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The calculations use the combined characteristics of fluid volume swell and thermal expansion to result in the greatest
increase in O-ring volume by each dash size.
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Closed glands are required, with exceptions.

Appendix A offers the calculation methodology used to generate the groove dimensions.

Appendix B describes the differences between this Standard and other available documents (i.e., ARP1234 and AS4873).

Appendix C shows the comparison of AS6235 groove depth tolerances with AS4716 and AS5857 groove depth deltas.

Digital Annex D is a Workbook that:

Records the calculations used to determine the gland dimensions in this Standard.

sizes and tolerances and determine the required gland dimensions.

Allows users to insert properties of alternate materials and/or higher maximum temperature and/or alternate O-ring

Also included in Append
Annex E provides:
[ ]

A record of present3

Calculations to detg
Digital Annex D.

NOTE: The groove dinmjensions specified in this standard do not support the mounting interfag

ARP490. The re
recommendatio

1. SCOPE

This SAE Aerospace St
internal pressure and e
size range as AS4716
practical.

The glands have been
tolerances at nominal sy

While the gland dimens
used for higher pressur

Summarizes the data collected and the philosophy implemented.

x D is instructions for use of the Workbook.

tions to AMS-CE Committee and other information used in this Standard.

quirements of this standard shall not.bé applied to the seal grooves desi
ns.

andard (AS) specifies standardized gland design criteria and dimensions
ternal pressure applications for aerospace hydraulic and pneumatic appl
and AS5857 wheré applicable. Some small diameter sizes are exclude

specifically ‘designed for applications using AS568 size elastomeric O-rir
stem operating pressures up to 3,000 psi (20,680 kPa) utilizing no anti-ext

ons;herein have been designed for pressures up to 3,000 psi (20,680 kA
S but extra precautions need to be taken and testing should be perform

brmine the most critical elastomer material that.was used to calculate the gland dimensions in

e patterns described in
jned to ARP490 pattern

for static face seals for
cations using the same
d because they are not

gs with related Class 2
usion (backup) rings.

a) these glands may be
ed to ensure integrity of

performance.

This specification covers the basic design criteria and recommendations for use with standard size elastomeric O-rings,
however, these glands are also suitable for use with other elastomeric and polytetrafluoroethylene (PTFE) based seal

geometries.
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2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

2.1.1 SAE Publications

Available from SAE International, 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.

ARP490 Electrohydraulic Servovalves

AS568 Aerospace Size Standard for O-rings

ARP1234 Gland Design, Elastomeric O-Ring Seals, Static Axial, Without Back*Up Rings

AS1241 Fire Resistant Phosphate Ester Hydraulic Fluid for Aircraft

AS4716 Gland Qesign, O-ring and Other Elastomeric Seals

AS4873 Gland Qesign, Elastomeric O-Ring Seals, Static Radialand Face 800 psi Maximurp Service
AS5857 Gland Qesign, O-ring and Other Elastomeric Seals, Static Applications

AMS-P-83461 Packing, Preformed, Petroleum Hydraulic Eluid Resistant, Improved Performance jat 275°F (135°C)
AMS-R-83485 Rubber| Fluorocarbon Elastomer, Improved Performance at Low Temperatures
2.1.2 U.S. Government Publications

Copies of these documgnts are available@©nline at http:/quicksearch.dla.mil/.

MIL-PRF-5606  Perfofmance Specification: Hydraulic Fluid, Petroleum Base; Aircraft, Missile, and Ordnance

MIL-P-25732 Packipg, Preformed, Petroleum Hydraulic Fluid Resistant, Limited Service At 275 °F (135 °C) (Inactive)

MIL-PRF-83282 Hydrdulie)Fluid, Fire Resistant; Low Temperature, Synthetic Hydrocarbon Bage NATO Code Number
H537

MIL-PRF-87257 Hydraulic Fluid, Fire Resistant; Low Temperature, Synthetic Hydrocarbon Base, Aircraft and Missile
2.1.3 ASME Publications

Available from ASME, P.O. Box 2900, 22 Law Drive, Fairfield, NJ 07007-2900, Tel: 800-843-2763 (U.S./Canada), 001-
800-843-2763 (Mexico), 973-882-1170 (outside North America), www.asme.org.

ASME B46.1  Surface Texture (Surface Roughness, Waviness & Lay)
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2.1.4 NAS Publications

Available from Aerospace Industries Association, 1000 Wilson Boulevard, Suite 1700, Arlington, VA 22209-3928, Tel:
703-358-1000, www.aia-aerospace.org.

NAS1613 Packing, Preformed, Ethylene Propylene Rubber
2.1.5 ISO Publications

Available from American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, Tel: 212-642-
4900, www.ansi.org.

ISO 3601-2 Fluid Power Systems - O-rings. Part 2: Housing Dimensions for General Applications

ISO 4287-1 Geomefrical Product Speciiications (GPS) - surface Texture: Profile mMethod -] Terms, Definitions and
Surfacel Texture Parameters

2.2 Related Publicatigns

The following publications are provided for information purposes.
The following publications are provided in Annex E:

Presentation to AMS-CH, “Compression Stress-Relaxation - Added Value or-Added Cost?” by Dr. V. R. Keller, May 2102.

Presentation to AMS-CH, “Swell of O-rings in Glands Compared to.€énventional Volume Changg Measurements,” by Dr.
W. R. Keller, August 2005.

Report “Swell of O-ringg in Glands Compared to Conventional*Volume Change Measurements; Updated Test Results on
NBRs in Red Hydraulic Pils,” by Dr. W. R. Keller, 14 June,2013.

Report “Finite Element Analyses of Face Seal Glands; Internal Pressure, SAE AS6235 Design $tandard Support” dated
April 21 2015.

2.3 Definitions
2.3.1 GLAND AND GROOVE
The terms gland and grgove are rot)interchangeable in this document. The following explains their|usage:

e Groove: The recess|machined in one component that contains the sealing element.

e Gland: The assembly of the component with a recess to contain the sealing element and the adjoining flat pressure
retaining plate in close contact with it.

2.3.2 Clarification of Internal and External Pressure Types

The configuration of the seal and placement of the seal within the gland depends on the direction of pressure. The axial
seals may be pressurized from a source located within the seals inner diameter (internal pressure application) or from a
pressure source located outside the outer diameter of the seal (external pressure application). See Figures 1 and 2
respectively.
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2.3.3 Metric Equivalents

Dimensions and properties in inch/pound/Fahrenheit units are primary; dimensions and properties in Sl units are shown as
the approximate equivalents of the primary units and are presented only for information. When using the Excel files in the
Digital Annex, although the metric spreadsheets can be observed, due to slight discrepancies in conversions it is
recommended that the imperial data be regarded as primary for use in applications.

3. TECHNICAL REQUIREMENTS
3.1 Gland Configuration
3.1.1 General

This document depicts groove depths S|m|Iar to A85857 in order to ach|eve a minimum squeeze level of 10% and radial
widths similar to those [forT ' cupancies. Some of the
smaller dash sizes havg a gland occupancy more than 95%, but in no case is a gland occupancyof 100% exceeded. The
glands are sized by digmeter and referenced using AS568 O-ring dash sizes. The glands ‘are intended to be closed in
order to protect seals frgm any possible flow erosion, however, there are certain exceptions ~'see the Important Note in 3.7
(following Figure 3).

At operating pressures exceeding 3,000 psi (20,680 kPa) there is a greater risk of“deflection of the flat mating surfaces
and/or extension of the fetaining bolts resulting in an extrusion gap.

Every precaution should be taken to ensure integrity of the hardware underpressurized condition$ including overpressure
during impulse testing. [Flatness of the mating faces comprising the gland(s) is of high importance and designs should
ensure that the extrusion gap presented by any variation of the surfaces from flat is maintained gt a minimum to ensure
integrity of seal performance. Testing should be performed to ensure satisfactory performance.

The glands have been Hesigned to also permit the use of alternate seal configurations where ah extrusion gap may be
realized, in which case, pach application should be tested toyensure satisfactory performance.

3.1.2 Dimensions

For the dash sizes listed, the dimensions and, surface finish requirements in Tables 3 through 8 are similar to those in
AS4716 and/or AS5857|for no backup width{glands and are calculated to achieve a design goal jof 95% maximum gland
occupancy including vojJume swell plus thermal expansion to 275 °F (135 °C). Some of the smialler dash sizes have a
gland occupancy in excess of 95% in ardef to maintain consistency of gland depths and gland wigiths throughout a series
range; however, none of the glands has*an occupancy of more than 100% under these conditions.

3.2 Volume Swell and ThermalEXpansion Considerations

The volume swell whil¢ gander compression has been the subject of testing, see report (see [E.1.1 and E.1.2) which
provides the following eduation:

Volume Swell % = 1.958 + (0.648 x V) — (0.0156 x V x S) (Eq. 1)
where:
V = free-volume change in fluid (from material data sheets)
S = % squeeze in the gland

Note that the Volume Swell resulting from Equation 1 is a whole number.
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The minimum O-ring axial squeeze at ambient temperature of 75 °F (23.9 °C) to this standard is 10% per AS5857. Since
O-ring volume swell decreases as squeeze is increased, 10% squeeze will render the greatest volume swell. Where O-ring
cross-section tolerances are at the maximum and groove depths are at the minimum, these circumstances will generate
maximum squeeze and hence will generate the lowest volume swell. The set of circumstances found to generate the
largest O-ring volume is with the O-ring dimensions on maximum and the groove depth on maximum (see Section E.2).

The swell and CTE (Coefficient of Thermal Expansion) combinations are based on using the following elastomers and
fluids:

e NAS1613 elastomer in High and Low Density Phosphate Ester fluids to AS1241.
e MIL-P-25732, AMS-P-83461, AMS-R-83485 all in MIL-PRF-5606, MIL-PRF-83282. and MIL-PRF-87257 fluids.

See details of elastomer swell and physical properties in Section E.2

It should be noted that for calculation purposes it is essential to use the elastomer that has aeémbination of the greatest
O-ring volume swell and volume thermal expansion. To use the greatest volume swell fromcallthe fluid/elastomer tests and
then use a different elastomer that has the greatest thermal expansion is a false set of cirgumstanges.

The elastomer to prodyce the greatest increase in volume from the total of its discrete fluid vglume swell and thermal
expansion is AMS-P-83#161 NBR Elastomer tested in_MIL-PRF-5606 Red Oil 70chours at 275 °F (135 °C) with a free swell
of 16.3% and a CTE of 1.13 x10in/in/°F (2.03 x 10* mm/mm/°C).

A specific exclusion from this specification is all fluorosilicone elastomers,;»Due to a typical high €CTE, this material is not

suitable for use in grogves to this specification if used at the maximum operating temperature |in the region of 350 °F
(177 °C).

NOTE 1: Where the squeeze is increased and/or the knownzswell and linear coefficient of thermal expansion for an
alternate mategrial exceed the limits stated above;-the calculations shown in Appendix |A should be followed to
calculate the minimum radial gland width required’to achieve the maximum volume occupancy of 95%.

Appendix D apd Digital Annex D (Excel spreadsheet file) may also be used to perform this calculation.

NOTE 2: No accommodglation has been made for thermal expansion or contraction of hardware.

The hardwarg dimensions that(affect seal performance through temperature variation are principally the groove
depths. At low temperature the+seal material will shrink producing a loss in squeeze. Hgwever, as the hardware
will also shrink, the effect will not be quite so severe. Similarly, as temperature increades the seal will expand,
thereby incregsing squéeeze. However, as the hardware will also expand, the effect simjlarly will not be quite so
severe. Since| variguS.materials are used for hardware, it is not possible to account for| every material used for
hardware, thereforevto take the worst possible case, no account is made for thermal effects of hardware
dimensions in|this 'standard.

3.3 Groove Diameters
3.3.1 Internal Pressure Applications

The groove outer diameter A is calculated as the O-ring nominal O.D. However, when squeezed axially the O-ring cross-
section adopts a “race-track” shape. Assuming the mean diameter of a squeezed O-ring remains the same as that of the
O-ring in a free condition, there will be an increase in the O.D. and, therefore, an interference fit of the O-ring O.D. within
the groove major diameter (O.D.) A. In line with industry general practice, this specification limits the interference fit
(cramming) to a maximum of 1%.
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In order to maintain gland occupancy below 100%, the groove outer diameters for -008 and -009 have been increased as

follows:

-008 Size OD increased by 0.003 inch (0.076 mm).

-009 Size OD increased by 0.001 inch (0.025 mm).

The following tolerances are then applied:

For diameters up to and including 3.010 inches (76.454 mm): +0.000/-0.006 inch (+0.000/-0.152 mm).

For diameters above 3.010 inches (76.454 mm): +0.000/-0.010 inch (+0.000/-0.254 mm).

It can be seen from Table 8 that several of the small sizes exceed 95% maximum gland occupancy. However the

likelihood of actually acH
3.3.2 External Pressu

The groove inner diamg

section adopts a “race-track” shape. Assuming the mean diameter of a squeezed O:ring remains

O-ring in a free conditio
groove minor diameter
a maximum of 5%.

The following tolerances
For diameters up to and
For diameters above 3.(
The groove diameters fq

3.4 Groove Depths

It is desirable to mainta

level of 25% at room temperature becomes over 30% squeeze at temperatures of 300 °F (150 °C|

coupled with the fall-off
to the failure strain of
specification has an up
minimum squeeze at ar
(-54 °C) is maintained

leving this limit in practice I1s extremely remote.

re Applications

ter B is calculated as the O-ring nominal I.D. However, when;squeezed
N, there will be a decrease in the I.D. and, therefore, an ihterference fit of
I.D.) B. In line with industry general practice, this spegification limits the in
are then applied:

including 3.000 inches (76.200 mm): +0.0067-0.000 inch (+0.152/-0.000 m
00 inches (76.200 mm): +0.010/-0.000"inch (+0.254/-0.000 mm).

r internal pressure and externallpressure applications are listed in Table 8

n ambient squeezeno higher than 25% in order to avoid excessive com

n critical strain‘to-break of most rubber materials, this 30+% squeeze bec
the rubber @t high temperatures (for background information see Secti
per limit an O-ring squeeze of 25% at ambient temperature as shown in
nbient temperature of 10% per AS5857. Table 1 also shows that the min

axially the O-ring cross-
the same as that of the
he O-ring I.D. within the
terference fit (stretch) to

m).

bression set. A squeeze

or higher. When this is
bmes dangerously close
bn E.3). Therefore, this
Table 1, yet maintain a
mum squeeze at -65 °F

abevesthe minimum recommendation of 5%

squeeze with swell and at-275 °F for 000 series only.

