INTERNATIONAL..

ARP1833

AEROSPACE

REV. B

RECOMMENDED PRACTICE

Issued
Reaffirmed
Revised

Superseding ARP1833A

1986-12
2008-07
2015-01

(R) Sealing Techniques for Missile Applications

RATIONALE

This revision was necessary because the Tables were illegible, References needed to be made current, the drawing

improved and material

wihiceh wvara na lonany camamaroiallhy, avallahla nandaod 0 ha dalatad («d

nce the document has

been in use since 1986
correction of typing errg

Missile hydraulic and p
for two difficult sealing

Static pressure con
requirements).

Dynamic pressure
operational firing re|

Each of the two condit
pneumatic component

This design standard is
areas of materials, finis

p—VVITTCT T vy CTe— o Tomg T T—cor e oty

with no reported technical issues, there were no changes to the gland.din
rs.

e ariieiv ivappivavav i pu vy vAvn e L o) Lo o wa v e

FOREWORD

neumatic component designers have been handicapped by-the absence o
onditions usually existing in missile applications as follows:

dition - Low pressure for long periods in a cyclic temperature environment

quirement).

ons listed above are frequently required to be satisfied by a single seal i
vith sealing requirements changirig-abruptly from the first to the second set

hes, configurations and inspection criteria that past experiences show to bg

hensions other than the

concise design criteria

(i.e., long term storage

condition - High pressures suddenly applied in an extreme temperature environment (i.e.,

n a missile hydraulic or
of conditions.

intended to facilitate morenearly optimum designs by presenting specific frecommendations in the

desirable and prudent.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.

Copyright © 2015 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,

photocopying, recording, or otherwise, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:

Tel: 877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit

Fax: ~ 724-776-0790 http://www.sae.org/technical/standards/ARP1833B
Email: CustomerService@sae.org

http://www.sae.org


http://www.sae.org/technical/standards/ARP1833B
https://saenorm.com/api/?name=085f7fdf4249445b5274bfa831486b0b

SAE INTERNATIONAL

ARP1833B

Page 2 of 42

2.1
2.2
2.3
2.4

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.8.1
3.8.2
3.8.3
3.8.4
3.8.5

4,
Figure 1

Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12
Table 13
Table 14
Table 15
Table 16
Table 17

TABLE OF CONTENTS

ST 010 ] = SRS 3
REFERENGCES........oiiiiieitii st etee et s et s e e et e e sate e et e e asteesste e e et aeeantee e seeeanteeeasaeesnteeanseeeanbeeesaeenneeennsens 3
Y AN 0] o] Tot= o o TP PPPR 3
PN ST @ I ¥ o] [T o] 1RSSR 3
S O I U] o] [Tor= 11T 1 USRI 3
ASIME PUDIICALIONS. ......eiiiiiiiiie ettt e e ettt e e e st e e e e et b e e e e ettt e e e antbeeeeanbbeeeeanbbeeeeanbbeeeeansaeeesnnnes 4
ELASTOMERIC O-RING SEAL GUIDELINES ........ooiiitiiiiiteciee st stte e stee e ste e stae e steesnteeesnteassnaeesnseesnneas 4
1=t oLt = I gl (o T [0ox 1 o] o HUU SO PRRP 4
SEAI PriNCIPIE DISCUSSION.......uuiiiiiieeiiiiiiete e e e e e e sictre e e e e e e e e st reeeeeessasattaareeeeessassstaaereaeesssasssraeeeaeessssnssrsnnneaens 4
COMMON FAIMUIE CAUSES ...oeiiiiiieeiiiiiie sttt e sttt e e sttt e e e sttt e e sabe et e e aabeeeeeasbbeeeesabeeeeesnbeeeeeansbaeeesnseneesanneeeas 5
Development and Quallfication TEST RECOMMENUATIONS. .. ..o cveerreerrrrerreersreerrrreseerrreresieresseessneessessneees 6
Design|Guide for High Reliability ............coooiiiiiiiiiii e Do et 7
Design|Tips - Positive CONSIAEIatiONS .........ccoiiiiiviiiieeeeeiciiiieeee e e e e sscirneeeeee s i dheee e e s s s siirre e e e e e e s s sirrereeeees 8
Design|Tips - Negative Considerations ...........ccccveeeeeeeeiiicinineeeeeesssscnnneeee N e, 8
Detail O-RiNG Gland DESIGN......ccccciiiiiiiiieie e cciiieie e ccirreee e e e e ssennee s bt s e snnrnnee s e s s e sirrre e e e e e s e s sirraaeeeees 9
GeNErgl DESCIIPLON ...evvieei it e e e e snrrne e e e e e s s fan e ae e e e e e e s e 9
(€1 TaTo W =TS T g W @4 ] (=4 = VU . RS BTSRRI 9
Index df Figure and TabIeS .........ccuviiiiiii e an e e e e e e e e e siireee e e e e e s s b rr e e e e e e s e e e e e e e e 10
Drawing Diameter CalCulation ............ccccveiiiiieeiiiieeeniiee Nt seee e e 11
Size ar|d Stretch CONSIErations ..........ccceviiiiiiieiiiiee A e e sirre e e srneessreee s s e s e e e e s e e e e 14
L I S N SRR 15
(€1 =T Lo I TS o o s SRS SRR 11
Bore and rod dimensions (inches) for O-ringgland seal design .........ccccceevvvviiiiceee o 16
O-ring gland dimensions for low pressure,-dynamic hydraulic applications.............}ecccooviiiiiieieie i, 26
O-ring gland dimensions for medium pressure, dynamic hydraulic applications .....J....ccccccvivieeviiienennee, 27
O-ring gland dimensions for high pressure, dynamic hydraulic applications ...........J.cccccoiiiiiiieiieniiinnnee, 28
O-ring gland dimensions for low. pressure, static hydraulic applications.............ccooo e, 29
O-ring gland dimensions for.medium pressure, static hydraulic applications ..........J..ccccccoiiiiiieiieniiinnnn, 30
O-ring gland dimensions for high pressure, static hydraulic applications ................ oo, 31
O-ring gland dimensions.for low pressure, dynamic pneumatic applications...........}ecccooiiiiiieeeee i, 32
O-ring gland dimensiens'for medium pressure, dynamic pneumatic applications ...J........cccoocveeeeeniiinnnen, 33
O-ring gland dimensions for high pressure, dynamic pneumatic applications .........J..cccccoiviineereeeniinnnnen, 34
O-ring gland dimensions for low pressure, static pneumatic applications...........cccooleeeeeiiiiiiiieece e, 35
O-ring gland/dimensions for medium pressure, static pneumatic applications ........J...cccceviiinieeeeeniiinnnee, 36
O-ring gland~dimensions for high pressure, static pneumatic applications ..............leeeeeiiiiiiieee i, 37
O-ring face seal gland dimensions for hydraulic applications .............cccccccccceeiiiiiiic e, 38
O-ring face seal gland dimensions for pneumatic appliCations ...........cccccvveeeeei e 39
STANUAIA FEAIMET SIZES ... uuiiiiiiiiii ittt s e e e st e e sttt e e e st et e e st beee e e nbeeeeasbbeeeaanbeeeesanbbeeesnnses 40
Pertinent data on elastomeric materials for missile appliCationS..........ccccceeeviiiiiiieiie e 42


https://saenorm.com/api/?name=085f7fdf4249445b5274bfa831486b0b

SAE INTERNATIONAL ARP1833B Page 3 of 42

1. SCOPE

The purpose of this standard is to provide the missile hydraulic and pneumatic component designer with information
learned, tested and substantiated in correction of problems and failures experienced with seals that are subject to the
unigue requirements of missile static storage and subsequent dynamic operational conditions.

