pressure chambers, as classified in 1.2.
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3.6.1.1

High Pressure Chamber

The high pressure chamber shall be designed to meet the requirements for the rated pressure of its respective

classification in 1.2.

3.6.1.2

Low Pressure Chamber

The low pressure chamber shall be designed to meet the requirements for the rated return pressure of its respective

classification in 1.2.
3.6.2 Proof Pressure

NOTES:

1. The accumulator s

rated temperature g
2. For production, the
3.6.2.1  Separator Pr

The separator shall be|
high-pressure chamber
3.6.2.2 Vessel Proof

The high and low pres
rated pressure for the h

a. Three times the rat
b. Two times the max
3.6.3 Burst Pressure
3.6.3.1  Separator Bu

The separator shall be
high pressure chamber

The accumulator shall

nall be designed to ensure that it can sustain the proof pressure being/a
f the accumulator for 5 minutes minimum.

proof pressure should be applied at the room temperature for 5 minutes.
bof Pressure

designed to withstand a differential pressure of two\times the rated pres
and per 3.6.1.2 in the low pressure chamber.

Pressure

sure sides of the accumulator shall be_designed to withstand a burst prg
igh and low pressure sides respectively.

bd pressure for the high and low pressure sides respectively for commercia

mum rated pressure for the high and low pressure sides respectively for mi

rst Pressure

designed-fewithstand a differential pressure of four times the rated pres
and per<3:6.1.2 in the low pressure chamber.

be ‘designed to ensure that the separator can sustain the burst pressu
ptlre of the accumulator for 5 minutes minimum.

pplied at the maximum

sure per 3.6.1.1 in the

ssure of four times the

applications

itary applications

sure per 3.6.1.1 in the

e being applied at the

maximum rated temper

3.6.3.2 Vessel Burst

Pressure

The high and low pressure sides of the accumulator shall be designed to withstand a burst pressure of

a.

For commercial applications, four times the maximum rated pressure for the high and low pressure sides respectively

b. For military applications, four times the maximum rated operating pressure for the high and low pressure sides

respectively

The accumulator shall be designed to ensure that the vessel can sustain the burst pressure being applied at the
maximum rated temperature of the accumulator for 5 minutes minimum.
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3.6.4 Fatigue

Unless specified in the Procurement Specification, the accumulator shall be designed to withstand pressure impulse
cycling as specified in Table 1.

TABLE 1 - IMPULSE CYCLING

Step Number Hydraulic Fluid Pressure Hydraulic Fluid Pressure
Number | of Cycles Fluid Temperature Lower Limit Rated Maximum | Upper Limit Rated Minimum
1 12 500 50-90 °F (10-32 °C) 10 psi (69 kPa) 117% of Rated Pressure
2 500 000 | 275 °F min (135 °C min) 7% of Rated Pressure Rated Pressure
3 1000 000 50-90 °F (10-32 °C) 67% of Rated Pressure Rated Pressure

3.6.5 Vibration

The accumulator shall
Specification.
3.6.6 Maximum Wrern

The accumulator shoul
making the tubing conn

3.7 Weight

The accumulator weigh

3.8

Unless otherwise spe
environmental requiren

Environmental R¢quirements

be designed to withstand the vibration levels as stated in 6.5.3, or, asystated in the Procurement

ching Torque

] have ample strength and rigidity to withstand 250% of4he maximum wrg
ctions without any permanent deformation of the acetumulator.

cified in the Procurement. Specification, the accumulator should com
ents as detailed in the applicable paragraphs of AS4941 or AS8775:

nch torque required for

t shall be the minimum weight consistent with the performance and requiréments of this ARP and
the Procurement Specification.

ply with the following

a. Humidity

b. Fluids Susceptibility
c. Fungus

d. Salt Spray

e. Sand and Dust*

f. Waterproofness*
g. lcing*

*If the vent is open to atmosphere

3.9

3.9.1 Storage

The accumulator shall be constructed of materials which shall not degrade during the life of the accumulator.

