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DESIGN DIMENSIONS FOR O-RING INSTALLATlON

O-rings are normally used as seals in several ways, and dimensions of the groove or gland
will also vary with the cross section of the ring, the type of operation, and the amount of
pressure used in the system. These dimensions will also be different if the O-ring is sealing a
liquid which has a low volume swell on the ring (O-15% Design Chart 1 & 3) or if it is
sealing a liquid which hasa highvolumeswell on the ring(l5-25% Design Chart 2 s(4).  It
has not been practical to attempt to seal liquids which will swell the O-ring more than
25%,  in most cases, since the rings will lose most of their desirable physical properties
with such a high swell.

STATIC SEALS (Design Charts 1,2,3 & 4)

In a static seal, where the O-ring does not move and is used simply for containing pressure
or maintaining a vacuum, the ring may be compressed AXIALLY or parallel to a line drawn
through the center or axis of the ring. In this case, you will use the dimensions under AXIAL
opposite the cross section of the ring you desire.

Although the depth and width of the groove will remain the same for all Axial staticseals,
the I.D. and O.D. of the groove will vary depending on whether you are sealing against inter
nal pressure or external pressure (a vacuum in the vessel being sealed.).

In the case of internal pressure, the O.D. of the groove should be the same as the O.D. of
the ring, plus the normal tolerance for that size-ring.

In the case of external pressure (i.e., a vacuum in the vessel being sealed), the I.D. of the
groove should be the same as the I.D. of the ring being used, plus the normal tolerance range
for that size ring

A static seal ring may also be compressed RADIALLY; that is, being compressed between
the internal diameter (I.D.) and overall diameter (O.D.). In this case, you will use the
dimensions under RADIAL opposite the appropriate cross section column for the ring you
wish to use.

DYNAMIC SEALS (Design Charts 1, 2, 3,4 & 5)

Dynamic or moving seals basically fall into two classes; reciprocating (as in the case of the
piston and a cylinder), or rotating  (as in the case of a shaft rotating in a housing). Recipro-
cating design data will be found in Charts 1, 2,3 & 4. Rotating design data will be found in
Chart 5.

Reciprocating seals may be designed so as to permit or prevent rolling of the ring within
the groove. When the ring is allowed to roll within the groove, the breakaway force necessary
to move the piston is usually lower; but some sacrifice must be made in the pressure limita-
tions of the seal and also in the life of the seal. This is caused by the constant flex of the
O-ring with each stroke of the piston.
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DIAMETRAL CLEARANCE (Design Chart 6)

Under the dynamic section you will also find a section on diametral  clearance. This calls
out the maximum clearance between a piston and cylinder for pressure to 1500 psi, using a
70 durometer compound (low swell fluid) or a 60 durometer compound (in a high swell
fluid). If higher pressures are required, a different durometer O-ring may be used, as shown
in Desrgn Chart 6; or Teflon back-up rings, as shown in Design Chart 7 Design Chart 6 gives
an elaboration of the diametric clearance for various durometers and various pressures.
Adherence to these clearances will largely prevent extrusion of the O-ring between the piston
and cylinder or shaft and groove, up to 5,000 psi using 90 durometer compound.

ROTATING SEALS (Design Chart 5)

Rotating seals should be limited to shafts having the following maximum rotational speed:

Shaft Diameter ,125 - ,280 - 350 ft./min.
Shaft Diameter ,281 - ,625 - 400 ft./min.
Shaft Diameter ,626 - ,687 - 450 ft./min.
Shaft Diameter ,688 - 1.250 - 600 ft./min.

In rotating shaft seals, a higher durometer (80-90) compound is usually used. Preferably,
it should have excellent abrasion resistance and quite often is internally lubricated with
graphite or molybdenum disulfide to give maximum protection if run dry.

To find the groove drmensions  on a rotating seal, use Desrgn Chart 5. Find the shaft size
in the second column. The groove root diameter and width will be found under their
respective columns. The Pressure Seals O-ring size will be found in the first column
next to shaft diameter.

BACK-UP RINGS (Design Chart 7)

When you have a tendency for O-rings to extrude between the sealing areas under pres-
sure, there are three choices available to minimize this:

1. A harder O-ring material may be used.
2. Clearances may be reduced to a minimum.
3. Back-up rings may be used.

Desrgn Chart 7 shows the groove width necessary to accommodate the thrckness  of the
back-up rings. Teflon back-up rings are usually furnished in single or dual turn rings. Single
turn rings conform to MS 28774 and match the standard P.A.I. O-ring sire. Dual turn rings
conform to MS 28782 and match the dash numbers of an AN 6227 series of O-rings.
MS 28783 back-up rings match the dash numbers of AN 6230 O-rings.