2. REFERENCES

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 SAE Publications

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

AMS7379 Rubbel: Fluorocarbon Elastomer (FKM) 70 to 80 Hardness, Low Temperature Sepling Tg -40 °F (-40 °C)
For Eldstomeric Seals in Aircraft Engine Oil, Fuel and Hydraulics Systems

AIR786 Elastorher Compatibility Considerations Relative to Elastomeric Sealant Selection

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

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

AIR1412 Designjng for Long Life With Elastomers

AS4716 Gland Design, O-ring and Other Elastomeéric Seals

AS5857 Gland Design, O-ring and Other Elastomeric Seals, Static Applications

AS6235 Face $eal Gland Design.~Static, O-ring and Other Seals for Aerospace Hyfraulic and Pneumatic
Applicdtions

2.2 ASQ Publications

Available from American Society for Quality, 600 North Plankinton Avenue, Milwaukee, WI 53203, Tel: 800-248-1946
(United States or Canagla)),.001-800-514-1564 (Mexico) or +1-414-272-8575 (all other locations), www.asq.org.

ANSI/ASQ Z1.4 SampimgProceduresand-Fabtesfortspectionby Attributes
2.3 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 3601-3 Fluid Power Systems - O-Rings - Part 3: Quality Acceptance Criteria


http://www.sae.org/
http://www.asq.org/
http://www.ansi.org/
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2.4  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 Y 14.5-2009

3. ELASTOMERIC O-

3.1

Dimensioning and tolerancing

RING SEAL GUIDELINES

General Introduction

The O-ring is widely used as a seal element in a broad range of missile hydraulic and pneumatic component designs. It
has been variably successful as attested by a continuing family of problems and failures associated with seal designs
especially in low temperature and low pressure long term storage applications.

In some cases, the pro
(i.e., a simple misappl
material properties and

blem of failure has been directly attributed to inadequacies of the O-ring,a
cation). In other cases, the problem or failure cause was traced)to’img
dimensions; inadequate design features interfacing with the O-ring; dam

controls; and insufficieft testing of the design to detect and correct design deficiencigs<before ¢

production.

It is essential that the r
as a candidate elemen
design requirements w|
O-ring usage.

This section of the stg
problems and failures ¢
3.2 Seal Principle Dis

The O-ring is made of
reliably store elastic en

Mechanical deformatio
combination, is used ta
fluid.

When the O-ring is def
sufficient to provide the
confined fluid pressure,

hissile hydraulic and pneumatic component designer_have a working undg
| for seal design; be aware of its functional limitatiohs;“and have some gu
hich are not clearly “cut and dried” in the existing\published “cook book”

ndard is intended to supply information, fearned, tested and substantia
xperienced with O-rings used in missile:hydraulic and pneumatic compone

cussion

brgy and use this energy to maintain sealing pressures against mating inter,

n of the O-ring by sUrrounding structure or by the pressure of confined
force the material‘into potential leak paths to provide a positive block to

effective seal over the full range of functional and storage conditions witho
it candbe considered an ordinary gasket.

When the O-ring is pri

5 a seal element choice
roper choice of O-ring
age and abuse; quality
bmmitting the design to

rstanding of the O-ring
idance for approaching
approaches to general

d in the correction of
ts.

highly elastic materials, performing its function in the deformed conditign through its ability to

aces.

Fluids, individually or in
he flow of the confined

prmed salely by the preloads applied by mating structure, and the resulting interface pressure is

it being assisted by the

havih, dafaroand b tha nracciivn foarane of thn aonfinad flhoud ~nAd ooy

a 3\ nd
Ty gCTOTT e O oy i P SSuTrCToTrCC S U tnC—C o e U ooy oo ST ool

environmental effects, it must not be treated as a gasket.

ly by the structural and

The designer using the O-ring element must understand that the difference in deformation mode can be critical to
successful sealing.

In low-pressure (below approximately 300 psig), low-temperature (dependent on material) design, the seal interface
pressure must be achieved by maintaining adequate structurally applied preload compression in the O-ring, since fluid
pressures in this range will usually not adequately deform O-rings made of known materials in the available hardness
(durometer) ranges to form a seal.

In pressures ranging above 300 psig, and up to the extrusion pressure of the particular O-ring material choice, the fluid
pressure is generally sufficient to deform the O-ring to provide effective interface pressures.
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There are some special environmental conditions, such as low temperatures approaching the glass-transition of the
material, the effect of which may best be determined by development testing as described herein.

In a robust static seal design, the sealing is obtained principally by the mechanical deformation of O-ring as described
above. If lubricant is used in a static seal, its primary purpose should be help in installation (usually for static radial seals;
face seals should generally not require lubrication). Lubricants generally provides minimal (if any) sealing for static seals.
Hence, for static seals, use lubricant sparingly (see 3.5), especially since excess lubricant can migrate to undesirable
areas, which can have negative consequences. For dynamic seals, if lubricant is used, then it should be sufficient (but
not excessive) to reduce friction in the relative movement of the seal against the dynamic surface.

3.3 Common Failure Causes

Most failures of missile hydraulic and pneumatic component O-ring seals occur at low pressure and at low temperature
extremes and can be attributed to any of the following causes:

a. Insufficient elastomgric force caused by a variety of factors such as:

- inadequate depign squeeze (“Squeeze” means change in shape due to surroundirg structures, whereas
“deformation” npjay be caused by confined fluid pressures as well).

- excessive compressive set of seal materials

- inadequate durpmeter rating (i.e., too low)

- inadequate elastic compliance

- inadequate elastic temperature range

- reduction in volume due to migration of material additives

b. Spiraling of seals during operation in a reciprocating application or during assembly. Thig condition is generally
associated with any of the following:

- inadequate stiffness of the O-ring cross-section
- excessive eccentricity
- inadequate lubfication

- inadequate assembly, procedures or aids

- discontinuities fnd/or protrusions on the flash line

- incompatible surface finishes or conditions

- long stroke cylinders
c. Contamination lying across the seal contact surfaces
d. Handling or assembly damage
e. Molding or processing flaws in the seal

f.  Extrusion of the seal during prior operation or environmental exposure due to either excessive design clearance or
structural deformation under pressure or due to gland being undersized and/or O-ring being oversized
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Porosity or other defects in contacting surfaces

or dimensions that are not adequately controlled

Improper selection of seal materials and/or lubricants

Stretch too high; causing premature aging (see 3.7)

Excessive wear of dynamic seals due to microscopic pits and discontinuities in contacting surfaces such as anodized

I. Ignoring the effect of eccentricity in radial seals, which can cause a leak at a specific location of the 360 degree
circumference even if seal holds well at all other locations of the circumference (especially relevant for high pressure

g.
aluminum
h.
i.. Physical properties
-
k.
or vacuum seals).
m. Surface roughness

leading to an incre

dynamic seal glangls sealing surface should range between 4 microinches to 16 _microinch

gland surface can
leakage in static se

3.4 Development and
Due to the time and cos

long term storage a

all possible variatio
- all possible dimens
Because of the factors
environmental conditio
specified extremes follg
low temperature an
high temperature a

high temperature a

too smooth for dynamic seals causing excessive wiping off of lubricant (s
hse in friction and possible abrasion and/or wear out of elastomeric-seal.

ead to abrasion and/or wear out of the elastomeric seal for dynamic se
Als even if the squeeze is within the desired range.

Qualification Test Recommendations

t constraints, development and qualification tests:xiermally do not evaluate
nd field service
ns in the material properties

onal and finish variations

above, development tests-should selectively include conditions that exce
wed by leakage tests at:
d low pressure
nd low pressure

nd highspressure applied suddenly

imilar to a “squeegee”)
Surface roughness for
es. Excessively rough
hls. It can also lead to

the effects of:

ed maximum specified

ns. Marginal seal designs_are prone to be revealed by exposure to temperatures that exceed

low temperature an

ddigh pressure applied suddenly

The above tests are intended to encompass all extreme conditions. Usually, the most adverse combination of conditions
is exposure to high temperature followed by leakage tests at low temperature (with high pressure applied suddenly).