Operational and Safety Requirements

accumulator shall be designed for a minimum shelf life of ten years after delivery.

The
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3.9.2

Reliability

The Procurement Specification should specify the required reliability for the application of the accumulator.

The following documents should be reviewed, and lessons incorporated during the design process in order to achieve the
best possible reliability for the accumulator:

a. AIR4543 to determine the lessons learned and thereby minimize the possibility of in-service problems

b. ARP4150 should be reviewed for in-service history and inspection requirements for accumulators

In addition, in-service history of similar components should be reviewed to determine if any lessons-learned can be

incorporated into the ageumr

3.9.3

Endurance

latar dacian

or-c

alifinatinn tac

iy

Unless otherwise speci
cycling as specified in T

able 2.

o 1l In
CoUTOTotoOT O T oTg T O oo atrioT Tt St gt

TABLE 2 - ENDURANCE CYCLING

fied in the Procurement Specification, the accumulator shall be designed

o withstand endurance

Fluid
Pressure Leakage
Cycling Cycling of Fluid
Gas Limits Limits % to Gas Leakage
Precharge % Rated Rated Ambient Side of Gas

% of Pressure Pressure Fluid Air % Accumu- | (% Drop

Total CGycle Rate Rated Lower Limit Upper Temp Temp lator In Gage

Step Cycles (CPM) Pressure Max Limit Min | (°F (°C)) | (°F (°C)) Volume Pressure)
1 2000 0.2to2 35 7 100 Note 2 Note 3 2 1

2 Gas Nat applicable Paragraph
Leakage 5241
Test
3 50 Note 4 17 7 100 -65 (-54) | Note 4 0.5 5
4 500 0.2t02 17 7 100 -40 (-40) | Note 3 1 3
5A 2500 3t0o10 33 7 100 Note 2 Note 3 3 3
5B 7500 3to10 33 7 100 Note 5 Note 3 3 3
6A 12 000 3to10 33 87 100 Note 2 Note 3 2 3
6B 37 500 3to10 33 87 100 Note 5 Note 3 2 3
NOTES:
1. Table 2 is a typlCa efdurance—test uyulc for-anaceumutator—Seflf D;op:au;lly Aceamttators' can be used for many

applications such as a power storage device for engine start systems. A device of this type can have a different duty

cycle and additional or modified endurance cycling should be considered.

2. The temperature shall be the maximum operating temperature as specified in 3.3.8.2.

3. The ambient temperature shall be maintained such that the gas temperature equals or exceeds the fluid temperature
at the end of each compression stroke.

4. The accumulator shall be pressurized to the rated pressure. The accumulator shall be maintained in this condition for
24 hours at the temperature specified in Step 3 of Table 2. The 50 cycles shall be fast discharged (equivalent to that
resulting from a quick operating of a directional control valve of comparable port size) followed immediately by normal
recharge rate with hydraulic fluid at the specified temperature. A 2 hour minimum interval, during which time the
accumulator is maintained at the specified temperature, shall elapse between each of the 50 cycles, or until the
accumulator and the ambient temperature is stabilized. The 50 cycles shall be conducted consecutively.

5. The temperature shall be 80% of the maximum operating temperature as specified in 3.3.8.2.
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3.94 Safety

The Procurement Specification shall specify the required safety objectives for the application of the accumulator, including
the failure rates for the following events:

Loss of accumulator gas precharge pressure

a.
b. External leakage

c. Excessive internal leakage
d. Jamming of the separator
4. QUALITY ASSURAN

4.1 Responsibility for

The requirements for th
or AS8775.

4.2 Physical Defect |

All detail parts of the aqg
stressed parts shall be

stressed parts shall bg subjected to liquid penetrate inspection in-accordance with ASTM E 1

injurious defects disclog

In process inspection g
injurious defects.
4.3 Classification of ]

For the purpose of de
Procurement Specific
a. Acceptance Tests

b. Qualification Tests

arn‘on, two distinct test programs should be conducted, hereinafter referred to

Inspection

e Supplier and the Purchaser shall be in accordance with the applicable r

nspection

cumulator shall be subjected to Non-Destructive Inspection prior to assem
subjected to magnetic particle inspection in accordance with ASTM E 144

ed by the inspection shall be cause for rejection.

