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1.1

2.1

2.2

SCOPE:

The backup ring is defined.

The various types designed for use with

0-rings

in MIL-G-5514 packing glands, and MS33566 and MS21344 universal fitting
installations are described.

Guidelines are included for selecting backup rings and backup ring materials.

Backup ring

Purpose:

installation procedures and precautions are described.

The purpos

engineers pnd maintenance personnel in the selection and use of \TFH
rings (retpiners) and backup ring materials for aircraft andraerosp

hydraulic
APPLICABLE

The followi
specified h

SAE Publications:

of this document is to provide information that will,ai

nd pneumatic fluid power applications.
DOCUMENTS:;

ng publications form a part of this specification to the
erein. The latest issue of SAE publications shall apply.

h design

backup
ace

extent

fons

Hydraulic

D0 Robbins

d

Es for

roethylene

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AS683 Installation Procedures and Torques for Fluid Connections

ARP1231 GIand Design, Elastomeric O=ring Seals, General Considerat

AIR1186 Ipstallation and Use of Equilateral Triangle Cross-Section

Otring Seal Backup Rings' (Dyna-Bak)

Military Pgblications:

Available from Standardization Documents Order Desk, Building 4D, 7

Avenue, Phjladelphia;~PA 19111-5094.

MIL-H-5440 Hydraulic System; Aircraft, Types I and II, Design an
Installation Requirements for

MIL-G-5514 GTand Design; Packings, Hydraulic, General Requiremen

MIL-R-8791 Retainer; Packing, Hydraulic and Pneumatic, Tetrafluo
Resin

MIL-R-8791/1 Retainer; Packing, Hydraulic and Pneumatic,
Polytetrafluoroethylene Resin (Single Turn)

AN6289 Nut; Universal Fitting

MS21344 Fittings; Installation of Flared Tube, Straight Threaded
Connections, Design Standard for

MS27595 Retainer; Packing Backup, Continuous Ring, Tetrafluoroethylene

MS28773 Retainer; Packing Backup, Tetrafluoroethylene Straight-Thread
Tube Fitting Boss

MS28774 Retainer; Packing Backup, Single-Turn Tetrafluoroethylene

(This document is inactive for new designs after 25 M
Use MIL-R-8791/1.)

arch 1989.
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2.2 (Continued):
MS28782 Retainer; Packing Backup, PTFE
MS28783 Ring; Gasket Backup, PTFE
MS33566 Fittings; Installation of Flareless Tube, Straight-Thread
Connectors
MS33649 Bosses; Fluid Connection, Internal, Straight-Thread

3. BACKUP RING FUNCTION AND USE:

3.1 O-rings—Extrude:

0-ring$ will extrude under adverse conditions of pressure, temperature, fluid
compatjbility, and diametral extrusion clearance (Figure \IY.

FIGURE 1 - Extrusion of an-Unprotected O-ring at High Presgures
3.2 Backup|Rings Prevent Extrusion:

TFE bagkup rings used in conjunction with elastomeric O-ring seals are
antiextrusion devices which deform under pressure to maintain epsentially
zero djametral extrusion clearance for the 0-ring and prevent its extrusion
(Figure 2). They-are effective for this purpose under both dynamic and
static|conditions. TFE backup rings are also effective in hostile

enviropments, that may reduce the ability of the 0-ring to resist extrusion
as a result-of temporary or permanent change in the physical properties of
the elgstomer.

FIGURE 2 - Backup Rings Protect O-rings From Extrusion at High Pressures

-5 -
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3.3 Standard 0-ring Glands:

Dimensional details of standard glands for use with O-rings and backup rings
are described in MIL-G-5514. Installation details for universal fittings
installed in bosses are described in MS33566 and MS21344.

3.3.1 MIL-G-5514 Glands: O-ring glands are identified either as a NO backup ring
gland, a ONE backup ring gland, or a TWO backup ring gland (Figure 3), and
as_an internal gland (for I.D. or rod sealing) or an external gland (for

0.D. or piston sealing). The diametral extrusion clearances resulting from

ddimension nd—tolerance o 3y A Hngwith
raulic

ith backup

ydraulic operating pressures up to 3000 psi, and with_-hyd
fluid temperatures within the range of -65 to +275 °F when used
rings. [The NO backup ring gland configuration may be used. at pressures

below 1500 psi. Higher pressures and/or higher temperatures may [require
ign clearances that are less than those provided by the standard

'{ns of MIL-G-5514, and/or special backup ring configuratigns and
materialls.

0 BACKUP RING _ ONE BACKUP RING TWO BACKUP RINGS

FIGURE 3 - Backup Rings
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3.3.2 MS21344 and MS33566 Fitting Installation Standards Pertaining to Universal

4.
4.1

4.2

Fitti
requi

ngs: Universal fittings are rarely used in new design.
res special approval for the use of universal fittings.

