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Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Statement of Problem
1. Seal Type

2. Fluid Sealed 
(In sequence if multiple)

A. B.

C. D. Material Spec.

3. Temperature High Low Working

4. Pressure High Low Working

5. Applied Pressure Uni-Directional Steady Surge

Bi-Directional Fluctuating Frequency

6. Gland Dimensions
(If separate, groove wall)

OD Finish Material

ID Finish Material

Finish Material

7. Max. Stretch at Installation

8. Assembly Problems Dirt Lint Lube

Twisted Blind Pinching

Over Threads Corners, Holes, Etc.

Moving Seals
9. Length of Stroke (Reciprocating) Arc of Travel (Oscillating)

Surface Speed (Rotary) Frequency  
(Oscillating or Reciprocating)

10. Shaft Bearings No

Side Loading Effect Eccentricity

11. Operating Clearance Max. Min.

12.  Leakage Tolerance

13. Friction Tolerance Breakaway Running

14. Anticipated Overhaul Period

Ease of Access and 
Replacement

15. Lubrication By Fluid Sealed External

16. Cleanliness Protected Open Bad

O-Ring Size No. And Parker Compound No. Or Military Part No.

17. Please include a drawing or sketch if needed to clarify the assembly, and add any other pertinent information.

NOTE: For O-rings molded of compounds having other than standard shrinkage, determine the finished dimensions and tolerances as described in the  
Appendix (Section X). 

Table 1-2: Statement of Problem
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3.14 Acids
Resistance of elastomeric compounds to acids often changes 
dramatically with temperature and with concentration.

In strong solutions, the acid resistant fluorocarbon compound 
often maintains its properties rather well, particularly at room 
temperature. In the Fluid Compatibility Table in Section VII, 
it is shown as the only compound that is likely to withstand 
the effects of concentrated nitric and hydrochloric acids at 
room temperature. At higher temperatures in these acids, only 
a perfluoroelastomer can be expected to maintain a seal on 
a long term basis.

In dilute solutions, an ethylene propylene compound is usually 
preferred, particularly if there is any elevated temperature 
involved, because ethylene propylene has excellent resistance 
to water as well as quite good acid resistance.

It is particularly important to test seal compounds under  
service conditions when a strong acid is to be sealed at  
elevated temperatures.

3.14.1 Plastic Contact Surfaces
Sometimes when an O-ring is used in contact with a plastic 
material, the plastic will develop a series of fine cracks that 
weaken it. This “crazing” has been noticed most frequently 
with polycarbonate resins, such as General Electric’s Lexan, 
but it has also been found in other plastic materials.

This effect is most severe when the plastic material is under 
the greatest stress, and may be caused by stress alone. For 
instance, compounds E0515-80, N0522-90 and V0709-90 
were rated “marginal,” but we feel that the problem with 
these elastomers may have been caused by their hardness, 
as we would not expect a chemical effect between them and 
a polycarbonate resin.

General Electric Company has tested a number of Parker 
Seal Compounds with Lexan and found that the following 
materials are generally acceptable in contact with Lexan. 
See Table 3-21.

3.14.2 Silicone Fluids
Silicone fluids are chemically very stable. Reference to the 
Fluid Compatibility Table in Section VII, for instance, shows 
that all types of seal polymers except silicone rubber may be 
used for silicone oils and greases. There are some individual 
compound exceptions.

Silicone fluids have a great tendency to remove plasticizer 
from compounds, causing them to shrink. The effect is most 
severe with the combination of low viscosity silicone fluids 
in high temperature environments. Because of this, military 
nitrile compounds, and any other nitriles with a low tempera-
ture limit below -40°C (-40°F) should not be used to seal 
silicone fluids as such low temperature nitriles must contain 
large amounts of plasticizers. Other compounds, including 
the high temperature nitriles, should be tested before use to 
be certain they will not shrink more than one or two percent.

Silicone rubber is rated 3 (doubtful) in contact with silicone 
fluids. The poor rating is given because silicone rubber tends 
to absorb silicone fluids, resulting in swelling and softening 
of the rubber. Occasionally, however, it is desirable to seal a 
silicone fluid with a silicone rubber O-ring. This combination 
is generally acceptable if the viscosity of the silicone fluid is 
100,000 centistokes or more, and if the maximum temperature 
will not exceed 149°C (300°F).

3.14.3 Underwriters’ Laboratories
Common Parker compounds are listed by Underwriters’  
Laboratories (UL) under their “Recognized Compound 
Program.” The listing is based on UL testing of compound 
for specific service requirements as shown in Table 3-22.

3.14.4 Water and Steam Resistance
Water seems like such an innocuous fluid; people are often 
surprised to learn that it can bring problems if it is not sealed 
with the proper O-ring material.

After a long period of water immersion, many compounds 
will swell quite drastically. In a static seal, this may be quite 
acceptable. Such a seal surely will not leak, and if it can be 
replaced with a new one after disassembly, the fact that it has 
become too large to put back into the gland cavity becomes 
only an interesting curiosity. In situations where the O-rings 
are routinely replaced before they have swelled more than  
a few percent, the user may not even be aware of their  
strange behavior. Used as a long-term dynamic seal, however, 
this gradual swelling of many compounds in water can cause  
a slow but very annoying increase in both breakout and  
running friction.

Figure 3-12 and Figure 3-13 illustrate this gradual swelling of 
a number of Parker Seal compounds when exposed to water at 
two different temperatures. From these curves it will be seen that 
E0540-80 ethylene propylene rubber is the single compound 
tested that had virtually no swell. This is our recommended 
compound for water and steam for temperatures up to 149°C 
(300°F). Where exposure to steam and hot air alternate, as in 
tire presses, it serves better than in either one alone.

Compounds for Use Against Lexan(1) Surfaces
Ethylene Propylene
E0692-75 (marginal)
E0515-80 (marginal)

Nitrile
N0602-70
N0674-70
N0304-75
N0508-75
N0741-75

N0506-65 (marginal)
47-071 (marginal)

N0552-90 (marginal)

Fluorocarbon 
V0680-70
V0747-75

V0709-90 (marginal)

Neoprene
C0267-50
C0557-70

Polyurethane
P0642-70

Silicone
S0317-60
S0469-40
S0604-70

(1) General Electric Trademark
Note: Some of these compounds may no longer be available.

Table 3-21: Compounds for Use Against Lexan Surfaces
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For even greater resistance to steam, Parker has developed 
compound E0962-90. This ethylene propylene compound 
showed very little change in physical properties after  
70 hours exposure to steam at 288°C (550°F).

With sealing steam or water with ethylene propylene rubber, it 
is important to remember that it will deteriorate when exposed 
to petroleum lubricants. When lubrication is required, silicone 
oil, glycerin, or ethylene glycol are suggested.

Underwriters’ Laboratories Approved Services
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Service A B C D E F G H I J L M
EA454-50 (3575)
KA170-55 (21105)
LM159-70
N0299-50
N0497-70
N0674-70
N1499-70
N1585-70
N1500-75
N1591-75 (67357)
NF162-65 (1106)
N1565-75 (67027)
N1527-70 (67147)
V0747-75
VA151-75 (19357)
V0884-75
V1163-75
V1226-75
V1262-65
V1263-75
V1436-75
*Contact factory for specific ratios of alcohol (methyl and/or ethyl) and gasoline.
Note: Material certifications are subject to change. Please contact Parker’s O-Ring Division for more information.

Table 3-22: Underwriters’ Laboratories – JMLU2 – Gaskets and Seals

Figure 3-12: Water and Steam Resistance at Room Temperature
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Figure 3-13: Water and Steam Resistance at 70°C (158°F)
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3.15 Semiconductor
The semiconductor industry is utilizing increased levels  
of toxic fluids and gases, which place extreme demands 
upon seal design and materials. Not only to prevent system 
contamination from the external environment, but they must 
not contribute any contaminates to the system in their own 
right. Specific needs are required by each of the four primary 
environments employed by the semiconductor industry:

•	Gases & Vacuum	 •	Thermal
•	Plasma	 •	Wet Processing

Working conditions:
	 Temperatures:	 up to 300°C (572°F) 
	 Pressures:	 vacuum to 10-9

Contact our Application Engineering Department regarding 
Semiconductor sealing applications.

3.16 inPHorm Seal Design and Material  
Selection Software
Parker recommends utilizing our inPHorm design software to 
guide the user through the design and selection of an O-ring 
and corresponding seal gland. Parker’s inPHorm not only 
addresses standard o-ring sizes, but will allow the user to 
custom design O-ring glands and seals specifically for their 
application. To obtain inPHorm software contact the O-Ring 
Division, Parker Product Information at 1-800-C-PARKER 
or download from www.parkerorings.com. If inPHorm is 
not readily available manual calculations can be performed.

3.17 Drive Belts
3.17.1 Introduction
O-rings and lathe-cut rings are being used extensively as low 
power drive belts because they are inexpensive and simple 
to install. Due to their resilient nature, they do not require 
the use of belt tensioning devices, and pulley locations  
do not need to be extremely accurate.
For most elastic drive belt applications, O-rings are preferred 
over lathe-cut rings for a number of reasons:
(a)	 Ease of installation.
(b)	Uniform stress distribution.
(c)	 Ready availability of many standard sizes.
(d)	Flexibility of usage.
(e)	 No sharp corners on the belt.

Lathe-cuts are often completely adequate for the task, but they 
are more likely to require special tooling, making the cost 
prohibitive when only a small quantity is needed. For large 
quantities, the tooling cost becomes insignificant, and overall 
cost savings are generally realized in using lathe-cut rings. 
Due to the special manufacturing techniques employed, all 
lathe-cut applications are reviewed by the O-Ring Division’s 
Application Engineering Department.
Parker Seal is conducting a continuing program of testing 
compounds for drive belt service, and developing new drive 
belt compounds to optimize the properties that are most  

needed in a drive belt. Minimum stress relaxation and  
maximum flex life are especially important in a drive 
belt, but several compounds must be available to provide  
resistance to the various fluids and temperature ranges that 
may be encountered.

3.17.2 Drive Belt Compound Selection
An O-ring compound intended for drive belt service should 
be selected for minimum stretch relaxation (tensile set) and 
maximum dynamic properties.

The choice of elastomer is determined by the  
physical environment:

•	Contact medium, ozone, oil, grease.
•	Service temperatures.

The general requirements for elastomer drive belt materials are:
•	Good aging resistance.
•	Wear resistance.
•	Relatively low tendency to return to original shape under 

tension and temperature caused by friction; this means 
a higher resistance to the Joule effect.

•	Good flexibility.

3.17.3 Available Drive Belt Compounds
The information below describes the most suitable drive  
belt compounds available. The Application Engineering 
Department should be contacted for additional information.
E0751-65 has been developed specifically for drive belt use. 
Performance data from production samples show that it has 
properties superior to O-ring compounds recommended  
formerly, and E0751-65 has become the “standard’’ drive belt 
compound as a result. The most important of its properties are 
low stress relaxation combined with reliability and resistance 
to high temperature. A limitation that prevents its use in a few 
applications is its lack of resistance to petroleum fluids.

Figure 3-14: Modulus Curves for Drive Belt Compounds
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Some O-ring seal compounds have been used successfully 
in many drive belt applications. The three materials described 
below have been evaluated specifically for this type of use 
and gave superior performance under the conditions stated:

P0642-70 has been a very successful material for drive belt  
applications. It is recommended for severe conditions where extra 
abrasion resistance, long life, and high stress values are required 
and service temperatures do not exceed 54°C (130°F). Its major 
attribute is reliability, which is due to the excellent flow charac-
teristics of polyurethane that minimize the possibility of poor 
knitting. It is a particularly tough material, having high tensile 
strength and excellent resistance to abrasion, wear, and fatigue.

C0873-70 is recommended where the service temperature exceeds 
54°C (130°F) and there is a possibility of contact with petroleum 
fluids. It has outstanding resistance to stress relaxation at  
temperatures as high as 82°C (180°F), though its resistance to 
fatigue is not as good as other Parker drive belt compounds.

S0604-70 is the compound generally selected for high  
temperature use or for applications where the black color of 
the other drive belt compounds is not permissible. Being a 
silicone, however, it does not have the tensile strength or 
resistance to wear and abrasion of the other compounds. The 
user, therefore, should not sacrifice these important properties 
by specifying an unrealistically high temperature to provide 
a “safety factor”. Usually some excess temperature can be 
tolerated if the exposure time is of short duration and is  
repeated only a few times during the life of the drive belt. It 
should be remembered that the physical properties of any 
compound will be poorer at elevated temperature.

Table 3-23 compares the important properties of these rubber 
materials. Specific gravity and stress relaxation are listed first 

because these data are needed in drive belt design. When drive 
belts may contact fluids not listed in Table 3-23, refer to the  
Fluid Compatibility Tables in Section VII. In any case, contact  
of elastomeric drive belts with any liquid must be kept to an  
absolute minimum. Almost any liquid on the belt will  
reduce friction, causing slippage. Since contact with fluids  
is seldom encountered in drive belt practice, this becomes a  
minor consideration.

3.18 Applications Summary
In the foregoing discussions on special applications, there 
are necessarily many references to problems and failures, but 
the object of pointing out possible pitfalls is to indicate to 
the designer the steps he can take to avoid them. The object 
of this whole reference manual, then, is the very positive one 
of showing how to produce reliable, economical, effective 
O-ring seals for a diversity of uses.

An important factor in most O-ring seals is the rubber com-
pound from which it is made. For the special applications 
presented in this chapter, many specific compound recom-
mendations are included. Parker Compound recommendations 
based on fluid type alone will be found in the Fluid Compat-
ibility Tables in Section VII.