(per AS4716) and only llninimally exceeds 25%

For reference, Table 1 also shows the maximum squeeze % for each O-ring cross section when subjected to volume swell

and thermal expansion.

Table 1 - Maximum and minimum squeeze levels at various temperature limits

Minimum Minimum Maximum Maximum
Squeeze % Squeeze % Squeeze % Squeeze %

O-ring -65 °F (-54 °C) Ambient Ambient With Swell at
Series (No Swell) (No Swell) (No Swell) 275 °F (135 °C)

000 9.01 10.45 23.29 27.97

100 8.55 10.00 18.87 23.83

200 8.93 10.37 18.18 23.18

300 8.80 10.24 17.21 22.27

400 8.59 10.04 16.73 21.82
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The groove depth L for each O-ring cross-section has been calculated to ensure a minimum of O-ring squeeze of 10% at
ambient temperature using the equation below:

O-ring squeezed axial dimension = O-ring minimum cross-section x 0.9
= Calculated Maximum Groove Depth “L” (Eq. 2)

The groove depths “L” are then rounded down to the nearest 0.001 inch (0.025 mm) to ensure a minimum of 10%
squeeze.

The following tolerances are then applied:

Series 000, 100, 200: +0.000/-0.004 inch (+0.000/-0.102 mm)

Series 300: +0.000/-0.0¢6 inch (+0.000/-0.15Z mm)
Series 400: +0.000/-0.008 inch (+0.000/-0.203 mm)

It should be noted that ps swell occurs while in a gland, the squeeze levels listed in Fable 1 are|valid provided the swell
does not result in the O-ring coming into contact with both outer and inner diameters.-ef the gland. ©nce this contact occurs
the O-ring O.D. and I.D purfaces are both subject to compression, therefore, theeffective squeezel on the O-ring increases
dramatically. As a result, further swell is thereby significantly restricted (Equation,1) and for the O-fings listed in Table 8 as
exceeding 95% gland og¢cupancy, the likelihood of actually achieving such high levels is remote.

Also, the likelihood of folerances on both hardware and O-ring coinciding to produce maximum occupancy, although
possible, is remote. The spread of possible % occupancy for the qmost critical 000 series is very wide. As an example,
Table 2 shows the range of gland occupancies for a sample of,-008, -013, -020, and -028 sizes for Internal Pressure
applications with the glgnd and O-ring dimensions to provide minimum, nominal and maximum gccupancy. Although the
goal was to achieve a mjaximum of 95% occupancy, the slightly excessive maximum possible ocgupancy for -008 through
-013, by virtue of the abpve explanation, is not a concern.

Table R - 000 series range of gland-éccupancies by varying component tolefances

Internal Pressure Applications
Gland Occupancy % with Swell & Thermal Bxpansion
Maximum Gland Nominal Gland Minimum Gland
Gland Volume Volume Volume
O-ring & Gland Maximum Minimum O-ring Nominal O-ring Maximum O-ring
Dash Siz¢ 0.D. Volume Volume Volume
-008 0.331 76.59% 85.34% 98.90%
-013 0.572 72.61% 82.93% 95.10%
-020 1.006 70.64% 81.27% 92.71%
-028 1.504 69.92% 20.49% 91.59%

Refer to Appendix C for comparison of groove depths and tolerances between this standard and AS4716.
3.5 Groove Radial Width

The groove radial widths “G” are based on calculations per Appendix A and generally use a maximum gland volume
occupancy of 95%. The groove edge break volume is not included in the calculations. In some cases the groove widths
are rounded down for practical and consistency reasons, but in no case does volume occupancy exceed 100%. Tables 3
and 4 list groove widths that are either per calculations, per rounded calculations or the same as AS4716. For -108 size for
Internal Pressure, the maximum groove width of 0.146 inch (3.708 mm) is used in order to maintain the minimum inner
gland wall thickness.
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Table 3 - Groove cross section details for internal pressure applications

Gland Internal Pressure Applications
and Inches Millimeters
AS568 Groove Width | Groove Depth | Groove Width | Groove Depth
O-ring G L G L
Dash Min Min Min Min
No. Max Max Max Max
0.098 0.056 2.489 1.422
008 thru 028 0.103 0.060 2.616 1.524
108 0.141 3.581
0.146 0.086 3.708 2.184
0.141 0.090 3.581 2.286
109 thru 149 0151 3835
5 0188 0117 4775 2972
o nuess 0.198 0.121 5.029 3.073
0.281 0.178 7.137 4:521
D
3¢5 thru 349 0.291 0.184 7.391 4.674
0.375 0.234 9.525 5.944
D
A5 thru 460 0.385 0.242 9.779 6.147
Table 4 - Groove cross section details for external pressure applicatior|s

Gland External Pressure Applications
and Inches Millimeters
AS568 Groove Width | Groove Depth |»Groove Width | Groove Depth
O-ring G L G L
Dash Min Min Min Min
No. Max Max Max Max
0.098 0:056 2.489 1.422
Ops thru 028 0.103 0.060 2.616 1.524
0.141 0.086 3.581 2.184
1p6 thru 149 0.151 0.090 3.835 2.286
0.188 0.117 4.775 2.972
20 thru 247 0.198 0.121 5.029 3.073
0-281 0.178 7.137 4.521
D
3p5 thru 349 0291 0.184 7.391 4.674
0.375 0.234 9.525 5.944
D
45 thru 460 0.385 0.242 9.779 6.147

For gland dash sizes uf
AS4716. For gland das
critical for smaller sizes,

to and-including -109, the widths for zero backup grooves per AS5857 gre larger than those per
N sizés ~110 and above, the reverse is the case. Since space is always
the \groove widths per AS4716 were adopted.

at a premium, but more

A further reason is that historically, groove dimensions for specialist designs of face seals have been based on AS4716,
which is a derivative of previous Military specifications. AS5857 is a more recent specification and while it is specifically for
static seals, designs based on AS4716 dimensions and tolerances were already established with no reason to introduce
designs based on AS5857.

For both internal pressure and external pressure applications, the limiting minimum O-ring 1.D. was taken into account and
was applied as 0.102 inch (2.591 mm) for series 000 O-rings and 0.153 inch (3.886 mm) for all series 100 and larger

O-rings.

These limits were determined by assuming a minimum flow passage diameter of 0.062 inch (1.575 mm) and a supporting
maximum groove wall thickness of 0.020 inch (0.508 mm) for series 000 O-rings and 0.030 inch (0.762 mm) for series
100 cross-section O-rings.
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It is not necessary to apply such limitations to series 200, 300, and 400 O-rings as their inside diameters are much larger.
Groove widths and depths by Dash Number are listed in Tables 3 and 4. Size -108 for internal pressure has a different
groove width to the remainder of the 100 series sizes in order to maintain a groove 1.D. with a minimum of 0.153 inch
(3.886 mm)

3.6 Limitations

The design criteria and standard glands set forth in this document are intended for use in static applications with AS568
O-ring dash sizes and the range of dash sizes was selected to be essentially the same as those listed in AS4716 but with
the exception of some small sizes that are not practical and are, therefore, omitted.

3.7 Gland Detail

Details for the standard gland design including break edge requirements are depicted in Figures 1 and 2.

NOTE: Dimensions usgd in Figure 1 through 3 are listed below:
e Groove O.D. for Intgrnal Pressure Applications
e Groove I.D. for Extefnal Pressure Applications
e Groove Radial Width
e Groove Depth

e Groove Radius

= DIA A -

BREAK EDGE

PRESSURE

Figure 1 - Gland details - internal pressure applications
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PRESSURE
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N

BREAK EDGE
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PRESSURE
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Figure 2 - Gland details - external pressure applications

M

@M@

Figure 3 - Gland detalls -

i,

— -

T

PRESSURE

BREAK EDGE

internal pressure applications
(only allowed in special circumstances - see important note below)

IMPORTANT NOTE: Q@lands for internal pressure applications to Figure 3 are generally not allowed; gland designs to

3.7.1 Groove Corner

Hgure 1 protect the 'seal against any flow erosion and are required unless
al metal or suitable*high modulus plastic internal protecting component. So
designs incorporate a metal or high modulus plastic component on the I.D.
n which caseé. grooves to Figure 3 may be used. External pressure applications should also use
closed glands in order to protect seals from the environment, unless there is a separate component
tg protéct'the seal O.D. Seals using these configurations should be tested tg

rlhe seal is designed with
e internal pressure seal
to prevent flow erosion,

prove suitability.

Break Fdge

The corner break edge requirements (see Figures 1 through 3) are per AS4716 and AS5857 and are listed in Table 5.

Table 5 - Groove break edge details

System Pressure

Groove Break Edge Requirements

Pressure (psig)

Pressure (kPa)

inches

mm

< 3,000

< 20,680

0.005 + 0.005 / -0.000

0.127 + 0.127 / -.000

> 3,000

> 20,680

0.002 + 0.008 / -0.000

0.051 + 0.203 /-.000

3.7.2 Groove Corner Radii

The groove corner radii (see Figures 1 through 3) dimension “R” are per AS4716 and AS5857 and are listed in Table 6.
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Table 6 - Groove standard corner radius dimensions

Gland Inches Millimeters
and
AS568 Corner Corner Corner Corner
Dash Radius Radius Radius Radius
No. Maximum Minimum Maximum Minimum

006 to 028 0.015 0.005 0.381 0.127
106 to 149 0.015 0.005 0.381 0.127
210 to 247 0.025 0.010 0.635 0.254
325 to 349 0.035 0.020 0.889 0.508
425 thru 460 0.035 0.020 0.889 0.508

3.8 Surface Finishes of Glands

The following su

used in units containing

rface fi

ishes in Table 7 (indicated as surface roughness as defined in ASME B46

O-ring and other elastomeric seals.

Table 7 - Surface roughness requirements

.1 (ISO 4287-1) shall be

The sealing faces are th
other and perpendicular

The gland surfaces mu
smooth and true and fre|

Surface Surface
Roughness Roughness
Ra (Hin)yper Ra (umj) per
Part on Unit ASME B46.1 ISO 42B7-1
. 16.(max) 0.4 (max)
Sealing Faces See Note See Note
O-ring Contact Diameter
(Outdr Diameter for Internal Pressure Type) 32 (max) 0.8 (max)
(Inneg Diameter for External Pressure Type)
O-ring Non-contact Diameter
(Innef Diameter for Internal Pressure Type) 63 (max) 1.6 (nax)
(Outef Diameter for External Pressute-Type)
NOTE: [The optimum recommended foughness for dynamic application is 4 to 12 pin

super-finishing/polishing.

to the flaw_port.

‘o nicks, scratches, and burrs, etc.

(0.1 to 0.3 um) Ra. The use of HVOF (High Velocity Oxygenated Fuel) coating
require a 4 pin (0.1 4m) Ra (max) roughness with consideration to post proces

e surface of/the closing plate and the bottom of the groove, which are es

st be~ffee from all machining irregularities exceeding the above values,

s will
s

3.9 Groove Dimensions and O-ring Volume Occupancy

sentially parallel to each

Gland edges shall be

The groove I.D. and O.D. dimensions (see Figures 1 through 3) as applicable and maximum volume occupancies are

listed in Table 8.


https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

SAE INTERNATIONAL

AS6235™A

Page 13 of 78

Table 8 - Standard groove diameters for internal and external pressure applications

Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal External
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
006 - 0.107 - 2.718 - 84.05%
0.112 2.845
007 - 0.140 - 3.556 - 82.91%
0.145 3.683
008 0.328 0.173 8.331 4.394 98.58% 82.94%
0.323 0.178 8.204 4521
qo9 0.357 0.206 9.068 5.232 99.25% 8825%
0.353 0.211 8.966 5.359
q10 0.387 0.239 9.830 6.071 98.77% 83.24%
0.382 0.244 9.703 6.198
Q11 0.448 0.301 11.379 7.645 97:21% 84.06%
0.443 0.306 11.252 7.772
Q12 0.511 0.364 12.979 9.246 95.87% 84.66%
0.506 0.369 12.852 9.373
Q13 0.572 0.426 14.529 10.820 95.10% 85.11%
0.567 0.431 14.402 10,947
Q14 0.634 0.489 16.104 12.421 94.49% 85.48%
0.629 0.494 15.977 12.548
Q15 0.696 0.551 17.678 13.995 94.16% 86.04%
0.691 0.556 17.551 14.122
q16 0.758 0.614 19.253 15.596 94.03% 86.50%
0.753 0.619 19.126 15.723
Q17 0.820 0.678 20.828 17.170 93.55% 86.66%
0.815 0.68% 20.701 17.297
18 0.882 0739 22.403 18.771 93.26% 86.80%
0.877 0.744 22.276 18.898
19 0.943 0.801 23.952 20.345 93.02% 86.92%
0.938 0.806 23.825 20.472
20 1,006 0.864 25.552 21.946 92.71% 87.02%
1.001 0.869 25.425 22.073
21 1.067 0.926 27.102 23.520 92.53% 87.11%
1.062 0.931 26.975 23.647
UZZ 1129 U.YoY 0.0/ 7 o.1Z1 92.407% of. %
1.124 0.994 28.550 25.248
023 1.191 1.051 30.251 26.695 92.23% 87.34%
1.186 1.056 30.124 26.822
024 1.254 1.114 31.852 28.296 92.03% 87.40%
1.249 1.119 31.725 28.423
025 1.316 1.176 33.426 29.870 91.92% 87.52%
1.311 1.181 33.299 29.997
026 1.379 1.239 35.027 31.471 91.75% 87.56%
1.374 1.244 34.900 31.598
027 1.441 1.301 36.601 33.045 91.60% 87.61%
1.436 1.306 36.474 33.172
028 1.504 1.364 38.202 34.646 91.59% 87.77%
1.499 1.369 38.075 34.773



https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

SAE INTERNATIONAL

AS6235™A

Page 14 of 78

Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal External
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
106 - 0.169 - 4.293 - 77.69%
0.174 4.420
107 - 0.202 - 5.131 78.10%
0.207 5.258
108 0.452 0.235 11.481 5.969 96.10% 78.21%
0.447 0.240 11.354 6.096
109 0.513 0.299 13.030 7.595 94.41% 78,74%
0.508 0.304 12.903 7.722
110 0.576 0.362 14.630 9.195 92.96% 79.46%
0.571 0.367 14.503 9.322
111 0.637 0.424 16.180 10.770 92.08% 80.02%
0.632 0.429 16.053 10.897
112 0.700 0.487 17.780 12.370 91.22% 80.47%
0.695 0.492 17.653 12.497.
113 0.761 0.549 19.329 13.945 90.96% 81.08%
0.756 0.554 19.202 14972
114 0.823 0.612 20.904 15.545 90.75% 81.59%
0.818 0.617 20.777 15.672
115 0.885 0.674 22.479 17.120 90.22% 81.81%
0.880 0.679 22.362 17.247
116 0.947 0.737 24.054 18.720 89.89% 82.00%
0.942 0.742 23.927 18.847
117 1.008 0.799 25.603 20.295 89.70% 82.26%
1.003 0.804 25.476 20.422
118 1.071 0.862 27.203 21.895 89.35% 82.40%
1.066 0.867 27.076 22.022
119 1.132 0.924 28.753 23.470 89.13% 82.52%
1.12% 0.929 28.626 23.597
120 195 0.987 30.353 25.070 88.85% 82.63%
17190 0.992 30.226 25.197
121 1.256 1.049 31.902 26.645 88.69% 82.13%
1.251 1.054 31.775 26.772
177 T.318 TI1Z 33477 78.245 B8 54% B8Z-82%
1.313 1.117 33.350 28.372
123 1.380 1.174 35.052 29.820 88.48% 83.03%
1.375 1.179 34.925 29.947
124 1.443 1.237 36.652 31.420 88.28% 83.09%
1.438 1.242 36.525 31.547
125 1.505 1.299 38.227 32.995 88.11% 83.16%
1.500 1.304 38.100 33.122
126 1.568 1.362 39.827 34.595 87.95% 83.21%
1.563 1.367 39.700 34.722
127 1.630 1.424 41.402 36.170 87.81% 83.26%
1.625 1.429 41.275 36.297