[ests

onstrating compliance of self-displacing hydraulic accumulators with this

see 5.)

see 6.)

Table 3 provides the lig

test accumulators that tre tests should be conducted on.

bquirements of AS4941

ply. All magnetic highly
4. Nonmagnetic highly
417. Cracks or other

f the separator shall also be performed: There shall be no evidence of l¢akage, cracks or other

ARP and the applicable
as follows:

ting af/the tests for the self-displacing hydraulic accumulators, together with the nomination of the
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TABLE 3 - TEST PROGRAM

Requirement Test Paragraph All Accumulators Test #1 Accumulator Test #2 Accumulator
First Article Inspection 4.5 X X
Production Acceptance Tests 5 X X X
Immersion Test 6.2 X
Functional Tests 6.3 X
Volumetric Efficiency 6.3.1 X
Endurance Test 6.3.2 X
Environmental Tests 6.4
Low temperatur 6411 X
Intermediate temjperature 6.4.1.2 X
High temperaturg 6.4.1.3 X
Humidity 6.4.2 X
Fluids susceptibility 6.4.3 X
Fungus 6.4.4 X
Salt spray 6.4.5 X
Sand and dust 6.4.6% X
Waterproofness 6.4.79 X
Icing 6.4.8% X
Structural Tests 6.5
Proof pressure 6.5.1 X X X
Fatigue 6.5.2 X
Vibration 6.5.3 X
Handling loads 6.5.4 X
Wrench loads 6.5.5 X
Destructive Tests 6.6
Burst pressure 6.6.1" X
Fragmentation 6.6.2"
Post Qualification Tlests 6-7
Acceptance tests 671 X
Disassembly and inspection 6.7.2 X
NOTES:
1. This table assumegq that dll'the tests listed in Section 6 will be conducted on the test accumulators. If not all the tests
are required, the taple-can be adapted as required.

2. Only required if the accumulator vent is open to atmosphere.
3. The proof test of the accumulator separator shall be conducted on Test #1 Accumulator.
4. The burst test is to follow the fatigue test.

5. The test may be conducted on the specimen that has been subjected to the fatigue and burst test or on another
specimen.

6. Tests conducted in 6.2 and 6.3 can be conducted on Test #2 Accumulator if time scales and/or availability of
equipment are critical.
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4.4 Test Stand Requi

rements

These shall be in accordance with AS4941.

NOTE: AS4941 contains tolerances’ requirements for steady state test conditions, including temperature and pressure.

441 Test Medium

The hydraulic fluid test medium shall be the system hydraulic fluid.

The gas test medium shall be that as used for the application.

4.5 First Article Insp
The First Article Inspec

4.5.1

The Supplier should make available at least one hydraulic accumulator for review by-the Purchase
be representative of the design and construction, workmanship, integral comnponents and materials

The sample(s) should
to be used during prodt
4.5.2 First Article Ins

Upon completion of the
following:

a. The results of the ir
b. The recommendati
4.5.3 Rejection

Failure of any hydraulig
quality conformance ins

5. ACCEPTANCE TE

Each accumulator subri

First Article Samples

dioa
CTOOTT

ion should consist of the examinations specified in 4.5.1 and the tests-speg

ction.

pbection Report

spection and the test programs

bn if the Qualification Test Program can commence or not.

accumulators to sdceessfully comply with any of the requirements of the F|
pection should, be_the cause for rejection of that accumulator design.

B5TS

hittedfor delivery under a Procurement Contract should be subjected to th

test requirements as a 1ninimum, in the order listed

ified in 5.

r's quality organization.

First Article Inspection, the Purchaser’s quality organization should subnfit to the Purchaser the

rst Article Inspection or

e following acceptance

a.