It is an excellent practice, after selecting one or more likely 
materials, to study those portions of the Elastomers section that 
apply to that material. Background information is given there 
that will give the designer a better understanding of the general 
properties of each of the major polymers, and help him select 
wisely when a choice or compromise must be made. The  
explanations of physical properties and how they are tested are 
also necessary for an adequate understanding of rubber materials 
and their behaviour in different operating environments. 

Parker Seal Elastic Drive Belt Compound Data(1)

Compound Number  
Specific Gravity, G

DBA(5) E0751-65  
1.13

DBA(5) P0642-70  
1.29

DBA(5) C0557-70  
1.47

DBA(5) S0604-70  
1.43

Dynamic Stress Relaxation(2)  
Initial Stress, 120 PSI 13% 19% 14% 21%

	 Static Stress Relaxation(3)  
	 Initial Stress, 120 PSI

Temp °C (°F)
24 (75) 14% 21% 14% 2%
66 (150) 18% 29% 19% 5%
82 (180) 20% 36% 22% 2%

Flex Life Rating Good Excellent Acceptable Excellent
Maximum Temperature, °C (°F) 82 (180) 54 (130) 82 (180) 149 (300)
Hardness, Shore A, Durometer
Tensile Strength, Bar (PSI)
Elongation, %
Modulus @ 100%, Elongation, Bar (psi)

65±5 70±5 70±5 70±5
135.9 (1970) 302.2 (4380) 138.0 (2000) 62.1 (900)

385 535 250 160
30.4 (440) 29 (420) 38.0 (550) 41.1 (600)

Resistance to:(4) 
Petroleum Fluids 
Silicone Fluids 
Water 
Ozone 
Abrasion

Poor Excellent Good Poor
Excellent Excellent Excellent Poor
Excellent Fair Good Good
Excellent Excellent Good Excellent

Good Excellent Good Poor

(1) All values shown are typical. Do not use for specification limits. Specimens: 2-153 O-rings.
(2) After three days dynamic testing at room temperature Motor pulley pitch diameter: .611", speed: 1740 rpm. Cast iron driven pulley pitch diameter: 
2.623".  
	 Duty cycle 3 minutes on, 15 seconds off. Load: inertia of cast iron pulley.
(3) After 48 hours static testing at temperature indicated. Two ½" diameter pulleys.
(4) For information on resistance of these materials to other fluids, see Fluid Compatibility Table in Section VII.
(5) When ordering parts for drive belt applications, the letters “DBA” precede the part number. Example: DBAS0604-70 2-250.

Table 3-23: Parker Seal Elastic Drive Belt Compound Data
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Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

Acetone Silicone 25 77 14,850 I
Acetylene Butyl 25 77 1.26 I
Acetylene Butyl 50 122 5.74 I
Acetylene Natural 25 77 74.5 I
Acetylene Natural 50 122 192 I
Acetylene Nitrile 25 77 18.7 I
Acetylene Nitrile 50 122 67.4 I
Air Butyl Room 0.2 DC
Air Butyl 200 392 100 DC
Air Fluorosilicone Room 48.4 DC
Air Natural Room 6.7 DC
Air Natural 200 392 262 DC
Air Silicone Room 18.0 to 25.6 DC
Air Silicone 200 392 74 DC
Air Polyurethane Room 0.5 DC
Ammonia Silicone 25 77 4396 I
Argon Butyl (B0318-70) 35 95 1.19 A
Argon Butyl (B0318-70) 82 180 9.04 A
Argon Butyl (B0318-70) 124 255 36.1 A
Argon Ethylene Propylene 38 100 11.3 to 22.9 A
Argon Ethylene Propylene (E0529-65) 40 104 22.9 A
Argon Ethylene Propylene (E0692-75) 38 100 15.58 A
Argon Ethylene Propylene 93 200 57.0 to 108.7 A
Argon Ethylene Propylene (E0529-65) 94 202 105 A
Argon Ethylene Propylene (E0692-75) 93 199 77 A
Argon Ethylene Propylene 149 300 170 to 375 A
Argon Ethylene Propylene (E0529-65) 155 311 375 A
Argon Ethylene Propylene (E0692-75) 149 300 280 A
Argon Fluorocarbon-Viton(4) 93 200 31 A
Argon Natural 25 77 17.2 I
Argon Neoprene 36 97 0.67 I
Argon Neoprene 38 100 18 A
Argon Neoprene 52 126 1.42 I
Argon Neoprene 86 187 6.46 I
Argon Nitrile 38 100 1.60 to 3.88 A
Argon Nitrile (N0741-75) 39 103 2.06 A
Argon Nitrile 79 175 6.39 to 16.7 A
Argon Nitrile (N0741-75) 80 176 7.36 A
Argon Nitrile 121 250 13.7 to 62.3 A
Argon Nitrile (N0741-75) 118 245 34 A
Argon Polyacrylate (A0607-70) 38 100 8.28 A
Argon Polyacrylate (A0607-70) 91 195 40.66 A
Argon Polyacrylate (A0607-70) 153 307 327 A
Argon Polyurethane (P0642-70) 39 103 1.5 A
Argon Polyurethane (P0648-90) 39 102 0.99 A
Argon Polyurethane (P0642-70) 66 151 5.45 A
Argon Polyurethane (P0648-90) 67 152 4.07 A
Argon Polyurethane (P0642-70) 94 202 20.8 A
Argon Polyurethane (P0648-90) 94 201 7.3 A
Argon SBR 38 100 1.09 to 5.24 A
Argon SBR (G0244-70) 38 101 5.24 A
Argon SBR (G0244-70) 84 183 25.5 A
Argon SBR (G0244-70) 122 251 138 A
Argon Silicone 38 100 230 to 487 A

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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O-Ring Applications
Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

Argon Silicone (S0684-70) 38 101 347 A
Argon Silicone 93 200 454 to 1500 A
Argon Silicone (S0684-70) 91 195 454 A
Argon Silicone 149 300 566 to 2840 A
Argon Silicone (S0684-70) 156 313 1020 A
Argon Silicone Room 450 I
Argon PTFE 149 300 12 A
Benzene Silicone 25 77 14300 I
Butane Silicone 25 77 6750 I
Butane Silicone 30 86 12980 I
Butane Silicone 40 104 12380 I
Butane Silicone 50 122 11630 I
Butane Silicone 60 140 11030 I
Butane Silicone 70 158 11330 I
iso-Butane Silicone 30 86 7250 to 12980 I
iso-Butane Silicone 40 104 7058 to 12380 I
iso-Butane Silicone 50 122 6861 to 11630 I
iso-Butane Silicone 60 140 6691 to 11030 I
iso-Butane Silicone 70 158 6541 to 11330 I
Carbon Dioxide Butadiene 25 77 36.3 to 103.6 I
Carbon Dioxide Butadiene 30 86 103.5 I
Carbon Dioxide Butadiene 50 122 197.4 I
Carbon Dioxide Fluorosilicone Room 514 DC
Carbon Dioxide Fluorosilicone 26 79 444 I
Carbon Dioxide Natural 25 77 98.3 to 116 I
Carbon Dioxide Natural 30 86 98.3 I
Carbon Dioxide Natural 50 122 218 I
Carbon Dioxide Neoprene 22.3 72 9.98 I
Carbon Dioxide Neoprene 25 77 13.9 to 19.2 I
Carbon Dioxide Neoprene 30 86 14.0 to 18.8 I
Carbon Dioxide Neoprene 50 122 47.6 I
Carbon Dioxide Nitrile 20 68 5.63 I
Carbon Dioxide Nitrile 30 86 47.7 I
Carbon Dioxide Polysulfide 23 73 7.95 I
Carbon Dioxide Polysulfide 25 77 2.37 I
Carbon Dioxide Polyurethane 20 68 10.5 I
Carbon Dioxide Polyurethane 30 86 5.4 to 30.0 I
Carbon Dioxide Silicone 20.5 69 1028 to 1530 I
Carbon Dioxide Silicone 25 77 2280 I
Carbon Dioxide Silicone 32 90 1025 to 1545 I
Carbon Dioxide Silicone 43.5 110 1043 to 1538 I
Carbon Dioxide SBR 25 77 92.8 I
Carbon Dioxide SBR 30 86 93.0 I
Carbon Dioxide FEP PTFE 25 77 7.51 I
Carbon Monoxide Butadiene 25 77 4.64 I
Carbon Monoxide Natural 25 77 11.8 I
Carbon Monoxide Silicone Room 255 I
Carbon Tetrachloride Silicone Room 52500 I
Carbonyl Chloride Silicone Room 11250 I
Ethane Butadiene 25 77 24.97 I
Ethane Silicone 25 77 1875 I
Ethylene Silicone Room 1013 I
Formaldehyde Silicone Room 8830 I
Freon 11 Silicone 25 77 11250 I

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Freon 12 Butyl 25 77 1.05 to 55.5 I
Freon 12 Fluorocarbon 25 77 2.4 to 63 I
Freon 12 Neoprene 25 77 8.78 I
Freon 12 Nitrile 25 77 .3 to 5.5 I
Freon 12 Polyurethane 25 77 14.55 I
Freon 12 Silicone 25 77 1035 I
Freon 22 Butyl 25 77 3.0 I
Freon 22 Fluorocarbon 25 77 57 I
Freon 22 Neoprene 25 77 19.5 I
Freon 22 Nitrile 25 77 353 I
Freon 22 Polyurethane 25 77 225 I
Helium Butadiene 25 77 11.8 I
Helium Butyl (B0612-70) 25 77 6.5 P
Helium Butyl (B0612-70) 80 176 52.0 P
Helium Butyl (B0612-70) 150 302 240 P
Helium EP (E0515-80) 25 77 19.7 P
Helium EP (E0515-80) 80 176 61.0 P
Helium EP (E0515-80) 150 302 320 P
Helium Fluorocarbon 30 86 12.8 I
Helium Fluorocarbon (V0747-75) 25 77 12.7 P
Helium Fluorocarbon (V0747-75) 80 176 131 P
Helium Fluorocarbon (V0747-75) 150 302 490 P
Helium Fluorosilicone (L0449-65) 25 77 143 P
Helium Fluorosilicone (L0449-65) 80 176 461 P
Helium Fluorosilicone (L0449-65) 150 302 973 P
Helium Natural 25 77 17.25 to 32.3 I
Helium Natural 30 86 27.0 I
Helium Natural 34 93 43.0 I
Helium Natural 50 122 51.6 I
Helium Neoprene 0 32 1.7 I
Helium Neoprene 25 77 .6 to 7.5 I
Helium Neoprene (C0557-70) 25 77 6.5 P
Helium Neoprene 30.4 87 5.9 I
Helium Neoprene 41.5 107 11.8 I
Helium Neoprene 57 135 26.3 I
Helium Neoprene 73 163 36.0 I
Helium Neoprene (C0557-70) 80 176 59.6 P
Helium Neoprene 101.3 214 70.5 I
Helium Neoprene (C0557-70) 150 302 187 P
Helium Nitrile 25 77 7.40 I
Helium Nitrile (N0674-70) 25 77 8.0 P
Helium Nitrile 50 122 19.3 I
Helium Nitrile (N0674-70) 80 176 65.9 P
Helium Nitrile (N0674-70) 150 302 252 P
Helium Nitroso NR3 1050 I
Helium Polyacrylate (A0607-70) 25 77 16.3 P
Helium Polyacrylate (A0607-70) 80 176 110 P
Helium Polyacrylate (A0607-70) 150 302 310 P
Helium Polyurethane (P0642-70) 25 77 3.6 P
Helium Polyurethane (P0642-70) 80 176 33.5 P
Helium SBR 25 77 17.3 I
Helium Silicone 25 77 263 I
Helium Silicone (S0604-70) 25 77 238 P
Helium Silicone 30 86 173 I

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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O-Ring Applications
Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Helium Silicone (S0604-70) 80 176 560 P
Helium Silicone (S0604-70) 150 302 1250 P
Helium TFE PTFE 25 77 523 (sic) I
Helium TFE PTFE 30 86 90.0 I
Helium TFE PTFE 50 122 128 I
Helium FEP PTFE 25 77 30.1 I
Helium FEP PTFE 30 86 46.5 I
Helium FEP PTFE 50 122 58.5 I
Helium FEP PTFE 75 167 94.4 I
Helium FEP PTFE 100 212 157 I
Hexane Silicone 25 77 7050 I
Hydrogen Butadiene 25 77 31.6 I
Hydrogen Butadiene 50 122 76.0 I
Hydrogen Butyl (B0318-70) 35 95 16.1 A
Hydrogen Butyl (B0318-70) 82 180 68.2 A
Hydrogen Butyl (B0318-70) 124 255 273 A
Hydrogen Ethylene Propylene 38 100 28.9 to 111 A
Hydrogen Ethylene Propylene (E0529-65) 40 104 111 A
Hydrogen Ethylene Propylene (E0692-75) 38 100 45.3 A
Hydrogen Ethylene Propylene 93 200 187 to 544 A
Hydrogen Ethylene Propylene (E0529-65) 94 202 544 A
Hydrogen Ethylene Propylene (E0692-75) 94 201 252 A
Hydrogen Ethylene Propylene 152 306 599 to 1730 A
Hydrogen Ethylene Propylene (E0529-65) 155 311 1730 A
Hydrogen Ethylene Propylene (E0692-75) 151 304 591 A
Hydrogen Fluorocarbon-Viton4 93 200 160 A
Hydrogen Neoprene 38 100 180 A
Hydrogen Nitrile 38 100 10.3 to 32.1 A
Hydrogen Nitrile (N0741-75) 39 103 11.9 A
Hydrogen Nitrile 79 175 47.0 to 125 A
Hydrogen Nitrile (N0741-75) 80 176 88.2 A
Hydrogen Nitrile 121 250 98.8 to 330 A
Hydrogen Polyacrylate (A0607-70) 38 100 49.6 A
Hydrogen Polyacrylate (A0607-70) 91 195 174 A
Hydrogen Polyacrylate (A0607-70) 153 307 927 A
Hydrogen Polysulfide 25 77 1.2 I
Hydrogen Polyurethane (P0642-70) 39 103 19.3 A
Hydrogen Polyurethane (P0648-90) 39 102 4.89 A
Hydrogen Polyurethane (P0642-70) 66 151 70.4 A
Hydrogen Polyurethane (P0648-90) 67 152 21.3 A
Hydrogen Polyurethane (P0642-70) 94 202 155 A
Hydrogen SBR 25 77 30.1 I
Hydrogen SBR (G0244-70) 38 101 46.2 A
Hydrogen SBR (G0244-70) 84 183 245 A
Hydrogen SBR (G0244-70) 122 251 539 A
Hydrogen Silicone Room 188 to 488 I
Hydrogen Silicone 25 77 495 I
Hydrogen Silicone (S0684-70) 39 103 1010 A
Hydrogen Silicone 93 200 1570 to 2070 A
Hydrogen Silicone (S0684-70) 91 195 2070 A
Hydrogen Silicone 149 300 3300 to 8760 A
Hydrogen Silicone (S0684-70) 156 313 4300 A
Hydrogen FEP PTFE -74 -101 .0113 I
Hydrogen FEP PTFE -46 -51 .180 I

