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RATIONALE
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1. INTRODUCTION:

The use of equilateral triangle cross-section hydraulic seal backup rings has been found to improve
the life and reliability of high pressure O-ring seals especially for high temperature applications. This
Aerospace Information Report (AIR) describes the design and operation of these backup rings,
tabulates recommended seal groove and gland dimensions, offers recommendations and suggestions
for their installation into hydraulic components, and outlines their advantages and limitations of their
use.

2. DESCRIPTION:
2.1 Use:

The subject backup rings, sometimes called Delta backup rings and more commonly known as
Dyna-Bak seal control rings, are used in both male and female configurations for piston type and rod
gland type seals respectively. (See Fig. 1) They were developed specifically as anti-extrusion rings
to protect elastomeric O-ring seals from extrusion into the clearance space between relatively
moving or relatively stationary hydraulic component members where the elastomeric O-ring is used
as either a static or dynamic fluid seal for any class of fluid service, but especially for use in high
pressure hydraulic systems used in aircraft and aerospace vehicles. They also function to reduce
O-ring wear and spiral failures in high pressure applications and leakage due to O-ring compression
set in high temperature applications.
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FIGURE 1 - TYPICAL DYNA-BAK INSTALLATIONS
2.2 Geometry:

The cross-sectional shape of the backup ring is in the form of a nearly perfect equilateral triangle with
the base angles @ approximately matching the face angle -6- of the seal groove. (See Fig. 2.) The
sizes have been standardized for use with standard O-ring sizes per AS568, and part numbers
correspond to the uniform dash number sizes. The standard groove diameters are per the
dimensions of Table | of MIL-P-5514, and the rings are designed for use with the standard cylinder
bore, piston rod, male gland bore, and female gland sleeve diameters contained therein.

The height of the backup ring is approximately 80 percent of the annular depth of the seal groove
allowing generous radii at the bottom of the groove. Groove widths are sized to allow installation of
O-ring and backup ring with relative ease without excessive side play and yet accommodate normal
O-ring swell.
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FIGURE 2 - BACKUP RING AND SEAL GROOVE GEOMETRY
2.3 Continuous or Scarf-Cut Rings:

The backup rings can be used either as continuous, uninterrupted rings or in a diagonally scarf-cut
configuration. The scarf-cut rings are more easily installed in the seal grooves and will function
satisfactorily in a great number of applications. For maximum seal protection, both during assembly
of the hydraulic component and during operation, however, they should be used uncut. After a large
number of cycles, the edges of the scarfed joint will eventually break down forming an extrusion gap
where the O-ring will finally extrude and fail.

2.4 Materials:

The backup ring must be made of a material which is harder and substantially more resistant to
extrusion than the O-ring it is designed to protect if it is to prevent O-ring extrusion without creating
problems due to itself extruding into the clearance space between sealed members. On the other
hand, the backup ring must be made of a relatively resilient stretchable material if it is to be installed
in the non-cut configuration, in a normal one-piece seal groove. Pure Teflon TFE and various
compounds of Teflon filled with materials such as graphite, bronze, and aluminum oxide fiber with
molybdenum disulphide have all been tested with considerable success. Graphite-filled Teflon rings
have demonstrated long life as rod seals at 400°F (204°C). The aluminum oxide fiber filled Teflon
impregnated with molybdenum disulphide has proven satisfactory for piston rod seal backup rings at
temperatures up to 550°F (288°C) but a very hard rod surface, such as flame plated tungsten
carbide, must be used to prevent abrasive wear. For high temperature applications where extrusion
resistance without abrasiveness is required, the polyimide resins, possibly modified with graphite, or
other fortified polymers may have a more optimum combination of properties.
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3. OPERATION:
3.1 Prevention of O-ring Extrusion and Nibbling Failures:

It is well known that, at pressures above 1500 psi, an O-ring seal is highly susceptible to extrusion
and nibbling failure resulting from it. The nibbling occurs when a small portion of the O-ring which
has extruded into the clearance space is cut off either by pressure relaxation and subsequent closing
of the clearance space or by dynamic motion. Repeated applications can cause an O-ring to be
completely chewed up. In rapidly pulsating systems, in the presence of high frequency vibrations,
this has been known to occur in less than an hour. What is not so well known is that the rectangular
cross-section Teflon backup rings, normally used to prevent extrusion, are unable to do so under the
combined action of high pressure and temperature. Because of the standard backup’s inability to
seat firmly both on the sealing surface and in the bottom of the seal groove, an extrusion gap is
always open (see Fig. 3) and, at high temperature, the O-ring being almost fluid will seek any gap.
With the triangle design, however, pressure against the O-ring drives the backup ring upon the
groove ramp camming it down on the sealing surface thereby positively closing all clearance gaps.

12 _4_ D

Extrusion of an Extrusion with O-ring with
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FIGURE 3 - EXAMPLES OF O-RING EXTRUSION
3.2 Prevention of O-ring Spiralling:

O-ring spiralling and resulting tearing is a phenomenon which occurs when the O-ring in dynamic
axial reciprocating service does not slide uniformly against its mating sealing surface. In such a
case, the O-ring might slide against the piston rod (or cylinder wall) for a portion of its circumference
and roll on it for the remainder. In the process of so doing, the O-ring would be made to twist about
its cross-sectional axis and eventually tear in a distinctive and classical shear pattern. This type of
failure is readily distinguishable by long, spiral-like tears in the O-ring surface. Such a failure
frequently occurs where the surface against which the O-ring is meant to seal in a sliding manner is
poorly or irregularly lubricated. There are other conditions that can accelerate or induce spiral failure
in large diameter O-ring seals, such as used in landing gear shock struts.

The triangular seal backup ring acts to minimize O-ring spiral failures because of its geometry. As
can be seen in Fig. 4, the rubber-like material of the O-ring has been urged by pressure up the ramp
of the backup ring thereby transferring the bulk of the sealing force against the relatively sliding
surface from the O-ring to the backup ring.
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FIGURE 4 - MOVEMENT OF O-RING AGAINST TRIANGLE RING UNDER PRESSURE
3.2 (Continued):

White and Denny (see Reference 8.3) found by using a transparent hydraulic cylinder that O-rings
used in undercut seal grooves would pull away from the sealing surface under pressure sufficiently
to reduce the "footprint" or area in contact. (See Fig. 5.) By using a traveling microscope, they
measured the movement and distortion of the seal under pressure. In their report, they presented
data showing the variance of contact length under various pressures, groove undercut angles, and
O-ring hardnesses from 60° to 90° Shore Durometer.

vent hole
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FIGURE 5 - DISTORTION OF O-RING UNDER PRESSURE IN UNDERCUT GROOVE

The triangle rings work in the same way as the undercut seal groove to reduce O-ring footprint area.
Thus the tendency to spiral under high pressures is greatly minimized by two factors:

A. The backup ring carries a major portion of the sliding load against the sealing surface.

B. The O-ring is operating at reduced force against the sliding sealing surface and is wedgingly
urged with great force and grip into the trapezoidal cavity formed by the seal gland and the
backup ring.

Substantiating evidence of the validity of this design is found in the use of a similar backup ring which

solved a severe nuisance leakage problem on the early B-52 landing gear shock struts due to O-ring
spiralling. The use of the triangular backup ring completely solved the problem.

Documents

Document Sharing Hub

Full document details: SAE AIRT1186A


http://avadocuments2026.com/doc/sae-air1186a
http://avadocuments2026.com/doc/sae-air1186a

