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ARP1234 Static Axial O-Ring Seal Applications without Anti-Extrusion Devices for Engine Control Systems
AS568 Aerospace Size Standard for O-rings

3. GENERAL REQUIREMENTS

3.1 Gland Configuration

3.1.1  Radial O-Ring Seal Glands

Figure 1 depicts piston and rod radial O-ring seal glands. The piston configuration is preferred. Fabrication costs are lower,
assembly is easier, and there is less likelihood of the seal buckling or twisting and being pinched as the rod is installed.

M
ROD GLAND

5° MAX TYP. = G—

i R 7\ /// \(\\\/ﬂ/

|
(N / =
\
PE
T /_.,\__'5-4/ CIRCULAR
| gB @
3C
J
PISTON GLAND
OF
CIRCULAR
/ A
| ] \]
| o °
150/800 /‘,4;80
SIZED TO BE EQUAL TO
®—— ORLESS THAN THE
SEAL INSIDE @ BLEND
VIEW K SIZED TO BE EQUAL TO
ORGREATERTHANTHE —@
INSTALLED SEAL OUTSIDE @

Figure 1 - Typical radial O-ring seal glands
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3.1.2 O-Ring Face Seal Glands

Figure 2 illustrates an O-ring face seal gland. In a face seal gland, sealing occurs on the flat surfaces of the gland rather
than on the gland diameters.
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Figure 2 - O-ring face seal‘gland
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3.2.3 Modified Gland

Dimensions

The standard gland dimensions may be modified in a given application to achieve the best sealing configuration. In
computing special gland configurations, the design criteria in Section 5 should be reviewed.

3.24 Lead-In Ramps

Radial seal applications require lead-in ramps to prevent seal damage as the rod is assembled into the bore. View K in
Figure 1 depicts the preferred external and internal ramps. The entering diameters of the ramps should be sized such that
the seals first contact the ramp slope.
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3.2.5 Edge Breaks

The gland edges should be broken in accordance with Figures 1 and 2 and Table 1 to avoid damaging seals during assembly
and disassembly. The edge break should be carefully blended to avoid any condition that will cut the mating seal. If desired

by the design activity, a radius may be substituted for the edge break.

Table 1 - Edge breaks

Nominal O-Ring

Cross-Section @ Edge Break Radius Min

(w) per AS568 J R L M

Inches
0.070 0.005-0.015 0.010-0.020 0.002 0.020
0.103 0.010-0.020 0.020-0.030 0.002 0.020
0.139 0.0710-0.020 0.020-0.050 0.005 0.020
0.210 0.010-0.020 0.020-0.030 0.004 0:020
0.275 0.010-0.020 0.020-0.030 0.005 0.020
Millimeters

1.78 0.13- 0.38 0.25- 0.51 0.05 0.91
2.62 0.25- 0.51 0.51- 0.76 0.05 0.91
3.53 0.25- 0.51 0.51- 0.76 0.08 0.91
5.33 0.25- 0.51 0.51- 0.76 0310 0.51
6.98 0.25- 0.51 0.51- 0.76 0:13 0.51
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4.2.2 Control of Extrusion

Seal extrusion is a function of the O-ring seal hardness, the fluid system pressure and the bore/rod diametral clearance.
Diametral clearance is defined as the numerical difference between the bore and piston diameters (per Figure 1: Dia A-Dia C
or Dia H-Dia B). As the fluid pressure increases or the seal hardness decreases, the diametral clearance should be reduced
to avoid any O-ring seal extrusion (see Figure 4).

When using Figure 4, it should be taken into account that elastomer hardness will decrease at elevated temperature and

under fluid immersion. The elastomer used to derive Figure 4 displayed average modulus values at the indicated hardness
levels. For engines and engine control systems, the maximum pressure would be 1500 psi (10345 kPa).
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Figure 4= Recommended maximum diametral clearance under high pressure

NOTE: The normal value in metric units should be kPa, but for the sake of clarity and neatness, Figure 4 shows values in
MPa (1 MPa = 1000 kPa).

4.2.3 Use of Anti-Extrusion Devices

As a general rule, systems at above 1500 psi (10345 kPa) should utilize backup rings or other devices of this nature. Also,
if the diametral clearances are larger than desired, an anti-extrusion device may be installed in the gland to reduce the
diametral clearances (see 5.4).

4.3 Temperature Considerations

4.3.1 Effects of Temperature on Seal Squeeze

The minimum squeezes (see 5.2) used in developing standard gland dimensions are designed to be effective across the
full range of temperatures which the seal materials are capable of withstanding.
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A better seal can be obtained by reducing the gland volume if the operation is to be only at low temperatures because
elastomers contract faster than metals. Conversely, an increase in gland volume will generally improve a seal where the

seal operates primarily

4.3.2

in the higher temperature range.