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Hydrogen FEP PTFE -18 0 1.05 I
Hydrogen FEP PTFE 10 50 3.90 I
Hydrogen FEP PTFE 25 77 9.89 I
Hydrogen FEP PTFE 38 100 10.1 I
Hydrogen FEP PTFE 50 122 24.7 I
Hydrogen FEP PTFE 66 151 22.5 I
Hydrogen FEP PTFE 75 167 49.5 I
Hydrogen FEP PTFE 100 212 89.9 I
Hydrogen TFE PTFE 25 77 17.8 I
Hydrogen TFE PTFE 30 86 42.0 I
Hydrogen TFE PTFE 50 122 63.8 I
Hydrogen Sulfide Silicone 25 77 4870 I
Iodine Silicone Room 75000 I
Krypton Butyl (B0318-70) 35 95 1.39 A
Krypton Butyl (B0318-70) 82 180 10.3 A
Krypton Butyl (B0318-70) 124 255 54.7 A
Krypton Ethylene Propylene (E0529-65) 40 104 38.6 A
Krypton Ethylene Propylene (E0692-75) 38 101 16.6 A
Krypton Ethylene Propylene (E0529-65) 94 202 184 A
Krypton Ethylene Propylene (E0692-75) 94 201 91.2 A
Krypton Ethylene Propylene (E0529-65) 155 311 324 A
Krypton Ethylene Propylene (E0692-75) 151 304 289 A
Krypton Fluorocarbon-Viton(4) 93 200 25 A
Krypton Natural 35 95 47.8 I
Krypton Neoprene 38 100 32 A
Krypton Nitrile 38 100 .935 to 4.40 A
Krypton Nitrile (N0741-75) 39 103 1.82 A
Krypton Nitrile 79 175 10.7 to 30.1 A
Krypton Nitrile (N0741-75) 80 176 11.6 A
Krypton Nitrile 121 250 27.8 to 86.6 A
Krypton Nitrile (N0741-75) 118 245 48.9 A
Krypton Polyacrylate (A0607-70) 38 100 14.8 A
Krypton Polyacrylate (A0607-70) 91 195 90.4 A
Krypton Polyacrylate (A0607-70) 153 307 464 A
Krypton Polyurethane (P0642-70) 39 103 2.06 A
Krypton Polyurethane (P0648-90) 39 102 .783 A
Krypton Polyurethane (P0642-70) 66 151 6.53 A
Krypton Polyurethane (P0648-90) 67 152 4.35 A
Krypton Polyurethane (P0642-70) 94 202 31.9 A
Krypton Polyurethane (P0648-90) 94 201 36.8 A
Krypton SBR 38 100 7.35 to 30.8 A
Krypton SBR (G0244-70) 38 101 7.35 A
Krypton SBR 82 180 43.0 to 82.1 A
Krypton SBR (G0244-70) 84 183 43.0 A
Krypton SBR 121 250 144 to 276 A
Krypton SBR (G0244-70) 122 251 144 A
Krypton Silicone Room 735 I
Krypton Silicone 38 100 521 to 708 A
Krypton Silicone (S0684-70) 38 101 708 A
Krypton Silicone 93 200 749 A
Krypton Silicone (S0684-70) 91 195 1440 A
Krypton Silicone 149 300 1030 to 3190 A
Krypton Silicone (S0684-70) 156 313 2320 A
Krypton PTFE 149 300 24 A

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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O-Ring Applications
Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Methane Butadiene 25 77 9.77 I
Methane Butyl 25 77 .56 I
Methane Fluorocarbon 30 86 .12 I
Methane Natural 25 77 22.7 I
Methane Neoprene 25 77 2.6 I
Methane Nitrile 25 77 2.4 I
Methane Silicone 25 77 705 I
Methane Silicone 30 86 443 I
Methane FEP PTFE 25 77 .702 to .83 I
Methane FEP PTFE 30 86 1.05 I
Methane FEP PTFE 50 122 2.02 I
Methane FEP PTFE 75 167 4.50 I
Methane FEP PTFE 100 212 8.99 I
Methane TFE PTFE 30 86 1.13 I
Methane TFE PTFE 50 122 3.0 I
Methanol Silicone Room 10430 I
Neon Natural 35 95 8.5 I
Nitric Oxide Silicone Room 450 I
Nitrogen Butadiene 25 77 3.0 I
Nitrogen Butadiene 25 77 4.85 I
Nitrogen Butadiene 50 122 14.3 I
Nitrogen Butyl 25 77 .244 I
Nitrogen Butyl 30 86 .234 I
Nitrogen Butyl 50 122 1.25 I
Nitrogen Fluorocarbon 30 86 .233 I
Nitrogen Fluorocarbon 50 122 .975 I
Nitrogen Fluorosilicone Room 40 DC
Nitrogen Isoprene 25 77 5.3 I
Nitrogen Isoprene 50 122 16.8 I
Nitrogen Natural Room 4.8 DC
Nitrogen Natural 25 77 6.04 to 9.9 I
Nitrogen Natural 30 86 6.06 to 7.9 I
Nitrogen Natural 50 122 19.1 I
Nitrogen Neoprene 25 77 .01 to 2 I
Nitrogen Neoprene 30 86 .885 I
Nitrogen Neoprene 54 129 4.35 I
Nitrogen Neoprene 85 185 16.7 I
Nitrogen Nitrile 20 68 .46 I
Nitrogen Nitrile 25 77 .177 to 1.89 I
Nitrogen Nitrile 30 86 .176 to .795 I
Nitrogen Nitrile 50 122 1.07 to 6.9 I
Nitrogen Nitrile 79 174 13.4 I
Nitrogen Nitroso NR3 108 I
Nitrogen SBR 25 77 4.7 I
Nitrogen SBR 30 86 4.76 I
Nitrogen Silicone Room 75 to 120 I
Nitrogen Silicone Room 210 I
Nitrogen Silicone 30 86 113 to 188 I
Nitrogen Silicone 50 122 240 I
Nitrogen TFE PTFE 25 77 2.4 I
Nitrogen TFE PTFE 30 86 3.9 I
Nitrogen TFE PTFE 50 122 7.5 I
Nitrogen FEP PTFE 25 77 1.44 I
Nitrogen FEP PTFE 30 86 1.9 I

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Nitrogen FEP PTFE 50 122 4.4 I
Nitrogen FEP PTFE 75 167 9.2 I
Nitrogen FEP PTFE 100 212 18.5 I
Nitrogen Dioxide Silicone Room 5701 I
Nitrogen Oxides TFE PTFE NR3 3475 I
Nitrogen Oxides FEP PTFE NR3 485 I
Nitrogen Tetroxide TFE PTFE 25 77 0.050 to 1.00 I
Nitrogen Tetroxide TFE PTFE 28 82 12.4 I
Nitrogen Tetroxide TFE PTFE 28 82 3.9 I
Nitrous Oxide Silicone Room 3263 I
Octane Silicone 25 77 6450 I
Oxygen Butadiene 25 77 8.5 I
Oxygen Butadiene 25 77 14.3 I
Oxygen Butadiene 30 86 14.3 I
Oxygen Butadiene 50 122 35.5 I
Oxygen Butyl Room .98 to 1.05 I
Oxygen Butyl 25 77 .89 to 4.2 I
Oxygen Butyl 30 86 .98 I
Oxygen Butyl 50 122 3.98 I
Oxygen Fluorocarbon 26 79 1.7 I
Oxygen Fluorosilicone Room 81.3 DC
Oxygen Fluorosilicone Room 82.5 I
Oxygen Fluorosilicone 26 79 78 I
Oxygen Natural Room 13.0 DC
Oxygen Natural 25 77 17.5 I
Oxygen Natural 30 86 17.48 I
Oxygen Natural 50 122 46.4 I
Oxygen Neoprene 23 73 3.1 I
Oxygen Neoprene 25 77 3.0 I
Oxygen Neoprene 25 77 1.13 I
Oxygen Neoprene 38 100 13 A
Oxygen Neoprene 50 122 4.73 I
Oxygen Nitrile 25 77 .72 to 6.15 I
Oxygen Nitrile 30 86 .72 I
Oxygen Nitrile 50 122 3.45 to 18.9 I
Oxygen Nitrile 20-30 68-86 .72 to 6.2 I
Oxygen Polysulfide 23 73 5.78 I
Oxygen Polysulfide 25 77 .22 I
Oxygen Polyurethane 32 90 1.3 to 4.0 I
Oxygen Polyurethane Room .80 DC
Oxygen SBR 25 77 12.8 I
Oxygen Silicone Room 330 to 450 I
Oxygen Silicone 21 70 195 to 443 I
Oxygen Silicone 32 90 234 I
Oxygen Silicone 34 93 346 I
Oxygen Silicone 44 111 257 to 384 I
Oxygen TFE PTFE 25 77 7.5 I
Oxygen FEP PTFE 25 77 3.37 I
Oxygen FEP PTFE 50 122 9.22 I
Oxygen FEP PTFE 75 167 17.99 I
Oxygen FEP PTFE 100 212 31.48 I
Pentane Silicone 25 77 15000 I
Pentane Silicone 30 86 32600 I
Pentane Silicone 40 104 28900 I

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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Pentane Silicone 50 122 25700 I
Pentane Silicone 60 140 22900 I
Pentane Silicone 70 158 20700 I
Phenol Silicone 25 77 8100 I
Propane Butadiene 25 77 22 to 40.5 I
Propane Butyl 25 77 1.28 I
Propane Natural 25 77 126 I
Propane Neoprene 25 77 5.4 I
Propane Polysulfide 25 77 1.09 I
Propane Silicone 25 77 3080 I
Pyridene Silicone 25 77 1580 I
Sulfur Dioxide Silicone Room 11250 I
Toluene Silicone 25 77 6850 I
Water Vapor Ethylene Propylene Room 550 to 3700 A
Water Vapor Ethylene Propylene (E0692-75) Room 550 A
Xenon Butyl 25 77 .83 to 3.0 I
Xenon Butyl (B0318-70) 35 95 .70 A
Xenon Butyl (B0318-70) 82 180 6.73 A
Xenon Butyl (B0318-70) 124 255 38.1 A
Xenon Ethylene Propylene 38 100 12.2 to 44.5 A
Xenon Ethylene Propylene (E0529-65) 40 104 44.5 A
Xenon Ethylene Propylene (E0692-75) 38 100 37.8 A
Xenon Ethylene Propylene (E0692-75) 93 200 112 to 214 A
Xenon Ethylene Propylene (E0529-65) 94 202 195 A
Xenon Ethylene Propylene (E0692-75) 94 201 167 A
Xenon Ethylene Propylene 149 300 260 to 520 A
Xenon Ethylene Propylene (E0529-65) 155 311 520 A
Xenon Ethylene Propylene (E0692-75) 151 304 460 A
Xenon Fluorocarbon 93 200 10 A
Xenon Natural 25 77 17.3 to 32.2 I
Xenon Natural 35 95 72.5 I
Xenon Neoprene 25 77 3.4 to 7.5 I
Xenon Neoprene 38 100 40 A
Xenon Nitrile 25 77 .60 to 2.85 I
Xenon Nitrile 38 100 .94 A
Xenon Nitrile (N0741-75) 38 101 3.31 A
Xenon Nitrile 79 175 7.83 to 36.8 A
Xenon Nitrile (N0741-75) 81 178 13.2 A
Xenon Nitrile 121 250 38.5 to 101 A
Xenon Polyacrylate (A0607-70) 38 100 10.9 A
Xenon Polyacrylate (A0607-70) 91 195 108 A
Xenon Polyacrylate (A0607-70) 153 307 549 A
Xenon Polyurethane (P0642-70) 39 103 2.57 A
Xenon Polyurethane (P0648-90) 39 102 1.03 A
Xenon Polyurethane (P0642-70) 66 151 9.58 A
Xenon Polyurethane (P0648-90) 67 152 6.58 A
Xenon Polyurethane (P0642-70) 94 202 43.0 A
Xenon Polyurethane (P0648-90) 94 201 24.5 A
Xenon SBR (G0244-70) 38 101 14.9 A
Xenon SBR (G0244-70) 84 183 66.2 A
Xenon SBR (G0244-70) 122 251 173 A
Xenon Silicone Room 1523 I
Xenon Silicone 38 100 109 to 1220 A
Xenon Silicone (S0684-70) 38 101 1220 A

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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Xenon Silicone 93 200 1290 to 2180 A
Xenon Silicone (S0684-70) 91 195 2180 A
Xenon Silicone (S0684-70) 148 299 700 A
Xenon Silicone 149 300 1110 (sic) to 2200 A
Xenon Silicone (S0684-70) 144 291 2200 A
Xenon PTFE 149 300 5.3 A

Gas Permeability Rates

Gas or Liquid Elastomer
Temperature Permeability (1)

Source (2)°C °F x 10-8

(1) Std cc cm/cm2 sec. bar
(2) “I” denotes information from “Permeability Data for Aerospace Applications” funded by NASA and prepared by IIT Research Institute, March 1968. 

