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FROM DEFORMATION
TO CALIBRATION:
Installing O-RINng Energized
Piston and Rod Seals

Avoid seal installation issues that lead to leaks and lost productivity.

ere’s an astonishing
figure: At least 50% of
seal failures in systems
involving a piston, rod,
or both are due to improper installation.
Or perhaps it’s not that surprising, given
the number of things that can go wrong.

Small seals, especially those made of
engineered plastic, can be extremely dif-
ficult to install. U-shaped grooves that
require kidney-beaning of seals to fit
into place can be an issue, as can sharp
edges that may cause nicks. Regardless
of the problem, the result is the same:
Improper installation leads to leaks and
lost productivity.

This article details the proper installa-
tion of O-Ring energized piston and rod
seals, including recommendations for
preventing deformation, proper heat-
ing methods, lubrication and friction
considerations, installation tools, and
calibration.

An O-Ring energized seal consists of
a plastic sealing jacket, most commonly
of Polytetrafluoroethylene (PTFE). This
provides wear resistance and friction
properties but is not elastic. It therefore
needs to be energized by an elastomer
seal, usually an O-Ring.

There are four steps to take prior to
installing any type of piston seal or rod/
shaft seal:
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. Ensure the bore or rod/shaft has a
lead-in chamfer. If not, use a cali-

bration sleeve.

. De-burr and chamfer sharp

edges and cover the tips of screw
threads.

. Remove machining residue, such

as chips and dirt. Carefully clean
all parts.

. Seal installation is easier if the

bore or rod is oiled. Use a lubri-
cant compatible with the seal, the
O-Ring, and the application. Do
not use lubricants containing sol-
id particles.

CLOSED GROOVE PISTON SEAL
INSTALLATION

To properly seat an O-Ring ener-
gized piston seal into a closed groove,
the plastic element of the seal must be
expanded. The resulting deformation
leaves a diameter increase that needs to
be calibrated.

Heating the seal immediately prior
to expansion can facilitate this pro-
cess, making calibration easier. Gener-
ally, plastic seals are heated with steam,
with a hot air gun, by submersion in
oil, or by submersion in water. Many
plastics, such as PTFE, the material
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Seal Installation

most commonly used in O-Ring ener-
gized seals, are resistant to tempera-
tures above 200°C, but operator safety
usually limits the heat used to less than
100°C.

Some plastics, such as ultra-high
molecular weight polyurethane, nylon,
and thermoplastic polyurethane,
though, should not be heated to above
80°C, and others not exposed to hot
water or steam. This should be checked
before installation. After heating and
installation, thermal contraction of the
plastic element of the seal during cool-
ing assists in bringing the jacket back to
the correct diameter.

When a high amount of friction is
present during installation, lubrication
of both the jacket and installation tool
is recommended. The lubricant used
must be compatible with both the plas-
tic element of the seal, the O-Ring, and
the application. Generally, using the
system fluid is preferable. Lubricants
containing solid particles should never
be used.

To install an O-Ring energized pis-
ton seal into a closed groove without
tools, first stretch the O-Ring by apply-
ing two pieces of woven or plastic pack-
ing band. Then place the O-Ring into
the piston-seal groove, ensuring it’s not
twisted. Use the same method to expand
the jacket, stretching it over the piston
and into the groove.

To install an O-Ring energized pis-
ton seal into a closed groove with tools,
first insert the O-Ring into the piston-
seal groove using the method described
above. Then place an installation cone
over the piston and align it with the seal

groove. Place the jacket and an expand-
ing pusher in position. Then rapidly
expand the seal over the installation
cone and into the groove. Remove the
cone and the pusher.

Using tools can reduce seal deforma-
tion. A shorter expansion time limits
seal-diameter increase, facilitating seal
resizing. Sharp-edged installation tools
should never be used as they can nick
the seal.

SPLIT GROOVE PISTON SEAL
INSTALLATION

Several factors should be considered
when installing an O-Ring energized
piston seal into a split groove. For
seals with a flat O-Ring contact area,
it’s best to place the O-Ring into the
groove and press the jacket axially
onto it, keeping the parts in place until
the housing groove is closed. Heating

the plastic element of the seal before
installation, or stretching it using a cone
or similar implement, can aid in proper
installation.

For O-Ring energized seals with a
concave O-Ring contact area, assem-
ble the O-Ring or O-Rings inside the
seal jacket, slide the assembly onto the
groove, and keep the parts in place until
the housing groove is closed. Again,
heating the plastic element of the seal
prior to installation can facilitate the
process.