Development test hardware should exceed design tolerances (i.e., margin excess involves consideration of critical nature
of seal, machining capabilities, cost and time constraints) in each of the following areas:

rough finishes

high diametral clearances

high gland eccentricities

high and low preload “squeeze” conditions
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Each vendor elastomeric compound for use should be qualified for specific seal applications. Specific material (i.e.,
physical characteristics) verification tests should be conducted on each vendor compound along with functional seal

qualification tests.

Qualification by “similarity” should not be used to justify omission of functional qualification tests for critical seal

applications.

Use of plastic models and leak path isolation fixtures as developmental test beds are important in evaluating sealing
effectiveness, problems and failures.

Use of specialized leak detection and measurement equipment (i.e., excellent commercial detectors are available) is
invaluable in understanding the margins of seal efficiency.

3.5 Design Guide for

High Reliability

Efforts to achieve high

Use of specific ven
and after exposure
elastomer/fluid com

Tightened inspectid
for dimensions and

Selective deviation
gland volume. This
low temperature af
worst case conditio

Use of the largest
and by assembly d
higher interface pr
these features mini

The selective use
resistance, reduce
Polytetrafluoroethyl
in reducing break o
the installed O-ring
friction for low pre
application.

dor elastomeric compounds that have demonstrated overstress margin of
to fluids and specified environmental conditions. AIR786 provides initial g
patibility.

n of critical O-rings for specific types of defects and mechanical properties,
surface finish.

from conventional gland dimensions, usually in‘the direction of increased
provides increased interface pressure and.is’especially important in low
plications. The volume of the gland must*be at least equal to the volum
h of seal swell and dimensional tolerance:

standard O-ring cross-section and-the highest standard durometer permi
hmage considerations. In static Jow pressure applications, these features fé
bssures, in conjunction with, (nonstandard gland dimensions. In reciproc
Mize the probability of spiraling.!

pf cap strips for reciprocating seal applications. Cap strips offer the advar
 extrusion, and~reduced friction. Cap strips made of appropriate ma
ene (PTFE) ordUHMWPE (Ultra High Molecular Weight Polyethylene) can

eliability in an O-ring seal design will involve several of the following factorg:

sealing qualities during
Llidance on establishing

and of mating surfaces

squeeze and reduced
pressure (or vacuum),
b of the seal under the

ted by available space
(cilitate the achieving of
hting seal applications,

tage of improved wear
terrials such as Virgin
be particularly effective

ut friction afterifong term storage. If a cap strip with a profile to approxima
is used,the increased squeeze on the O-ring produces an increased
ssure applications. Care should therefore be taken to ensure appropri

However, cap strip
applications.

ely match the shape of
oad and may increase

ate performance of the

O

sure, low temperature

The use of backup rings to prevent extrusion in high pressure, high clearance, high temperature applications.

However, the use of backup rings may cause excessive break out friction in certain pneumatic applications.

The selective and
(see 3.2).

controlled use of lubrication.

dynamic break out friction is a problem.

AIR1412 contains helpful suggestion on designing for long life with elastomers.

Lubrication is generally to be used only as an installation aid

Use of spring energized PTFE or UHMWPE U-cups to overcome environments hostile to O-rings especially if

1 The statement regarding highest durometer rating is based upon extensive testing in 1976 on low pressure seals for the Phoenix missile. The
statement may seem controversial but has been found to be consistent with O-ring seal theory.
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3.6

Design Tips - Positive Considerations

Consider creating source control drawings to define O-ring requirements as well as the necessary quality controls.
Drawings should include the following:

(@)

non-standard sizes and/or tolerances.

(b)
(©)

demonstrated suitability during qualification test programs.

(d)

Where practical, the specification of standard sizes and tolerances per AS568, and where necessary, the use of

Reference to the appropriate material specification. Additional requirements should be stated where necessary.

Approved vendor compound numbers. The approved compounds should be strictly limited to those that have

Inspection for flaws in accordance with ISO 3601-3, Grade S or CS. The minimum inspection should be a

1.0 AQL, Level

Specify O-rings wit
assembly consider

II, per ANSI/ASQ Z1.4. Consider 100% inspection for critical seal applicatid

the largest standard cross-section and highest durometer rating permitted
tions (for reasons given in 3.5).

Control the gland ttal eccentricity to a practical minimum for dynamic radial seals. Lowering

be limited by how

ight the dimensional tolerances can be. Lowering dimensional tolerance

eccentricity but tightening dimensional tolerances beyond a certain levelkmay not be finan

viable.
Control cylindrical g

Consider designing
should accommods

Face seal designs
pressure exposure
are inherently stiff f

Where pressure dig
and environmental

ealing bore taper to a practical minimum for reciprocating dynamic seals.

te the volume of the seal under maximum material and swell conditions.
should provide sufficient structural rigidity to minimize opening of extry
5. When weight is important, high~pressure face seals may be a bad des
br other reasons.

tates, use backup rings ‘designed on a case by case evaluation of compa

over split ring backlips if assembly, dynamic friction and environmental factors allow.

Consider incorpora

Provide for the mo
and which O-rings
is preferred over an

ion of design features and processes which give margin against assembly

5t practical edge relief possible in holes, slots and other discontinuities w

ns.
by space, material and
gland eccentricity may

s will lower total gland
Lially and/or technically

gland widths as narrow as practical when"not covered by existing standands. However, the gland

sion gaps during high
gn choice unless parts

ible material, assembly

factors, especially inthigh temperature high diametrical clearance applications. Select one piece

damage.

hich cannot be avoided

must ‘pass over during assembly or functional operation. Putting a blend radius on a sharp corner

edge break.

Minimize the number of seals and the total linear length of seals in all component designs.

Design Tips - Negative Considerations

Avoid specifying O-rings by only standard specifications (i.e., MS, AMS, AS, etc.) in critical seal applications.

Avoid the use of nitrile (Buna N) material for external static seals for long term storage or service especially if the
application includes either of the following conditions:

(a) Sealing pressures from zero to approximately 300 psi while being subject to extreme cyclic changes in
temperature (i.e. from below -25 °F to above +160 °F).

(b) Functional operation at temperatures below -25 °F especially after long term cyclic temperature changes noted in
condition (a) above.
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Avoid gland surface finishes greater than 32 Ra or less than 4 Ra. In critical dynamic applications, avoid surface

finishes greater than 16 Ra. High pressure or vacuum applications may require a surface finish better than 16Ra.

than the free outsid

Avoid designs that require excessive O-ring stretch (i.e., greater than 50%) during assembly.

Avoid installed stretch exceeding 5% based on nominal O-ring dimensions.

e diameter of the O-ring.

Avoid gland designs in which the O-ring is required to seal more than one circumferential gap.

Avoid if possible, entrance angles greater than 15 degree half-angle measurement and entrance cone diameters less

Avoid if possible, designs that require the O-ring to slide over holes, slots or other discontinuities with sharp edges. If

not possible to avoid edges, then put a blend radius on all such edges; if not possible, then at least break the edges.

(Use the numerical

Multiple O-rings in
case in missiles. F
may not be able to
is not recommend
co-molded seals.

3.8 Detail O-Ring Gla

3.8.1 General Descri
Figure 1 and Tables

encountered in missile
development of severa
anticipated that the inf

\values for edge breaks listed in Tables 2 through 15 for guidance.)

Avoid if possible, ngn-circular face seal gland designs.

the same groove may seem an attractive option when physicalsspace is
pr example, sometimes both an EMI and an environmental seal are neces
fulfill both the functions adequately. However, using multiple separate O-ri
pd. If absolutely necessary to have dual seals in the\same groove, th

nd Design
btion
| through 16 outline configuration and O-ring gland design information

hydraulic and pneumatic component designs. The information represents €
| missile systems; however, in(certain areas, the information represents

proven by qualification festing as recommended if 3.4.