“A” denotes information from Atomics International Division, Energy Systems Group, Rockwell International publication AI-AEC-13145,  
“Design Guide for Reactor Cover Gas Elastomer Seals” March 7, 1975, and addendum, report ESC-DOE-13245, September 30, 1978. 
“DC” denotes information from Dow Corning Bulletin 17-158, October 1972. 
“P” denotes information from Parker Seal tests.

(3) “NR” Temperature not reported.
(4) Registered trademark E.I. du Pont de Nemours & Co.
Note: Some of these compounds may no longer be available.

Table 3-24: Gas Permeability Rates 
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	 Figure 4-1: End Cap Seal	 Figure 4-2: Plug Seal

Use the system pressure 
to close clearance gap. 

Pressure

Added wall support on plug seal 
minimizes breathing. External threads 
prevent O-ring damage during assembly.

O-ring

4.0 Introduction
It has been said that O-rings are “the finest static seals ever 
developed.” Perhaps the prime reason for this is because they are 
almost human proof. No adjustment or human factor comes into 
play when O-rings are assembled originally or used in repairs 
if the gland has been designed and machined properly. O-rings 
do not require high bolting forces (torque) to seal perfectly. 
O-rings are versatile and save space and weight. They seal 
over an exceptionally wide range of pressures, temperatures 
and tolerances. Once seated, they continue to seal even though 
some feel that they theoretically should not. In addition, they 
are economical and easy to use. Therefore, we agree that the 
O-ring is “the finest static seal ever developed.”

4.1 Surface Finish for Static O-Ring Seals
The design charts indicate a surface roughness value not to 
exceed 32 micro-inches (32 rms) on the sealing surfaces for 
static seals with a maximum of 16 rms recommended for 
face-type gas seals. These figures are good general guidelines, 
but they do not tell the whole story.

Equally important is the method used to produce the finish. 
If the surface is produced by turning the part on a lathe, or 
by some other method that produces scratches and ridges that 
follow the direction of the groove, a very rough surface will 
still seal effectively. Some methods such as end milling or 
routing, however, will produce scratches that cut across the 
O-ring. Even these may have a rather high roughness value 
if the profile across them shows rounded “valleys” that the 
rubber can readily flow into. Usually, these tool marks have 
sharp, deep, angular valleys that the O-ring material will 
not penetrate or fill completely. For this type of surface, the 
recommended roughness values should not be exceeded.

4.2 Static Male and Female O-Ring Seal Design
Design Chart 4-2 and its accompanying Design Table 4-2 
give one set of dimensions for static O-ring seals when the 
configuration is similar to a piston or rod application with 
no motion involved. Aerospace Design Standard AS5857 is 
shown in Design Chart 4-1 and Design Table 4-1 for aerospace 
and military applications.

For applications requiring more than two or three percent stretch 
on the inside diameter of the O-rings, refer to Figure 3-3 to 
determine the effective “W” dimension for the stretched ring. 
The desired percent squeeze should be applied to this cross 
section diameter. In large male gland assemblies, it may be 
desirable to use an O-ring one size smaller than indicated in 
the design chart. The design stretch is so small in these large 
sizes, that the O-ring tends to sag out of the groove before it 
is assembled. Using the next smaller size simplifies assembly, 
but requires a reduced gland depth to attain the proper squeeze.

The need for back-up rings should be investigated for pressures 
exceeding 103.5 Bar (1500 psi) (for all seal types). If there is 
no extrusion gap, back-up rings are not required. Very high 
pressures can be sealed without back-up rings if metal-to-metal 
contact (practically zero clearance) of the gland parts can be 
maintained. Instances have been reported of sealing pressures 
of 13,600 Bar (200,000 psi) with a 70 Shore A durometer 
O-ring without back-up rings. Vibration or pressure fluctuation 
sometimes will produce “breathing” which requires back-up 
rings at average pressures below 103.5 Bar (1500 psi). When 
using silicone O-rings, the clearances given in the design charts 
and tables should be reduced 50%.

For examples of static seals, see Figure 4-1 (female gland) 
and Figure 4-2 (male gland).

4.3 Face Type Seals
Design Chart 4-3 explains how to design an O-ring seal when 
the groove is cut into a flat surface. Note that when the pressure 
is outward, the groove outside diameter (OD) is primary, and the 
groove width then determines the inside diameter. Conversely, 
when the pressure is inward, the groove inside diameter is 
primary. This design technique minimizes movement of the 
O-ring in the groove due to pressure, thereby virtually elim-
inating wear and pumping leakage. If this principle is used, 
groove diameters larger or smaller than indicated may be used.

Two possible groove widths are shown in this chart, one for 
liquids, and the other for vacuum and gases, the extra width 
for liquids allows for some minimal volume swell. In vacuum 
applications, the narrower width allows for faster pump down 
and reduces dead volume in which gas can be trapped. In  
sealing a liquid that is known to cause no swelling of the  
O-ring elastomer, the narrower groove would be suitable.

Design Chart 4-3 is preferred over Design Chart 4-2 for static 
face seals because it calls for a heavier squeeze in all but the 
smallest (.070) cross-section rings, thus improving reliability 
at low temperatures.

In a male or female gland design, the amount of squeeze 
required by Design Chart 4-3 is quite difficult to assemble.
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The 4-3 and 4-7 design charts are often used for vacuum seals. 
See O-Ring Applications, Section III, for assistance in finding 
the best rubber material and calculating the approximate leak 
rate for a face type static seal used for a vacuum or a gas.

Face type seals are sometimes rectangular. In designing such 
a seal to receive a standard O-ring, the inside corner radii of 
the groove should be at least three times (ideally six times) the 
cross-section diameter of the O-ring to avoid over-stressing 
the ring or causing corner creases that would potentially leak.

4.4 Dovetail and Half-Dovetail Grooves
It is sometimes necessary to mount an O-ring in a face type 
groove in such a way that it cannot fall out. The dovetail 
groove described in Design Charts 4-4 and 4-5 will serve this 
function. This groove is difficult and expensive to machine, 
and the tolerances are especially critical. It should be used 
only when it is absolutely necessary. 

4.5 Boss Seals
The AS568-901 through -932 O-ring sizes (Parker’s 3- series) 
are intended to be used for sealing straight thread tube fittings 
in a boss. Design Table 4-3 and Design Table 4-4 show the 
two standard boss designs that are used for this purpose.

Both of these bosses use the same O-ring, but Parker Seal 
Group recommends the Design Table 4-4 design when there 
is a choice. It is the newer design, and it has not been fully 
accepted yet by industry or by the military though there is a 
military standard for it. The 4-4 dimensions provide for closer 
tolerance control of the O-ring cavity and distort the O-ring less 
when assembled. The improved tolerance condition assures 
much less trouble due to leakage resulting from insufficient 
squeeze or extrusion when the older cavity is too small. The 
reduced distortion gives a longer life.

4.6 Failures and Leakage
By far the most common type of failure in static O-ring seals 
is extrusion. This is relatively easy to prevent if the curves 
of Figure 3-2 are used when the seal assembly (groove and 
seal element) is designed.

“Pulsing” or “pumping” leakage occasionally occurs when 
system pressure alone causes the O-ring to rotate in the 
groove and the resilience of the seal returns it to its original 
position. To avoid pumping leakage, design the gland so 
that the normal position of the seal cross-section will be on 
the low-pressure side of the gland or use a narrower groove.

Porous castings, eccentric grooves, out-of-tolerance parts, 
tool marks, and distorted or breathing glands are also frequent 
contributors to static O-ring seal malfunctioning and failure.

Cast housings and parts fabricated from powdered metal are 
commonly vacuum impregnated with an epoxy to seal minute 
pores. In this impregnation process, it is standard procedure 
to wash excess epoxy from the surface with acetone before 

the parts are given an oven cure. This washing process may 
be overdone to the point where small fissures on the surface 
are re-opened causing leakage under the seal in spite of the 
epoxy impregnant. It is advisable, after the acetone bath, to 
paint the sealing surface with a thin film of epoxy and wipe 
off the excess before oven curing.

Leakage due to breathing, distortion, and incorrect machining 
requires a careful analysis of the problem and a consideration 
of the possible alternatives to find the most economical 
solution. When one of these causes is suspected, however, 
the possibility of porous metal should also be considered.

For additional information on O-ring failures, see Section 
VIII, Failure Analysis, in this handbook.

4.7 O-Ring Glands 

4.7.1 O-Ring Glands (Per SAE AS5857) for  
Aerospace Hydraulic (Static and Reciprocating) 
Packings and Gaskets
The SAE Aerospace Standard (AS) 5857 provides  
standardized gland (groove) design criteria and dimensions 
for elastomeric seal glands for static applications. The glands 
have been specifically designed for applications using SAE 
AS568 size O-rings at pressures exceeding 1500 psi (10.3 
MPa) utilizing one or two anti-extrusion (backup) rings and 
applications at pressures under 1500 psi (10.3 MPa) without 
backup rings. The glands have been sized to provide increased 
squeeze as compared to AS4716 (shown in Section V) for 
more effective sealing at low temperatures and low seal swell 
conditions. These glands are not recommended for dynamic 
use. Primary usage is for static external sealing.

The rod dimensions are the same as AS4716. The cylinder 
bore dimensions are the same as AS4716 except for sizes 
-001 through -011 and -104 through -113.

For additional information on SAE AS4716, see Section 
V, O-Ring Glands (Per AS4716) For Aerospace Hydraulic 
(Reciprocating) Packings And Gaskets.

4.7.2 O-Ring Glands for Industrial Static Seals
Design Chart 4-2 provides the basis for calculating gland 
dimensions. For standard O-ring sizes, these dimensions 
have been calculated and are listed in Design Table 4-2. The 
procedures for the use of Design Table 4-2 are outlined in 
the guide below.

After selecting gland dimensions, read horizontally to  
determine proper O-ring size number. Refer to Basic  
O-ring Elastomers and O-Ring Applications, Sections II and  
III respectively, for help in the selection of the proper  
compound. Remember, the effective part number for  
an O-ring consists of both a size number and a  
compound number.

Refer to Appendix, Section X for installation information. 
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Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857) 
Standard Gland Width for Zero, One, and Two Backup Rings in Inches

Gland and 
AS568 Dash 

Number

O-Ring Cross  
Section W Backup Ring 

Width Max.

Gland Width G
No Backup Ring

Gland Width G
One Backup Ring

Gland Width G
Two Backup Rings

Min. Max. Min. Max. Min. Max. Min. Max
001 .037 .043 -- .090 .095 -- -- -- --
002 .047 .053 -- .095 .100 -- -- -- --
003 .057 .063 -- .105 .110 -- -- -- --

004 to 007 .067 .073 .056 .115 .120 .174 .184 .230 .240
008 to 028 .067 .073 .056 .105 .110 .164 .174 .220 .230
104 to 109 .100 .106 .060 .150 .160 .210 .220 .275 .285
110 to 149 .100 .106 .060 .140 .150 .200 .210 .265 .275
210 to 247 .135 .143 .065 .185 .195 .250 .260 .320 .330
325 to 349 .205 .215 .090 .270 .280 .360 .370 .455 .465
425 to 460 .269 .281 .130 .345 .355 .475 .485 .610 .620

Design Chart 4-1 A: Gland Design, O-Ring and other Elastomeric Seals (SAE AS5857)

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857)  
Standard Gland Diametral Clearance Dimensions in Inches

Gland and AS568
Dash Number

O-Ring Cross-Section W Diametral Clearance D Max.
Min. Max. Exterior Interior

001 .037 .043 .004 .004
002 .047 .053 .004 .004
003 .057 .063 .004 .004

004 to 012 .067 .073 .004 .004
013 to 029 .067 .073 .005 .005
104 to 109 .100 .106 .004 .004
110 to 126 .100 .106 .004 .004
127 to 129 .100 .106 .005 .006
130 to 132 .100 .106 .006 .006
133 to 140 .100 .106 .006 .007
141 to 149 .100 .106 .007 .007
210 to 222 .135 .143 .005 .005
223 to 224 .135 .143 .006 .006
225 to 227 .135 .143 .006 .007
228 to 243 .135 .143 .007 .007
244 to 245 .135 .143 .008 .007
246 to 247 .135 .143 .008 .008
325 to 327 .205 .215 .006 .006
328 to 329 .205 .215 .006 .007
330 to 345 .205 .215 .007 .007
346 to 349 .205 .215 .008 .007
425 to 438 .269 .281 .009 .009
439 to 445 .269 .281 .009 .010

446 .269 .281 .010 .010
447 to 460 .269 .281 .011 .010

Design Chart 4-1 B: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857) 
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to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

001 0.084 0.087 0.035 0.033 0.036 0.087
0.083 0.086 0.034 0.032 0.035 0.086

002 0.116 0.119 0.048 0.048 0.051 0.119
0.115 0.118 0.047 0.047 0.050 0.118

003 0.149 0.152 0.063 0.063 0.066 0.152
0.148 0.151 0.062 0.062 0.065 0.151

004 0.183 0.186 0.078 0.076 0.079 0.185
0.182 0.185 0.077 0.075 0.078 0.184

005 0.215 0.218 0.110 0.108 0.111 0.217
0.214 0.217 0.109 0.107 0.110 0.216

006 0.228 0.231 0.123 0.123 0.126 0.232
0.227 0.230 0.122 0.122 0.125 0.231

007 0.259 0.262 0.154 0.154 0.157 0.263
0.258 0.261 0.153 0.153 0.156 0.262

008 0.291 0.294 0.186 0.185 0.188 0.294
0.290 0.293 0.185 0.184 0.187 0.293

009 0.324 0.327 0.219 0.217 0.220 0.326
0.323 0.326 0.218 0.216 0.219 0.325

010 0.355 0.358 0.250 0.248 0.251 0.357
0.354 0.357 0.249 0.247 0.250 0.356

011 0.418 0.421 0.313 0.310 0.313 0.419
0.417 0.420 0.312 0.309 0.312 0.418

012 0.483 0.486 0.378 0.373 0.376 0.482
0.482 0.485 0.377 0.372 0.375 0.481

013 0.548 0.552 0.443 0.435 0.438 0.545
0.547 0.550 0.441 0.433 0.437 0.543

D

Male Gland

F Dia. (F Min. = A Max. -2 L Max.)
C Dia.
A Dia.

