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GLAND DESIGN, 'ELASTOMERIC O-RING SEALS, DYNAMIC RADJAL, 1500 PSI MAX

2.2
2.3

3.1

3.1,1
3.1.2
3.1.3
3.1.4
3.2

3.2.1

3.2,2

applicatipns, There are no provisions in this document for anti-extrusion devices

PURPOSE

The purpose of this document is to provide the aerospace industry with standardized dimensional
criteria for dynamic radial elastomenc O-rmg seal glands. It is mtended for use in conjunction
with ARP : Elastom Rix :

SCOPE

This docyment establishes standard gland design criteria and dimensions for'dynamic radial
O-ring seal applications and provides recommendations for modifying these glands|in special

ST unit (:]nversions for U,.S, customary units have been provided for reference purposes.

The critgria set forth here are similar to but not idenﬁcal with those in MIL-G-5514. This
document is not intended to replace MIL-G-5514 for hydraulic applications, )

GENERAL REQUIREMENTS

Applicable Documents

ANSI B46¢,1-1962 -~ Surface Texture
AS 568 -| Aerospace Size Standard for.O+Rings

ARP 123] - Gland Design, Elastometic O-Ring Seals, General Considerations
ARP 123 - Gland Design, Elastomeric O-Ring Seals, Static Radial
Gland Configuration

General 1 In additionto the considerations in ARP 1231, gland designs for dynamid applications
require ¢onsideration.be given to the frictional forces imparted by O-ring seal compression and
swell, Hxperience has shown that the O-ring seal squeezes employed in static appfications
result in|friction-forces which cannot be tolerated in most dynamic applications, order to
achieve gn.optimum dynamic gland, it is necessary to select gland dimensions whi¢h reduce
squeeze below the levels used in ARP 1232 and, at the same time, maintain a satigfactory
minimum squeeze under all tolerance conditions. It should be noted that with the reduction of
squeeze below the ARP 1232 level, a small incidence of seal leakage may be experienced.

The actual amount of leakage will depend upon such factors as translational speed, temperature,
fluid and elastomeric material choice. However, such leakage is not expected to exceed a few
drops per 1,000 cycles.

Standard Glands - Figure 1 depicts rod-mounted and bore-mounted radial O-ring seal glands.
Standard dimensions for these glands are tabulated in Table 3. These dimensions are designed
for use with seals conforming to AS 568 folerances. They are computed in accordance with -
the criteria defined in paragraph 4 of this document and in ARP 1231,

Copyright 1977 by Society of Automotive Engineers, Inc. . o Printed in U.S. A.
All rights reserved, . '
¢ v . Distributed under license from the IHS Archive
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3.2,3

Exemption ~ Standard glands are not provided for all O-ring seals listed in AS 568, This ARP is

limited to the AS 568 sizes listed in Table 3, O-Ring seals outside those listed are not recomm-
ended for dynamic use.

32(0. 8)\/7

* 1 DIA

3.2.4

3.2.5

3.2.5,1

DIA
DIA E

802 ~H-
. \/-L

.[___d
\ _
l;A \K 32(0.8)\~/—

EXCEEDING THE ALLOWED SURFACE ROUGHNESS VALUES

ETRIC TOLERANCES, EDGE BREAKS, CORNER RADII,
AND| LEAT IN RAMP DIMENSIONS: SEE ARP 1231

DIMENSIONS IN ( ) ARE MICROMETRES
FIGURE 1 TYPICAL O-RING SEAL GLANDS

Mecdified Glands - As discussed elsewhere in this standard and in ARP 1231, standard glands are
not suitable for all applications. When gland dimensions are modified to accommodate specific
conditions, the criteria defined in paragraph 4.0 and in ARP 1231 should be used.

Limitations - The design criteria and standard glands set forth in this document are intended for

use with dynamic applications involving pressures of 1500 psi (10340 kPa) max. and surface speeds
of 12 in, (305 mm)/ minute to 600 in. (15000 mm)/ minute,

Dynamic applications utilize lighter squeezes than static applications. This condition increases
the likelihood of leakage., Applications involving pressure in excess of 1500 psi (10340 kPa)
should utilize anti-extrusion devices such as back-up rings or slipper seals. The use of
alternative sealing devices should also be considered.