3.8.2 Gland Design (

The information contair
as follows:

riteria

ed in the tables_presented in this section is similar to that in AS4716, with

b are smaller. Some of the glands are as little as 7% greater than the
conditions. If a volumetric swell greater than 7% is anticipated, the grg

limited, as is often the
sary and the same seal
ngs in the same groove
en use co-extruded or

for various conditions
Xperience gained in the
extrapolated data. It is

brmation will facilitate more:fearly optimum designs; however, design c@nfigurations should be

the primary differences

O-ring volumes under
ove volume should be

jly-by increasing the width.

a. The gland volume
maximum material
increased accordin

b.

c.

d. The diametral clear

e.

The gland edge breaks are sharper in the high pressure applications.

The squeeze is higher except in the dynamic pneumatic applications.

ance is tighter in high pressure applications without backup rings.

generally corresponds to a standard reamer size for bores smaller than 1 inch.

The gland depth tolerances are generally tighter thru size 020.

The bore sizes for external seals generally conform to standard reamer sizes, for bores smaller than 1 inch.

The shaft sizes for internal seals are such that upon the addition of a diametral clearance, the resulting dimension
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h. The allowable eccentricities are smaller in high pressure and/or dynamic applications.

i. The sides of the grooves are perpendicular to the axis of the gland rather than being a maximum of 5 degrees from
perpendicular.

NOTES:
1. Squeeze computations for the tables do not consider reduction in O-ring cross-section due to installed stretch. If
stretch is kept below the recommended 5% per 3.7 then the error due to this is small but it will not be negligible if

stretch is substantially greater than 5%.

2. There are other standards available for review and comparison. These include: AS5857, ARP1234, ARP1231,
AS6235, and ISO 3601-2

3.8.3 Index of Figure[and Tables
Figure 1 - Conventional glands design applications are show in Figure 1.
Table 1 - Recommenddd bore and shaft dimensions in inches.

Tables 2 Thru 15 - Recommended gland dimensions in inches, surface Afinishes, inspectign levels and material
hardnesses for various japplications as follows:

Table 2: 0 - 300 psi - Pynamic hydraulic applications

Table 3: 300 - 1500 pki - Dynamic hydraulic applications
Table 4: 1500 - 3500 psi - Dynamic hydraulic applications
Table 5: 0 - 300 psi - ptatic hydraulic applications

Table 6: 300 - 1500 ppi - Static hydraulic applications

Table 7: 1500 - 3500 psi - Static hydraulic applications

Table 8: 0 -500 psi - Pynamic pneumatic applications

Table 9: 500 - 3000 ppi - Dynamic pneumatic applications
Table 10: 3000 - 10 00 psi - Dynamic pneumatic applications
Table 11: 0 - 500 psi - Btatic pneumatic applications

Table 12: 500 - 3000 ppi - Static pneumatic applications
Table 13: 3000 - 10 00p psi - Static pneumadtie applications
Table 14: Face seals for hydraulic applications

Table 15: Face seals for pneumatic applieations

Table 16: Recommended bore sizes™for using standard reamers
Table 17: Summary of| elastomeri¢‘materials

A decision as to which settion of Tables 2 thru 15 is appropriate will at times require a choice if an application
encompasses:

a. more than one set of conditions. In this case the designer should choose the smaller clearance and eccentricity,
sharper corner break, smoother finish, and tighter inspection requirements.

b. both the static and dynamic conditions. In this case the better choice will probably be the lesser squeeze shown for
dynamic applications to minimize the spiraling and friction potential especially in reciprocating applications.
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3.8.4 Drawing Diameter Calculation

The gland depths and diametral clearances shown in Figure 1 will not appear on engineering drawings, but are used to
calculate certain diameters that will appear on the drawings as follows:

i
G - B
- f
[—]z]
FacE
SEALS = \ |
cD=02 '} — % ] A C
: Xz *
- 3
D/2 — SN H
\ |
5N
B
2 by R 2 X Rl *
g2 A
Y 7]
= ]74 - B
a2 63
vl \/;1 _I o
[Hl—

SEsOrG3 s N —
THESE[SURFACES TO - E
BE CONCENTRIC WITHIN THE
LIMITS OF TABLESZ-TO 15

NOTES AND DEFINITIDNS:
A — Cylinder Bore |.D. ger-Table 1

B — Rod O.D. per Table 1

C — Piston O.D (= A-D)

D — Diametral Clearance per Tables 2 to 13
E — Internal Gland I.D. (= B+2L)

F — Piston Gland O.D. (= A-2L)

G — Gland Width per Tables 2 to 15

H — Rod Bore I.D (= B+D)

L — Gland Depth per Tables 2 to 15

R1 — Corner Break Radius per Tables 2 to 15
R2 — Fillet Radius per Tables 2 to 15

Y
\/— Finish of Adjacent Surface per Tables 2 to 15, As defined in ANSI B46.1-78
Z — Surface Flatness per Tables 14 and 15

Figure 1 - Gland design
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a. For external seals:

e The rod/piston diameter C is calculated from dimension A per Table 1 and D per Tables 2 thru 15:

The tolerance on C is the tolerance on D minus the tolerance on A. (See further for special cases.) As a check:

C=A+D

D=A-C

where D must equal the value in Tables 2 thru 15, including the specified tolerances.

e The cylinder/bore diameter A is per Table 1.

(Eq.

e The gland root

The tolerance @

where L must €

e The groove wid

b. Forinternal seals:
e The rod/piston

e The cylinder/bo

The tolerance @

where D must §

e The gland diam

fiameter F, is calculated from dimension A per Table 1 and L per Tables2
F=A-2L
n F is twice the tolerance on L, minus the tolerance on A. As aheck:
L=(A-F)2
qual the value in Tables 2 thru 15, including the specified tolerances.

th and other parameters are per Tables 2 thruZ15.

Hiameter B is per Table 1.

re diameter H, is calculated.from dimension B per Table 1 and D per Table
H=B+D

n H is the tolerance-on D minus the tolerance on B. (See further for specia
D=H-B

qual the-value in Tables 2 thru 15, including the specified tolerances.

(Eq.
thru 15:

(Eq.

(Eg.
5 2 thru 15:

(Eg.

cases.) As a check:

(Eq.

eter 'E, is calculated from dimension B per Table 1 and L from Tables 2 thrt|| 15:

E=B+2L

e The tolerance on E is twice the tolerance on L minus the tolerance on B. As a check:

L = (E - B)/2

where, L must equal the value in Tables 2 thru 15, including the specified tolerances.

e The groove wid

th and other parameters are per Tables 2 thru 15.

(Eq.

(Eq.

1)

2)

3)

4)

5)

6)

7

8)
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c. For face seals, internally pressurized:

e The outside diameter is dimension A per Table 1:

O.D.=A.

e The inside diameter is calculated from dimension A per Table 1 and G from Table 14 or 15:

I.D.=A-2G.

e The tolerance on the I. D. is twice the tolerance on G minus the tolerance on A. As a check:

G=(A-1.D.)2

where, G must
e The groove def

d. For face seals, exte

e The inside dianpeter is dimension B per Table 1:

e The outside dia

e The tolerance @

where, G must
e The groove def

In some cases, the tolg
pneumatic applications
B in Table 1. In these g
must be reduced appro

equal the value in Tables 2 thru 15, including the specified tolerance.
th and other parameters are per Table 14 or 15.

rnally pressurized:

I.D. =B.

O. D. =B:2G.
n the O. D. is twice the tolerance ,an G minus the tolerance on B. As a che(
G’=(0.D.-B)/2
equal the value in Tables 2 thru 15, including the specified tolerance.

th and other parameters are per Table 14 or 15.