Female Gland

D

B Dia.
H Dia.
E Dia.

(E Max. = B Min. +2 L Max.)

Finishes are RMS values.

(e)
0° to 5°
(Typ.)

63

63

R

32

G

D

P L

Gland Detail

Break Corners
Approx. .005 RAD.

32

W

W

W

W

I.D.

.005
Typ.

.003 Typ.

Section W-W

Pressure Pressure Pressure

G G2G1

No
Parbak
Ring

One
Parbak
Ring

Two
Parbak
Rings

Gland
Depth

P Groove
Depth (Ref.)

Gland Design, O-Rings and Other Elastomeric Seals (SAE AS5857)
Standard gland dimensions in inches.

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857)
Gland 
and

AS568 
Dash  
No.

Piston 
or  

Cylinder 
OD
C

Cylinder 
Bore

ID
A

Gland
OD
F

Rod or 
Gland 
Sleeve 

OD
 B

Rod 
Bore 

ID
H

Gland 
ID
E

Gland 
and

AS568 
Dash  
No.

Piston 
or  

Cylinder 
OD
C

Cylinder 
Bore

ID
A

Gland
OD
F

Rod or 
Gland 
Sleeve 

OD
 B

Rod 
Bore 

ID
H

Gland 
ID
E

014 0.611 0.615 0.506 0.498 0.501 0.608
0.610 0.613 0.504 0.496 0.500 0.606

015 0.673 0.677 0.568 0.560 0.563 0.670
0.672 0.675 0.566 0.558 0.562 0.668

016 0.736 0.740 0.631 0.623 0.626 0.733
0.735 0.738 0.629 0.621 0.625 0.731

017 0.798 0.802 0.693 0.685 0.688 0.795
0.797 0.800 0.691 0.683 0.687 0.793

018 0.861 0.865 0.756 0.748 0.751 0.858
0.860 0.863 0.754 0.746 0.750 0.856

019 0.923 0.927 0.818 0.810 0.813 0.920
0.922 0.925 0.816 0.808 0.812 0.918

020 0.989 0.993 0.884 0.873 0.876 0.983
0.988 0.991 0.882 0.871 0.875 0.981

021 1.051 1.055 0.946 0.935 0.938 1.045
1.050 1.053 0.944 0.933 0.937 1.043

022 1.114 1.118 1.009 0.998 1.001 1.108
1.113 1.116 1.007 0.996 1.000 1.106

023 1.176 1.180 1.071 1.060 1.063 1.170
1.175 1.178 1.069 1.058 1.062 1.168

024 1.239 1.243 1.134 1.123 1.126 1.233
1.238 1.241 1.132 1.121 1.125 1.231

025 1.301 1.305 1.196 1.185 1.188 1.295
1.300 1.303 1.194 1.183 1.187 1.293

026 1.364 1.368 1.259 1.248 1.251 1.358
1.363 1.366 1.257 1.246 1.250 1.356

Design Table 4-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857)
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Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

027 1.426 1.430 1.321 1.310 1.313 1.420
1.425 1.428 1.319 1.308 1.312 1.418

028 1.489 1.493 1.384 1.373 1.376 1.483
1.488 1.491 1.382 1.371 1.375 1.481

029 0.284 0.287 0.121 0.123 0.126 0.289
0.283 0.286 0.120 0.122 0.125 0.288

104 0.284 0.287 0.121 0.123 0.126 0.289
0.283 0.286 0.120 0.122 0.125 0.288

105 0.315 0.318 0.152 0.154 0.157 0.320
0.314 0.317 0.151 0.153 0.156 0.319

106 0.347 0.350 0.184 0.185 0.188 0.351
0.346 0.349 0.183 0.184 0.187 0.350

107 0.380 0.383 0.217 0.217 0.220 0.383
0.379 0.382 0.216 0.216 0.219 0.382

108 0.412 0.415 0.249 0.248 0.251 0.414
0.411 0.414 0.248 0.247 0.250 0.413

109 0.475 0.478 0.312 0.310 0.313 0.476
0.474 0.477 0.311 0.309 0.312 0.475

110 0.539 0.543 0.377 0.373 0.376 0.540
0.538 0.541 0.375 0.371 0.375 0.538

111 0.602 0.606 0.440 0.435 0.438 0.602
0.601 0.604 0.438 0.433 0.437 0.600

112 0.666 0.670 0.504 0.498 0.501 0.665
0.665 0.668 0.502 0.496 0.500 0.663

113 0.732 0.736 0.570 0.560 0.563 0.727
0.731 0.734 0.568 0.558 0.562 0.725

114 0.798 0.802 0.636 0.623 0.626 0.790
0.797 0.800 0.634 0.621 0.625 0.788

115 0.861 0.865 0.699 0.685 0.688 0.852
0.860 0.863 0.697 0.683 0.687 0.850

116 0.923 0.927 0.761 0.748 0.751 0.915
0.922 0.925 0.759 0.746 0.750 0.913

117 0.989 0.993 0.827 0.810 0.813 0.977
0.988 0.991 0.825 0.808 0.812 0.975

118 1.051 1.055 0.889 0.873 0.876 1.040
1.050 1.053 0.887 0.871 0.875 1.038

119 1.114 1.118 0.952 0.935 0.938 1.102
1.113 1.116 0.950 0.933 0.937 1.100

120 1.176 1.180 1.014 0.998 1.001 1.165
1.175 1.178 1.012 0.996 1.000 1.163

121 1.239 1.243 1.077 1.060 1.063 1.227
1.238 1.241 1.075 1.058 1.062 1.225

122 1.301 1.305 1.139 1.123 1.126 1.290
1.300 1.303 1.137 1.121 1.125 1.288

123 1.364 1.368 1.202 1.185 1.188 1.352
1.363 1.366 1.200 1.183 1.187 1.350

124 1.426 1.430 1.264 1.248 1.251 1.415
1.425 1.428 1.262 1.246 1.250 1.413

125 1.489 1.493 1.327 1.310 1.313 1.477
1.488 1.491 1.325 1.308 1.312 1.475

126 1.551 1.555 1.389 1.373 1.376 1.540
1.550 1.553 1.387 1.371 1.375 1.538

127 1.614 1.618 1.452 1.435 1.439 1.602
1.613 1.616 1.450 1.433 1.437 1.600

128 1.676 1.680 1.514 1.498 1.502 1.665
1.675 1.678 1.512 1.496 1.500 1.663

129 1.739 1.743 1.577 1.560 1.564 1.727
1.738 1.741 1.575 1.558 1.562 1.725

130 1.802 1.807 1.641 1.623 1.627 1.790
1.801 1.805 1.639 1.621 1.625 1.788

131 1.864 1.869 1.703 1.685 1.689 1.852
1.863 1.867 1.701 1.683 1.687 1.850

132 1.927 1.932 1.766 1.748 1.752 1.915
1.926 1.930 1.764 1.746 1.750 1.913

133 1.989 1.994 1.828 1.810 1.815 1.977
1.988 1.992 1.826 1.808 1.813 1.975

134 2.052 2.057 1.891 1.873 1.878 2.040
2.051 2.055 1.889 1.871 1.876 2.038

135 2.115 2.120 1.954 1.936 1.941 2.103
2.114 2.118 1.952 1.934 1.939 2.101

136 2.177 2.182 2.016 1.998 2.003 2.165
2.176 2.180 2.014 1.996 2.001 2.163

137 2.240 2.245 2.079 2.061 2.066 2.228
2.239 2.243 2.077 2.059 2.064 2.226

138 2.302 2.307 2.141 2.123 2.128 2.290
2.301 2.305 2.139 2.121 2.126 2.288

139 2.365 2.370 2.204 2.186 2.191 2.353
2.364 2.368 2.202 2.184 2.189 2.351

140 2.427 2.432 2.266 2.248 2.253 2.415
2.426 2.430 2.264 2.246 2.251 2.413

141 2.490 2.495 2.329 2.311 2.316 2.478
2.488 2.493 2.327 2.309 2.314 2.476

142 2.552 2.557 2.391 2.373 2.378 2.540
2.550 2.555 2.389 2.371 2.376 2.538

143 2.615 2.620 2.454 2.436 2.441 2.603
2.613 2.618 2.452 2.434 2.439 2.601

144 2.677 2.682 2.516 2.498 2.503 2.665
2.675 2.680 2.514 2.496 2.501 2.663

145 2.740 2.745 2.579 2.561 2.566 2.728
2.738 2.743 2.577 2.559 2.2564 2.726

146 2.802 2.807 2.641 2.623 2.628 2.790
2.800 2.805 2.639 2.621 2.626 2.788

147 2.865 2.870 2.704 2.686 2.691 2.853
2.863 2.868 2.702 2.684 2.689 2.851

148 2.927 2.932 2.766 2.748 2.753 2.915
2.925 2.930 2.764 2.746 2.751 2.913

149 2.990 2.995 2.829 2.811 2.816 2.978
2.988 2.993 2.827 2.809 2.814 2.976

210 0.989 0.993 0.767 0.748 0.751 0.976
0.988 0.991 0.765 0.746 0.750 0.974

211 1.051 1.055 0.829 0.810 0.813 1.038
1.050 1.053 0.827 0.808 0.812 1.036

212 1.114 1.118 0.892 0.873 0.876 1.101
1.113 1.116 0.890 0.871 0.875 1.099

213 1.176 1.180 0.954 0.935 0.938 1.163
1.175 1.178 0.952 0.933 0.937 1.161

214 1.239 1.243 1.017 0.998 1.001 1.226
1.238 1.241 1.015 0.996 1.000 1.224

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857) (Continued)
Gland 
and

AS568 
Dash  
No.

Piston 
or  

Cylinder 
OD
C

Cylinder 
Bore

ID
A

Gland
OD
F

Rod or 
Gland 
Sleeve 

OD
 B

Rod 
Bore 

ID
H

Gland 
ID
E

Gland 
and

AS568 
Dash  
No.