Table 8 - Standard groove diameters for internal and external pressure applications (continued)
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Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal External
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
128 1.693 1.487 43.002 37.770 87.67% 83.31%
1.688 1.492 42.875 37.897
129 1.755 1.549 44.577 39.345 87.71% 83.50%
1.750 1.554 44.450 39.472
130 1.818 1.612 46.177 40.945 87.59% 83.54%
1.813 1.617 46.050 41.072
131 1.880 1.674 47.752 42.520 87.48% 83:57%
1.875 1.679 47.625 42.647
132 1.943 1.737 49.352 44.120 87.37% 83.60%
1.938 1.742 49.225 44.247
133 2.005 1.799 50.927 45.695 8%.28% 83.63%
2.000 1.804 50.800 45.822
134 2.068 1.862 52.527 47.295 87.19% 83.66%
2.063 1.867 52.400 47.422
135 2.131 1.925 54.127 48.895 87.19% 83.17%
2.126 1.930 54.000 49,022
136 2.193 1.987 55.702 50.470 87.11% 83.19%
2.188 1.992 55.575 50.597
137 2.256 2.050 57.302 52.070 87.03% 83.81%
2.251 2.055 57.175 52.197
138 2.318 2.112 58.877 53.645 86.96% 83.83%
2.313 2.117 58.750 53.772
139 2.381 2.175 60.477 55.245 86.89% 83.85%
2.376 2.180 60.350 55.372
140 2.443 2237 62.052 56.820 86.82% 83.87%
2.438 2.242 61.925 56.947
141 2.506 2.300 63.652 58.420 86.87% 83.99%
2.501: 2.305 63.525 58.547
142 2:568 2.362 65.227 59.995 86.81% 84.00%
2563 2.367 65.100 60.122
143 2.631 2.425 66.827 61.595 86.75% 84.01%
2.626 2.430 66.700 61.722
147 7693 287 68.402 63.170 86.69% B402%
2.688 2.492 68.275 63.297
145 2.756 2.550 70.002 64.770 86.64% 84.03%
2.751 2.555 69.875 64.897
146 2.818 2.612 71.577 66.345 86.59% 84.04%
2.813 2.617 71.450 66.472
147 2.881 2.675 73.177 67.945 86.61% 84.11%
2.876 2.680 73.050 68.072
148 2.943 2.737 74.752 69.520 86.56% 84.12%
2.938 2.742 74.625 69.647
149 3.006 2.800 76.352 71.120 86.51% 84.13%
3.001 2.805 76.225 71.247

Table 8 - Standard groove diameters for internal and external pressure applications (continued)
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Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal External
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
210 1.019 0.734 25.883 18.644 91.58% 82.05%
1.014 0.739 25.756 18.771
211 1.080 0.796 27.432 20.218 91.25% 82.25%
1.075 0.926 27.305 23.520
212 1.143 0.859 29.032 21.819 90.85% 82.43%
1.138 0.864 28.905 21.946
213 1.204 0.921 30.582 23.393 90.60% 82,$9%
1.199 0.926 30.455 23.520
214 1.266 0.984 32.156 24.994 90.37% 82.14%
1.261 0.989 32.029 25.121
215 1.328 1.046 33.731 26.568 90.09% 82.87%
1.323 1.051 33.604 26.695
216 1.390 1.109 35.306 28.169 90.06% 83.12%
1.385 1.114 35.179 28.296,
217 1.451 1.171 36.855 29.743 89.90% 83.21%
1.446 1.176 36.728 29.870
218 1514 1.234 38.456 31.344 89.68% 83.31%
1.509 1.239 38.329 31.471
219 1.575 1.296 40.005 32.918 89.54% 83.39%
1.570 1.301 39.878 33.045
220 1.638 1.359 41.605 34.519 89.36% 83.47%
1.633 1.364 41.478 34.646
221 1.699 1.427 43.155 36.093 89.25% 83.54%
1.694 1.426 43.028 36.220
222 1.762 1484 44.755 37.694 89.25% 83.16%
1.757 1.489 44.628 37.821
223 1.887 1.609 47.930 40.869 88.96% 83.86%
1.882 1.614 47.803 40.996
224 22012 1.734 51.105 44.044 88.71% 83.95%
2007 1.739 50.978 44.171
225 2.137 1.859 54.280 47.219 88.62% 84.16%
2.132 1.864 54.153 47.346
276 Z.262 TI98% 57.2455 50.394 B8.42% B4 23%
2.257 1.989 57.328 50.521
227 2.387 2.109 60.630 53.569 88.24% 84.28%
2.382 2.114 60.503 53.696
228 2.512 2.234 63.805 56.744 88.15% 84.41%
2.507 2.239 63.678 56.871
229 2.637 2.359 66.980 59.919 88.01% 84.45%
2.632 2.364 66.853 60.046
230 2.762 2.484 70.155 63.094 87.87% 84.49%
2.757 2.489 70.028 63.221
231 2.887 2.609 73.330 66.269 87.75% 84.52%
2.882 2.614 73.203 66.396
232 3.012 2.734 76.505 69.444 87.92% 84.67%
3.002 2.739 76.251 69.571

Table 8 - Standard groove diameters for internal and external pressure applications (continued)


https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

SAE INTERNATIONAL

AS6235™A

Page 17 of 78

Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal Internal
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
233 3.137 2.859 79.680 72.619 87.81% 84.70%
3.127 2.864 79.426 72.746
234 3.262 2.984 82.855 75.794 87.71% 84.72%
3.252 2.989 82.601 75.921
235 3.387 3.109 86.030 78.969 87.61% 84.74%
3.377 3.119 85.776 79.223
236 3.512 3.234 89.205 82.144 87.52% 84,16%
3.502 3.244 88.951 82.398
237 3.637 3.359 92.380 85.319 87.44% 84.18%
3.627 3.369 92.126 85.573
238 3.762 3.484 95.555 88.494 8%.37% 84.80%
3.752 3.494 95.301 88.748
239 3.887 3.609 98.730 91.669 87.39% 84.90%
3.877 3.619 98.476 91.923,
240 4.012 3.734 101.905 94.844 87.32% 84.92%
4.002 3.744 101.651 95.098
241 4.137 3.859 105.080 98.019 87.26% 84.93%
4.127 3.869 104.826 98.273
242 4.262 3.984 108.255 101.194 87.20% 84.94%
4.252 3.994 108.001 101.448
243 4.387 4.109 141.430 104.369 87.14% 84.95%
4.377 4.119 111.176 104.623
244 4512 4.234 114.605 107.544 87.12% 85.00%
4.502 4.244 114.351 107.798
245 4.637 4.359 117.780 110.719 87.07% 85.00%
4.627 4.369 117.526 110.973
246 4.762 4.484 120.955 113.894 87.02% 85.01%
4.752 4.494 120.701 114.148
247 1:887 4.609 124.130 117.069 86.98% 85.02%
4877 4.619 123.876 117.323
325 1.899 1.475 48.235 37.465 89.67% 82.37%
1.894 1.480 48.108 37.592
376 Z.023 T.600 51.38% 70.640 B9.37% B8Z53%
2.018 1.605 51.257 40.767
327 2.147 1.725 54.534 43.815 89.12% 82.67%
2.142 1.730 54.407 43.942
328 2.270 1.850 57.658 46.990 88.94% 82.80%
2.265 1.855 57.531 47.117
329 2.395 1.975 60.833 50.165 88.81% 83.03%
2.390 1.980 60.706 50.292
330 2.520 2.100 64.008 53.340 88.59% 83.12%
2.515 2.105 63.881 53.467
331 2.645 2.225 67.183 56.515 88.39% 83.21%
2.640 2.230 67.056 56.642
332 2.770 2.350 70.358 59.690 88.21% 83.28%
2.765 2.355 70.231 59.817

Table 8 - standard groove diameters for internal and external pressure applications (continued)
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Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal External
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
333 2.895 2.475 73.533 62.865 88.11% 83.41%
2.890 2.480 73.406 62.992
334 3.020 2.600 76.708 66.040 88.13% 83.48%
3.010 2.605 76.454 66.167
335 3.145 2.725 79.883 69.215 87.98% 83.53%
3.135 2.730 79.629 69.342
336 3.270 2.850 83.058 72.390 87.85% 83,$8%
3.260 2.855 82.804 72.517
337 3.395 2.975 86.233 75.565 87.84% 83.T4%
3.385 2.980 85.979 75.692
338 3.520 3.100 89.408 78.740 8%.72% 83.18%
3.510 3.110 89.154 78.994
339 3.645 3.225 92.583 81.915 87.61% 83.81%
3.635 3.235 92.329 82.169.
340 3.770 3.350 95.758 85.090 87.51% 83.85%
3.760 3.360 95.504 85.344
341 3.895 3.475 98.933 88.265 87.42% 83.88%
3.885 3.485 98.679 88.519
342 4.020 3.600 102.408 91.440 87.42% 84.00%
4.010 3.610 101.854 91.694
343 4.145 3.725 105.283 94.615 87.34% 84.03%
4.135 3.735 105.029 94.869
344 4.270 3.850 108.458 97.790 87.26% 84.05%
4.260 3.860 108.204 98.044
345 4.395 3.975 111.633 100.965 87.19% 84.07%
4.385 3.985 111.379 101.219
346 4.520 4.100 114.808 104.140 87.12% 84.09%
4.510 4.110 114.554 104.394
347 1645 4.225 117.983 107.315 87.09% 84.15%
4635 4.235 117.729 107.569
348 4.770 4.350 121.158 110.490 87.03% 84.17%
4.760 4.360 120.904 110.744
349 77895 T75 172333 TT3.665 B86.97% B4 19%
4.885 4.485 124.079 113.919
425 5.025 4.475 127.635 113.665 84.96% 81.28%
5.015 4.485 127.381 113.919
426 5.150 4.600 130.810 116.840 84.89% 81.31%
5.140 4.610 130.556 117.094
427 5.275 4.725 133.985 120.015 84.82% 81.33%
5.265 4.735 133.731 120.269
428 5.400 4.850 137.160 123.190 84.76% 81.35%
5.390 4.860 136.906 123.444
429 5.525 4.975 140.335 126.365 84.77% 81.44%
5.515 4.985 140.081 126.619
430 5.650 5.100 143.510 129.540 84.71% 81.46%
5.640 5.110 143.256 129.794

Table 8 - Standard groove diameters for internal and external pressure applications (continued)
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Table 8 - standard groove diameters for internal and external pressure applications (continued)

Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal External
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
431 5.775 5.225 146.685 132.715 84.65% 81.48%
5.765 5.235 146.431 132.969
432 5.900 5.350 149.860 135.890 84.60% 81.50%
5.890 5.360 149.606 136.144
433 6.025 5.475 153.035 139.065 84.55% 81.51%
6.015 5.485 152.781 139.319
434 6.150 5.600 156.210 142.240 84.50% 81,%3%
6.140 5.610 155.956 142.494
435 6.275 5.725 159.385 145.415 84.45% 81.55%
6.265 5.735 159.131 145.669
436 6.400 5.850 162.560 148.590 84.41% 81.56%
6.390 5.860 162.306 148.844
437 6.525 5.975 165.735 151.765 84.37% 81.58%
6.515 5.985 165.481 152.019
438 6.775 6.225 172.085 158115 84.32% 81.64%
6.765 6.235 171.831 158369
439 7.025 6.475 178.435 164.465 84.25% 81.67%
7.015 6.485 178.181 164.719
440 7.275 6.725 184785 170.815 84.18% 81.69%
7.265 6.735 184.531 171.069
441 7.525 6.975 191.135 177.165 84.11% 81.T1%
7.515 6.985 190.881 177.419
442 7.775 7.225 197.485 183.515 84.11% 81.18%
7.765 7.235 197.231 183.769
443 8.025 1475 203.835 189.865 84.05% 81.80%
8.015 7.485 203.581 190.119
444 8.275 7.725 210.185 196.215 83.99% 81.82%
8.265 7.735 209.931 196.469
445 8625 7.975 216.535 202.565 83.94% 81.83%
8515 7.985 216.281 202.819
446 9.025 8.475 229.235 215.265 83.94% 81.95%
9.015 8.485 228.981 215.519
A4T 9525 B8.975 747935 727965 B3.86% BL.97%
9.515 8.985 241.681 228.219
448 10.025 9.475 254.635 240.665 83.78% 81.99%
10.015 9.485 254.381 240.919
449 10.525 9.975 267.335 253.365 83.70% 82.01%
10.515 9.985 267.081 253.619
450 11.025 10.475 280.035 266.065 83.68% 82.06%
11.015 10.485 279.781 266.319
451 11.525 10.975 292.735 278.765 83.62% 82.07%
11.515 10.985 292.481 279.019
452 12.025 11.475 305.435 291.465 83.56% 82.08%
12.015 11.485 305.181 291.719
453 12.525 11.975 318.135 304.165 83.51% 82.09%
12.515 11.985 317.881 304.419
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Table 8 - Standard groove diameters for internal and external pressure applications (continued)

4. NOTES

4.1 Revision Indicatorn

A change bar (1) located
editorial changes, have
indicates a complete re

Inches Millimeters Maximum Gland Occupancy
Groove Groove Groove Groove
O.D. 1.D. O.D. 1.D.
Gland A B A B
and Internal External Internal External
AS568 Pressure Pressure Pressure Pressure Internal Internal
Dash Max Min Max Min Pressure Pressure
No. Min Max Min Max Gland Gland
454 13.025 12.475 330.835 316.865 83.46% 82.10%
13.015 12.485 330.581 317.119
455 13.525 12.975 343.535 329.565 83.42% 82.11%
13.515 12.985 343.281 329.819
456 14.025 13.475 356.235 342.265 83.44% 82.17%
14.015 13.485 355.981 342.519
437 14.525 13.975 368.935 354.965 83.40% 82,18%
14.515 13.985 368.681 355.219
448 15.025 14.475 381.635 367.665 83.36% 82.18%
15.015 14.485 381.381 367.919
439 15.525 14.975 394.335 380.365 83.33% 82.19%
15.515 14.985 394.081 380.619
440 16.025 15.475 407.035 393.065 83.29% 82.19%
16.015 15.485 406.781 393.319

publications nor in docunents that contain editorial changes only.