Effect of Temperature on O-Ring Seal Materials

A significant factor in the selection of an O-ring seal material is its ability to function within the operating temperature range

of a given system. Tem

perature limitations can be found in applicable material specifications.

4.4 Seal Size Selection

441

Standard O-Ring Seal Sizes

The O-ring seal size is a function of the system performance requirements and should be compatible with the mating rod

and bore sizing. Sizes S
AS568.

4.4.2 Cross-Section
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ross-section seals, except in applications where size or weight considerati
cross-section seals.

eal Stretch
ned to assure that the O-ring seal is stretched when installed in order to av,
rtant in the cases of red*mounted static and low relative motion dynamic s¢
33 for factors'defining seal stretch requirements in other dynamic seal appl
| Stretch

d.as(a percentage increase in diameter and is calculated as follows:

nsional requirements of

[ cross-section rings are

on levels. Also, larger

ed in preference to the
bns necessitate the use

pid buckling of the seal.
als (see note). Buckling

cations.

5.1.3 Allowable Seal

_ installed seal ID — free seal ID

100
free seal ID X

Percent Stretch

Stretch

Consult ARP1232, ARP1233, and ARP1234 for the allowable seal stretch in specific applications.

5.2 O-Ring Seal Squeeze

5.2.1

Importance of Squeeze

Proper sealing depends on the amount of squeeze (compression) imposed on the seal cross section.
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5.2.2 Factors Affecting Squeeze
The amount of squeeze selected for a given application is a compromise of the following factors:
5.2.2.1 Friction

Increased squeezes tend to improve sealing, but the force required to install a seal or to move a dynamic seal is increased
substantially as the amount of squeeze increases.

5.2.2.2 Seal Hardness

Seal hardness affects squeeze. Soft seals perform better with increased squeeze because of the greater elastomer to metal
contact. Soft seals can tolerate more squeeze than hard seals and still assemble well.

5.2.2.3 CompressionSet/Stress Refaxation

Elastomers are subject|to compression set or stress relaxation which causes a reduction in’the amount of sealing force
during service. The am¢unt varies with temperature and with each elastomer.

5.2.2.4 Thermal Expansion

The thermal expansion|rates of the elastomer and the metallic gland components differ. Often the|rod and bore are made
of different materials. The effect of these varying thermal expansion rates should be considered.

5.2.2.5 Gland Breathling

Expansion of the gland due to system pressure, known as gland\breathing, affects squeeze ang diametral clearances.
Sufficient structural rigidity should be designed into the gland to-¢onfine such breathing to acceptable limits.

5.2.2.6 Seal Stretch

The seal cross-section is reduced whenever the seal.is stretched. The following formulas have been established empirically
for many seal materials|and provide a suitable method of adjusting the seal cross-section for the effects of stretch:

For piston applications:

Reduction in cross section diameter = E 6 E(
10 K
For rod applications:
. . . . W B_K
Reduction in cross section diameler =—— 16
04 K

where:
W = seal cross-section diameter (uninstalled)
F = gland diameter (see Figure 1)
B = rod diameter (see Figure 1)

K = seal ID (uninstalled)
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5.2.2.7

Nominal Squeeze

Squeeze is normally expressed as a percentage of seal cross-section and is computed by the following formula:

where:

x 100

Percentage Squeeze (Nominal) = W\;} S

W = free cross-section diameter of seal

S = gland height (see Figure 3)

5.3 O-Ring Seal Swe
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behavior of the elastom
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rials absorb fluid when installed in a fluid application. The amount*of abs
The recommended maximum limit for swell is 18%. In some easeés, the flU
effectively shrink the elastomer, shrinkage should not be allowed so it is
er in the operating fluid.

eal Swell

g seal gland should be large enough to accommodate a fully soaked seal in
d by the selection of an appropriate gland width! Formulas for computing gl

. XV+Ng
Gmin = -
.7854 (AZ min — F2 max)
. XV+N
Gmin = B

.7854 (E2 min — B2 max )

G = G ;i T desired tolerance

max

prption depends on the
id can extract materials
mportant to confirm the

its intended application.
nd width are as follows:

(Eq. 5)

(Eq. 6)

A, B, E F, G, and

= gland dimensions per rigure 1

V = maximum un-soaked seal volume = 2.4674 (Kmax + Wmax) (W?max)

K = seal inside diameter

W = seal cross-section diameter

X = The factor used to increase the seal volume to the expected value after installation and soaking (for example, X =

1.3 is a reasonable

factor for use in arriving at a gland width for general purpose use)

Nr = approximate gland volume lost by gland corner radii (rod-mounted) = 1.3484 Fmax R?max

Ns= approximate gl

and volume lost by gland corner radii (bore-mounted) = 1.3484 Emin R2%max
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