Piston 
or  

Cylinder 
OD
C

Cylinder 
Bore

ID
A

Gland
OD
F

Rod or 
Gland 
Sleeve 

OD
 B

Rod 
Bore 

ID
H

Gland 
ID
E

Design Table 4-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857)
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

215 1.301 1.305 1.079 1.060 1.063 1.288
1.300 1.303 1.077 1.058 1.062 1.286

216 1.364 1.368 1.142 1.123 1.126 1.351
1.363 1.366 1.140 1.121 1.125 1.349

217 1.426 1.430 1.204 1.185 1.188 1.413
1.425 1.428 1.202 1.183 1.187 1.411

218 1.489 1.493 1.267 1.248 1.251 1.476
1.488 1.491 1.265 1.246 1.250 1.474

219 1.551
1.550

1.555
1.553

1.329
1.327

1.310
1.308

1.313
1.312

1.538
1.536

220 1.614 1.618 1.392 1.373 1.376 1.601
1.613 1.616 1.390 1.371 1.375 1.599

221 1.676 1.680 1.454 1.435 1.438 1.663
1.675 1.678 1.452 1.433 1.437 1.661

222 1.739 1.743 1.517 1.498 1.501 1.726
1.738 1.741 1.515 1.496 1.500 1.724

223 1.864 1.869 1.643 1.623 1.627 1.851
1.863 1.867 1.641 1.621 1.625 1.849

224 1.989 1.994 1.768 1.748 1.752 1.976
1.988 1.992 1.766 1.746 1.750 1.974

225 2.115 2.120 1.894 1.873 1.878 2.101
2.114 2.118 1.892 1.871 1.876 2.099

226 2.240 2.245 2.019 1.998 2.003 2.226
2.239 2.243 2.017 1.996 2.001 2.224

227 2.365 2.370 2.144 2.123 2.128 2.351
2.364 2.368 2.142 2.121 2.126 2.349

228 2.490 2.495 2.269 2.248 2.253 2.476
2.488 2.493 2.267 2.246 2.251 2.474

229 2.615 2.620 2.394 2.373 2.378 2.601
2.613 2.618 2.392 2.371 2.376 2.599

230 2.740 2.745 2.519 2.498 2.503 2.726
2.738 2.743 2.517 2.496 2.501 2.724

231 2.865 2.870 2.644 2.623 2.628 2.851
2.863 2.868 2.642 2.621 2.626 2.849

232 2.990 2.995 2.769 2.748 2.753 2.976
2.988 2.993 2.767 2.746 2.751 2.974

233 3.115 3.120 2.894 2.873 2.878 3.101
3.113 3.118 2.892 2.871 2.876 3.099

234 3.240 3.245 3.019 2.997 3.002 3.225
3.238 3.243 3.017 2.995 3.000 3.223

235 3.365 3.370 3.144 3.122 3.127 3.350
3.363 3.368 3.142 3.120 3.125 3.348

236 3.490 3.495 3.269 3.247 3.252 3.475
3.488 3.493 3.267 3.245 3.250 3.473

237 3.615 3.620 3.394 3.372 3.377 3.600
3.613 3.618 3.392 3.370 3.375 3.598

238 3.740 3.745 3.519 3.497 3.502 3.725
3.738 3.743 3.517 3.495 3.500 3.723

239 3.865 3.870 3.644 3.622 3.627 3.850
3.863 3.868 3.642 3.620 3.625 3.848

240 3.990 3.995 3.769 3.747 3.752 3.975
3.988 3.993 3.767 3.745 3.750 3.973

241 4.115 4.120 3.894 3.872 3.877 4.100
4.113 4.118 3.892 3.870 3.875 4.098

242 4.240 4.245 4.019 3.997 4.002 4.225
4.238 4.243 4.017 3.995 4.000 4.223

243 4.365 4.370 4.144 4.122 4.127 4.350
4.363 4.368 4.142 4.120 4.125 4.348

244 4.489 4.495 4.269 4.247 4.252 4.475
4.487 4.493 4.267 4.245 4.250 4.473

245 4.614 4.620 4.394 4.372 4.377 4.600
4.612 4.618 4.392 4.370 4.375 4.598

246 4.739 4.745 4.519 4.497 4.503 4.725
4.737 4.743 4.517 4.495 4.501 4.723

247 4.864 4.870 4.644 4.622 4.628 4.850
4.862 4.868 4.642 4.620 4.626 4.848

325 1.864 1.869 1.523 1.498 1.502 1.848
1.863 1.867 1.521 1.496 1.500 1.846

326 1.989 1.994 1.648 1.623 1.627 1.973
1.988 1.992 1.646 1.621 1.625 1.971

327 2.115 2.120 1.774 1.748 1.752 2.098
2.114 2.118 1.772 1.746 1.750 2.096

328 2.240 2.245 1.899 1.873 1.878 2.223
2.239 2.243 1.897 1.871 1.876 2.221

329 2.365 2.370 2.024 1.998 2.003 2.348
2.364 2.368 2.022 1.996 2.001 2.346

330 2.490 2.495 2.149 2.123 2.128 2.473
2.488 2.493 2.147 2.121 2.126 2.471

331 2.615 2.620 2.274 2.248 2.253 2.598
2.613 2.618 2.272 2.246 2.251 2.596

332 2.740 2.745 2.399 2.373 2.378 2.723
2.738 2.743 2.397 2.371 2.376 2.721

333 2.865 2.870 2.524 2.498 2.503 2.848
2.863 2.868 2.522 2.496 2.501 2.846

334 2.990 2.995 2.649 2.623 2.628 2.973
2.988 2.993 2.647 2.621 2.626 2.971

335 3.115 3.120 2.774 2.748 2.753 3.098
3.113 3.118 2.772 2.746 2.751 3.096

336 3.240 3.245 2.899 2.873 2.878 3.223
3.238 3.243 2.897 2.871 2.876 3.221

337 3.365 3.370 3.024 2.997 3.002 3.347
3.363 3.368 3.022 2.995 3.000 3.345

338 3.490 3.495 3.149 3.122 3.127 3.472
3.488 3.493 3.147 3.120 3.125 3.470

339 3.615 3.620 3.274 3.247 3.252 3.597
3.613 3.618 3.272 3.245 3.250 3.595

340 3.740 3.745 3.399 3.372 3.377 3.722
3.738 3.743 3.397 3.370 3.375 3.720

341 3.865 3.870 3.524 3.497 3.502 3.847
3.863 3.868 3.522 3.495 3.500 3.845

342 3.990 3.995 3.649 3.622 3.627 3.972
3.988 3.993 3.647 3.620 3.625 3.970

343 4.115 4.120 3.774 3.747 3.752 4.097
4.113 4.118 3.772 3.745 3.750 4.095

344 4.240 4.245 3.899 3.872 3.877 4.222
4.238 4.243 3.897 3.870 3.875 4.220

345 4.365 4.370 4.024 3.997 4.002 4.347
4.363 4.368 4.022 3.995 4.000 4.345

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857) (Continued)
Gland 
and

AS568 
Dash  
No.

Piston 
or  

Cylinder 
OD
C

Cylinder 
Bore

ID
A

Gland
OD
F

Rod or 
Gland 
Sleeve 

OD
 B

Rod 
Bore 

ID
H

Gland 
ID
E
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and

AS568 
Dash  
No.

Piston 
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Cylinder 
OD
C

Cylinder 
Bore

ID
A

Gland
OD
F

Rod or 
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Sleeve 
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 B
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H
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E

Design Table 4-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857)
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857) (Continued)
Gland 
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Dash  
No.
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OD
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F

Rod or 
Gland 
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H

Gland 
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E
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Rod 
Bore 
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H
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Design Table 4-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS5857)

346 4.489 4.495 4.149 4.122 4.127 4.472
4.487 4.493 4.147 4.120 4.125 4.470

347 4.614 4.620 4.274 4.247 4.252 4.597
4.612 4.618 4.272 4.245 4.250 4.595

348 4.739 4.745 4.399 4.372 4.377 4.722
4.737 4.743 4.397 4.370 4.375 4.720

349 4.864 4.870 4.524 4.497 4.502 4.847
4.862 4.868 4.522 4.495 4.500 4.845

425 4.970 4.977 4.519 4.497 4.503 4.959
4.968 4.974 4.516 4.494 4.501 4.956

426 5.095 5.102 4.644 4.622 4.628 5.084
5.093 5.099 4.641 4.619 4.626 5.081

427 5.220 5.227 4.769 4.747 4.753 5.209
5.218 5.224 4.766 4.744 4.751 5.206

428 5.345 5.352 4.894 4.872 4.878 5.334
5.343 5.349 4.891 4.869 4.876 5.331

429 5.470 5.477 5.019 4.997 5.003 5.459
5.468 5.474 5.016 4.994 5.001 5.456

430 5.595 5.602 5.144 5.122 5.128 5.584
5.593 5.599 5.141 5.119 5.126 5.581

431 5.720 5.727 5.269 5.247 5.253 5.709
5.718 5.724 5.266 5.244 5.251 5.706

432 5.845 5.852 5.394 5.372 5.378 5.834
5.843 5.849 5.391 5.369 5.376 5.831

433 5.970 5.977 5.519 5.497 5.503 5.959
5.968 5.974 5.516 5.494 5.501 5.956

434 6.095 6.102 5.644 5.622 5.628 6.084
6.093 6.099 5.641 5.619 5.626 6.081

435 6.220 6.227 5.769 5.747 5.753 6.209
6.218 6.224 5.766 5.744 5.751 6.206

436 6.345 6.352 5.894 5.872 5.878 6.334
6.343 6.349 5.891 5.869 5.876 6.331

437 6.470 6.477 6.019 5.997 6.003 6.459
6.468 6.474 6.016 5.994 6.001 6.456

438 6.720 6.727 6.269 6.247 6.253 6.709
6.718 6.724 6.266 6.244 6.251 6.706

439 6.970 6.977 6.519 6.497 6.504 6.959
6.968 6.974 6.516 6.494 6.501 6.956

440 7.220 7.227 6.769 6.747 6.754 7.209
7.218 7.224 6.766 6.744 6.751 7.206

441 7.470 7.477 7.019 6.997 7.004 7.459
7.468 7.474 7.016 6.994 7.001 7.456

442 7.720 7.727 7.269 7.247 7.254 7.709
7.718 7.724 7.266 7.244 7.251 7.706

443 7.970 7.977 7.519 7.497 7.504 7.959
7.968 7.974 7.516 7.494 7.501 7.956

444 8.220 8.227 7.769 7.747 7.754 8.209
8.218 8.224 7.766 7.744 7.751 8.206

445 8.470 8.477 8.019 7.997 8.004 8.459
8.468 8.474 8.016 7.994 8.001 8.456

446 8.970 8.977 8.519 8.497 8.504 8.959
8.967 8.974 8.516 8.494 8.501 8.956

447 9.470 9.478 9.020 8.997 9.004 9.460
9.467 9.474 9.017 8.994 9.001 9.456

448 9.970 9.978 9.520 9.497 9.504 9.960
9.967 9.974 9.517 9.494 9.501 9.956

449 10.470 10.478 10.020 9.997 10.004 10.460
10.467 10.474 10.017 9.994 10.001 10.456

450 10.970 10.978 10.520 10.497 10.504 10.960
10.967 10.974 10.517 10.494 10.501 10.956

451 11.470 11.478 11.020 10.997 11.004 11.460
11.467 11.474 11.017 10.994 11.001 11.456

452 11.970 11.978 11.520 11.497 11.504 11.960
11.967 11.974 11.517 11.494 11.501 11.956

453 12.470 12.478 12.020 11.997 12.004 12.460
12.467 12.474 12.017 11.994 12.001 12.456

454 12.970 12.978 12.520 12.497 12.504 12.960
12.967 12.974 12.517 12.494 12.501 12.956

455 13.470 13.478 13.020 12.997 13.004 13.460
13.467 13.474 13.017 12.994 13.001 13.456

456 13.970 13.978 13.520 13.497 13.504 13.960
13.967 13.974 13.517 13.494 13.501 13.956

457 14.470 14.478 14.020 113.997 14.004 14.460
14.467 14.474 14.0147 13.994 14.001 14.456

458 14.970 14.978 14.520 14.497 14.504 14.960
14.967 14.974 14.517 14.494 14.501 14.956

459 15.470 15.478 15.020 14.997 15.004 15.460
15.467 15.474 15.017 14.994 15.001 15.456

460 15.970 15.978 15.520 15.497 15.504 15.960
15.967 15.974 15.517 15.494 15.501 15.956
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Industrial O-Ring Static Seal Glands

O-Ring 
2-Size 

AS568B-

W  
Cross-Section

	Nominal	 Actual
L Gland 
Depth

Squeeze
	Actual	 %

E(a)  
Diametral  
Clearance

G - Groove Width
R  

Groove 
Radius

Max.  
Eccentricity 

(b)

No  
Parbak 
Ring (G)

One  
Parbak 

Ring (G1)

Two  
Parbak 

Ring (G2)
004  

through  
050

1/16 .070  ±.003 
(1.78 mm) 

.050  
to  

.052

.015  
to  

.023

22  
to  
32

.002  
to  

.005

.093 
to  

.098

.138  
to  

.143

.205  
to  

.210

.005  
to  

.015
.002

102  
through  

178
3/32 .103  ±.003  

(2.62 mm)

.081  
to  

.083

.017  
to  

.025

17  
to  
24

.002  
to  

.005

.140  
to  

.145

.171  
to  

.176

.238  
to  

.243

.005  
to  

.015
.002

201  
through  

284
1/8 .139  ±.004 

(3.53 mm)

.111  
to  

.113

.022  
to  

.032

16  
to  
23

.003  
to  

.006

.187  
to  

.192

.208  
to  

.213

.275  
to  

.280

.010  
to  

.025
.003

309  
through  

395
3/16 .210  ±.005  

(5.33 mm)

.170  
to  

.173

.032  
to  

.045

15  
to  
21

.003  
to  

.006

.281  
to  

.286

.311  
to  

.316

.410  
to  

.415

.020  
to  

.035
.004

425  
through  

475
1/4 .275  ±.006 

(6.99 mm)

.226  
to  

.229

.040  
to  

.055

15  
to  
20

.004  
to  

.007

.375  
to  

.380

.408  
to  

.413

.538  
to 

.543

.020  
to  

.035
.005

(a) Clearance (extrusion gap) must be held to a minimum consistent with design requirements for temperature range variation.
(b) Total indicator reading between groove and adjacent bearing surface.
(c) Reduce maximum diametral clearance 50% when using silicone or fluorosilicone O-rings.
(d) For ease of assembly, when Parbaks are used, gland depth may be increased up to 5%.

Design Chart 4-2: For Industrial O-Ring Static Seal Glands

1/2 E

Male Gland

B-1 Dia. (B-1 Min. = A Max. -2 L Max.)
C Dia.
A Dia.

Female Gland

1/2 E

B Dia.
D Dia.

A-1 Dia.
(A-1 Max. = B Min. +2 L Max.)

Refer to Design Chart 4-2 (below) and Design Table 4-2 for dimensions

Finishes are RMS values.

(e)
0° to 5°
(Typ.)

63

63

R

32

G

1/2 E

F L

Gland Detail

Break Corners
Approx. .005 RAD.

32

W

W

W

W

I.D.

.005
Typ.

.003 Typ.