PREPARED.BY SAE SUBCOMMITTEE A-6C2, SEALS OF

in the left margin is for the conveniencé-of the user in locating areas wher¢ technical revisions, not
been made to the previous issue of, this document. An (R) symbol to the |eft of the document title
ision of the document, including technical revisions. Change bars and (R

are not used in original

COMMIT|TEE A-6, AERQOSPACE ACTUATION, CONTROL AND FLUID POWER SlYSTEMS
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APPENDIX A - CALCULATIONS TO DETERMINE GLAND DIMENSIONS

Al NOMENCLATURE

A Groove O.D. for Internal Pressure Applications

B Groove I.D. for External Pressure Applications

G Groove Radial Width

L Groove Depth

R Groove Radius

a Groove O.D. for External Pressure Applications

b Groove 1.D| for Internal Pressure Applications

Vro Volume of §quare encompassing Outer Radius

Vri Volume of §quare encompassing Inner Radius

X Centroid radial offset for a Quadrant

Rao Area of outgr Radius Quadrant

Rai Area of inngr Radius Quadrant

XA Centroid digmeter for Outer Radius

XB Centroid digmeter for Inner Radius

Vro Volume of quter Radius Quadrant

Vri Volume of inner Radius Quadrant

Vg Volume of Gland

D O-ring 1.D.

d O-ring Crosp-Sectiofr Diameter

Do Squeezed Q-ring O.D.

Di Squeezed O-ring 1.D.

Ro O-ring Radius to center of Cross-Section, free condition
ro O-ring Cross-Section Radius, free condition

m Length of Flat in Cross-Section of squeezed O-ring
M Overall Length of Cross-Section of squeezed O-ring
Vo Volume of new O-ring (No Swell)

\i Volume Swell % of O-ring when free (not under squeeze load)
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Ve

Vs

Vst

Ti

CTE

Volume Swell % of O-ring when under squeeze load
Volume of O-ring after Swell

Volume of O-ring after Swell and Thermal expansion
Temperature Increase above Ambient

Coefficient of Thermal Expansion (Linear)
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A2 CALCULATIONS

A21 Groove Diameter
A2.11 For internal pressure applications, the groove maximum O.D. “A” is equal to the O-ring hominal O.D.
i.e., O-ring nominal I.D. plus twice nominal cross section
Amax = Dnom + 2(dnom) (Eq. A1)

Refer to Figure Al.

@D

Figure Al - Free Osring dimensions
A2.11.1 Adjustment in Groove Diameter for Internal'Pressure applications

An industry recognized ljmitation on cramping of the ©.D. for O-rings is 1% maximum of diameter.|For the purposes of this

specification the 1% crgmping limitation is applied to the squeezed O-ring O.D. with the groove @.D. at nominal and with
the O-ring I.D. and crosg-section dimensions-at\nominal.

2
Cross-Section Area of un-squeezed O-ring = % (Eq. A2)



https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

SAE INTERNATIONAL

AS6235™A

Page 24 of 78

A

-

NOTE: Clearance is sh
Refer to Figure A2.

Assuming the squeezed

md? HG.

Figure A2 - Squeezed O-ring dimensions

bwn between O-ring and groove O.D. and I.D for clarity.

cross-section area remains the same as the cross-=section area in the fred

L2
=—+
4

rd?

Squeezed O-ring cross-section area“s — — (Lxm)

L2

SmxLb=—
4 4

The overall length of sqiieezed O-ring cross section-M =m+L

Substituting,

Assuming the mean diajneterof the O-ring cross-section remains in the same position when squ

condition,

T (1202
om_ T
L 2 AL )

M_TT

_I(d2 —L2)+L

condition, then

(Eq. A3)

(Eq. A4)

pezed as it is in the free

Then the Squeezed O-ri

ng O.D.D, = O -ringMean Diameter + Squeezed Cross Section

..Dp=D+d+M

Do =D+d+ (a2 12)+L
aL

(Eq. A5)
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Now, we allow 1% cramming of the O-ring O.D.,

Therefore, maximum groove O.D. Apax = (Dx0.99)—1/2 Tolerance for Dia A

For actual groove O.D. “A” choose the largest dimension from Equations A1 and A6

Round this result up to the next whole 0.001 inch (0.025 mm)

Note that tolerances applied to Dia. A are:

Up to Dia. 3.010 inches

Above 3.010 inches (76.

(76.454 mm): +0.000/-0.005 inch (+0.000/-0.127 mm)

454 mm): +0.000/-0.010 inch (+0.000/-0.254 mm)

(Eq. A6)

(Eq. A7)

In order to maintain glat||d occupancy below 100%, the groove outer diameters for -008 and -009

follows:

-008 Size OD incred

-009 Size OD incred

A.2.1.2 For externa

A2.121 Adjustme
For the purposes of thig
O-ring 1.D. with the groo
mean diameter of the O

the Squeezed O-ring 1.0.

Now, we allow 5% stretd

I

—

sed by 0.003 inch (0.076 mm)

sed by 0.001 inch (0.025 mm)

B =Dnom
Nt in Groove Diameter for Internal Pressure Applications

specification the industry recognized maximum 5% stretch limitation is

-ring cross-section remains in the Same position when squeezed as it is i
Di = O-ring mean diameter+-Squeezed cross-section

(

~Dij=D-M

2 L2)

i
m

.b

h of the O=fing I.D.,

ereforé; maximum Groove I.D. .. By, = (Dj x1.05)—1/2Tolerance for Dia

have been increased as

pressure applications, the groove minimum 1.D. is equal to the O-ring noninal I.D.

(Eq. A8)

hpplied to the squeezed

ve |.D. at nominal and with the O:zring I.D. and cross-section dimensions at nominal. Assuming the

the free condition, then

(Eq. A9)

(Eq. A10)

Round this result down

For actual groove 1.D. “B” choose the smallest dimension from Equations A8 and A10

0 the nextwhote 0.001nch (V.05 mm)

Note that tolerances applied to Dia. B are:

Up to Dia. 3.000 inches

Above 3.000 inches (76.

(76.200 mm): +0.000/-0.005 inch (+0.000/-0.127 mm)

200 mm): +0.000/-0.010 inch (+0.000/-0.254 mm)

(Eq. A11)
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A2.2 Groove Radial Width

The groove widths listed in Tables 3 and 4 are derived from calculations that accommodate a maximum of 95% gland
occupancy after volume swell effect from fluid and thermal expansion have been included.

NOTE: The groove diameters and widths on some of the smaller sizes have been changed to be able to accommodate
them in this Standard and the O-ring volume occupancy may exceed 95%, however, none exceed 100%
occupancy.

A.2.3 Groove Depth
Groove depths are established to achieve a minimum O-ring squeeze of 10% per AS5857, with a target maximum

squeeze of 25% prior to volume swell and at ambient temperature, as recommended in a presentation to by Dr. R. W.
Keller (see Annex E).

Minimum Groove Depth L = Minimum O —ring axial dimension after minimum 10%‘squeeze (Eq. A12)
A.23.1 Squeeze
The percentage squeezg is determined by the following formula:
Squeeze % = O -ringFree F:ross Section - Grc?ove Depth x100% (Eq. A13)
O —ringFree Cross Section
Min Squeeze % = vtin —bfdax 10005 (Eq. A14)
Min
Max Squeeze %= Anax ~Lmin 10004 (Eq. A15)
Max
Min O-ring axial dimensfon after squeeze = Min groove depth
The groove depth L is tHen rounded dewn to the nearest 0.001 inch (0.025 mm)
Tolerances to “L” dimengions aréthen applied as follows:
000, 100, 200 O-ring sefies ¥x+0.004/-0.000 inch (+0.102/-0.000 mm)
300 O-ring series - +0.006/-0.000 inch (+0.152/-0.000 mm)
400 O-ring series - +0.008/-0.000 inch (+0.203/-0.000 mm)
A.2.3.2 Gland Occupancy
The Gland Occupancy percentage is determined by the following formula:
Volume of O —rin
Gland Occupancy % = g x100% (Eq. A17)

Volume of Gland
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For maximum gland occupancy:

The volume of the O-ring is calculated using maximum I.D. and maximum cross-section.

maximum Corner Radius.

A.2.3.3

Volume of New O-ring at Ambient (i.e., not subject to any fluid swell)

The volume of O-ring (volume of Torus) = 2m?Ro x ro?

The volume of the Gland is calculated using groove minimum Diameter (A or B as applicable), minimum Depth and

For ease of use for our purposes, i.e., using dimensions specified in AS568 of O-ring I.D. and O-ring cross section, this
can be re-written as Volume of O-ring (max).

NOTE: Itis assumed th
A.2.3.4 Volume of Q

The elastomer materia
expansion for the same

The O-ring Volume sw|
presentation to SAE AM

\

where:
V:% = Free Volume
S = % Squeeze in th

NOTE: Enter “Vi“and “
number. After c

Since swell varies with S

(D +d)x d?
4

at when squeezed, an O-ring does not suffer any decrease in. vélume.
-ring due to Swell from Fluid Effects and Thermal Expansion

was chosen that produced a combination of velume swell in a part
material resulting in the greatest increase in volame.

bll due to fluid is determined by applying<a formula determined by tes

S-CE Committee:

olume Change under Squeeze V= 1.958 +(0.648 x V; )—(0.0156 x V; x S

Change in Fluid (frommaterial data sheets)
e Gland

3

5" as whole‘numbers, the resulting Volume Swell in fluid and Under sque
hlculating(squeeze, swell is calculated for each individual O-ring using Equ

queeze; the maximum volume has to be calculated taking into account:

Eq. A18)

cular fluid and thermal

ing and submitted in a

~—

(Eq. 1)

eze “Vc “will be a whole
ation 1 above.

a. Maximum, nominal

d IO groove depths

b. Maximum, nominal and minimum O-ring dimensions

The volume swell for AMS-P-83461 NBR Elastomer tested in MIL-PRF-5606 Red Oil 70 hours at 275 °F (135 °C) with a

free swell of 16.3% and

a CTE of 1.13 x10“in/in/°F (2.03 x 10* mm/mm/°C).

Using the result from Equation 1 above, the swelled volume of the O-ring = Original Volume x (1+Swell)

Vs =Vox(1+ Vc)

(Eq. A19)


https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

SAE INTERNATIONAL AS6235™A

Page 28 of 78

O-ring Volume after Swell with Thermal Expansion Vst = Volume after Swell x [1+(Temp Increase x CTE)]®

Vst = Vs x [1+(Ti x 1.13E-04)]3

A2.4 Gland Volume

A2.41 Gland Volume Ignoring Groove Corner Radii And Corner Edge Breaks

Refer to Figures A3 and

A4.

DA

Figure A
Gland Minim

where:
Gland Minim

where:

NOTE: Groove corner

AN : J
3 - Gland detail for internal pressure applicatiofns without groove cor

'I'I' ~
um Volume not including Radii (Internal Rressure Applications) = Z[AMin‘

bo=Amin — (ZGMin)

'IT
um Volume not including Radii (External Pressure Applications) = Z[az -

a=Byin + (ZGMin)

her radii

2
-b ]X I—Min

2
3Min ]X I-Min

reak edge chamfers are not included in calculations

A2.4.2 Gland Volume including Gland Corner Radii

Refer to Figure A4.

(Eq. A20)

(Eq. A21)

(Eq. A22)

(Eq. A23)

(Eq. A24)
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RADIUS
~" QUADRANT

CENTROID \_:_\' - ':' ol
\ e

Figure

\t// \_,)(\ SHADED AREA

A4 - Gland for internal pressure applications with groove cefner radii

Volume of shaded areas applied to O.D. and 1.D. corner radii need to be deducted from Eqg

determine true gland vo

For Internal Pressure Gl

Max

Ma

For External Pressure G

May

Mal]

ume (excluding corner edge breaks).

and

il
Volume of outer quadrant square VIOpay = Z[AMinz - (AMin - 2Rpax )Z]R

, L
Volume of inner quadrant squaré-Vriyay = Z[(bMaX +2R\ax )2 —bMaXZ]R

land

m
Volume of outerquadrant square VrOpax :Z[aMinz _(aMin - 2Ryjax )Z]R

. m
K Volume of inner quadrant square Vriyax = Z[(BMin + 2R \ax )2 —BMinz]R

details

Max

Max

Max

2

1T
Area of Radius Quadrant = ZRMax

Distance of quadrant centroid from Radius axial origin = «

For Internal Pressure application, outer Radius, centroid diameter X = Ayin — 2(Rpax — X)

For Internal Pressure application, inner Radius, centroid diameter X, = byax + 2(Rmax — X)

For External Pressure application, outer Radius, centroid diameter X, = apin — 2Rmax — X)

For External Pressure application, inner Radius, centroid diameter Xg =Byin + 2(Rmax — X)

(Eq.

(Eq.

(Eq.

(Eq.

(Eq.

(Eq.

(Eq.

(Eg.

