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1. 

1.1 

2. 

2.1 

2.2 

SCOPE: 

The backup ring is defined. The various types designed for use with O-r 
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 mater 
Backup ring installation procedures and precautions are described. 

als. 

Purpose : 

The purpose of this document is to provide information that will aid design 
engineers and maintenance personnel in the selection and use of TFE backup 
rings (retainers) and backup ring materials for aircraft and aerospace 
hydraulic and pneumatic fluid power applications. 

APPLICABLE DOCUMENTS: 

The following publications form a part of this specification to the extent 
specified herein. The latest issue of SAE publications shall apply. 

SAE Publ i cat ions : 

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

AS683 
ARP1231 
AIR1186 

Military Publ ications: 

Available from Standardization Documents Order Desk, Building 40, 700 Robbins 
Avenue, Philadelphia, PA 19111-5094. 

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

MIL-G-5514 G1 and Design; Packings, Hydraul icy General Requirements for 
MIL-R-8791 Retainer; Packing, Hydraul ic and Pneumatic, Tetrafl uoroethylene 

Resin 
MIL-R-8791/1 Retainer; Packing, Hydraulic and Pneumatic, 

Polytetrafluoroethylene Resin (Single Turn) 

Instal lation Procedures and Torques for Fluid Connections 
Gland Design, Elastomeric O-ring Seals, General Considerations 
Installation and Use of Equilateral Triangle Cross-Section Hydraulic 
O-ring Seal Backup Rings (Dyna-Bak) 

AN6289 Nut; Universal Fitting 
MS21344 Fittings; Installation o f  Flared Tube, Straight Threaded 

MS27595 
MS28773 

MS28774 

Connections, Design Standard for 
Retainer; Packing Backup, Continuous Ring, Tetrafluoroethylene 
Retainer; Packing Backup, Tetrafl uoroethylene Straight-Thread 
Tube Fitting Boss 
Retainer; Packing Backup, Single-Turn Tetrafl uoroethylene 
(This document is inactive for new designs after 25 March 1989. 
Use MIL-R-8791/1.) 
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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; F1 uid Connection, Internal, Straight-Thread 

3. BACKUP RING FUNCTION AND USE: 

3.1 O-rings Extrude: 

O-rings wi 1 1  extrude under adverse condi ti ons o f  pressure, temperature, fluid 
compatibility, and diametral extrusion clearance (Figure 1). 

FIGURE 1 - Extrusion of an Unprotected O-ring at High Pressures 

3.2 Backup Rings Prevent Extrusion: 

TFE backup rings used in conjunction with elastomeric O-ring seals are 
antiextrusion devices which deform under pressure to maintain essentially 
zero diametral extrusion clearance for the O-ring and prevent its extrusion 
(Figure 2). 
static conditions. 
environments, that may reduce the ability of the O-ring to resist extrusion 
as a result of temporary or permanent change in the physical properties of 
the elastomer. 

They are effective for this purpose under both dynamic and 
TFE backup rings are also effective in hostile 

FIGURE 2 - Backup Rings Protect O-rings From Extrusion at High Pressures 
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3.3 Standard O-ring Glands: 

Dimensional d e t a i l s  of  standard glands f o r  use with O-rings and backup r i n g s  
a r e  descr ibed i n  MIL-G-5514. 
i n s t a l l e d  in  bosses a r e  descr ibed in  MS33566 and MS21344. 

I n s t a l l a t i o n  d e t a i l s  f o r  universal  f i t t i n g s  

3.3.1 MIL-G-5514 Glands: O-ring glands are i d e n t i f i e d  either as a NO backup r i n g  
gland, a ONE backup r ing  gland, o r  a TWO backup r ing  gland (Figure 3), and 
a s  an in t e rna l  gland ( f o r  I.D. or rod sea l ing )  o r  an ex terna l  gland ( f o r  
O.D. o r  p is ton  sea l ing ) .  The diametral  ex t rus ion  c learances  r e s u l t i n g  from 
using the s tandard dimensions and to l e rances  a r e  intended f o r  s ea l ing  w i t h  
normal hydraul ic  operat ing pressures up t o  3000 ps i ,  and with hydraul ic  
f l u i d  temperatures w i t h i n  the range of -65 t o  +275 O F  when used w i t h  backup 
r ings .  The NO backup r ing  gland configurat ion may be used a t  pressures 
below 1500 psi. Higher pressures and/or higher temperatures may r equ i r e  
ex t rus ion  c learances  t h a t  a r e  less than those provided by the s tandard 
dimensions of  MIL-G-5514, and/or spec ia l  backup r ing  conf igura t ions  and 
mater ia l s .  