Driately:

Example - Designing ar
the following steps.

a. The applicable dimensions would be:

B = 0.435 + 0.0005
L = 0.055 + 0.0005

per Table 1
per Table 2

D =0.004 £+ 0.003 per Table 2

b. The internal gland diameter is calculated using Equation 7:

E=B+2L

= (0.435 + 0.0005) + 2(0.055 + 0.0005)
= (0.435 % 0.0005) + (0.110 + 0.001)

meter is calculated from dimension B per Tablé 1 and G from Table 14 or 15:

k:

(Eq. 9)

(Eq. 10)

(Eq. 11)

(Eq. 12)

(Eg. 13)

(Eq. 14)

rances thatcare specified for the diametral clearances D in Tables 2 thru 1% (i.e., for high pressure
without.backup rings) are equal to or tighter than the tolerances specified for the diameters A and
ases, the'tolerances in Tables 2 thru 15 take precedence and, therefore, tihe tolerances for A or B

internal seal of nominal Size U13, Tor a low pressure dynamic hydraalic application would result in
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Adding the basic dimensions and subtracting the B bore tolerance from the gland depth tolerance:

E = 0.545 + 0.0005 (ANSWER)

c. The gland depth check using Equation 8 is:

L =(E - B)/2

[(0.545 + 0.0005) - (0.435 + 0.0005)]/2
(0.110 + 0.001)/2

= 0.055 % 0.0005 (CHECK)

d. The rod bore using Equation 5 is:

H = (0.435 + 0.0004

Adding the basic di

=0.439 £ 0.0025 (A

e. The Diametral Clea

D=H-B
= (0.439 + 0.0025)

= 0.004 £ 0.003 (Cl

3.8.5

Size and Stretc

Designs that require sh

a. Shaft Size. Excessi
B or F per Figure 1

Not more than 5% |

Not smaller than th

) + (0.004 £ 0.003)
mensions and subtracting the B bore tolerance from the diametral clearanc
NSWER)

rance Check using Equation 6 is:

(0.435 + 0.0005)
HECK)
h Considerations
aft or bore sizes different from those in the tables should consider the folloy

ve O-ring stretch in the installed state should be avoided. Specifically, the g
should be within the following limits:

arger than the O-ring.hominal 1.D.

p O-ring maximun1.D.

not.accommodate an infinite range of shaft sizes. Therefore, special O-
of

b tolerance:

ing factors:

haft diameter (diameter

Fings and backup rings

Little information is available regarding the effects of O-ring stretch beyond 5%, except that it contributes to the

particularly at elevated temperatures.

If the designer employs stretch in excess of 5%, the following formula can be used to predict the resulting

y =54 [1 - (61+ X)]

(Eq. 15)

y = percent loss of compression diameter due to stretch (i.e., if y = 4, the reduction in the O-ring cross-section

X = percent stretch on inside diameter (i.e., for 5% stretch, x = 5)

NOTES:
1. These limits dg
may be require
2.
aging of nitriles
3.
flattening of the O-ring:
where:
is 4%)
4,

The formula is empirical and represents published data with a maximum error of 0.3% for x = 0 to x = 26.
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b. Bore Size. To comply with good design practices, an effort should be made to use bore sizes that coincide with
standard reamer sizes. This is sometimes awkward when designing internal seals where the bore diameter (H - per
Figure 1) is determined by the rod diameter plus the clearance (B + D per Figure 1). The resulting dimension should
be adjusted to coincide with a standard reamer size in the following cases:

4. NOTES

4.1

The bore size is less than 1 inch.

The resulting O-ring stretch is compatible with the previously stated stretch limitations.

The resulting dimensions are compatible with other design requirements.

NOTE: Standard reamer sizes are shown in Table 16.

EXAMPLE: Consider the following rationale:

1.

The bore diam
the standard re

Using the prev
[.D.) and 0.447

B =0.431/0.44]
=0.439 £ 0.009

The bore diame

H = (0.439 + 0.
= 0.443 + 0.01]

The calculated
Since either siz

The new size

B =0.4335 + 0|
(ANSWERS)
E = 0.5434 + 0|

A change bar (1)

bter H of 0.439 + 0.0025 derived in the previous example (i.e., 3.8.4) does
amer sizes of Table 16.

ously stated limits (i.e., 3.8.5), the rod diameter B can vary between 0.43
(5% greater than the nominal I.D.) or:

4

ter H, in this case is 0.004 £ 0.003 larger than B.or:

N08) + (0.004 + 0.003)

bore diameter H thus encompasses either the 7/16 (0.4375) or the 29/64
e is satisfactory, assume that the more common size 7/16 (0.4375) is selec

0005

0005

located in the left margin is for the convenience of the user in locating

not encompass one of

1 (the O-ring maximum

| (0.4531) reamer size.
ted.

for the H bore diameter_is’ 0.0015 smaller than the originally calculated diameter of 0.439.
Therefore, each of the other two corresponding diameters are adjusted by the same amou

Nt and become:

areas where technical

revisions, not edi

o | lo lo lo pu | + ) H H £ tlos pu | +
uttalr Ciiarigycs, Tiavc UTTTT TTTAaUtT U T1TT PJTTVIUUS 155UT UT TS UUTUTTTCTIL

An (R) symbol to the left

of the document title indicates a complete revision of the document, including technical revisions. Change bars and
(R) are not used in original publications nor in documents that contain editorial changes only.

PREPARED BY SAE SUBCOMMITTEE A-6C2, SEALS OF

COMMITTEE A-6, AEROSPACE ACTUATION, CONTROL AND FLUID POWER SYSTEMS
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design

Standard
AS568 O-ring Bore Dia. Rod Dia.
Uniform Size External Seals Internal Seals
Dash No. I.D. + TOL w + TOL A + TOL B + TOL Notes
-004 0.070 0.005 0.070 0.003 | 0.185(0.189) | 0.0005 0.074 0.0005 | (a)(b)(c)(d)
-005 0.101 0.005 0.070 0.003 | 0.213(0.221) 0.105 (@)(b)(c)(d)
-006 0.114 0.005 0.070 0.003 | 0.228 (0.2344) 0.123 (b)(c)(e)
-007 0.145 0.005 0.070 0.003 | 0.261 (0.2656) 0.152 (b)(c)(e)
-008 0.176 0.005 0.070 0.003 | 0.295 (0.2969) 0.183 (b)(c)(e)
-009 0.208 0.005 0.070 0.003 | 0.323(0.3281) 0.217 (b)(c)(e)
-010 0.239 0.005 0.070 0.003 | 0.358 (0.3594) 0.248 (b)(c)(e)
-011 0.301 0.005 0.070 0.003 | 0.4219 0.311 (b)(e)
-012 0.364 0.005 0.070 0.003 | 0.4844 0.373 (b)(e)
-013 0.426 0.005 0.070 0.003 | 0.552 0.435 @)
-014 0.489 0.005 0.070 0.003 | 0.617 0.498 (@)
-015 0.551 0.007 0.070 0.003 | 0.6875 0.561 @
-016 0.614 0.009 0.070 0.003 | 0.750 0.623 @)
-017 0.676 0.009 0.070 0.003 | 0.8125 0.686 (@)
-018 0.739 0.009 0.070 0.003 | 0.875 0.748 @)
-019 0.801 0.009 0.070 0.003 | 0.9375 0.811 @)
-020 0.864 0.009 0.070 0.003 | 1.000 0:0005 0.873 0.0005 | (a)
-021 0.926 0.009 0.070 0.003 | 1.0625 0.001 0.935 0.001 | (a)
-022 0.989 0.010 0.070 0.003 | 1.125 0.998 @)
-023 1.051 0.010 0.070 0.003 | 1.1875 1.061 @)
-024 1.114 0.010 0.070 0.003 | 1.250 1.123 @)
-025 1.176 0.010 0.070 0.003 | 1.3125 1.186 @
-026 1.239 0.010 0.070 0.003 | 1375 1.248 @)
-027 1.301 0.010 0.070 0.003 _|1.4375 1.311 @)
-028 1.364 0.013 0.070 0.003 |* 1.500 1.373 @)
-029 1.489 0.013 0.070 0.003 | 1.625 1.498 @)
-030 1.614 0.013 0.070 0.003 | 1.750 0.001 1.623 0.001 | (&
NOTES:
(a) Not recommended for reciprocating applications.
(b) Sizes noted requir¢ considerable stretch when installed in standard external grooves and npay require compounds
with superior elonggtion, or-two piece pistons.
(c) Use dimensions in parentheses for dynamic pneumatic applications.