(Eq.

uations A21 and 23 to

A25)

A26)

A27)

A28)

A29)

A30)
A31)
A32)

A33)
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For Internal Pressure:

Volume of Outer Radius Quadrant = Radius Quadrant Area x circumference of centroid diameter

:%RM&\X2 X Xp XTT (Eq. A34)
Volume of Inner Radius Quadrant = Quadrant Area x circumference of centroid diameter

=%RMaX2 X Xp X T (Eq. A35)

For External Pressure:

Volume of Outer Radiug Quadrant = Quadrant Area x circumference of centroid diameter
m
=ZRMaX2 X X X7 (Eq. A36)

Volume of Inner Radius|Quadrant = Quadrant Area x circumference of centroid-diameter

:%RMaX2 X Xg X T (Eq. A37)
Refer to Figures Al and|A2.
For Internal Pressure:
Volume of outer shaded area = Equation A25 - Equation A34 (Eq. A38)
Volume of inner shaded area = Equation A26 - Equation A35 (Eq. A39)
For External Pressure:
Volumeg:of outer shaded area = Equation A27 - Equation A36 (Eq. A40)
Volume of inner shaded area = Equation A28 - Equation A37 (Eq. A41)

Minimum Gland Volume

For Internal Pressure

= Min Gland Vol. excluding radii — VVol. of outer shaded area — Vol. of inner shaded area

= Equation A21 - Equation A38 - Equation A39 (Eq. A42)
For External Pressure
= Min Gland Vol. excluding radii — Vol. of outer shaded area — Vol. of inner shaded area

= Equation A23 - Equation A40 - Equation A41 (Eq. A43)
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A.2.5

Gland Volume Occupancy

Investigation has demonstrated that the set of circumstances to achieve maximum gland occupancy results from:

a. Maximum O-ring Cross-section
b. Maximum O-ring I.D.

c. Minimum Groove Depth

d. Minimum Groove Diameter

e. Minimum Groove Width

Gland Ocq

Gland Occupancy External Pressure application % =

By adjusting groove radi

Where the calculated g
groove widths per AS47

For some of the smalle
above the 95% target. 1
also be noted that altho
100%.

Some of the smaller dag

Tolerances are then apy

Max Vol of O —ring

upancy Internal Pressure application % =

Min Vol of Internal Pressure.Glaf

_ Eq. A20

= x100%
Eq. A42

MaxVelume of O -ring

Min Volume.of External Pressure G

_Ea A20 ) 00%
Eq. A43
al width “G”, the target occupancy ef 95% can be achieved.

roove width is greater than_that of AS4716, then the calculated groove
16 are used.

sizes the groove width,varies from the above statement, also the maximu
his is in order to,be_able to include them in the standard gland sizes per
Iigh the maximum-volume occupancy for some sizes may exceed 95%, in

h sizes_have been eliminated due to being impractical.

lied\to the groove width, generally per AS4716, as follows:

ke 100%  (Eq. A43)
(Eq.A44)

x100%
land (Eq. A45)
(Eq. Ad6)

vidth is used, otherwise

m volume occupancy is
this document. It should
no case does it exceed

All 000 series: +0.005/-0.000 inch (+0.127/-0.000 mm)

All 100, 200, 300, 400 series: +0.010/-0.000 inch (+0.254/-0.000 mm)
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APPENDIX B - COMPARISON TO OTHER FACE SEAL STANDARDS

B.1 INTRODUCTION

This appendix describes the differences between AS6235 and some other available documents, and thereby explains in
detail why AS6235 was compiled for Aerospace Fluid Power Applications. Other available specifications are ARP1234 and
AS4873. The major differences are explained in the following paragraphs.

B.2 DASH SIZE RANGE

The dash size range used by A6 for Fluid Power applications is listed in AS4716 and AS5857 both of which are gland
standards for radial sealing applications. AS6235 uses the same size range, which is not as extensive as for ARP1234 and

AS4873.

B.3

INTERNAL AND EXTERNAL PRESSURE APPLICATION

For face seal applicatio
and external pressure a|
B.4 PRESSURE LIN

AS4873 limits pressure

and offers recommendations for higher pressures.

B.5 CLOSED GLAN
ARP1234 and ISO 36
specification requires a
particularly severe whery
closed gland outer wall
Exceptions to this requin
B.6 FLUID SERVIC
By O-ring cross-section
other is for vacuum and

AS6235 lists the fluids 4
determined by calculati
while under squeeze an

B.7 GROOVE DIAM

hs, AS4873 includes for internal pressure types only whereas AS6235 df
bplications.

IITATIONS

to 800 psi (5,516 kPa) whereas AS6235 accommodates pressure up to

D REQUIREMENT

1-2 both allow an open internal gland (no-gland wall) for internal pre
n internal gland wall in order to protect the seal from flow erosion, w
flow passages are machined on an angle rather than being perpendicular
is also required for external pressurg\applications in order to protect seal
ement are mentioned in the note fellowing Figure 3.

AS4873 lists two different groove widths depending on service. One is fo
gases. Fluids for aerospace fluid power applications are not mentioned

nd elastomer matetrials that are used in aerospace fluid power application
ng for maximum O-ring occupancy under the worst conditions of dimern
| thermal @xpansion of the aforesaid elastomer/fluid combinations.

ETERS

cludes for both internal

3,000 psi (20,684 kPa)

ssure applications. This
hich may otherwise be
to the hardware face. A
5 from the environment.

I fuel and engine oil, the

5, and groove widths are
sional tolerances, swell

1o ACLIDL Affay ANy RN12294 anel CAQ0792 Tl

nnnnn PN

Some groove diameter

Ata A n A\ aich
W AODULIY UTITCT LUTNTTPATTU tU AT LoI5 AU 7AJF0U T J. TTo 1o deuauot al

wance has been made

to limit cramming of the O-ring O.D. on internal pressure types to 1%, and to limit stretch to 5% on external pressure types.
In both cases the limitations are calculated with O-rings at nominal dimensions and groove diameters at nominal

dimensions.

Tables B1A and B1B show groove diameters for AS6235 that differ from those of ARP1234 and AS4873.
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Table B1A - Comparison of groove diameters, AS6235, ARP1234, AS4873 (inches)

AS6235 ARP1234 AS4873
Groove Groove Groove
Diameter Diameter Diameter
Specification Internal External Internal External Internal
and AS568 Pressure Pressure Pressure Pressure Pressure
O-ring +0.000 +0.005 +0.000 +0.005 +0.000
Dash Size -0.005 -0.000 -0.005 -0.000 -0.005
006 - 0.107 - 0.114 -
007 - 0.140 - 0.145 -
008 0.328 0.172 0.316 0.176 0.316
009 0.357 0.206 0.348 0.208 0.348
010 0-387 0379 0379
011 0.448 0.441 0.441
012 0.511 0.504 0,504
013 0.572 0.566 0.566
014 0.634 0.629 0.629
015 0.696 0.691 0.691
016 0.758 0.754 0.754
017 0.820 0.816 0.816
018 0.882 0.879 0.879
019 0.943 0.941 0.941
020 1.006 1.004 1.004
021 1.067 1.066 1.066
022 1.129 1.129 1.129
106 - 0.169 - 0.174 -
107 - 0.202 - 0.206 -
108 0.452 0.235 0.443 0.237 0.443
109 0.513 0.505 0.505
110 0:576 0.568 0.568
111 0.637 0.630 0.630
112 0.700 0.693 0.693
143 0.761 0.755 0.755
114 0.823 0.818 0.818
115 U.885 U.880 0.880
116 0.947 0.943 0.943
117 1.008 1.005 1.005
118 1.071 1.068 1.068
119 1.132 1.130 1.130
120 1.195 1.193 1.193
121 1.256 1.255 1.255
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Table B1A - Comparison of groove diameters, AS6235, ARP1234, AS4873 (inches) (continued)

AS6235 ARP1234 AS4873
Groove Groove Groove
Diameter Diameter Diameter
Specification Internal External Internal External Internal
and AS568 Pressure Pressure Pressure Pressure Pressure
O-ring +0.000 +0.005 +0.000 +0.005 +0.000
Dash Size -0.005 -0.000 -0.005 -0.000 -0.005
210 1.019 1.012 1.012
211 1.081 1.074 1.074
212 1.143 1.137 1.137
213 1.204 1.199 1.199
214 1.267 1.262 1.262
215 1.328 1.324 1.324
216 1.391 1.387 1.387
217 1.452 1.449 1.449
218 1.514 1.512 1.512
219 1.576 1.574 1.574
220 1.638 1.637 1.637
325 1.899 1.895 1.895
326 2.023 2.020 2.020
327 2.147 2.145 2.145



https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

SAE INTERNATIONAL AS6235™A Page 35 of 78

Table B1B - Comparison of groove diameters, AS6235, ARP1234, AS4873 (millimeters)

AS6235 ARP1234 AS4873
Groove Groove Groove
Diameter Diameter Diameter
Specification Internal External Internal External Internal
and AS568 Pressure Pressure Pressure Pressure Pressure
O-ring +0.000 +0.127 +0.000 +0.127 +0.000
Dash Size -0.127 -0.000 -0.127 -0.000 -0.127
006 - 2.718 - 2.896 -
007 - 3.556 - 3.683 -
008 8.331 4.369 8.026 4.470 8.026
009 9.068 5.232 8.839 5.283 8.839
010 9.830 9627 9627
011 11.379 11.201 11,201
012 12.979 12.802 12.802
013 14.529 14.376 14.376
014 16.104 15.977 15.977
015 17.678 17.551 17.551
016 19.253 19.152 19.152
017 20.828 20.726 20.726
018 22.403 22.327 22.327
019 23.952 23.901 23.901
020 25.552 25.502 25.502
021 27.102 27.076 27.076
022 28.677 28.677 28.677
106 - 4.293 - 4.420 -
107 - 5.131 - 5.232 -
108 11.48% 5.969 11.252 6.020 11.252
109 13/030 12.827 12.827
110 14630 14.427 14.427
111 16.180 16.002 16.002
112 17.780 17.602 17.602
143 19.329 19.127 19.127
114 20.904 20.7778 20.777
115 22479 22352 22.352
116 24.054 23.952 23.952
117 25.603 25.527 25.527
118 27.203 27.127 27.127
119 28.753 28.702 28.702
120 30.353 30.302 30.302
121 31.902 31.877 31.877
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Table B1B - Comparison of groove diameters, AS6235, ARP1234, AS4873 (millimeters) (continued)

AS6235 ARP1234 AS4873
Groove Groove Groove

Diameter Diameter Diameter
Specification Internal External Internal External Internal

and AS568 Pressure Pressure Pressure Pressure Pressure
O-ring +0.000 +0.127 +0.000 +0.127 +0.000
Dash Size -0.127 -0.000 -0.127 -0.000 -0.127
210 25.883 25.705 25.705
211 27.457 27.280 27.280
212 29.032 28.880 28.880
213 30.582 30.455 30.455
214 32.182 32.055 32.055
215 33.731 33.630 33,630
216 35.331 35.230 35.230
217 36.881 36.805 36.805
218 38.456 38.405 38.405
219 40.030 39.980 39.980
220 41.605 41.580 41.580
325 48.235 48.133 48.133
326 51.384 51.308 51.308
327 54,534 54,483 54.483

B.8 GROOVE DEP]

The groove depths for A

this limitation is too large to enable the target of 10% minimum squeeze and 25% maximum §

therefore, in AS6235, th
AS4873 uses a sliding ¢
requirements of AS6235
order to maintain squee

The groove depths in
consequently the squee

This standard address

'H TOLERANCES AND O-RING SQUEEZE
RP1234 have a tolerance of £0.003 inch (0.076 mm) throughout. For 00(
b groove depth tolerance i§_set at +0.002 inch (0.051 mm).

roove depth tolerance:*While the groove depth tolerance for 000 and 100
, for the 200, 300;-and 400 series AS6235 uses tighter tolerances on groo

re between theacceptable limits of 10 to 25%.

AS4873 ((which is a supplemental document to AIR1234) are less t
ve range-at'ambient temperature is 19 to 32%.

bs~ the squeeze requirement at ambient temperature for a maximum

recommendations for |

and 100 series O-rings
queeze to be achieved,

series is in line with the
e depth than AS4873 in

han those to AIR1234,

of 25% per AMS-CE

A fill Alactamare and A A e Af 100, a tha
vt Ho——HHrh

caraaza nar NCLCOE™7 NlAt
SOt TP CT7OI0S—TNOtIC—t™

CTITotoTmTeTro—™ oo o 70

the groove depths and

their appropriate tolerances in AS6235 permit a squeeze level at ambient temperature not exceeding 25% while a
minimum of 10% squeeze is maintained.

B.9

O-RING VOLUME INCREASE DUE TO SWELL AND THERMAL EXPANSION

ARP1234, originally released in 1979 and primarily for use in engine lubrication systems, allows for a maximum of 30%
O-ring volume swell but with no allowance is made for thermal expansion. This has proved adequate for engine lubrication
but is considered unsuitable for fluid power applications because the high volume swell of 30% used in ARP1234 has been
proven by research within AMS-CE Committee to be incorrect for the elastomer materials in use by aerospace fluid power
applications when under squeeze.
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AS6235 uses a more scientific approach by using actual data from testing to accommodate for volume swell from fluid
while under compression (squeeze), and known thermal expansion of specified elastomer materials (see 3.2), to calculate
maximum O-ring volume and thereby permit maximum gland volume occupancy to be calculated.

B.10 GLAND OCCUPANCY LIMITS

In checking the groove dimensions of ARP1234 using the formulae in ARP1234, it was found that for some of the small
sizes for 000 and 100 series O-rings have gland occupancies in excess of the 100% that ARP1234 specifies at the
required 30% volume swell.

AS4873 is a supplemental document to ARP1234 and generally accommodates 30% O-ring volume swell, but states that
the range of swell accommodated is 25 to 35%.

In AS6235, gland occupancy using maximum O-ring volume calculated from volume swell while under compression and
subject to thermal expgrsiom, is—generaftty fimitedto—95%6 Tmaxmmumm under themost—adversa dimensional tolerance
conditions. However, there are some exceptions in 000 and 100 series in order to maintain econsjstency in groove widths
and it should be noted that for these exceptions O-ring volume occupancy does not exceed 200%| For reference, AS6235
includes a table listing maximum gland occupancy % by individual dash size for all sizes.
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Cl

The groove depth dimensions for both piston seals and rod seals to AS4716 and AS5857 were reviewed.