NO BACKUP R I N G  ONE BACKUP R I N G  TWO BACKUP RINGS 

FIGURE 3 - Backup Rings 
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3.3.2 MS21344 and MS33566 F i t t i n g  I n s t a l l a t i o n  Standards Per ta in ing  t o  Universal  
F i t t i n g s :  Universal  f i t t i n g s  are r a r e l y  used i n  new design, MIL-H-5440 
requ i res  specia l  approval f o r  the  use o f  un iversa l  f i t t i n g s .  
f i t t i n g s  per MS21344 and MS33566 are i n s t a l l e d  as shown i n  Figure 4. 

Universal  

FITTING 7 

NUT 

BACKUP 

AN6289 

RING MS20773 

FIGURE 4 - Universal  F i t t i n g  I n s t a l l a t i o n  

MS33649 

O-RING 

4. BACKUP RING CONFIGURATIONS: 

4 .1  Basic Types: 

There a r e  three basic types o f  b 
d e t a i l s  and mater ia l  vary depend 
a m i l  i t a r y  standard o r  t o  one o f  

ckup r i n g s  i n  use (Figure 5). Dimensional 
ng upon whether the  r i n g  i s  manufactured t o  
the many commerci a l  standards. 

These th ree  types of m i l i t a r y  and commercial standard backup r i n g s  are 
i n s t a l l a b l e  i n  a l l  MIL-G-5514 gland rev is ions.  
noted f o r  d i f fe rences  between the  glands (see 6.1). 
backup r i ng ,  which i s  used as a un iversa l  f i t t i n g  seal backup r i n g  per  

Some r e s t r i c t i o n  should be 
An exception i s  MS28773 

4.2 Special Types: 

I n  add i t i on  t o  
r i n g s  and camm 
(Figure 6) .  

MS21344 or-MS33566. 

the three bas ic  types o f  backup r ings,  r i g h t  t r i a n g l e  backup 
ng backup r i n g s  are avai able f o r  spec ia l  purpose app l ica t ions  

- 7 -  
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SINGLE-TURN BACKUP R I N G  
MS28773 ,  MS20774, AND 
MIL-R-879111 

CONTINUOUS UNCUT BACKUP R I N G  
MS27595 

FIGURE 5 - Three Types o f  Backup Rings 

RIGHT TRIANGLE BACKUP RINGS CAMMING BACKUP RINGS 
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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-cal 1 ed heavy-duty versions. Heavy-duty backup 
rings offer greater resistance to extrusion. 

4.4 Equilateral Triangle Backup Rings: 

Equilateral triangle backup rings are ava 
as both uncut and scarf-cut backup rings. 
requires a modification of the MIL-6-5514 
discussed in detail herein. For further 
configuration and usage, refer to AIR1186 

5. SPIRAL-CUT BACKUP RINGS: 

5.1 Spiral Backup Rings MS28782 and MS28783: 

1 ab1 e as commercial standard i terns, 

gland, and, therefore, is not 
nformation on this backup ring 

This backup ring configuration 

Spiral-cut backup rings (Figure 7) provide excellent extrusion protection for 
many O-ring appl ications. They are recommended for Type I (-65 to t160 OF) 
Class 1 (1500 psi) and Class 2 (3000 psi) hydraulic systems per MIL-H-5440, 
but are not recommended for Type I I  (-65 to t275 OF) Class 1 and 2 hydraulic 
systems or for use with universal fittings (MS21344 or MS33566), 
information on gland comparisons can be found in 6.1. 

Further 

SPIRAL-CUT BACKUP R I N G  
US28782 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 o f  
the end should be controlled to minimize the gap. 
in Figure 8 is required above 1500 psi. 