Good practice is to use a back-up ring on either side of the O-ring, even though the pres-
sure on the ring may be from one side only. The only time you will design for a back-up
ring on one side is when there is not enough space for two rings. This is not recommended,
however, unless absolutely necessary.
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STATIC SEAL: EXAMPLE RADIAL SEAL

It is desired to seal a pressure vessel filled with air at 200 psi. The I.D. of the vessel at the
sealing lip is 3.000” and the thickness of the cover at the groove point is .250”.

First: Pick a ring series that has a cross section which can be cut into the cover without
weakening the cover at this point. (100 series)

Second: Find an O-ring in this series which has an O.D. closest to 3.000” (l-149-O.D.
3.006).

Third: Check the swell characteristics of air, with possible oil traces in it. (Low swell -
915%)

Fourth: In the normal swell Design Chart 1, find the cross section column for the 100
series rings t.103 + ,003).

Fifth: In this column, opposite the RADIAL section, find the groovedepth (.083-903)
and the groove width (.125& .005).

STATIC SEAL - EXAMPLE: AXIAL SEAL

It is desired to seal a pressure vessel filled with hydraulic oil at 1200 psi. The I.D. of the
vessel is 4 inches, and the flange is 1 inch wider and 3/8”  thick (see drawing).
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First: Find the O-ring sizes that will fit within the sealing area. (l-244, I-156).

Second: Pick the series O-ring desired, based on the thickness of the flange available to
cut the groove depth desired. ( l-244)

Third: Check the swell characteristics of the fluid on the rubber to determine whether
the normal or high swell chart will be used for dimensions of the O-ring groove. (In this case
O-15% or normal swell Chart I).

Fourth: Since this is an internal pressure application, the O.D. of the groove should be
the O.D. of the ring (4.512) plus the tolerance t.015) or 4.527 inches.

Fifth: Since this is an axial squeeze, look in the AXIAL section, Design Chart #l, under
the cross section of the ring i.139). The groove depth will be .I 10”-.008”  and the width will
be .I 85” & ,005.

DYNAMIC SEAL: RECIPROCATING, Low Pressure

A piston moves back and forth in a 1.000” cylinder to pump acetone at a pressure of 200
psi, maximum. An O-ring seal is required for this piston.

First: Find ring sizes whose O.D. is close to 1.000” (l-l 17, I-210).

Second: Check the swell characteristics of the liquid being pumped. (acetone swells most
rubbers but does not attack EPDM rubber, so an EPDM ring could be used with normal
swell - table I).

Third: Opposite the dynamic section under the crbss  section of the 100 series (.I03 ?
.003),  find the depth of the groove (.090 - ,003) and the width of the groove (.120? ,005).
If it were desired that the ring roll in the groove, the width would be ,145 2 .005.

DYNAMIC SEAL: RECIPROCATING, High Pressure

A piston seal is desired for a high pressure piston at 3,000 psi using hydraulic oil. Piston
diameter is ,875:’
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First: Find a ring size with an O.D. approximately .875”  (l-l 15 with an O.D. of ,880).

Second: Determine whether the swell characteristics will fall into the normal (O-15%)  or
high (15-25%)  range (normal range Design Chart #I ).

Third: Find under the cross section column (.103”+.003”)  opposite dynamic section,
Design Chart #l, the groove depth (.090” - .003”).

Fourth: Since the pressure range is over the 1500 psi maximum, 2 back-up rings will be
required - one on either side of the O-ring. Under the column MS 28774 dash 1 IO-149 the
width of the groove, with 2 rings, will be .245”. The rings to use will have the number
MS 28774-l 15.

DYNAMIC SEAL: ROTATING SEAL

SO

It is desired to seal a mixer shaft with a rotor extending into the vessel through a housing
seal and bearing combination and driven at 450 linear feet per minute. The shaft diameter is
1 .OOO inches. The material being mixed is a blend of oil and detergents.

First: In Design Chart 5, find in the second column the shaft size (1 inch)

Second: Under the Groove root diameter, find the root diameter (1.265).

Third: Under the groove width columm,  find the groove width (.157).

Fourth: Under the radial clearance column, find the clearance of the shaft in the housing
(.0015-.002).

Fifth: Under the bearing I.D. tolerance, find the clearance of the shaft in the bearing
(-.oooo + .0012).

Sixth: On the extreme left column, find the P.A.I. O-ring size (l-215).
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