Table 3 - Gland cross section details for internal pressure applications

Gland Internal Pressure Applications
and Inches Millimeters
AS568 Groove Width | Groove Depth | Groove Width | Groove Depth
O-ring G L G L
Dash Min Min Min Min
No. Max Max Max Max
0.098 0.056 2.489 1.422
008 thru 028 0.103 0.060 2616 1.524
0.141 3.581
108 n_1 A6 n_ch: Q_7nQ 21Q/I
0.141 0.090 3.581 2.286
109 thru 149 0151 3835
0.188 0.117 4.775 2,972
210 thru 247 0.198 0.121 5.029 3.073
0.281 0.178 7.137 4521
D
35 thru 349 0.291 0.184 7.391 4.674
0.375 0.234 9.525 5.934
D
45 thru 460 0.385 0.242 9,779 6.147

Table 4 - Gland cross section details for extefnal pressure application

U7

Gland External Pressure Applications
and Inches Millimeters
AS568 Groove Width | Groove.Depth | Groove Width | Groove Depth
O-ring G L G L
Dash Min Min Min Min
No. Max Max Max Max
0.098 0.056 2.489 1.422
906 thru 028 0.103 0.060 2.616 1.524
0.441 0.086 3.581 2.184
106 thru 149 0.151 0.090 3.835 2.286
0.188 0.117 4,775 2.972
410 thru 247 0.198 0.121 5.029 3.073
0.281 0.178 7.137 4521
325 thru 343 0.291 0.184 7.391 4.674
0.375 0.234 9.525 5.934
425 gy4A460 0.385 0.242 9.779 6.147

APPENDIX C - COMPARISON OF AS6235 GROOVE DEPTH WITH AS4716 GROOVE DEPTH

The groove depth dimensions for AS6235 are listed in Tables 3 and 4 which are repeated below for ease of use.

Historically, groove dimensions for specialist designs of face seals have been based on AS4716, which is a derivative of
previous Military specifications. AS5857 is a more recent specification and while it is specifically for static seals, designs
based on AS4716 dimensions and tolerances were already established with no reason to introduce designs based on

AS5857.

Both these standards are for radial applications and for example for piston seals, when calculating the maximum and
minimum groove depths, the following need to be taken into account:
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a. Tolerances on cylinder bore.

b. Tolerances on Piston O.D.

c. Tolerances on groove diameter.

d. Clearances between piston and cylinder at full laydown (piston O.D. in contact with cylinder bore).

Tables C1A and C1B use maximum bore diameter, minimum piston O.D. and minimum groove diameter to calculate:
a. Minimum groove depth at full laydown.

b. Maximum effective gland depth (from cylinder bore to bottom of the seal groove) opposite to laydown position.

c. Range of gland depfh.
Table C1A - Maximjum and minimum groove depths for AS4716 and AS5857 pistef Seal lhardware (inches)
Gland and Minimum Maximum Groove
AS568 O-ring Groove Groove Depth
Dash No. Depth Depth Delta
004 0.0555 0.0605
005, 006 0.0515 0.0565
008 0.052 0.057 0.0050
007, 009, 0.0525 00575
000 — 012 0.053 0.058
013 -017 0.0525 0.0590
018 - 028 0.0530 0.0595 0.0065
104 0.083 0.0875
105 0.084 0.0885
107,108 040865 0.0910
109 0.087 0.0915
106, 112 — 114, 0.085 0.095 0.0045
111 0.0845 0.0890
115-119 0.0850 0.0900
120 - 129 0.0860 0.0905
130 — 140 0.0850 0.0905 0.0055
110 0.084 0.090 0.0060
141,149 0.0845 0.0910 0.0065
210, 211 0.1190 0.1250
212 — 222 0.1195 0.1260 0.0060
223 - 227 0.1190 0.1260 0.0070
228 — 243 0.1185 0.1265 0.0080
244 — 247 0.1180 0.1270 0.0090
325 —-329 0.1840 0.1910 0.0070
330 — 345 0.1835 0.1915 0.0080
346 — 349 0.1830 0.1920 0.0090
425 — 445 0.2355 0.2460 0.0105
446, 447 0.2350 0.2465 0.0115
448 — 460 0.2350 0.2480 0.0130
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Table C1B - Maximum and minimum groove depths for AS4716 and AS5857 piston seal hardware (millimeters)

While the above calculations and tables apply, to. piston seals to AS4716 and AS5857, a similar

seals to those standards

It can be seen that for A
for piston seals to AS4
tolerance variations of p

Gland and Minimum Maximum Groove
AS568 O-ring Groove Groove Depth
Dash No. Depth Depth Delta
004 1.410 1.537
005, 006 1.308 1.435
008 1.321 1.448 0.127
007, 009, 1.334 1.461
000 — 012 1.346 1.473
013 -017 1.334 1.499 0.165
018 - 028 1.346 1511 '
104 2.108 2.223
105 2.134 2.248
107,108 2.197 2.311
109 2.210 2.324 A1
106, 112 — 114, 2.159 2.413
111 2.146 2.261
115-119 2.159 2.286
120 - 129 2.184 2.299
130 — 140 2.159 2.299 0.140
110 2.134 2.286 0.152
141, 149 2.146 2.311 0.165
210,211 3.023 3.175 0152
212 - 222 3.035 3.200 '
223 - 227 3.023 3.200 0.178
228 — 243 3.010 3213 0.203
244 — 247 2.997 3.226 0.229
325 —-329 4.674 4.851 0.178
330 — 345 4.661 4.864 0.203
346 — 349 4.648 4.877 0.229
425 — 445 5.982 6.248 0.267
446, 447 5.969 6.261 0.292
448 — 460 5.969 6.299 0.330

S6235 the groeve-depth dimensions | per each cross-section is less than
16 and AS5857 and, therefore, should be adequate to maintain effectiv

arts and hardware.

situation applies to rod

the groove depth range
e sealing throughout all
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D.1

APPENDIX D - DESCRIPTION OF DIGITAL ANNEX D

INTRODUCTION

The attached Digital Annex is an Excel file consisting of 5 worksheets with labels as follows:

a. Calculator

b. Internal Pressure Imperial
c. Internal Pressure Metric

d. External Pressure Imperial
e. External Pressure Metric

All worksheets are prote
see the construction of 6

D.1.1 Calculator
This worksheet is interal
be obtained for gland ¢
gland occupancy:

per the AS6235 Standal
for alternate elastomer 11

for non-standard O-rings

A more detailed explandtion is presented in Section D.2|

D.1.2 Worksheets f
Worksheets b and d, ar
as a record, Workshee
Because worksheets ¢
back to inches and gla|
sufficiently close to be W

An additional row has b
dimensions and tolerang

cted, however worksheets b, ¢, d, and e do not have the cells’ conteritsth
ach cell for further reference.

ctive with the other four worksheets. The layout consists/of 3 separate “blg
imensions and tolerances in either inches or millimeters, minimum and

d.

haterials

br Internal and External Pressure Applications in Imperial and Metric Units

b the worksheets usedito calculate the gland dimensions used in AS6235 3
s ¢ and e are métric conversions of worksheets b and c respectively fq
and e are conversions, the calculations for groove widths may not tally
hd occupancies may also not tally. However the accuracy of results in
orkable.

pen.Jmiade to each worksheet to permit calculations for gland dimensions
es:

idden, i.e., the user can

cks” to permit results to
maximum squeeze and

nd as such are included
r information purposes.
entirely when converted
wvorksheets ¢ and e are

for non-standard O-ring

All four worksheets are protected, however each cell reveals the calculation although no changes can be made.

D.2

INSTRUCTIONS ON THE USE OF THE CALCULATOR WORKSHEET

NOTE: This worksheet can be printed for record purposes.

NOTE: When using the Excel files in the Digital Annex, although the metric spreadsheets can be observed, because of
slight discrepancies due to conversions it is recommended that the imperial data be regarded as primary for use in

applications.
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D.2.1

Major Choices

Refer to Figure D1A for the explanation below.

Note that only the white cells can be changed. All results are in the yellow cells.

All cells other than the white cells are protected and cannot be changed by the user.

There are two fields to enter personal information; the user’'s name and project information.

The magenta cells indicating Y/N choices in their adjacent white cells cause other magenta cells to change to the
appropriate heading parameter, e.g., changing Y to N in cell F6 will cause cell L6 to change to “Y”, i.e., Metric Units and
the CTE in cell P13 to change from in/in/°F to mm/mm/°C, cell P16 to change from °F to °C, and cells JK17 and P21 to
change from INCHES to MILLIMETERS.

The current settings shg

We have chosen Imperi
and a drop-down list arr
“Y" or “N”.

We have chosen an Intsg
blank since these are re|
cell R6 is made this will
cell X6 will change to “
become blank and cells

The current choice for
elastomer characteristic

We are not considering

w the following choices:

al units (inches and °F), so cell F6 is set at "Y". To change this to/\Vétric U

rnal Pressure application, cell R6 indicating “Y”. It willdoe noticed that yello
sults for External Pressure applications and not pertinent to the current ch
enable the External Pressure application to replace.the Internal Pressure 3
y” and cells F9 — 19 will change to “EXTERNAL.PRESSURE". Also cells
G23 and L23 would be populated.

elastomer material is the AS6235 standard, indicated by “N” in cell X9

D.

non-standard O-ring sizes and/or tolerances as indicated by “N” in cell W1

nits, click on the “Y” cell

bw will appear. Click on the arrow and the list of Y and N will appear; to make your choice, click on

w cells G23 and L23 are
Dice. If a choice of “N” in
pplication, consequently
G20 and L20 would be

to NOT choose special



https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

189YS UoI1e|N2ed suoIsuawip pue|o - Y1 ainbi4

144
AINO FONIHFATH HO-4 AV SLINN DIFLIN NOILYDITddY HO-4 SLINN IVIMIdAIL 3SN :TLON AINO FONIHFATH HO4 IV SLINN OIELFN NOILYDITddY ¥Od SLINN TVIMIdNI 3SN T 10N 5%
14
1 I 1 % 3733N0S XVl 134
l | HLAIM IACOHD WNWINI | %8st | |_3z3300SWANXVA] | ] %E9+6 HLAIM IACOHD WNININ ov
1 I 1 % 3z33N0S NIW| % ADNVdNOD0 ANV 19 % ADNVJNDD0 ANV IO XV 6€
8€E
1 I 1 000°0-/+ 3ONV¥3T10L a31s399r]s|| | I 1 NIA "HLAIM SA00H9D| |eLe0T | |__3Z3300s WOWINIW]| | [ %L€°06 HLAIM IACOYD AYVANY.LS 1€
% AONYdNOD0 ANV1D XV 9€
1 I 1 000°0-/+ 3ONV3T10L @31s399or]s|| | I | NIN 'VIQ 4ONIN IAC0Y9|| S€
1 8210 [[( | AONVdNOI0 %S6 @ HLdIM IAC0YD F18YMOTIV NIN d3LVINDIVI|| ve
1 1 1 -/000°0+ 3ONVd3T10L a31s399o(]s|| | I 1 XV 'VIQ JOCVYIAN A9 | €€
1 3733N0S B AONVANOD0 div1D 'HLdIM FA00HD G3.LVINDTVO I z€
| €00°0- | 1 -/000 0+ J0L sniavd 3A00d| | zooo || 1 SNIAvy XVIN IA00H9)| 1€
0€
| zoo'0+ | 1000°0-/+ 101 Hid3a 3anocod|| | vvoo | 1 H.Ld3a IA00ED NIN| 10t00- || [__-/0000+30Nvd3104]| [f _S200 | 1 SNIavy IA00YS als|| 62
82
1 SNOISNIWIJ IAOOYD MIAN I J otoo+ || |__oooo0-/+3ONvyF104] || 8810 | 1 HLdIM FA00HD ‘als] 12
9z
|_zo00% || I + 3oNvyaadi] | ssoo | 1 NOILOIS-SSQHD|| ] voo'o+ | [ __0000-/+30Nvd3noL] [ _ZtTo | 1 H.Ld3d IA00HD "als|| 14
2
|_€00°0% || I + 3onvyaady] | sceo | 1 H3 LINYIANIAISNI]| 1 I [__0oo00-/+ moz<mm._ot | | JFYNSSI™d TYNYILXT €2
VId YONIN IA00HD 2z
| SNOISNIWIA ININ-O MIN | | S3HONI ]  7¢ |
| sooo- || [ -/0000+3ONvaFI0L]| [[992T || 3UNSSIYd .szmpz_: 0z
PN NA ] 1 ¢ SNOISNIWIG ONIY-O FLYNYTLTY ¥0d ANVID TV 1INV Il VId OCVIN IA00HD 6T
8T
I s3HONI SNOISNINIA ANVTD AHVANV.LS]| LT
¥'6T ‘B8 | oov | 1 4o dNIL XV 9T
| ssoz | 1 % ain1d ¥NOA NI T13MS 3344 | || | vooox || [ _e€t0 | | otoo= | 1 _#860 | | v12 | ST
0-32'T ‘69 T
9G¥ LH NOILdI¥OsS3a dinfd [v030673 1 do /uyur 310 |__#30ONVMF10L ® NOILO3S SSOod0 || [|__*3ONvy3ioLz al | | _3ziIsHsva | €T
€¢T auodljisolon|{ "oy 2T
1 €21 INODITISOHONT I | NOILdI¥OS3A VAT LYW 1 SNOISNIWIA ONIH-O AIVANY.LS I TT
0T
I N INA SIVIYILYIN YINOLSY]E WOLSND ONISN HLAIM FA00HD ¥Od LV 1INV 1 SNOISNIWIA ANV1D 3HNSSTYd TYNHILINI QYVANY.LS 304 ¥O.LVINDIVI|| 6
_ 8
| L
| N 1 ¢ 3dNSSIHd TYNYILXT I I A [ NAJ é38NSS3I™d IVNYILINI || 1. N | [[_ésuNnobiaw ¢SLINN IVIMIdAL 9
\ S
1 d3.10310dd FdV ST130 MOTIIA I HOLY1NDIvD 3733Nn0S » A 1 103roydd M
. | © |
1 S1730 JLIHM FHL NI V1VA 4NOA Y3 LN I AONVdNOIJ0 SNOISNIWIA ANVTO /_ ANVYN 4
__—— 1
N_>_x _>>_ A _3_ 1 _m_ o _o_ d _o_z__z_ 1 _x_ r _ I _:q_u_ E| _o_ 2 _m__<

8/ JO £ abed Vi GECISY TVNOILVYNA3LNI VS



https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

SAE INTERNATIONAL AS6235™A Page 44 of 78

D.2.2 Calculations for Standard O-rings Using Standard Elastomer Material

Standard O-rings are defined as being to AS568 the range used in AS4716 (with the exception of some of the smaller
sizes which are not practical).

Standard Elastomer materials are those covered by this specification and are listed in 3.2 The material that is the basis for
calculations is AMS-P-83461 NBR Elastomer tested in MIL-PRF-5606 Red Oil 70 hours at 275 °F (135 °C) with a free
swell of 16.3% and a CTE of 1.13 x10“in/in/°F (2.03 x 10* mm/mm/°C).