Section W-W

Pressure Pressure Pressure

G G2G1

No
Parbak
Ring

One
Parbak
Ring

Two
Parbak
Rings

Gland
Depth

F Groove
Depth (Ref.)

Industrial Static Seal Glands

metric conversion 32√ = .8√

Guide for Design Table 4-2 
If Desired Dimension  
is Known for

Select Closest  
Dimension in Column

Read Horizontally  
in Column

To Determine  
Dimension for

Bore Dia. male gland A
B-1  
C  
G

Groove Dia. (male gland)  
Plug Dia. (male gland)  
Groove width

Plug Dia. male gland C
A  

B-1  
G

Bore Dia. (male gland)  
Groove (male gland)  
Groove width

Tube OD female gland B
A-1  
D  
G

Groove Dia. (female gland)  
Throat Dia. (female gland)  
Groove width

Throat Dia. female gland D
A-1  
B  
G

Groove Dia. (female gland)  
Tube OD (female gland)  
Groove width

Design Guide 4-2: Guide for Design Table 4-2
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
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2-001 .029 .004 .040 .109 .105 .101 .040 .044 * .103 .042 .055
002 .042 .004 .050 .142 .138 .132 .002 .053 .059 .002 * .136 .055 .070
003 .056 .004 .060 .176 .172 .162 .067 .077 * .170 .069 .083
004 .070 .005 .210 .206 .181 .081 .106 * .204 .083
005 .101 .005 .241 .237 .212 .112 .137 * .235 .114
006 .114 .005 .254 .250 .225 .125 .150 * .248 .127
007 .145 .005 .285 .281 .256 .156 .181 * .279 .158
008 .176 .005 .316 .312 .287 .187 .212 * .310 .189
009 .208 .005 .348 .343 .318 .218 .243 * .341 .220
010 .239 .005 .379 .375 .350 .250 .275 * .373 .252
011 .301 .005 .441 .437 .412 .312 .337 * .435 .314
012 .364 .005 .504 .500 .475 .375 .400 * .498 .377
013 .426 .005 .566 .562 .537 .437 .462 .560 .439
014 .489 .005 .629 .625 .600 .500 .525 .623 .502
015 .551 .007 .691 .687 .662 .562 .587 .685 .564
016 .614 .009 .754 .750 .725 .625 .650 .748 .627
017 .676 .009 .816 .812 .787 .687 .712 .810 .689
018 .739 .009 .879 .875 .850 .750 .775 .873 .752
019 .801 .009 .941 .937 .912 .812 .837 .935 .814
020 .864 .009 1.004 1.000 .975 .875 .900 .998 .877
021 .926 .009 1.066 1.062 1.037 .937 .962 1.060 .939 .093
022 .989 .010 .070 1.129 1.125 1.100 .002 1.000 1.025 .002 1.123 1.002
023 1.051 .010 ±.003 1.191 1.187 1.162 1.062 1.087 1.185 1.064
024 1.114 .010 1.254 1.250 1.225 1.125 1.150 1.248 1.127
025 1.176 .011 1.316 1.312 1.287 1.187 1.212 1.310 1.189
026 1.239 .011 1.379 1.375 1.350 1.250 1.275 1.373 1.252
027 1.301 .011 1.441 1.437 1.412 1.312 1.337 1.435 1.314
028 1.364 .013 1.504 1.500 1.475 1.375 1.400 1.498 1.377
029 1.489 .013 1.629 1.625 1.600 1.500 1.525 1.623 1.502
030 1.614 .013 1.754 1.750 1.725 1.625 1.650 1.748 1.627
031 1.739 .015 1.879 1.875 1.850 1.750 1.775 1.873 1.752
032 1.864 .015 2.004 2.000 1.975 1.875 1.900 1.998 1.877
033 1.989 .018 2.129 2.125 2.100 2.000 2.025 2.123 2.002
034 2.114 .018 2.254 2.250 2.225 2.125 2.150 2.248 2.127
035 2.239 .018 2.379 2.375 2.350 2.250 2.275 2.373 2.252
036 2.364 .018 2.504 2.500 2.475 2.375 2.400 2.498 2.377
037 2.489 .018 2.629 2.625 2.600 2.500 2.525 2.623 2.502
038 2.614 .020 2.754 2.750 2.725 2.625 2.650 2.748 2.627
039 2.739 .020 2.879 2.875 2.850 2.750 2.775 2.873 2.752
040 2.864 .020 3.004 3.000 2.975 2.875 2.900 2.998 2.877
041 2.989 .024 3.129 3.125 3.100 3.000 3.025 3.123 3.002
042 3.239 .024 3.379 3.375 3.350 3.250 3.275 3.373 3.252
043 3.489 .024 3.629 3.625 3.600 3.500 3.525 3.623 3.502

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† 

A A-1 B B-1 C D G†

O-Ring 
Size Dimensions B
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Mean 
OD (Ref)
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+.000 
.001

+.001 
-.000

+.005 
-.000
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044 3.739 .027 3.879 3.875 3.850 3.750 3.775 3.873 3.752
045 3.989 .027 .070 4.129 4.125 4.100 .002 4.000 4.025 .002 4.123 4.002 .093
046 4.239 .030 ±.003 4.379 4.375 4.350 4.250 4.275 4.373 4.252
047 4.489 .030 4.629 4.625 4.600 4.500 4.525 4.623 4.502
048 4.739 .030 4.879 4.875 4.850 4.750 4.775 4.873 4.752
049 4.989 .037 5.129 5.125 5.100 5.000 5.025 5.123 5.002
050 5.239 .037 5.379 5.375 5.350 5.250 5.275 5.373 5.252
102 .049 .005 .255 .247 .224 .062 .085 * .245 .064
103 .081 .005 .287 .278 .256 .094 .116 * .276 .095
104 .112 .005 .318 .310 .287 .125 .148 * .308 .127
105 .143 .005 .349 .342 .318 .156 .180 * .340 .158
106 .174 .005 .380 .374 .349 .187 .212 * .372 .189
107 .206 .005 .412 .405 .381 .219 .243 * .403 .221
108 .237 .005 .443 .437 .412 .250 .275 * .435 .252
109 .299 .005 .505 .500 .474 .312 .338 * .498 .314
110 .362 .005 .568 .562 .537 .375 .400 * .560 .377
111 .424 .005 .630 .625 .599 .437 .463 * .623 .439
112 .487 .005 .693 .687 .662 .500 .525 * .685 .502
113 .549 .007 .755 .750 .724 .562 .588 * .748 .564
114 .612 .009 .818 .812 .787 .625 .650 .810 .627
115 .674 .009 .880 .875 .849 .687 .713 .873 .689
116 .737 .009 .943 .937 .912 .750 .775 .935 .752
117 .799 .010 1.005 1.000 .974 .812 .838 .998 .814
118 .862 .010 1.068 1.062 1.037 .875 .900 1.060 .877
119 .924 .010 .103 1.130 1.125 1.099 .002 .937 .963 .002 1.123 .939 .140
120 .987 .010 ±.003 1.193 1.187 1.162 1.000 1.025 1.185 1.002
121 1.049 .010 1.255 1.250 1.224 1.062 1.088 1.248 1.064
122 1.112 .010 1.318 1.312 1.287 1.125 1.150 1.310 1.127
123 1.174 .012 1.380 1.375 1.349 1.187 1.213 1.373 1.189
124 1.237 .012 1.443 1.437 1.412 1.250 1.275 1.435 1.252
125 1.299 .012 1.505 1.500 1.474 1.312 1.338 1.498 1.314
126 1.362 .012 1.568 1.562 1.537 1.375 1.400 1.560 1.377
127 1.424 .012 1.630 1.625 1.599 1.437 1.463 1.623 1.439
128 1.487 .012 1.693 1.687 1.662 1.500 1.525 1.685 1.502
129 1.549 .015 1.755 1.750 1.724 1.562 1.588 1.748 1.564
130 1.612 .015 1.818 1.812 1.787 1.625 1.650 1.810 1.627
131 1.674 .015 1.880 1.875 1.849 1.687 1.713 1.873 1.689
132 1.737 .015 1.943 1.937 1.912 1.750 1.775 1.935 1.752
133 1.799 .015 2.005 2.000 1.974 1.812 1.838 1.998 1.814
134 1.862 .015 2.068 2.062 2.037 1.875 1.900 2.060 1.877
135 1.925 .017 2.131 2.125 2.099 1.937 1.963 2.123 1.939
136 1.987 .017 2.193 2.187 2.162 2.000 2.025 2.185 2.002
137 2.050 .017 2.256 2.250 2.224 2.062 2.088 2.248 2.064

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† (Continued)

A A-1 B B-1 C D G†

O-Ring 
Size Dimensions B

o
re

 D
ia

. 
(M

al
e 

G
la

nd
)

G
ro

o
ve

 D
ia

. 
(F

em
al

e 
G

la
nd

)

Tu
b

e 
O

D
  

(F
em

al
e 

G
la

nd
)

G
ro

o
ve

 D
ia

. 
(M

al
e 

G
la

nd
)

P
lu

g
 D

ia
. 

(M
al

e 
G

la
nd

)

T
hr

o
at

 D
ia

. 
(F

em
al

e 
G

la
nd

)

G
ro

o
ve

 W
id

th

Parker 
No. 2- ID ± W

Mean 
OD (Ref)

+.002 
-.000 -.000 +

+.000 
-.002 +.000 –

+.000 
.001

+.001 
-.000

+.005 
-.000



4-12

St
at

ic
 O

-R
in

g 
Se

al
in

g
Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

138 2.112 .017 2.318 2.312 2.287 2.125 2.150 2.310 2.127
139 2.175 .017 2.381 2.375 2.349 2.187 2.213 2.373 2.189
140 2.237 .017 2.443 2.437 2.412 2.250 2.275 2.435 2.252
141 2.300 .020 2.506 2.500 2.474 2.312 2.338 2.498 2.315
142 2.362 .020 2.568 2.562 2.537 2.375 2.400 2.560 2.377
143 2.425 .020 2.631 2.625 2.599 2.437 2.463 2.623 2.439
144 2.487 .020 2.693 2.687 2.662 2.500 2.525 2.685 2.502
145 2.550 .020 2.756 2.750 2.724 2.562 2.588 2.748 2.564
146 2.612 .020 2.818 2.812 2.787 2.625 2.650 2.810 2.627
147 2.675 .022 2.881 2.875 2.849 2.687 2.713 2.873 2.689
148 2.737 .022 2.943 2.937 2.912 2.750 2.775 2.935 2.752
149 2.800 .022 3.006 3.000 2.974 2.812 2.838 2.998 2.814
150 2.862 .022 3.068 3.062 3.037 2.875 2.900 3.060 2.877
151 2.987 .024 3.193 3.187 3.162 3.000 3.025 3.185 3.002
152 3.237 .024 3.443 3.437 3.412 3.250 3.275 3.435 3.252
153 3.487 .024 3.693 3.687 3.662 3.500 3.525 3.685 3.502
154 3.737 .028 .103 3.943 3.937 3.912 .002 3.750 3.775 .002 3.935 3.752 .140
155 3.987 .028 ±.003 4.193 4.187 4.162 4.000 4.025 4.185 4.002
156 4.237 .030 4.443 4.437 4.412 4.250 4.275 4.435 4.252
157 4.487 .030 4.693 4.687 4.662 4.500 4.525 4.685 4.502
158 4.737 .030 4.943 4.937 4.912 4.750 4.775 4.935 4.752
159 4.987 .035 5.193 5.187 5.162 5.000 5.025 5.185 5.002
160 5.237 .035 5.443 5.437 5.412 5.250 5.275 5.435 5.252
161 5.487 .035 5.693 5.687 5.662 5.500 5.525 5.685 5.502
162 5.737 .035 5.943 5.937 5.912 5.750 5.775 5.935 5.752
163 5.987 .035 6.193 6.187 6.162 6.000 6.025 6.185 6.002
164 6.237 .040 6.443 6.437 6.412 6.250 6.275 6.435 6.252
165 6.487 .040 6.693 6.687 6.662 6.500 6.525 6.685 6.502
166 6.737 .040 6.943 6.937 6.912 6.750 6.775 6.935 6.752
167 6.987 .040 7.193 7.187 7.162 7.000 7.025 7.185 7.002
168 7.237 .045 7.443 7.437 7.412 7.250 7.275 7.435 7.252
169 7.487 .045 7.693 7.687 7.662 7.500 7.525 7.685 7.502
170 7.737 .045 7.943 7.937 7.912 7.750 7.775 7.935 7.752
171 7.987 .045 8.193 8.187 8.162 8.000 8.025 8.185 8.002
172 8.237 .050 8.443 8.437 8.412 8.250 8.275 8.435 8.252
173 8.487 .050 8.693 8.687 8.662 8.500 8.525 8.685 8.502
174 8.737 .050 8.943 8.937 8.912 8.750 8.775 8.935 8.752
175 8.987 .050 9.193 9.187 9.162 9.000 9.025 9.185 9.002
176 9.237 .055 9.443 9.437 9.412 9.250 9.275 9.435 9.252
177 9.487 .055 9.693 9.687 9.662 9.500 9.525 9.685 9.502
178 9.737 .055 9.943 9.937 9.912 9.750 9.775 9.935 9.752
201 .171 .005 .139 .449 .437 .409 .187 .215 * .434 .190
202 .234 .005 ±.004 .512 .500 .472 .002 .250 .278 .002 * .497 .253 .187
203 .296 .005 .574 .562 .534 .312 .340 * .559 .315

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† (Continued)
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