(d) Not for use in face seal applications.

(e) Not for use in internal pressure face seal applications.
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.

Uniform Size External Seals Internal Seals

Dash No. I.D. +TOL w + TOL A + TOL B +TOL Notes
-031 1.739 0.015 0.070 0.003 1.875 0.001 1.748 0.001 @)
-032 1.864 0.015 0.070 0.003 2.000 1.873 @)
-033 1.989 0.018 0.070 0.003 2.125 2.000 @)
-034 2.114 0.018 0.070 0.003 2.250 2.125 @)
-035 2.239 0.018 0.070 0.003 2.375 2.250 @
-036 2.364 0.018 0.070 0.003 2.500 2.375 @)
-037 2.489 0.018 0.070 0.003 2.625 2.500 @)
-038 2.614 0.020 0.070 0.003 2.750 2.625 @)
-039 2.739 0.020 0.070 0.003 2.875 2.750 (@)
-040 2.864 0.024 0.070 0.003 3.000 2.875 @)
-041 2.989 0.024 0.070 0.003 3.125 3000 @)
-042 3.239 0.024 0.070 0.003 3.375 33250 @)
-043 3.489 0.024 0.070 0.003 3.625 3.500 @)
-044 3.739 0.027 0.070 0.003 3.875 3.750 @)
-045 3.989 0.027 0.070 0.003 4.125 4.000 @
-046 4.239 0.030 0.070 0.003 4.375 4.250 @)
-047 4.489 0.030 0.070 0.003 4.625 4.500 @)
-048 4.739 0.030 0.070 0.003 4.875 4.750 @)
-049 4.989 0.037 0.070 0.003 5.125 5.000 @)
-050 5.239 0.037 0.070 0.003 5.375 0.001 5.250 0.001 @
-102 0.049 0.005 0.103 0.003 0.228 0.001 0.061 0.001 (b)(e)
-103 0.081 0.005 0.103 0.003 0:257 0.092 (b)(e)
-104 0.112 0.005 0.103 0.003 0.290 0.123 (b)(e)
-105 0.143 0.005 0.103 0.003 0.323 0.155 (b)(e)
-106 0.174 0.005 0.103 0.003 0.358 0.186 (b)(e)
-107 0.206 0.005 0.103 0.003 0.3906 0.217 (b)(e)
-108 0.237 0.005 0.103 0,003 0.4219 0.248 (b)(e)
-109 0.299 0.005 0.103 0.003 0.4844 0.311 (b)(e)
-110 0.362 0.005 0.103 0.003 0.5625 0.001 0.373 0.001 (b)(e)

NOTES:

() Not recommended for reciprgcating applications.

(b) Sizes noted requir¢ cansiderable stretch when installed in standard external grooves and may require compounds

with superior elonggtion; or two piece pistons.

(e) Not for use in internal pressure face seal applications.
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.

Uniform Size External Seals Internal Seals

Dash No. I.D. +TOL w +TOL A + TOL B +TOL Notes
-111 0.424 0.005 0.103 0.003 0.625 0.001 0.436 0.001 (b)(e)
-112 0.487 0.005 0.103 0.003 0.6875 0.498 (b)(e)
-113 0.549 0.007 0.103 0.003 0.750 0.561 (b)(e)
-114 0.612 0.009 0.103 0.003 0.8125 0.623 (e)
-115 0.674 0.009 0.103 0.003 0.875 0.686 (e)
-116 0.737 0.009 0.103 0.003 0.9375 0.748
-117 0.799 0.010 0.103 0.003 1.000 0.811 @)
-118 0.862 0.010 0.103 0.003 1.0625 0.873 @)
-119 0.924 0.010 0.103 0.003 1.125 0.936 @)
-120 0.987 0.010 0.103 0.003 1.1875 0.998 @)
-121 1.049 0.010 0.103 0.003 1.250 1062 @)
-122 1.112 0.010 0.103 0.003 1.3125 1n123 @)
-123 1.174 0.012 0.103 0.003 1.375 1.186 @)
-124 1.237 0.012 0.103 0.003 1.4375 1.248 @)
-125 1.299 0.012 0.103 0.003 1.500 1.311 @
-126 1.362 0.012 0.103 0.003 1.5625 1.373 @)
-127 1.424 0.012 0.103 0.003 1.625 1.436 @)
-128 1.487 0.012 0.103 0.003 1.6875 1.498 @)
-129 1.549 0.015 0.103 0.003 1.750 1.561 @)
-130 1.612 0.015 0.103 0.003 1.8125 1.623 @
-131 1.674 0.015 0.103 0.003 1.875 1.686 @)
-132 1.737 0.015 0.103 0.003 119375 1.748 (@)
-133 1.799 0.015 0.103 0.003 2.000 1.811 @)
-134 1.862 0.015 0.103 0.003 2.0625 1.873 @)
-135 1.925 0.017 0.103 0.003 2.125 1.936 @
-136 1.987 0.017 0.103 0.003 2.1875 2.000 @)
-137 2.050 0.017 0.103 0,003 2.250 2.0625 @)
-138 2112 0.017 0.103 0.003 2.3125 2.125 @)
-139 2.175 0.017 0.103 0.003 2.375 2.1875 @)
-140 2.237 0.017 04103 0.003 2.4375 0.001 2.250 0.001 @

NOTES:

(&) Not recommended]for reciprocating applications.

(b) Sizes noted requirg cconsiderable stretch when installed in standard external grooves and may require compounds

with superior elong-)-l-iea,—eﬁhve-péeeepis-kene.—nl‘

(e) Not for use in internal pressure face seal applications.
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.

Uniform Size External Seals Internal Seals

Dash No. I.D. +TOL w +TOL A + TOL B +TOL Notes
-141 2.300 0.020 0.103 0.003 2.500 0.001 2.3125 0.001 @)
-142 2.362 0.020 0.103 0.003 2.5625 2.375 @)
-143 2.425 0.020 0.103 0.003 2.625 2.4375 @)
-144 2.487 0.020 0.103 0.003 2.6875 2.500 @)
-145 2.550 0.020 0.103 0.003 2.750 2.5625 @
-146 2.612 0.020 0.103 0.003 2.8125 2.625 @)
-147 2.675 0.022 0.103 0.003 2.875 2.6875 @)
-148 2.737 0.022 0.103 0.003 2.9375 2.750 @)
-149 2.800 0.022 0.103 0.003 3.000 2.8125 @)
-150 2.862 0.022 0.103 0.003 3.0625 2.875 @)
-151 2.987 0.024 0.103 0.003 3.250 3.000 (@)
-152 3.237 0.024 0.103 0.003 3.500 3.250 ()
-153 3.487 0.024 0.103 0.003 3.750 3500 @)
-154 3.737 0.028 0.103 0.003 4.000 3.750 @)
-155 3.987 0.028 0.103 0.003 4.250 4.000 @
-156 4.237 0.030 0.103 0.003 4.500 4.250 @)
-157 4.487 0.030 0.103 0.003 4.750 4.500 @)
-158 4.737 0.030 0.103 0.003 5.000 4.750 @)
-159 4.987 0.035 0.103 0.003 5.250 5.000 @)
-160 5.237 0.035 0.103 0.003 5.500 5.250 @
-161 5.487 0.035 0.103 0.003 5.750 5.500 (a)
-162 5.737 0.035 0.103 0.003 6.000 5.750 (@)
-163 5.987 0.035 0.103 0.003 6.250 6.000 (@)
-164 6.237 0.040 0.103 0.003 6.500 6.250 @)
-165 6.487 0.040 0.103 0.003 6.750 6.500 @
-166 6.737 0.040 0.103 0.003 7.000 6.750 @)
-167 6.987 0.040 0.103 0,003 7.250 7.000 @)
-168 7.237 0.045 0.103 0.003 7.500 7.250 @)
-169 7.487 0.045 0.103 0.003 7.750 7.500 @)
-170 7.737 0.045 04103 0.003 8.000 0.001 7.750 0.001 @

NOTES:

(a) Not recommended for reciprocating applications.
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.