Refer to Figure D1B in the following example. This example will use Imperial units, Internal Pressure application, and
Standard Elastomer material. By making the appropriate Dash Size entry in the Calculator worksheet cell C15 as -214 per
Table D1, the dimensions and tolerances for a standard -214 O-ring are displayed, see the circled cells in Figure D1B.
Also the standard gland dimensions and tolerances maximum and minimum squeeze along with the minimum groove
width and the corresponding gland occupancy are displayed in the circled cells.

Thble D1 - Entries and results for standard O-ring and gland dimensior|s

CELL DESCRIPTION ENTRY RESULT/DISPLAY
6=N
2?2
F6 IMPERIAL UNITS? Y e Bo1 = INGHRE
R6 INTERNAL PRESSURE? Y X6 =N

F9-19 = INFERNAL PRESSURH
E15, G15) 315, L15 - O-RING OIMENSIONS &
TOLERANCES POPULATED
G25, L25, G27, L27, G29, L29 $TANDARD GLAND
DIMENSIONS & TOLERANCE$ POPULATED
G20, L20 POPULATED
G23, L23 NOT POPULATED
G37, L37, L40 POPULATED
L34, G40 POPULATED FOR REFERENCE IF
MINIMUM GROOVE WIDTH WJTH MAX 95%
OCCUPANCY IS REQUIRED

NUMBER FROM
c15 O-RING DASH SIZE DROP-DOWN LIST

-214 in this example

The user will notice that for External Pressure applications the size range begins at -006, while for Internal Pressure
applications the size rarjge begins at -008, i.e., fordnternal Pressure sizes -006 and -007 are not practical. Similarly, sizes
-106 and -107 which arg included in the range far External Pressure applications are not included|in the range for Internal
Pressure applications.

Note that cells G23 and L23 are not populated. Similarly when entering an External Pressure agplication, cells G20 and
L20 are not populated.

If, while working on an Ipternal Rressure application, “N/A” is selected in the pull-down list for the flash size, all the cells in
the block for “CALCULATOR FOR STANDARD INTERNAL PRESSURE GLAND DIMENSIONS” will be blank.

If, for instance, while working on an External pressure application, any of sizes -006, -007, -106, or -107 have been
entered and the applicafion is changed to Internal Pressure, since these sizes are not included for Internal Pressure
applications in the AS6235 standard, all the cells displaying data for standard dimensions, squeeze and occupancy will
change to be blank.
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D.2.3 Calculations for Standard O-rings Using a Custom Elastomer Material

To use a custom elastomer material, the maximum application temperature, Coefficient of Linear Thermal Expansion

(CTE) and the free swell

in the application fluid must be known.

Refer to Figure D2 in the following example.

We are going to assume that the entries in Table D1 remain the same, with the exception of cell X9 “CALCULATE FOR
GROOVE WIDTH USING CUSTOM ELASTOMER MATERIAL” which we will change from “N” to “Y” using the pull-

down list.
Table D2 - Entries for standard O-ring dimensions with custom elastomer
material properties, and resulting gland dimensions, tolerances, O-ring
squeeze and gland occupancies
CELL DESCRIPTION ENTRY RESULT/DISPLAY
CALCULATE FOR NON- Allows calculations ysing new elastomer
X9 $TANDARD ELASTOMER Y material properties
MATERIAL
S11 —X11 MATERIAL NAME/CODE ENTER YOURDESCRIPT|ON RECORDED
V14 — X14 FLYID FOR THE APPLICATION ENTER YOUR DESCRIPTION RECORDED
ENTER PER
UINEAR COEFFICIENT OF
R13 INCH/INCH/® F e.g., 1.pE-04
THERMAL EXPANSION (CTE) FORMAT
ENTER o
R16 MAXIMUM TEMPERATURE TEMPERATURE e.g., 400 °F
X15 FREE SWELL ENTER SWELL'% NUMBER ONLY, e.g., 20.55

L34 CALCULATED MINIMUM GROOVE
WIDTH FOR 95% MAX|GLAND OCCUPANCY
G40 GLAND OCCUPANCY AT MINIMUM
GROOVE WIDTH NOW POPULATED

G37, GLAND OCCUPANCY FOR
STANDARD GROOVE NOW POPULATED

Note that when toggling
acceptable. The calcul
0.207 inches, which is
cell G40 is 94.76% whic

cell X9, cell G37, gland oceupancy for the standard groove is now 102.61%6 which obviously is not
ed minimum groove width for 95% maximum gland occupancy in cell L34 changes from 0.178 to
e new dimension to,be used. With a new groove width of 0.207 inches,|the gland occupancy in
h is acceptable. Alsothe minimum recommended.
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D.2.4 Calculations for Non-Standard O-rings Using a Custom O-ring
Refer to Figure D3 in the following example.

Assuming we will use the same custom elastomer material as in the previous example, now switch cell W19 from “N” to
“Y” to activate the section used for a non-standard O-ring. This will also de-activate the section used for a standard O-ring,
i.e., the O-ring and groove dimensions and data in the left block will all be blank.

Enter new O-ring dimensions and tolerances in the white cells indicated. Enter a new groove minimum depth and depth
tolerance to achieve the desired O-ring squeeze indicated in cells V39 and V41. Enter the groove radius and its tolerance
per your requirements in cells R31 and X31. Table D3 shows the required entries and results.

Table D3 - Entries for non-standard O-ring dimensions with custom elastomer
material properties, and resulting gland dimensions and tolerances, O-ring
SqueeZe and grand occupancies

CELL DESCRIPTION ENTRY RESULT
CALCULATE FOR NON- ACTIVATES CELLS FOR NON-STANDARD
w19 STANDARD O-RING Y O-RING & DE-ACTIVATES|CELLS FOR
DIMENSIONS STANDARD QsRING AND GLAND

GROOVE-MAJOR DIAMETER (MAX)
POPULATED IN CELL R33
SUGGESTED GROOVE DIA. TOLERANCE

RS, oS NEW O RIS et ONS & | ENTER DIMENSIONS | PORULATED IN CELL X33|
’ GROOVE MINOR DIAMETER IN CELL R35
AND ASSOCIATED TOLERANCE ARE NOT
POPULATED
29, X29 NEW GROOVE DEPTH & ENTER MINIMUM & MAXIMUM SQUEEZE POPULATED
' TOLERANCE DIMENSIONS IN CELLS V39, V41
MINIMUM GROOVE WIDTH POPULATED IN
CELL R37
Ra1 Xal NEW GROOVE RADIUS & ENTER SUGGESTED TOLERANCE POPULATED IN
' TOLERANCE PIMENSIONS CELL X37

GLAND OCCUPANCY AT MINIMUM GROOVE
WIDTH POPULATED IN CELL R40

It can be seen that a solution has been found for. the O-ring dimensions and groove depth and radius dimensions entered.
By the choice of grooveg depth and tolerance_the % squeeze is within the recommended limits df AS6235, i.e., between
10% and 25%. Also nofice that the major groove diameter (max) at 0.490 inch is larger than thg nominal O-ring O.D. of
0.485 inch in order to cqter for an increase)in the O-ring O.D. when it is squeezed axially, and ma(ntain a maximum of 1%
cramping on the squeezed O-ring O.D. (using nominal O-ring and gland dimensions).

It can be seen that the droove minimum minor diameter in cell R35 and associated tolerance in ce|l X35 are not populated.
Similarly, for an Externa] pressure application, cells R33 and X33 will not be populated.

Note that in all cases, if|the)groove minor diameter is less than the allowed limit to permit a minimum port diameter and a
minimum internal gland wall, “N/A” will appear.
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ANNEX E - ELASTOMER BACKGROUND, TEST DATA AND INTERPRETATION

E.1l PUBLICATIONS

E.1l.1 “Swell of O-rings in Glands Compared to Conventional Volume Change Measurements,” by Dr. W. R. Keller,
August 2005.

INTERNATIONAL SEAL

Tra CHRg Busmens ibergarof
FHOP ani B0

Frendenberp-WOEK Geperal Parnership
-Fing, Dhvision

Test Repoff
Anrdwors: Roben W, Keller <0(0
‘b

Dizre: 31-foagust 2005

Title: Swell of O-Emgs m Glands compared fo conventional Veheme Chanpe ‘r}:as%mmts

Prrpose: [To determmne 1f there 1= a relationship belween squeeze xsd voly ange of O-Figzs confined
ar flsear ghinels eonapaded to conventional free volsne clemge mea:wen:ﬁQ ASTM D471

QQ

1. O-Fmps mder acmal apphication squeeze swell mlﬂtrﬁ@kﬁ fham free swell comdifions wsed m

5 suech as ASTR DT (%)

msore e squeere of fe O-Bmg, ihe less the ws@\tﬁchd.ue&umkr SETEe

A gelationship betwoen the swell of an O-Ring in ¢he squeezed gland conditica and the pquesze

unt snd free wohame change dﬂmunn-db&b @STH D471 was foumd as

1 Squeezed swell =1 03720 + (0 mﬁﬁé ) — (01 558TTTVETS0) [

b, Where,

. WO = free volune ¢ Mmmmm ASTM D4 immmersio

il S0) =" squesze of Ring cross section in the range of 5-33% squgeze.

4. Tl above relaticaship covers a tagety of different polymer trpes and imaversion fhaidg.

above relaticoship can be vsed to predict the swell of achial O-Rings knowing the fres volume

i ngr:tudlhfammv:lb@‘ﬂaﬂd
O

thbtm:dtnﬁtimtcﬂxamu]mﬂjﬂfﬂ-]{myinﬂxilgl kmowing the

and the squeeze conditions in the gland.

widersd the maxinmum that materials can swell in the free state and shill fimction

-Ritkzs (boxed o the assurmgption that the O-Famg gl bas towshly 25% voluime

>3 mode feahahe appraach based on thes data wonld suggest an opper swell Tt for free

change of 35%. This will vield an acheal voluwe change o the O-Fing gland of rooghly

23%% at the condroom of 5% squeeze in low squeeze applicatons. Lower achml vohane changes of
the (-Rings in glands will ocoar with bigher squesze levels.

Resnliss

Pape 1 of 15

Page 1: Note equation to determine volume change (swell) dependent on squeeze and volume well in fluid in the free
condition.
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dirodnction

One question that contmuoasly anses is “what swell can [ expect of this O-Ring m fes fud i tas gland 2
thie aperatung temperange’ A 5 Bl eatinute. awoat people will vae the reaile desermined froas
convenitonal pmmereon testing e ASTM D471 to sevwer that question. Howeven, that would be 3 very
erisde approsdmeation since the actual O-Ring in the gland is confined. under spseeze. and there is limdted
e avalable fn swelliog Thes pages: s ises sevesad veans. of sk o this seljeo using seversl
different mubber materiily and varnoas Muids

thie fallonfime reasons

ring is bage encugh 1o @ve hagh reliability in voleme change nmg\@%un per A4TM D471

cross section of the rmg & lage enough bo get acourate shum beightywd very hightly cootrolled
vahoes in the fochare.

fiwnares e somall ensuph o fit neide conveniem vewels d yping 3f elevaied
atge

3>
T £ ol vonk wies b sinndy e acboal sobiome e ﬁzu.ﬂmﬂnslu.rdtmg.mﬂl fiee
's'nl.m: nge vakies determinsd duough ASTM D471 and 10 delermine if There Wi 3
ruodel] 1o more accimalely estimate the volimne of actual seals i gl Faf fompaison,

:Iﬁﬂl:r' spended ASSER 115 cge O-Rimg wan Lol samme fes! fuid 1o pet the fiee Yolume

Page 2of 15
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Resnls and Discrishon

The results are tvbulased i Table | for the wade vanety of mateniali and immsersion conditions tesled.
Typical of the redults e the nelationshepy seown m Figures 1, 2, md 3. No mater what material o what
mmersion fhnd wae need. owel] of the achnl OCfmg m ibe gland viae rednced b the amonst of pqnesze
compared 1o free volume change measarements by ASTM D471, Additiosal soueeze caused less swell of
the actual O-Ring. Innatively, this makes sense since the O-Ring 1o the groove is under squeeze so 10 will at
like 4 psee al wiibi g umels ligles sifTess azal e OeRiny is vouihued Uy e guouve.

Fipare 1

(O’b
]‘;b

D

Volume Change with Bquecze q
Whole AS568-325 size O-Rings

80 Shore A EPDM, NAS-1613 Rev. 5{< O
70 hrs. @ 125C QQ

% Volume change

0 5 O@ 10 15 20 25
@) % Squeaze
—~
-] t V-A+ O Skydrol LD-4 & Skydrol LD-5
<>
X

Page 4 0f 15
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Fige 3

Valiimsa Ehﬂngn with Snuaara
Whole AS568-325 Size ﬁ-HiHQS

60 Shore A FVYMQ, 70 hrs. @ Room Temp.

Chan e
CRT— :ﬂg g :g

% Volume

=5

o 10 20 3n0<(

% Squesze \Q

PR\

|# St Fuel C 08020 Fuel CAlSHanol

N
&
AN\

L & oh
o o O

¥ Volume Change
kJ
=]

Volume Changé'with Squeeze
Whole AS568-325 Size O-Rings
70 Shore AVMQ, 70 hrs. @ 150C

e . Ir--ﬂ-'lql-E

[

0 10 20 30

% Squesze

< ASTMET1 Ol O IRM-203 lI:JII]

40
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All of the data i Tabde | was analyzed to determime if 4 relationship consisied bervesen he squeese, fée
volnme change, snd vohame change of the sctoal O-Fang m the proove. The resolts are given in Figpore 5
below with the following statistics for the fit of the data:

K-Siuired = 55 45 %

R-Squared adnested for degress of Seedom = 58 26%

Standard ervor of estimate = 1.77

Figare &
Ly
&
Plot of Squeeze VC &
O
* 2K
RN
29/ VA
g VAR
o 19} = OA’\Q’-
w
@2 ek ~c\)’~‘\
O gl
19 29 39
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The resulting equation peedicting the sweell of the O-Ring in the gland bazsed on Enown sqoeeze and fee
vobame change determined by ASTM DT 15

Sgueeced swell = LIS729 + (R o 7705V — (LOIFSE7TFOSN [1]

Where
W =% vohane change determansd by ASTM D471 inunersion fests

S0 = % squeeze of O-Ring cross section
Sqeeezed swell = measued swell of whole OQ-Ring in gland

L= s = |

The utflity of Equeation [1] 4s:

= [t whlizes omrent data available for many matenials in conventiomal best

o For example, if the vohane change of an MAS-1613 EFDM m
LD+ i reported 26 +11.3% after 70 hours @@ 125C mmmsersion, 1 P

nesirmn squeere of the O-Rog 15 18.0%, ﬂuenEquaﬁm[]}#!:m that the swell

of the O-Ring in the application will be 6.11% + 1.77%. 5\

If the ning wsed in the example above is exposed to 22 5'-Qq1.lcrzr in the application

{considenng a design change), Equatron [1] predic the soell of the

the application will be 5.31 + 1.77%.