CALIBRATING PISTON SEALS
Calibration is necessary to ensure a
piston and seal can be inserted into a
cylinder without damaging the plastic
element of the seal. In a closed-groove
assembly, this means the jacket must be
sufficiently reduced in diameter to pro-
vide uniform contact with the O-Ring.

hen a high amount of friction is present during

installation, lubrication of both the jacket and installation
tool is recommended. The lubricant used must be compatible with
both the plastic element of the seal, the O-Ring, and the application.
Generally, using the system fluid is preferable. Lubricants containing
solid particles should never be used.
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TABLE 1: MINIMUM RECOMMENDED
ROD DIAMETERS FOR CLOSED GROOVE
INSTALLATION OF PISTON SEALS WITH FLAT

O-RING CONTACT AREAS
Bore Diameter Dy (mm)

Seal and

Seal and

TABLE 2: MINIMUM RECOMMENDED
ROD DIAMETERS FOR CLOSED GROOVE
INSTALLATION OF PISTON SEALS WITH

CONCAVE O-RING CONTACT AREAS

Bore Diameter Dy (mm)

mgg Low-Filled PTFE High-Filled PTFE High-Modulus g;lﬁgg Low-Filled PTFE High-Filled PTFE High-Modulus
and Molded Poly- Engineered and Molded Engineered
urethane Plastics Polyurethane Plastics
000 Dyz8 Dyz=15 Dy=20 000 Dy=18 Dyz20 Dy=30
100 Dy 15 Dy=20 Dy = 35 100 Dy 2 25 Dy =30 Dy > 45
200 Dyz25 Dyz35 Dy 2 60 200 Dy=z 32 Dy =45 Dyz70
300 Dy=40 Dy = 50 Dyz75 300 Dyz 50 Dyz 60 Dy=z 95
400 Dy =60 Dy = 80 Dy=110 400 Dy=100 Dy =100 Dy=130

Compressing the jacket to the bore
diameter usually involves a calibration
sleeve and can be performed as a sepa-
rate installation step or when the piston
is inserted into the bore.

The latter approach requires the cali-
bration sleeve to be designed to fit in the
cylinder shell. And if used, it provides
the advantage of assisting with the secure

location of the piston wear rings. When
a separate calibration sleeve is not avail-
able, the jacket can be calibrated direct-
ly in the cylinder bore. This, however,
requires the length of the bore lead-in
chamfer to be increased correspondingly.
The chamfer should have a rounded edge
and an angle of less than 30 deg.

The calibration sleeve should be made

from a polymer material with good
sliding characteristics and high surface
quality—for example, Polyoxymethylene
(POM) or polyamide—to avoid seal
damage.

Because assembly in closed grooves is
particularly demanding for small-bore
diameters, we include the following rec-
ommendations for these.

Check Vvalves

The industry proven Flexible Seal Seat™
combines metal-to-metal and soft seal seating
to ensure superior leak-tight control and
longer service life. Nine sizes with wide
choice of connections and materials for sys-
tem compatibility. Flows to 500 GPM.
Pressure rated to 6,000 PSI; relief settings to
150 PSI.

For details visit: www.kepner.com

BKEPNER

(630) 279-1550 FAX (630) 279-9669 htp://www.kepner.com

GO TO HYDRAULICSPNEUMATICS.COM

Fluid Conducting Quick
Disconnect Couplings

Working Pressures to 6,000 p.s.i. | 3/4” thru 3" Size
Hydraulics, Inc. thread to connect couplings are designed to provide
high flow and low energy loss in fluid power systems. All products
are built for rugged use and are designed with a minimum 4:1 Safety
Factor. Notable features include superior flow characteristics and
resistance to extreme pressures and system induced shock loads.

The carbon steel couplings are offered with both poppet style

(5TV and 6TV Series) or flat face valves (TVF Series). A variety

of port options and pressure ratings up to 6,000 psi, and proven
performance in the field make these products popular in the mining,
oil and gas, construction, and other natural resource sectors.
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E www.hydraulicsinc.com

P.O. Box 6479
Fort Worth, TX 76115
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INSTALLING ROD AND SHAFT SEALS

Before beginning any rod or shaft seal
installation, it's important to complete
the four steps outlined at the top of the
article.

For assembly of an O-Ring ener-
gized seal into a split groove, place the
O-Ring in the groove, press the seal
jacket axially into the O-Ring, and
keep the parts in place until the hous-
ing groove is closed. If the seal has a
concave O-Ring contact area, it may be
necessary to fold the plastic element of
the seal into a kidney-bean shape dur-
ing installation. Before the final assem-
bly step of inserting the rod into the
cylinder gland, elastomer-energized
seals must be calibrated using a calibra-
tion mandrel or a long lead-in chamfer
with a rounded edge.

For assembly into a closed groove
without installation tools, place the
O-Ring into the groove; compress the
jacket into a kidney shape, taking care
not to have any sharp bends or a bend

where there is a notch. Place the seal
jacket in a compressed form into the
groove and push against the O-Ring to
form the seal into a ring again, and then
calibrate the seal using a mandrel with
a long lead-in chamfer and rounded
edges.

Two installation tool options are avail-
able for rod/shaft seals. For low quanti-
ties and rod diameters smaller than 30
millimeters, an inserter tube and pusher
are recommended. For higher quanti-
ties, a spring-loaded, adjustable tool is
recommended as it ensures repeatability
in the process while reducing installa-
tion time.