SURFACE TEXTURE: ANSI B46.1-1962, INDICATED SURFACES SHAII. BE FREE OF ANY FLAWS

®

o q;@uted under license from the IHS Archive
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3.2.5.2 Applications involving surface speeds outside the limits of 3,2,5 introduce special conditions. At
very slow speeds, the O-ring seal tends to adhere to the irregularities in the surface, resulting
in seal deterioration, high friction and spiraling of the seal. Other types of seals are normally
used in these slower applications. At speeds higher than 600 in. (15000 mm)/minute, the heat
generated by seal friction becomes significant and must be considered in the gland design. Included
in this consideration is the phenomenon known as the "Joule effect”. -Under this phenomenon,
stretched elastomers will contract when heated. To account for this effect, the glands must be
designed to avoid stretching the seal in its agssembled position, A more detailed handling of higher
speed .applications is beyond the scope of this document.

3.2,5.3 Normally| radial glands will be limited to use with translating applications, but they can be used in
rotating dnd oscillating applications if the surface speeds are within the limits,of 3{2.5.

3.3 Surface Texture

3.3.1 Figure 1 defines the preferred surface texture to be used with the glands described in this document.
It will be[noted that a minimum surface texture is specified on thé&ealing surfaces|. This is
necessary to provide for fluid to wet the sealing surface so that\the O-ring seal is lubricated during
dynamic pperation. ’ )

4. DESIGN CRITERIA

4.1 . O-Ring Seal Stretch
4,1.1 The maximum installed stretch should be held.to the lowest value possible, consistent with manu-
facturing|tolerances and with a minimum installed stretch of . 2%, The stretch asspeiated with the

standard gland dimensions results in a ~2% minimum stretch and a maximum stret¢h of under 5%
in 90% of|the cases.

4.2 O-Ring Spal Squeeze

4.2.1 To avoid 3ssembly problems,-to achieve low friction levels and to minimize leakage, dynamic O-ring
seal glands should be designed to achieve nominal squeeze as listed in Table 1. Repulting minimum
squeezes should not be,less than those given in Table 1., These -values have been used in computing
the gland dimensionsof Table 8. Minimum squeeze should be calculated by consideringsthe following
factors: %) diametral tolerances, b) eccentricities, c) offset, and d) seal cross gection reduction
due to stretch.{ Offset refers to the condition when the rod has shifted in the bore t¢ the extent that
the rod and bore are in contact,

TABLE 1
t O-Ring Seal Squeeze

Nominal Cross Nominal
Section Diameter Squeeze % Minimum

' per AS 568 (W) of W Nominal Squeeze
.070 in, (1.78 mm) 19.0 .003 in, (0.076 mm)
.103 in, (2.62 mm) 15.0 .003 in, (0,076 mm)
.139 in, (3.53 mm) 18.0 .003 in, (0,076 mm)
+210 1, (5.33 mm) 11.5 -004 in, (0.102 mm)
.275in, (6.9% mm) 10.5 .006 in. (0.152 mm)

TN o Distributed under license from the IHS Archive
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4,3 O-Ring Seal Swell

4,3.1 To accommodate O-ring seal swell, gland widths should be designed to achieve a volume slightly
greater than the maximum swollen seal volume, However, the gland width must be limited to reduce
O-ring shuttling and spiralling motions which occur during dynamic application, These motions
damage the seal and lead to early failures, A suitable gland volume for general usage is 125% of
the O-ring seal unsoaked volume, This value has been used to compute the gland widths in Table 3.
This value is less than the 130% recommended for static seal applications to retuce O-ring shuttling
and spiralling motions.

operating pressures

n using these glands

operating temperatures.

4.4 Diametral Clearances
4,4.1 The tod to bore diametral clearances must be controlled to prevent O-ring sJal extrusion during
opergtion. The diametral clearances listed in Table 2 are suitable for uge’at
up to|1500 psi (10340 kPa) and with elastomers of 70 shore hardness or'great¢r. The glands in Table
8 incprporate these diametral clearances, ARP 1231 should be copsulted whe
with higher pressures or with elastomers with less than 70 shoré hardness at
TABLE 2 TABLE 2 ($I)
DIAMETRAL CLEARANCES DIAMETRAL CLEEARANCES
INCHES mm
Seal Bore to Seal Bore to
Crossg Section (W) Rod Clearances Cross Section (W) Rod Clearances
.070 [1,D. £ ,500) .001 - ,004 1,78 (I.D, £12,7) 0.025 - 0,102
070 [I,D, > .500) .001 - ,005 1.78 (I.D, > 12.7) 0.025 - 0,127
.103 ,001 - ,006 2,62 0,025 -~ 0,152
.139 .002 ~~006 3.53 0.051 - 0,152
.210 .008=,007 5,33 0.076 - 0,178
275 .004°- ,009 6.98 0.102 - 0,229
Prepared by
Committee E21 Design and General Standards for
Aerospace Propulsion Systems
Comn.ittee G4  Elastic Seals
| —
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