¢ Cpeperally, Squeeze min , max | and nominal can be ined from the tolerance Frack of

the O-Fing and the gland. O
l'@lsé.i

Lt

e Do “new” data need be generated 1o nse fus e
This equeation is alse plotied in Figure 6 as a cmmp]u@(\sﬁ.ﬂnﬁm

Figuwe |5 A’\Q)

>

al. Change of C-Ring

L)
b=
| 3
8

1= 17 ol AT
| o0 | £

g <

HEa s
2
I

% Free Val cha

'j’éf'
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[T we nsed Figere & and the data fior ois firsi O-Ring example

= (B0% max sgoeese m itbe applicatkm

Figure 7

= 11.3% ee volune Cluage pes ASTH DHT 1 i Skydied LD, 70 looves @ 1250

(=7
L |

ny
o

40_H

20 |

% Free Vcl. change

=

o exaniplis) ?\

6’0
S
Vol. Change of O-Rings in grooves

;;ﬁg p— e — -cs\

Estumate t@ plot of acral vohume change of O-nags 1 acrual groove applicanons (e squares

The fisnch T
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Figurs ¥

Vol. change of O-rings in glands

W B O
o O O

-
o

“ Vol. change, O-ring in gland
==

e vol
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Table |
" Tebiee Vol | % Val Uig 1 | Desciiplion
Seuecze | Chy groove
g 180 14.9 70 dare FVMQ m Ref Fuel C. 70 hours @ Room Temp
13 180 11.0 7 dhro FVMO n Kl Fuel C, 70 houns & Foom Tenp
25 180 58 10 chiwe FVMQ m Ref. Foel € 70 houn emp
5 [ ] 7T T0 e FVRED in Rl Foel B ]"I]I:lmgnml'mp
15 T i ?'l:lthnF"n.?hH]merFl.ﬂB mm@nmrunp
25 24l ii : ptaps 4
— ne e Pujhmﬂ .hu'ﬂ'ﬁlmin :
0 howrs 3 Roain Temp.
H 330 163 Tnel Feesistant 70 duro NOR n 8515 e
|70 bowrs i Room Temp. o
b1 350 [ “Fuel Keslstant 70 daro NEK in 85705 Kef Fuel|CMethano!
0 howrs F Koom T
5 230 16.7 anmuu%dhf Fuel C, i'l:lromxﬁ
Fosam T emgs
15 250 15.5 mmﬂmm ‘ﬂnnmmrrmc 70 joun @
k3 i 83 '@‘%ﬂﬂ_ﬁt : _
5 123 &1 M@mwumnmmmwuh#
Room
15 R 43 tharo ROR in Ref Fuel B 70 Fl
240u Teup f““
p L 23 il NFuel Besistant 70 chro NBR in Rel Fuel B, 70
o Roam T
g 480 201 U | 70 duro NER m 85715 Rel Fuel C'Methanol, ) bours @
\ Room Temp.
15 8.0 0@? 70 huo NBK m 8315 Kef Fuel C iedonol, 7)) bowrs @
i ELY I K] 10 dueo NBR m 8573 Kef Fuel CMethanol. 71 hours &
N Room Temp
5 05 018 10 thwo NER w Refl Fuel A, 70 lwours | T
15 OER .02 mmmnmm.rmamwgﬂ%fq
25 XUAT 0.04 70 duro NBK m Ref Fuel A, 70 hwurs i Koon) Temp
6‘(
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T:tllcl [combimned)
Yalvee Yol | %Wl Chg. In Dresnripiion
Eq:eezt Chg grosve
3 -7 0.4 ] Besestant M) dsgo NBE i Bef Fuel A N howes @1
Room Temp.
15 =1.7 =14 Fuel Besistant 70 duro NBE. in Ref. Fuel C, 70 boars &
Raoam Temp
25 -1.7 S5 Fuel Besistant 70 duro MNBE 0 Bef. Fuel C. 0 boars @
Eoom Temp
i 34 08 G0 e FVMC) in B0720 Bell Fuel C jal, 7O brmars
i Boom Temmp.
B 3T T6T 80 o FVMIQ 8030 Ref Far el T b
i Room Temp. ol
23 3.4 123 G0 duge FVMQ in 50720 Rt Cilethanal, 70 botnrs
5 263 177
13 203 12X
25 26.3 09 50 duso FV m""ﬂ Ref Fuel C'Ethanol, 70 hows @
Faoom T
23 108 R 70 d:m&.-%ﬁ n ASTM #1 Oul_70 hours G@ 1 50C
30 10.8 49 J‘I:I g VMO in ASTM #1 Oil, 70 hougs @ | 50C
i3 108 ) WD ASTM #1 Ocl, 70 henrs i@ [ S0C
25 523 16.0 ’ dllﬂ VMG in TRM-203 Ol 70 hors @8 150C
0 531 125 SH 70 duso VMQ i IRM-503 OiL 70 hours @ §50C
15 511 42 NN | 70 duro VMG in IRM-203 Oil, 70 howrs @ 150
0 335 25— | High performance, 70 duro CR in HCFC 124, 70 howrs @
P\ 100C
20 205 O\‘?J High performance. 80 duro CR m HCFC-123, 70 hours &
s 10K
25 M3 &7 6.8 High performance. ™ doro CR. in HCFC-123, ™0 hemers &
Jor) 100C
25 203 6.7 High performance, 80 doro CR. m HCFC-123, 70 heours §
/,é 100C
30 ?‘5&(..1 30 High po fmpaiee, 70 dno CR i HOPC-124, 70 Inaas @
[oA 100C
30 — M5 30 High perlommanos, 50 8o G W HGCT G- 1o, 70 howrs @
10
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Table 1 (combimed)
B

a taFree Vol | % Vol Che In Dheseripiion
Sgqueeze | Clig graave

21 6.5 i6 70 duare CRin 50750 HEC-134aPAG Oil, 70 hours
100C

21 24 -0.08 70 dare CF in mineral oil, 70 bowrs §% 1000

21 258 13.5 0 dwro CRin HCFC-123, 70 hows 50 100C

21 245 104 70 duare CR in 5030 HCFC-2 2 mineral oil. 70 howrs @&
LO0C

21 8.6 14.5 T dswo Green HNBR in 50050 HCFC'-"}311UJHHL oil, T
Iwours & 100C a

#1] 415 1.5 70 duro Black HNBE i 5050 HCPC-22 mlineral ail, 70
s @ 100C O

5 24.7 13.8 60 duro FVMO in Ref Fue] O hours 2 Room Temp.

15 24.7 11.9 60 daro FYMD i Ref. FuehE, 70 hows §f| Room Temp

i 4.7 45 60 duwos FWRD e RefBuel O, 70 s & Room Teinp

35 247 50 G duwe FWMC) mB@-ue] O, 70 twois 45| Booen Teing

3 212 15.5 G0 daro ﬂl\l@{(ﬂﬁ-‘!ﬂ Fef Fuoel Chie 70 hiours

Foom Temm\)

15 272 121 B0 et F'-Eiﬁvm 80720 Bef Fusj E-ME[]]TBB]. T Tucwers
i Rooep

B 72 B.7 6 FVMOQ in 8020 Ref Fuel C/Methgnal, 70 hoers
o] Temp.

is 272 6.1 60\ tare FWRID in 8020 Ref Foel ChJdethgnol 70 howrs

o Of¢ Eoom Tenmp

5 11.1 41 s |70 duro VMO in ASTM #1 (il 48 hows #) 150C

25 10.5 5.7 07 | 70 dure VMO in ASTM 1 Oil, 72 hours @ 130C

25 109 66" 70 duro VMO in ASTM =1 Oil. 168 bours @ 150C

25 10.8 N3 70 duro VMO 10 ASTM #1 Onl, 336 howrs (7@ 150C

15 10.7 B0 T0 e VG 11 AST 51 Chil, 304 bours [/ 150C

5 10.8 N’ Bl 70 diaroe VM in ASTM #1 Ol 340 hours [ 150C

25 10.8 £ B2 70 dewo VMG in AST #1 Gal, 1008 hoerg §8 1300
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Tabile 1 (oomttmeesd)

*u A o Wiod T Yol E'hg In D.::r_ripdnn

| Squeeze | Che. grogve
0 il1.1 13 mmv:ﬁgmru 041, 48 howrs & 1500
) [ a0 O TR m A3 W &1 Ol 12 howrs 0F 1900
k1] 109 54 10 chmo VDA m ASTM #]1 Chl, 168 hours @ 1500
ET) 10.2 5.5 70 dhoro VIO m ASTM =1 Ohl 336 hours @ 1500
11 107 i 70 duro VMO m ASTM &1 (il 50-11':@-.'5:&1}#}!:
1) 108 51 70 dure V20 AR £1 08848 hours
0 108 49 70 dio WL @ ASTM 2] m%wyl Enisalds @

15060
i3 111 L4 70
15 105 27 mmw.ﬂ;m.q.smﬁa Lﬁm:ﬂc
i3 109 29 70 duro VIMQ m f&millﬁahmsg]ﬁ-:rc
33 103 | T0 Jumw VG iw &1 il 1 lenms E: 130
15 10.7 19 70 chro VMIQ s STM #1 il 504 houers @ 150C
i5 108 13 70 duro V V.q.sm:t]m:ag{ms@m{
i5 108 0.7 70 duro m ASTM £] Qil. 1008 hours 7
150 o>
15 472 14 -- ~ (LS00
23 475 3 S0C
35 481 157 it 150C |
25 4.9 158 ;\’mmmmmtm-mmamhmmm
25 44 10 181 A 70 cho VA m [RM-003 Chl, 504 Howrs 28 1300
15 513 163, N\ 70 dhore VIO e [RM-B03 O, 40 Heurs & 1500
x5 523 &@, 70 duwo VIVIQ i TRM-903 Onl, 1008 [houss @@
) 1500
>
S
o
%V

Page 13 of 15



https://saenorm.com/api/?name=43802657716cd74636abea99a9edc449

	1. SCOPE
	2.  REFERENCES
	2.1   Applicable Documents
	2.1.1 SAE Publications
	2.1.2 U.S. Government Publications
	2.1.3 ASME Publications
	2.1.4  NAS Publications
	2.1.5  ISO Publications

	2.2 Related Publications
	2.3 Definitions
	2.3.1 GLAND AND GROOVE
	2.3.2 Clarification of Internal and External Pressure Types
	2.3.3  Metric Equivalents


	3. TECHNICAL REQUIREMENTS
	3.1 Gland Configuration
	3.1.1 General
	3.1.2 Dimensions

	3.2 Volume Swell and Thermal Expansion Considerations
	3.3 Groove Diameters
	3.3.1 Internal Pressure Applications
	3.3.2 External Pressure Applications

	3.4 Groove Depths
	Table 1 - Maximum and minimum squeeze levels at various temperature limits
	Table 2 - 000 series range of gland occupancies by varying component tolerances

	3.5     Groove Radial Width
	Table 3 - Groove cross section details for internal pressure applications
	Table 4 - Groove cross section details for external pressure applications

	3.6 Limitations
	3.7 Gland Detail
	Figure 1 - Gland details - internal pressure applications
	Figure 2 - Gland details - external pressure applications
	Figure 3 - Gland details - internal pressure applications  (only allowed in special circumstances - see important note below)
	3.7.1 Groove Corner Break Edge
	Table 5 - Groove break edge details

	3.7.2 Groove Corner Radii
	Table 6 - Groove standard corner radius dimensions


	3.8 Surface Finishes of Glands
	Table 7 - Surface roughness requirements

	3.9  Groove Dimensions and O-ring Volume Occupancy
	Table 8 - Standard groove diameters for internal and external pressure applications
	Table 8 - Standard groove diameters for internal and external pressure applications (continued)
	Table 8 - Standard groove diameters for internal and external pressure applications (continued)
	Table 8 - Standard groove diameters for internal and external pressure applications (continued)
	Table 8 - standard groove diameters for internal and external pressure applications (continued)
	Table 8 - Standard groove diameters for internal and external pressure applications (continued)
	Table 8 - standard groove diameters for internal and external pressure applications (continued)
	Table 8 - Standard groove diameters for internal and external pressure applications (continued)


	4. NOTES
	4.1 Revision Indicator
	Figure A1 - Free O-ring dimensions
	Figure A2 - Squeezed O-ring dimensions
	Figure A3 - Gland detail for internal pressure applications without groove corner radii
	Figure A4 - Gland for internal pressure applications with groove corner radii details
	Table B1A - Comparison of groove diameters, AS6235, ARP1234, AS4873 (inches)
	Table B1A - Comparison of groove diameters, AS6235, ARP1234, AS4873 (inches) (continued)
	Table B1B - Comparison of groove diameters, AS6235, ARP1234, AS4873 (millimeters)
	Table B1B - Comparison of groove diameters, AS6235, ARP1234, AS4873 (millimeters) (continued)
	Table 3 - Gland cross section details for internal pressure applications
	Table 4 - Gland cross section details for external pressure applications
	Table C1A - Maximum and minimum groove depths for AS4716 and AS5857 piston seal hardware (inches)
	Table C1B - Maximum and minimum groove depths for AS4716 and AS5857 piston seal hardware (millimeters)

	Figure D1A - Gland dimensions calculation sheet
	Table D1 - Entries and results for standard O-ring and gland dimensions

	Figure D1B - Gland dimensions calculation sheet for standard O-rings using AS6235 standard elastomers
	Table D2 - Entries for standard O-ring dimensions with custom elastomer material properties, and resulting gland dimensions, tolerances, O-ring squeeze and gland occupancies

	Figure D2 - Gland dimensions calculation sheet for standard O-Ring size using non-standard elastomer material
	Figure D3 - Gland dimensions calculation sheet for non-standard O-ring and non-standard elastomer material
	Table D3 - Entries for non-standard O-ring dimensions with custom elastomer material properties, and resulting gland dimensions and tolerances, O-ring  squeeze and gland occupancies
	Table E1 - Elastomer material properties
	Table E2 - Summary of critical elastomer materials
	Tables E3A through E3G - Squeeze dependent on groove depth and O-ring cross section
	Table E4 - Summary of gland occupancy for -008 size for each selected elastomer material