Visual and dimensional examinations (see 5.1)

b. A test program to determine product conformance to the dimensional, workmanship, functional and performance
requirements of this ARP and the Procurement Specification. The test program is specified in 5.2.

The tests shall comprise the following:

a. Proof pressure (see 5.2.2)
b. Cycling (see 5.2.3)

c. Leakage test (see 5.2.4)

d. Separator friction (see 5.2.5)
e. Electro-conductive

bonding - if required (see 5.2.6)
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5.1

Examination of the Product

Prior to testing, each accumulator should be inspected for quality of workmanship and to determine compliance with this
ARP and referenced Procurement Specifications and drawings. Inspection records should be retained by serial number
so that failure and reliability studies may be conducted using these records as reference. Any defective parts found
during the inspection should be cause for rejection of the accumulator.

5.2 Test Program

5.2.1 General

All tests shall be conducted at ambient and fluid temperature of 70 °F + 10 °F (21 °C £ 5 °C). The fluid cleanliness shall

be to AS4059 Class 6 n

5.2.2 Proof Pressure
The accumulator shall
deformation or failure ir
(172 MPa/min).

5.2.21 Vessel High
With the separator in a
fluid and plug the gas ¢
until a pressure per 3.6
5.2.2.2 Vessel Low H

With the high pressure
and apply pressure to t

be proof pressure tested as stated below. There shall be noyleakage
any part of the accumulator. The pressure shall be applied atya maximun
Pressure Chamber
pproximately mid position, completely fill the high\pressure fluid and gas
ort. With the low pressure port open, fluid pressure shall be applied at the
2.2 is obtained and maintained for 5 minutes:

ressure Chamber

fluid port and the gas port open tQo-atmosphere completely fill the low pres|
he low pressure port until a pressure per 3.6.2.2 is obtained and maintained

bof Pressure
or mounted in a vertical position and with the gas port down and the gas

bhere, the accumulator separator shall withstand a fluid pressure per 3.6
pr 2 minutes without leakage or damage.

bhere; the accumulator separator shall withstand a fluid pressure per 3.4
pr 2iminutes without leakage or damage.

naximu-throughout-these-tests-unless-otherwise-specified-inthe-Rresurement Specification.

of fluid or permanent
N rate of 25 000 psi/min

hambers with hydraulic
high pressure fluid port

sure chamber with fluid
for 5 minutes.

and low pressure ports
2.1 applied at the high

or mounted’in a vertical position and with the vent port down and the gas @nd high pressure ports

.2.2 applied at the low

With the accumulator mounted in a vertical position and with the high pressure fluid port down and the port open to

the atmosphere, the accumulator separator shall withstand a fluid pressure per 3.6.2.1 applied to the gas port for 2

5.2.2.3 Separator Pr
a. With the accumulaf
open to the atmos
pressure fluid port f
b. With the accumulat
open to the atmos
pressure fluid port f
C.
minutes without lea
5.2.3 Cycling

kage or damage.

The accumulator should be cycled for a minimum of 25 full stroke cycles or as specified in the Procurement Specification.
The cycling should be accomplished with:

a.

The gas chamber precharged per 3.3.2

b. The low pressure chamber maintained at rated return pressure per 3.6.1.2

C.

The pressure increased at the high pressure port up to the rated pressure per 3.6.2.1
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5.24 Leakage Test

5241 Gas Leakage

With the accumulator mounted in a vertical position with gas port up (unless otherwise specified in the Procurement
Specification), and the high pressure port connected to a calibrated sight tube or cylinder open to atmosphere, gas
pressure shall be applied to the gas port at both 7% and 67% of rated pressure. There shall be no evidence of external
leakage. This can be detected by the use of bubble-detecting fluid at the gas port. Internal leakage shall be no greater

than specified in 3.3.7.1.

A recommended test setup (Figure 2) and a method to measure gas leakage is as follows:

a.

Partially fill the flui
the tube to a calibrg

Place the accumula

ted sight tube or cylinder.

tor in a vertical position with the fluid side down.

Charge the gas sid¢ of the accumulator to the required pressure.