Correct underlap shown 

- 9 -  
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EXCESSIVE OVERLAP 

MAY F A I L  AT PRESSURES 
OVER 1500 P S I  

1 
I 

CORRECT UNOERLAP EXCESSIVE OVERLAP 

INCORRECT 

FIGURE 8 - Underlap o f  Backup Rings 

5.3 I n s t a l l a t i o n :  

5.3.1 The sp i ra l - cu t  backup r ings ,  wh i le  l ess  r e s i s t a n t  t o  ext rus ion,  prov ide 
grea ter  ease of i n s t a l l a t i o n  than the  s ing le - tu rn  backup r i ngs .  This i s  o f  
specia l  importance f o r  very small sizes, where a s ing le- turn,  scar f -cut  
backup r i n g  can be s t r u c t u r a l l y  damaged when being f i t t e d  i n t o  the  groove. 

5.3.2 Care must be taken dur ing assembly o f  hydrau l i c  o r  pneumatic components 
f i t t e d  w i t h  s p i r a l  backup r i n g s  t o  prevent "shearing" o f  one end of  the  
r i n g  as the  r i n g  engages the rod  o r  cy l i nde r  bore. See Figure 9. 

FIGURE 9 - Sp i ra l  

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

Backup Rings 
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5.3.3 I t  i s  sometimes advantageous t o  i n s t a l l  sp i ra l - cu t  backup r i n g s  i n  a 
reverse wound condi t ion,  as ind ica ted  by Figure 10, espec ia l l y  f o r  threaded 
i n s t a l l a t i o n .  This i n s t a l l a t i o n  method causes clockwise r o t a t i o n ,  between 
the two ends, t o  t i gh ten  the c o i l  o f  the backup r i n g  dur ing  the  threaded 
i n s t a l l a t i o n .  

NORMAL CONFIGURATION 
OF SPIRAL BACKUP RING 

REVERSE WOUND CONFIGURATION 
OF SPIRAL BACKUP RING 

FIGURE 10 - Spiral-Cut Backup Rings i n  a Reverse Wound Condi t ion 

6. S INGLE-TURN , SCARF-CUT BACKUP RINGS: 

6.1 Single-Turn Backup Rings: 

S ing le- turn backup r i n g s  (Figure 11) , per  MS28773, MS28774, and MIL-R-8791/1 
are recommended f o r  Type I (-65 t o  t160 O F )  and Type II (-65 t o  t275 O F )  

Class 1 (1500 psi)  o r  Class 2 (3000 p s i )  hydrau l i c  systems per  MIL-H-5440. 

MIL-R-8791/1 backup r i ngs  were developed t o  prov ide a b e t t e r  f i t  f o r  the 
MIL-G-5514 glands o f  rev is ions  C y  D y  E, and F. Problems were repor ted by 
users wi th  regard t o  using the MS28774 backup r i n g s  i n  these l a t e r  glands. 
As the data shows, there was an over lap present when i n s t a l l i n g  the  MS28774 
backup r i n g s  i n t o  the rev i s ion  C and l a t e r  glands. This  over lap made i t  very 
d i f f i c u l t  t o  i n s t a l l  these r i n g s  and some even resor ted  t o  t r imming t o  make 
the r i n g s  fit. The MIL-R-8791/1 r i n g s  have some d iamet r ica l  clearance on the  
O.D. t h a t  g r e a t l y  reduces the e f f o r t  requi red f o r  i n s t a l l a t i o n .  
the  MIL-R-8791/1 r i n g s  also provides a b e t t e r  f i t  than i s  poss ib le  w i t h  the 
MS28774 r i ngs .  

The I.D. o f  

The MIL-R-8791/1 r i n g s  cannot be used i n  e a r l i e r  versions ( rev i s ions  A and B) 
o f  MIL-G-5514 because o f  the l a rge  in te r fe rence present a t  t h e  I.D. Also, 
wh i le  the MS28774 r i n g s  can be used i n  the  l a t e r  versions o f  MIL-G-5514, t h i s  
i s  no t  recommended due t o  the problems prev ious ly  discussed. 

I t should a lso be noted t h a t  the MIL-R-8791/1 r i n g s  are conf igured w i t h  a 
greater  "T" (ax ia l  thickness) dimension. 
ex t rus ion  p ro tec t i on  f o r  the  O-rings. 