MIL-H-5440
Universal

fittings per MS21344 and MS33566 are installed as shown in Figure 4.

e T
NUT AN6289 —\ : %

FITTING

BACHUP RING MS28773

BACKUP
Basic

There
detail
a mili

These
instal
noted
backup

BOS

=

FIGURE 4 - Universalcritting Installation

ING CONFIGURATIONS:
ypes:

re three basic types of backup rings in use (Figure 5).
and material yary depending upon whether the ring is ma
ary standard(or to one of the many commercial standards.

hree typeés-of military and commercial standard backup ri
able in_all MIL-G-5514 gland revisions. Some restrictio
or differences between the glands (see 6.1). An excepti
ring; which is used as a universal fitting seal backup r

MS21344 ‘@v' MS33566.

S MS33649

0-RING

Dimensional
hufactured to

should be
n is MS28773
ng per

Egs are

Special

Types:

In addition to the three basic types of backup rings, right triangle backup
rings and camming backup rings are available for special purpose applications
(Figure 6).
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SPIRAL-CUT BACKUP RING
MS28782 AND MS28783

CONTINUOUS UNCUT\BACKUP RING
MS27595

SINGLE-TURN BACKUP RING
MS$28773, MS28774, AND
. MIL-R-8791/1

FIGURE 5+ Three Types of Backup Rings

N\

RIGHT TRIANGLE BACKUP RINGS ' CAMMING BACKUP RINGS

FIGURE 6 - Special Purpose Application Backup Rings

-8 -
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4.3 Heavy-Duty Backup Rings:

Spiral-cut, single-turn, and continuous (uncut) backup rings are available
from commercial sources in so-called heavy-duty versions. Heavy-duty backup
rings offer greater resistance to extrusion.

4.4 Equilateral Triangle Backup Rings:

Equilateral triangle backup rings are available as commercial standard items,
as both uncut and scarf-cut backup rings. This backup ring configuration
requires—a—medification—ofthe MH—6-5514—¢gland;—and;—therefore; is not
discusged in detail herein. For further information on this-bagkup ring
configyration and usage, refer to AIR1186.

5. SPIRAL-QUT BACKUP RINGS:
5.1 Spiral |Backup Rings MS28782 and MS28783:

Spiralqcut backup rings (Figure 7) provide excelent extrusion protection for
many O¢ring applications. They are recommended for Type I (-65|to +160 °F)
Class ] (1500 psi) and Class 2 (3000 psi) hydraulic systems per|MIL-H-5440,
but arg not recommended for Type II (-65 to +275 °F) Class 1 and 2 hydraulic
systemg or for use with universal fittings (MS21344 or MS33566)| Further
. inform3gtion on gland comparisons can be found in 6.1.

SPIRAL-CUT BACKUP RING
MS28782 AND MS28783

FIGURE 7 - Spiral-Cut Backup Rings
5.2 Advantages of Spiral Backup Rings:
5.2.1 Gapping of the rings at the cut ends cannot occur.

5.2.2 Spiral backup rings can be used in the field on nonstandard diameters.
Spiral backup rings are readily sized on installation by clipping the ends
to correct for overlap. Therefore, an oversized ring can be "fitted" when
the exact diameter ring, to match the gland, is not available. Spacing of
the end should be controlled to minimize the gap. Correct underlap shown

‘ in Figure 8 is required above 1500 psi.
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5.3
5.3.1

5.3.2

Installatipn:

- r

N

N
EXCESSIVE| OVERLAP CORRECT UNDERLAP EXCESSIVE OVERLAP
MAY FAIL AT PRESSURES INCORRECT

OVER 150Q| PSI

FIGURE 8 - Underlap of Backup Rings

The spirpl-cut backup rings, while less vésistant to extrusion, provide
greater pase of installation than the single-turn backup rings. [This is of
special fimportance for very small sizes, where a single-turn, scarf-cut
backup rjing can be structurally damaged when being fitted into tﬁe groove.

Care must be taken during assembly of hydraulic or pneumatic components
fitted wjith spiral backup rings to prevent "shearing" of one end jof the
ring as the ring engages the“rod or cylinder bore. See Figure 9.

)

Al\hl\ﬁvVN/Vﬁﬁv\ﬁv\ﬂ\________

ILLUSTRATION OF SPIRAL BACKUP
RING BEING SHEARED DURING
ASSEMBLY OF PISTON INTO CYLINDER

TT————

FIGURE 9 - Spiral Backup Rings

- 10 -
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6.1

5.3.3 It is sometimes advantageous to install spiral-cut backup rings in a

reverse wound condition, as indicated by Figure 10, especially for threaded
installation. This installation method causes clockwise rotation, between
the two ends, to tighten the coil of the backup ring during the threaded
installation.