Uniform Size External Seals Internal Seals

Dash No. I.D. + TOL w + TOL A + TOL B + TOL Notes
-171 7.987 0.045 0.103 0.003 8.250 0.001 8.000 0.001 (@)
-172 8.237 0.050 0.103 0.003 8.500 8.250 (@)
-173 8.487 0.050 0.103 0.003 8.750 8.500 (@
-174 8.737 0.050 0.103 0.003 9.000 8.750 (@)
-175 8.987 0.050 0.103 0.003 9.250 9.000 @
-176 9.237 0.055 0.103 0.003 9.500 9.250 (@)
-177 9.487 0.055 0.103 0.003 7.570 9.500 (@)
-178 9.737 0.055 0.103 0.003 10.000 0.001 9.750 0.001 @
-201 0.171 0.005 0.139 0.004 0.4375 0.001 0.182 0.001 (b)(e)
-202 0.234 0.005 0.139 0.004 0.500 0.248 (b)(e)
-203 0.296 0.005 0.139 0.004 0.5625 0312 (b)(e)
-204 0.359 0.005 0.139 0.004 0.625 0:373 (e)
-205 0.421 0.005 0.139 0.004 0.6875 0.436 (e)
-206 0.484 0.005 0.139 0.004 0.750 0.498 (e)
-207 0.546 0.007 0.139 0.004 0.8125 0.561 (e)
-208 0.609 0.009 0.139 0.004 0.875 0.623 (e)
-209 0.671 0.009 0.139 0.004 0.9375 0.686 (e)
-210 0.734 0.010 0.139 0.004 1.000 0.748 (e)
-211 0.796 0.010 0.139 0.004 1.0625 0.811 (e)
-212 0.859 0.010 0.139 0.004 1.125 0.873 (e)
-213 0.921 0.010 0.139 0.004 1,1875 0.936 (e)
-214 0.984 0.010 0.139 0.004 1250 0.998 (e)
-215 1.046 0.010 0.139 0.004 1.3125 1.061 (e)
-216 1.109 0.012 0.139 0.004 1.375 1.123 (e)
-217 1171 0.012 0.139 0.004 1.4375 1.186 (e)
-218 1.234 0.012 0.139 0.004 1.500 1.248 (e)
-219 1.296 0.012 0.139 0,004 1.5625 1.311
-220 1.359 0.012 0.139 0.004 1.625 0.001 1.373 0.001

NOTES:

(a) Not recommended for reciprocating applications.

(b) Sizes noted requir¢ considerable stretch when installed in standard external grooves and npay require compounds

with superior elonggtion, ortwo piece pistons.
(e) Not for use in internat-pressureface-seal-appheations:
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.

Uniform Size External Seals Internal Seals

Dash No. I.D. +TOL w +TOL A + TOL B +TOL Notes
-221 1.421 0.012 0.139 0.004 1.6875 0.001 1.436 0.001
-222 1.484 0.015 0.139 0.004 1.750 1.498
-223 1.609 0.015 0.139 0.004 1.875 1.623 @)
-224 1.734 0.015 0.139 0.004 2.000 1.748 @)
-225 1.859 0.018 0.139 0.004 2.125 1.873 @
-226 1.984 0.018 0.139 0.004 2.250 2.000 @)
-227 2.109 0.018 0.139 0.004 2.375 2.125 @)
-228 2.234 0.020 0.139 0.004 2.500 2.250 @)
-229 2.359 0.020 0.139 0.004 2.625 2.375 (@)
-230 2.484 0.020 0.139 0.004 2.750 2.500 @)
-231 2.609 0.020 0.139 0.004 2.875 2625 @)
-232 2.734 0.024 0.139 0.004 3.000 23750 @)
-233 2.859 0.024 0.139 0.004 3.125 2.875 @)
-234 2.984 0.024 0.139 0.004 3.250 3.000 @)
-235 3.109 0.024 0.139 0.004 3.375 3.125 @
-236 3.234 0.024 0.139 0.004 3.500 3.250 @)
-237 3.359 0.024 0.139 0.004 3.625 3.375 @)
-238 3.484 0.024 0.139 0.004 3.750 3.500 @)
-239 3.609 0.028 0.139 0.004 3.875 3.625 @)
-240 3.734 0.028 0.139 0.004 4.000 3.750 @
-241 3.859 0.028 0.139 0.004 4.125 3.875 @)
-242 3.984 0.028 0.139 0.004 4:350 4.000 (@)
-243 4.109 0.028 0.139 0.004 4.375 4.125 (@)
-244 4.234 0.030 0.139 0.004 4.500 4.250 @)
-245 4.359 0.030 0.139 0.004 4.625 4.375 @
-246 4.484 0.030 0.139 0.004 4.750 4.500 @)
-247 4.609 0.030 0.139 0,004 4.875 4.625 @)
-248 4.734 0.030 0.139 0.004 5.000 4.750 @)
-249 4.859 0.035 0.139 0.004 5.125 4.875 @)
-250 4.984 0.035 04139 0.004 5.250 0.001 5.000 0.001 @

NOTES:

(a) Not recommended for reciprocating applications.
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.

Uniform Size External Seals Internal Seals

Dash No. I.D. +TOL w +TOL A + TOL B +TOL Notes
-251 5.109 0.035 0.139 0.004 5.375 0.001 5.125 0.001 @)
-252 5.234 0.035 0.139 0.004 5.500 5.250 @)
-253 5.359 0.035 0.139 0.004 5.625 5.375 @)
-254 5.484 0.035 0.139 0.004 5.750 5.500 @)
-255 5.609 0.035 0.139 0.004 5.875 5.625 @
-256 5.734 0.035 0.139 0.004 6.000 5.750 @)
-257 5.859 0.035 0.139 0.004 6.125 5.875 @)
-258 5.984 0.035 0.139 0.004 6.250 6.000 @)
-259 6.234 0.040 0.139 0.004 6.500 6.250 @)
-260 6.484 0.040 0.139 0.004 6.750 6.500 @)
-261 6.734 0.040 0.139 0.004 7.000 6:250 @)
-262 6.984 0.040 0.139 0.004 7.250 7.000 @)
-263 7.234 0.045 0.139 0.004 0.500 7.250 @)
-264 7.484 0.045 0.139 0.004 7.750 7.500 @)
-265 7.734 0.045 0.139 0.004 8.000 7.750 @
-266 7.984 0.045 0.139 0.004 8.250 8.000 @)
-267 8.234 0.050 0.139 0.004 8.500 8.250 @)
-268 8.484 0.050 0.139 0.004 8.750 8.500 @)
-269 8.734 0.050 0.139 0.004 9.000 8.750 @)
-270 8.984 0.050 0.139 0.004 9.250 9.000 @
-271 9.234 0.055 0.139 0.004 9.500 9.250 @)
-272 9.484 0.055 0.139 0.004 9750 9.500 (@)
-273 9.734 0.055 0.139 0.004 10.000 9.750 (@)
-274 9.984 0.055 0.139 0.004 10.250 10.000 @)
-275 10.484 0.055 0.139 0.004 10.750 10.500 @
-276 10.984 0.065 0.139 0.004 11.250 11.000 @)
=277 11.484 0.065 0.139 0,004 11.750 11.500 @)
-278 11.984 0.065 0.139 0.004 12.250 12.000 @)
-279 12.984 0.065 0.139 0.004 13.250 13.000 @)
-280 13.984 0.065 04139 0.004 14.250 0.001 14.000 0.001 @

NOTES:

(a) Not recommended for reciprocating applications.
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.