CALIBRATING ROD/SHAFT
SEALS INSTALLED INTO CLOSED
GROOVES

Calibration ensures the rod/shaft can
be inserted into the cylinder gland with-
out damaging the seal. The seal must be
concentric on the rod. Therefore, after
installation in closed grooves, the folded

jacket must be expanded to provide uni-
form contact with the O-Ring.

This can be done with a calibration
mandrel or the rod. The rod can only
be used on its own if the rod has a long
lead-in chamfer with a rounded edge
and an angle of less than 30 deg. The
calibration mandrel should be made
from a polymer material with good slid-
ing characteristics (like POM or poly-
amide) to avoid damaging the seal. For
single-acting seals, insert the calibration
mandrel from the direction related to
the seal profile, generally from the low-
pressure side.

Because assembly in closed grooves
is particularly demanding for small-rod
diameters, we include the following rec-
ommendations for these.

TABLE 3: MINIMUM
RECOMMENDED ROD
DIAMETERS FOR CLOSED
GROOVE INSTALLATION

OF ROD SEALS WITH FLAT
O-RING CONTACT AREAS

Rod diameter dy
(mm)

Any PTFE, Polyurethane, or
Engineered Plastic

Seal and
O-Ring
Series

00D dy=12
100 dy=16
200 dy=19
300 dy =38
400 dy=70
AR /]
O DED ROD
DA O OSED
OO ALLATION O
oD & O A
. . £\ A A
; - 3
= Any PTFE, Polyurethane, or
Engineered Plastic Material
000 dy=20
100 dy =30
200 dy =40
300 dy 2 60
400 dy =100
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INSTALLING PISTON WEAR RINGS
AND ROD WEAR RINGS

Piston and rod wear rings provide
significant protection against metal-to-
metal contact, help centralize the piston
or rod, and reduce side-loading. These
are, therefore, highly recommended in
piston/rod systems.

Generally, wear-ring installation is
simple as wear rings are split. If a wear
ring that is not split is used in a closed-
groove system, its installation would be
similar to the installation of a rod or pis-
ton seal as described above.

SUMMARY AND FURTHER
RECOMMENDATIONS

At least 50% of root-cause examina-
tions of system breakdowns due to seal
failures find that the seal was improperly
installed. Thus, a high degree of atten-
tion should be paid to education. This
is to ensure that unidirectional seals are
not installed facing the wrong direction;

potential problem areas, such as bores
with sharp edges that can nick the seal
during assembly, are avoided; and the
need for manual or tool-based calibra-
tion to reduce the diameter of a seal
stretched during installation are elimi-
nated.

he best

resource
for information on
whether an installation
tool would speed
installation and/or
prevent seal damage
is your seal supplier.
The same is true
for troubleshooting
installation issues.

The best resource for information
on whether an installation tool would
speed installation and/or prevent seal
damage is your seal supplier. The same
is true for troubleshooting installation
issues. The seal supplier is likely to have
experience with such issues and know
how to remediate them.

Finally, although seal suppliers rec-
ommend a highly-controlled envi-
ronment for seal installation, this is
extremely difficult to achieve in the
field. Designers should consider the
likelihood a damaged seal will need to
be uninstalled and a new one installed in
less-than-ideal conditions.

In many cases, the seal supplier can
recommend a seal that’s either easier
to install or is more durable, reducing
the chance that seal damage will cause
system failure. In addition, if the seal
supplier is involved from application
concept, it may be possible to design out
potential installation issues. i3

BARBIERI

50 YEARS OF RUBBER PARTS
PRODUCTION

Barbieri Rubber, founded in 1967 and
still managed by Barbieri's family,
engineers and manufactures exclusi-
vely rubber moulded components,
Our 2,000 square meters wide
headquarters are located in Reggio
Emilia, ltaly and host different depart-
ments: Production, with injection and
compression presses from 35 tons up
to 500 tons; the technical department
- with skilled engineers ready to fulfil
your project needs; the quality
department to assure high-level
products and a wide warehouse
useful to host our customers'
ready-to-delivery products,

www.barbierirubber.it
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LEE Relief Valves

Provide Stable Flow

C Up Run Flow
= Down Run Flow

This miniature poppet-style relief valve offers a faster
opening rate and more stable flow than typical, ball-style

relief valves. Soe us at IFPE, Booth

B Stable Flow — Low Hysteresis

m Low Leakage Innovation in Miniature
m Self-Retained E - a: Ga
B Zero Leak Models Available

m Relief Pressures up to 3,500 The Lee Company

psi (240 Bar) 2 Pettipaug Road

B Smallest Package Size Westbrook, CT 06498 USA
Tel: 860-399-6281

THINK BIG. sitemanm@theleeco.com

DESIGN SMALL. www.leeimh.com
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