This ex t ra  th ickness provides more 
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6.2 

6.3 

FIGURE 11 - Single-Turn Backup Rings MS28773, MS28774, and MIL-R-8791/1 

Advantages: 

The r e l a t i v e l y  greater  ax ia l  th ickness compared t o  the  th ickness o f  each t u r n  
of a sp i ra l - cu t  backup r i n g  provides a more r i g i d  s t ruc tu re  t o  r e s i s t  
ex t rus ion  o f  the  backup r i n g  i t s e l f .  This i s  p a r t i c u l a r l y  important a t  
e levated temDeratures and Dressures. The thickness i s  aDDroximatelv the same 
as two t u r n s ' o f  a s p i r a l  r i n g .  (See 'IT" dimension o f  MS28774, MS28782, and 
MIL-R-8791/1.) 

The s ing le - tu rn  const ruct ion o f  the backup r i n g  r e s i s t s  "shearing" dur ing 
assembly o f  hydrau l i c  components. 

I n s t a l  1 a t i  on: 

S l i g h t  over lapping o f  t he  ends o f  MS28774 and MIL-R-8791/1 backup r i n g s  a t  
room temperature i s  a design feature necessary t o  accommodate c i rcumferent ia l  
con t rac t ion  a t  low temperature. The designed over lap does no t  i n t e r f e r e  w i t h  
O-ring performance (Figure 12). 

Excessive overlap, however, can cause i n s t a l l a t i o n  d i f f i c u l t i e s  and O-ring 
damage (Figure 13). The prac t ice  o f  " s i z i n g "  MS28774 and MIL-R-8791/1 backup 
r i n g s  by c l i p p i n g  the ends t o  prevent over lap may cause underlap and i s  no t  
recommended. 

I t  i s  no t  uncommon t o  f i n d  underlap (gapping) o f  s ing le - tu rn  r i n g s  t h a t  have 
been i n  service.  
O-ring Figure 14). 

Underlap i s  caused by: 

Underlap can cause premature ext rus ion f a i l u r e  o f  the  

a. The use o f  an i nco r rec t  r i n g  
b. Ci rcumferent ia l  shrinkage o f  r i n g s  made from mater ia l  t h a t  has no t  been 

s t ress  re1 ieved 
c. Excessive c l i p p i n g  t o  reduce over lap a t  room temperature 
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M 
FIGURE 12 - S l i g h t  Overlap 

Gapping a t  Low Temperatures 

FIGURE 13 - Excessive FIGURE 14 - Gapping 
Required t o  Minimize Over1 ap 

7. CONTINUOUS (UNCUT) BACKUP RINGS: 

7.1 Uncut Backup Rings: 

The uncut backup r i n g  MS27595 (Figure 15) provides more r e l i a b l e  
an t iex t rus ion  p ro tec t i on  f o r  O-rings than the sp i ra l - cu t  o r  s ing le - tu rn  
backup r i ngs .  They a r e  recommended f o r  Type I (-65 t o  t160 OF) Class 1 
(1500 p s i )  and Type II (-65 t o  t275 O F )  Class 1 and 2 (3000 p s i )  hydrau l i c  
system. I n  addi t ion,  they a r e  p re fe r red  f o r  Type II when pressures are 
expected t o  exceed 3000 p s i .  A concern i s  t h a t  a s o l i d  r i n g  can ac t  as a 
seal and cause pressure entrapment between the backup and i t s  seal .  
o f  s o l i d  r i n g s  must take i n t o  account the  r e s u l t a n t  f r i c t i o n  and s t ress  which 
may be caused by entrapment. 

The use 

FIGURE 15 - Continuous Uncut Backup Ring MS27595 

7.2 Advantages: 

Uncut backup r i n g s  overcome the problems o f  "shearing", overlap, and gapping 
o f ten  associated w i t h  conventional sp i ra l - cu t  and s ing le - tu rn  r ings .  
have none o f  t he  disadvantages o f  the sp i ra l - cu t  and the  s ing le - tu rn  backup 
r i ngs ,  bu t  may be more d i f f i c u l t  t o  i n s t a l l .  

They 
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