1 . L
NORMAL CONFIGURATION REVERSE WOUND CONFIGURATION
OF SPIRAL BACKUP RING OF SPIRAL BACKUP RING

FIGURE 10 - Spiral-Cut Backup Rings in a Reverse Wound Condition
SINGLE-[FTURN, SCARF-CUT BACKUP RINGS:
SinglefTurn Backup Rings:

Singlefrturn backup rings .(Figure 11), per MS28773, MS28774, and MIL-R-8791/1
are regommended for Type.I (-65 to +160 °F) and Type II (-65 tg +275 °F)
Class | (1500 psi) or Class 2 (3000 psi) hydraulic systems per MIL-H-5440.

MIL-R-B791/1 backup rings were developed to provide a better fift for the
MIL-G-p514 glands of revisions C, D, E, and F. Problems were neported by
users wWith regard to using the MS28774 backup rings in these later glands.

As the|data, shows, there was an overlap present when installing the MS28774
backup| rings into the revision C and later glands. This overladp made it very
difficul® to install these rings and some even resorted to trimming to make
the rings fit. The MIL-R-8791/1 rings have some diametrical clearance on the
0.D. that greatly reduces the effort required for installation. The I.D. of
the MIL-R-8791/1 rings also provides a better fit than is possible with the
MS28774 rings.

The MIL-R-8791/1 rings cannot be used in earlier versions (revisions A and B)
of MIL-G-5514 because of the large interference present at the I.D. Also,
while the MS28774 rings can be used in the later versions of MIL-G-5514, this
is not recommended due to the problems previously discussed.

It should also be noted that the MIL-R-8791/1 rings are configured with a
greater "T" (axial thickness) dimension. This extra thickness provides more
extrusion protection for the O-rings.

- 11 -
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6.2 Advantages|:

6.3

FIGURE 11

The relati
of a spira
extrusion

elevated t
as two tur
MIL-R-8791

The single
assembly o

Installati

Slight ove
room tempe

contractiop at Tow temperature:

0-ring per

- Single-Turn Backup Rings MS28773, MS28774, and MIL-R-B

vely greater axial thickness compared to the thickness of
| -cut backup ring provides a more rigid structure to resi
bf the backup ring itself. This is particularly importan
pmperatures and pressures. The thickness\js approximatel
1§ gf a spiral ring. (See "T" dimensien<of MS28774, MS28
/1.

-turn construction of the backup .¥ing resists "shearing"
f hydraulic components.

DN ¢

rlapping of the ends of -MS28774 and MIL-R-8791/1 backup r
rature is a design feature necessary to accommodate circu
The designed overlap does not inte
Formance (Figure.12).

Excessive

damage (Figure 13).
rings by c]ipping the-ends to prevent overlap may cause underlap an
recommended.

It is not 4ncommon to find underlap (gapping) of single-turn rings
been in service.

verlap, however, can cause installation difficulties and
The practice of "sizing" MS28774 and MIL-R-879

791/1

each turn
st

t at

y the same
782, and

during

ings at

mferential
rfere with

0-ring
1 /1 backup
d is not

that have

Underlap can cause premature extrusion failure of

the

O-ring Figure 14).

Underlap is caused by:

a.
b.

stress
C.

The use of an incorrect ring
Circumferential shrinkage of rings made from material that has not been

relieved

Excessive clipping to reduce overlap at room temperature

- 12 -
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FIGURE 12 -
Required
Gapping at

7. CONTINU

7.1 Uncut
The un
antiex
backup
(1500

system|

expect
seal a
of sol
may be

7.2 Advant

L N

Slight Overlap
to Minimize
Low Temperatures

FIGURE 13 - Excessive
Overlap

FIGURE

DUS (UNCUT) BACKUP RINGS:
Backup Rings:

cut backup ring MS27595 (Figure 15) provides more reliabl
trusion protection for O-rings than. the spiral-cut or sin
rings. They are recommended for:Type I (-65 to +160 °F)
psi) and Type Il (-65 to +275 °F) Class 1 and 2 (3000 psi
In addition, they are prefevred for Type II when press
bd to exceed 3000 psi. A concern is that a solid ring c
nd cause pressure entrapment between the backup and its

caused by entrapment:

seal.
id rings must take into“account the resultant friction a:E

14 - Gapping

e
gle-turn

Class 1

) hydraulic
ures are

act as a

The use
stress which

.

FIGURE 15 - Continuous Uncut Backup Ring MS27595

ages:

Uncut backup rings overcome the problems of "shearing", overlap, and gapping

often associated with conventional spiral-cut and single-turn rings.

They

have none of the disadvantages of the spiral-cut and the single-turn backup

rings,

but may be more difficult to install.

q.

- 13 -
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