Adjust the fluid levgl such that the level is in the calibrated portion of the sight glass that will

air leakage by a ris
Obtain the required

The fluid volume di

b in the fluid level.

test temperature

side-of tha-accumidatarwith fliid and connact atiihe to tha outlet nort C
S1a8-0Re—aeEH T thato—WHH—HEtHa—aRe—-6e e 6ta—tHp6to0te-ounet+PoH-

Eplaced during the specified test time will be@ measure of the gas leakage.

permit measurement of

Pressure
Gas Gage
Precharge -
Pressure Temperature/Humidity/
Source Altitude Chamber
D_yé Rlexible Line
/1 Thermocouple Graduated Sight
Tube*
@_ v High (Ppen to
Pressure Atmosphere)
Port
*Graduations to
e 0.01 mL
Low
Pressure
Port Drain
(Blanked) Valve

L]

Vent
Port

FIGURE 2 - RECOMMENDED GAS LEAKAGE TEST SETUP

nnect the other end of
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5.2.4.2 Hydraulic Fluid Leakage

5.2.4.21 High Pressure Side

With the accumulator mounted in a vertical position with the gas port down and open to the atmosphere, rated pressure
per 3.6.2.2 shall be applied to the high pressure fluid port for a period of 1 hour, or as specified in the Procurement
Specification. There shall be no evidence of external leakage. Internal Leakage shall not exceed leakage per 3.3.7.3.
52422 Low Pressure Side

With the accumulator mounted in a vertical position with the vent port down and open to the atmosphere, rated pressure
per 3.6.2.2 shall be applied to the low pressure fluid port for a period of 1 hour, or as specified in the Procurement

Specification. There sh
5.2.5 Separator Frict
With the accumulator g

pressure shall be grad
Gradually decrease the

L hae nao oavidence-of extarnal leakaae Intarnal | askaaa-chall nat avcead-l
p—2E-H0-6 Va8 REE-6-8XteHar8arKadge—HteHia=6akage-SHamrHo+t et
on

as chamber precharged per 3.3.1, and pressure maintained at.the low pr

ually increased at the high pressure port until the separataryis approxi
pressure at the high pressure port until the separator begins\to move. The

which the separator begins to move should be per 3.3.5.

NOTE: This test shoul
requirement ov

5.2.6 Electro-Condud

If required by the Proc
specified points on the
greater than 300 millioh
5.3 Preparation for D

After testing, the accu
AS4941 or AS8775, as

6. QUALIFICATION T
6.1 General

Qualification tests, for
ARP and the Procurem

l be repeated with the separator at various positiontof the stroke to ensu
br the full stroke.

tive Bonding

Lirement Specification, the electrical resistance between any point on the
accumulator shall be measured (forexample, at the fluid connection). The
ms, unless otherwise stated in the\Procurement Specification.

Elivery

mulator shall be prepared for delivery (including packaging and markir
applicable.

ESTS

he ‘purposes of checking whether the accumulator design conforms to t

akage per 3.3.7.3.

bssure port per 3.6.1.2,
mately in mid position.
differential pressure at

re compliance with this

mounting facilities and
resistance shall not be

g) in accordance with

ne requirements of this

bnt Specification, should consist of the tests specified herein.

If tests additional to those detailed in Table 3 are required, then the Procurement Specification should:

a.

Provide the test requirements

b. Define which test accumulator(s) shall be used for these additional tests

The qualification tests should be conducted on accumulators that are identical to the accumulators to be manufactured.
The Purchaser, prior to the commencement of testing, shall approve any discrepancies between the test and production
units.

All tests shall be conducted at ambient and fluid temperature of 70 °F + 10 °F (21 °C + 4 °C) unless otherwise specified
The fluid cleanliness shall be to AS4059 Class 6 maximum throughout these tests (unless otherwise specified in the
Procurement Specification), except for endurance cycling (6.3.2).

For the proof and burst tests, pressure shall be applied at a maximum rate of 25 000 psi/min (172 MPa/min).
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