Uniform Size External Seals Internal Seals

Dash No. I.D. +TOL w +TOL A + TOL B +TOL Notes
-281 14.984 0.065 0.139 0.004 15.250 0.0‘01 15.000 0.001 @)
-282 15.955 0.075 0.139 0.004 16.250 16.000 @)
-283 16.955 0.080 0.139 0.004 17.250 0.001 17.000 @)
-284 17.955 0.085 0.139 0.004 18.250 18.000 0.001 @
-309 0.412 0.005 0.210 0.005 0.8125 0.001 0.436 0.001 (e)
-310 0.475 0.005 0.210 0.005 0.875 0.498 (e)
-311 0.537 0.007 0.210 0.005 0.9375 0.560 (e)
-312 0.600 0.009 0.210 0.005 1.000 0.623 (e)
-313 0.662 0.009 0.210 0.005 1.0625 0.686 (e)
-314 0.725 0.010 0.210 0.005 1.125 0.748 (e)
-315 0.787 0.010 0.210 0.005 1.1875 0:811 (e)
-316 0.850 0.010 0.210 0.005 1.250 0.873 (e)
-317 0.912 0.010 0.210 0.005 1.3125 0.936 (e)
-318 0.975 0.010 0.210 0.005 1.375 0.998 (e)
-319 1.037 0.010 0.210 0.005 1.4375 1.061 (e)
-320 1.100 0.012 0.210 0.005 1.500 1.123 (e)
-321 1.162 0.012 0.210 0.005 1.5625 1.186
-322 1.225 0.012 0.210 0.005 1.625 1.248
-323 1.287 0.012 0.210 0.005 1.6875 1.311
-324 1.350 0.012 0.210 0.005 1.750 1.373
-325 1.475 0.015 0.210 0.005 1.875 1.498
-326 1.600 0.015 0.210 0.005 2,000 1.623
-327 1.725 0.015 0.210 0.005 2.125 1.748
-328 1.850 0.015 0.210 0.005 2.250 1.873
-329 1.975 0.018 0.210 0.005 2.375 2.000
-330 2.100 0.018 0.210 0.005 2.500 2.125
-331 2.225 0.018 0.210 0,005 2.625 2.250
-332 2.350 0.018 0.210 0.005 2.750 2.375
-333 2.475 0.020 0.210 0.005 2.875 2.500
-334 2.600 0.020 0-210 0.005 3.000 2.625
-335 2.725 0.020 0:210 0.005 3.125 0.001 2.750 0.001

NOTES:

(a) Not recommended for reeiprocating applications.

(e) Not for use in internat-pressure-face-seal-appheations:
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.
Uniform Size External Seals Internal Seals
Dash No. I.D. + TOL W + TOL A + TOL B + TOL Notes
-336 2.850 0.020 0.210 0.005 3.250 0.001 2.875 0.001
-337 2.975 0.024 0.210 0.005 3.375 3.000
-338 3.100 0.024 0.210 0.005 3.500 3.125
-339 3.225 0.024 0.210 0.005 3.625 3.250
-340 3.350 0.024 0.210 0.005 3.750 3.375
-341 3.475 0.024 0.210 0.005 3.875 3.500
-342 3.600 0.028 0.210 0.005 4.000 3.625
-343 3.725 0.028 0.210 0.005 4.125 3.750
-344 3.850 0.028 0.210 0.005 4.250 3.875
-345 3.975 0.028 0.210 0.005 4.357 4.000
-346 4.100 0.028 0.210 0.005 4.500 4425
-347 4.225 0.030 0.210 0.005 4.625 1:250
-348 4.350 0.030 0.210 0.005 4.750 4.375
-349 4.475 0.030 0.210 0.005 4.875 4.500
-350 4.600 0.030 0.210 0.005 5.000 4.625
-351 4.725 0.030 0.210 0.005 5.125 4.750
-352 4.850 0.030 0.210 0.005 5.250 4.875
-353 4.975 0.037 0.210 0.005 5.375 5.000
-354 5.100 0.037 0.210 0.005 5.500 5.125
-355 5.225 0.037 0.210 0.005 5.625 5.250
-356 5.350 0.037 0.210 0.005 5.750 5.375
-357 5.475 0.037 0.210 0.005 5.875 5.500
-358 5.600 0.037 0.210 0.005 6.000 5.625
-359 5.725 0.037 0.210 0.005 6.125 5.750
-360 5.850 0.037 0.210 0.005 6.250 5.875
-361 5.975 0.037 0.210 0:005 6.375 6.000
-362 6.225 0.040 0.210 0:005 6.625 6.250
-363 6.475 0.040 0.210 0.005 6.875 6.500
-364 6.725 0.040 0.210 0.005 7.125 6.750
-365 6.975 0.040 0-210 0.005 7.375 0.001 7.000 0.001
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Table 1 - Bore and rod dimensions (inches) for O-ring gland seal design (continued)

Standard
AS568 O-ring Bore Dia. Rod Dia.
Uniform Size External Seals Internal Seals
Dash No. I.D. + TOL W + TOL A + TOL B + TOL Notes
-366 7.225 0.045 0.210 0.005 7.625 0.001 7.250 0.001
-367 7.475 0.045 0.210 0.005 7.875 7.500
-368 7.725 0.045 0.210 0.005 8.125 7.750
-369 7.975 0.045 0.210 0.005 8.375 8.000
-370 8.225 0.050 0.210 0.005 8.625 8.250
-371 8.475 0.050 0.210 0.005 8.875 8.500
-372 8.725 0.050 0.210 0.005 9.125 8.750
-373 8.975 0.050 0.210 0.005 9.375 9.000
-374 9.225 0.055 0.210 0.005 9.625 9.250
-375 9.475 0.055 0.210 0.005 9.875 9.500
-376 9.725 0.055 0.210 0.005 10.125 950
-377 9.975 0.055 0.210 0.005 10.375 10.000
-378 10.475 0.060 0.210 0.005 10.875 10.500
-379 10.975 0.060 0.210 0.005 11.375 11.000
-380 11.475 0.065 0.210 0.005 11.875 11.500
-381 11.975 0.065 0.210 0.005 12.375 12.000
-382 12.975 0.065 0.210 0.005 13.375 13.000
-383 13.975 0.070 0.210 0.005 14.375 14.000
-384 14.975 0.070 0.210 0.005 15.375 15.000
-385 15.955 0.075 0.210 0.005 16.375 16.000
-386 16.955 0.080 0.210 0.005 17.375 17.000
-387 17.955 0.085 0.210 0.005 18:375 18.000
-388 18.953 0.090 0.210 0.005 19.375 19.000
-389 19.953 0.095 0.210 0.005 20.375 20.000
-390 20.953 0.095 0.210 0.005 21.375 21.000
-391 21.953 0.100 0.210 0:005 22.375 22.000
-392 22.940 0.105 0.210 0:005 23.375 23.000
-393 23.940 0.110 0.210 0.005 24.375 24.000
-394 24.940 0.115 0.210 0.005 25.375 25.000
-395 25.940 0.120 0-210 0.005 26.375 0.001 26.000 0.001
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