204 .359 .005 .637 .625 .597 .375 .403 .622 .378
205 .421 .005 .699 .687 .659 .437 .465 .684 .440
206 .484 .005 .762 .750 .722 .500 .528 .747 .503
207 .546 .007 .824 .812 .784 .562 .590 .809 .565
208 .609 .009 .887 .875 .847 .625 .653 .872 .628
209 .671 .009 .949 .937 .909 .687 .715 .934 .690
210 .734 .010 1.012 1.000 .972 .750 .778 .997 .753
211 .796 .010 1.074 1.062 1.034 .812 .840 1.059 .815
212 .859 .010 1.137 1.125 1.097 .875 .903 1.122 .878
213 .921 .010 1.199 1.187 1.159 .937 .965 1.184 .940
214 .984 .010 1.262 1.250 1.222 1.000 1.028 1.247 1.003
215 1.046 .010 1.324 1.312 1.284 1.062 1.090 1.309 1.065
216 1.109 .012 1.387 1.375 1.347 1.125 1.153 1.372 1.128
217 1.171 .012 1.449 1.437 1.409 1.187 1.215 1.434 1.190
218 1.234 .012 1.512 1.500 1.472 1.250 1.278 1.497 1.253
219 1.296 .012 1.574 1.562 1.534 1.312 1.340 1.559 1.315
220 1.359 .012 .139 1.637 1.625 1.597 .002 1.375 1.403 .002 1.622 1.378 .187
221 1.421 .012 ±.004 1.700 1.687 1.659 1.437 1.465 1.684 1.440
222 1.484 .015 1.762 1.750 1.722 1.500 1.528 1.747 1.503
223 1.609 .015 1.887 1.875 1.847 1.625 1.653 1.872 1.628
224 1.734 .015 2.012 2.000 1.972 1.750 1.778 1.997 1.753
225 1.859 .015 2.137 2.125 2.097 1.875 1.903 2.122 1.878
226 1.984 .018 2.262 2.250 2.222 2.000 2.028 2.247 2.003
227 2.109 .018 2.387 2.375 2.347 2.125 2.153 2.372 2.128
228 2.234 .020 2.512 2.500 2.472 2.250 2.278 2.497 2.253
229 2.359 .020 2.637 2.625 2.597 2.375 2.403 2.622 2.378
230 2.484 .020 2.762 2.750 2.722 2.500 2.528 2.747 2.503
231 2.609 .020 2.887 2.875 2.847 2.625 2.653 2.872 2.628
232 2.734 .024 3.012 3.000 2.972 2.750 2.778 2.997 2.753
233 2.859 .024 3.137 3.125 3.097 2.875 2.903 3.122 2.878
234 2.984 .024 3.262 3.250 3.222 3.000 3.028 3.247 3.003
235 3.109 .024 3.387 3.375 3.347 3.125 3.153 3.372 3.128
236 3.234 .024 3.512 3.500 3.472 3.250 3.278 3.497 3.253
237 3.359 .024 3.637 3.625 3.597 3.375 3.403 3.622 3.378
238 3.484 .024 3.762 3.750 3.722 3.500 3.528 3.747 3.503
239 3.609 .028 3.887 3.875 3.847 3.625 3.653 3.872 3.628
240 3.734 .028 4.012 4.000 3.972 3.750 3.778 3.997 3.753
241 3.859 .028 4.137 4.125 4.097 3.875 3.903 4.122 3.878
242 3.984 .028 4.262 4.250 4.222 4.000 4.028 4.247 4.003
243 4.109 .028 4.387 4.375 4.347 4.125 4.153 4.372 4.128
244 4.234 .030 4.512 4.500 4.472 4.250 4.278 4.497 4.253
245 4.359 .030 4.637 4.625 4.597 4.375 4.403 4.622 4.378
246 4.484 .030 4.762 4.750 4.722 4.500 4.528 4.747 4.503
247 4.609 .030 4.887 4.875 4.847 4.625 4.653 4.872 4.628

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† (Continued)
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

248 4.734 .030 5.012 5.000 4.972 4.750 4.778 4.997 4.753
249 4.859 .035 5.137 5.125 5.097 4.875 4.903 5.122 4.878
250 4.984 .035 5.262 5.250 5.222 5.000 5.028 5.247 5.003
251 5.109 .035 5.387 5.375 5.347 5.125 5.153 5.372 5.128
252 5.234 .035 5.512 5.500 5.472 5.250 5.278 5.497 5.253
253 5.359 .035 5.637 5.625 5.597 5.375 5.403 5.622 5.378
254 5.484 .035 5.762 5.750 5.722 5.500 5.528 5.747 5.503
255 5.609 .035 5.887 5.875 5.847 5.625 5.653 5.872 5.628
256 5.734 .035 6.012 6.000 5.972 5.750 5.778 5.997 5.753
257 5.859 .035 6.137 6.125 6.097 5.875 5.903 6.122 5.878
258 5.984 .035 6.262 6.250 6.222 6.000 6.028 6.247 6.003
259 6.234 .040 6.512 6.500 6.472 6.250 6.278 6.497 6.253
260 6.484 .040 6.762 6.750 6.722 6.500 6.528 6.747 6.503
261 6.734 .040 7.012 7.000 6.972 6.750 6.778 6.997 6.753
262 6.984 .040 7.262 7.250 7.222 7.000 7.028 7.247 7.003
263 7.234 .045 7.512 7.500 7.472 7.250 7.278 7.497 7.253
264 7.484 .045 7.762 7.750 7.722 7.500 7.528 7.747 7.503
265 7.734 .045 .139 8.012 8.000 7.972 .002 7.750 7.778 .002 7.997 7.753 .187
266 7.984 .045 ±.004 8.262 8.250 8.222 8.000 8.028 8.247 8.003
267 8.234 .050 8.512 8.500 8.472 8.250 8.278 8.497 8.253
268 8.484 .050 8.762 8.750 8.722 8.500 8.528 8.747 8.503
269 8.734 .050 9.012 9.000 8.972 8.750 8.778 8.997 8.753
270 8.984 .050 9.262 9.250 9.222 9.000 9.028 9.247 9.003
271 9.234 .055 9.512 9.500 9.472 9.250 9.278 9.497 9.253
272 9.484 .055 9.762 9.750 9.722 9.500 9.528 9.747 9.503
273 9.734 .055 10.012 10.000 9.972 9.750 9.778 9.997 9.753
274 9.984 .055 10.262 10.250 10.222 10.000 10.028 10.247 10.003
275 10.484 .055 10.762 10.750 10.722 10.500 10.528 10.747 10.503
276 10.984 .065 11.262 11.250 11.222 11.000 11.028 11.247 11.003
277 11.484 .065 11.762 11.750 11.722 11.500 11.528 11.747 11.503
278 11.984 .065 12.262 12.250 12.222 12.000 12.028 12.247 12.003
279 12.984 .065 13.262 13.250 13.222 13.000 13.028 13.247 13.003
280 13.984 .065 14.262 14.250 14.222 14.000 14.028 14.247 14.003
281 14.984 .065 15.262 15.250 15.222 15.000 15.028 15.247 15.003
282 15.955 .075 16.233 16.250 16.222 16.000 16.028 16.247 16.003
283 16.955 .080 17.233 17.250 17.222 17.000 17.028 17.247 17.003
284 17.955 .085 18.233 18.250 18.222 18.000 18.028 18.247 18.003
309 .412 .005 .832 .812 .777 .437 .472 * .809 .440
310 .475 .005 .210 .895 .875 .840 .500 .535 * .872 .503
311 .537 .007 ±.005 .957 .937 .902 .004 .562 .597 .004 * .934 .565 .281
312 .600 .009 1.020 1.000 .965 .625 .660 .997 .628
313 .662 .009 1.082 1.062 1.027 .687 .722 1.059 .690
314 .725 .010 1.145 1.125 1.090 .750 .785 1.122 .753

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† (Continued)
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

315 .787 .010 1.207 1.187 1.152 .812 .847 1.184 .815
316 .850 .010 1.270 1.250 1.215 .875 .910 1.247 .878
317 .912 .010 1.332 1.312 1.277 .937 .972 1.309 .940
318 .975 .010 1.395 1.375 1.340 1.000 1.035 1.372 1.003
319 1.037 .010 1.457 1.437 1.402 1.062 1.097 1.434 1.065
320 1.100 .012 1.520 1.500 1.465 1.125 1.160 1.497 1.128
321 1.162 .012 1.582 1.562 1.527 1.187 1.222 1.559 1.190
322 1.225 .012 1.645 1.625 1.590 1.250 1.285 1.622 1.253
323 1.287 .012 1.707 1.687 1.652 1.312 1.347 1.684 1.315
324 1.350 .012 1.770 1.750 1.715 1.375 1.410 1.747 1.378
325 1.475 .015 1.895 1.875 1.840 1.500 1.535 1.872 1.503
326 1.600 .015 2.020 2.000 1.965 1.625 1.660 1.997 1.628
327 1.725 .015 2.145 2.125 2.090 1.750 1.785 2.122 1.753
328 1.850 .015 2.270 2.250 2.215 1.875 1.910 2.247 1.878
329 1.975 .018 2.395 2.375 2.340 2.000 2.035 2.372 2.003
330 2.100 .018 2.520 2.500 2.465 2.125 2.160 2.497 2.128
331 2.225 .018 2.645 2.625 2.590 2.250 2.285 2.622 2.253
332 2.350 .018 2.770 2.750 2.715 2.375 2.410 2.747 2.378
333 2.475 .020 2.895 2.875 2.840 2.500 2.535 2.872 2.503
334 2.600 .020 3.020 3.000 2.965 2.625 2.660 2.997 2.628
335 2.725 .020 3.145 3.125 3.090 2.750 2.785 3.122 2.753
336 2.850 .020 .210 3.270 3.250 3.215 .004 2.875 2.910 .004 3.247 2.878 .281
337 2.975 .024 ±.005 3.395 3.375 3.340 3.000 3.035 3.372 3.003
338 3.100 .024 3.520 3.500 3.465 3.125 3.160 3.497 3.128
339 3.225 .024 3.645 3.625 3.590 3.250 3.285 3.622 3.253
340 3.350 .024 3.770 3.750 3.715 3.375 3.410 3.747 3.378
341 3.475 .024 3.895 3.875 3.840 3.500 3.535 3.872 3.502
342 3.600 .028 4.020 4.000 3.965 3.625 3.660 3.997 3.628
343 3.725 .028 4.145 4.125 4.090 3.750 3.785 4.122 3.753
344 3.850 .028 4.270 4.250 4.215 3.875 3.910 4.247 3.878
345 3.975 .028 4.395 4.375 4.340 4.000 4.035 4.372 4.003
346 4.100 .028 4.520 4.500 4.465 4.125 4.160 4.497 4.128
347 4.225 .030 4.645 4.625 4.590 4.250 4.285 4.622 4.253
348 4.350 .030 4.770 4.750 4.717 4.375 4.410 4.747 4.378
349 4.475 .030 4.895 4.875 4.840 4.500 4.535 4.872 4.503
350 4.600 .030 5.020 5.000 4.965 4.625 4.660 4.997 4.628
351 4.725 .030 5.145 5.125 5.090 4.750 4.785 5.122 4.753
352 4.850 .030 5.270 5.250 5.215 4.875 4.910 5.247 4.878
353 4.975 .037 5.395 5.375 5.340 5.000 5.035 5.372 5.003
354 5.100 .037 5.520 5.500 5.465 5.125 5.160 5.497 5.128
355 5.225 .037 5.645 5.625 5.590 5.250 5.285 5.622 5.253
356 5.350 .037 5.770 5.750 5.715 5.375 5.410 5.747 5.378
357 5.475 .037 5.895 5.875 5.840 5.500 5.535 5.872 5.503
358 5.600 .037 6.020 6.000 5.965 5.625 5.660 5.997 5.628

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† (Continued)
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

359 5.725 .037 6.145 6.125 6.090 5.750 5.785 6.122 5.753
360 5.850 .037 6.270 6.250 6.215 5.875 5.910 6.247 5.878
361 5.975 .037 6.395 6.375 6.340 6.000 6.035 6.372 6.003
362 6.225 .040 6.645 6.625 6.590 6.250 6.285 6.622 6.253
363 6.475 .040 6.895 6.875 6.840 6.500 6.535 6.872 6.503
364 6.725 .040 7.145 7.125 7.090 6.750 6.785 7.122 6.753
365 6.975 .040 7.395 7.375 7.340 7.000 7.035 7.372 7.003
366 7.225 .045 7.645 7.625 7.590 7.250 7.285 7.622 7.253
367 7.475 .045 7.895 7.875 7.840 7.500 7.535 7.872 7.503
368 7.725 .045 8.145 8.125 8.090 7.750 7.785 8.122 7.753
369 7.975 .045 8.395 8.375 8.340 8.000 8.035 8.372 8.003
370 8.225 .050 8.645 8.625 8.590 8.250 8.285 8.622 8.253
371 8.475 .050 8.895 8.875 8.840 8.500 8.535 8.872 8.503
372 8.725 .050 9.145 9.125 9.090 8.750 8.785 9.122 8.753
373 8.975 .050 9.395 9.375 9.340 9.000 9.035 9.372 9.003
374 9.225 .055 9.645 9.625 9.590 9.250 9.285 9.622 9.253
375 9.475 .055 9.895 9.875 9.840 9.500 9.535 9.872 9.503
376 9.725 .055 10.145 10.125 10.090 9.750 9.785 10.122 9.753
377 9.975 .055 .210 10.395 10.375 10.340 .004 10.000 10.035 .004 10.372 10.003 .281
378 10.475 .060 ±.005 10.895 10.875 10.840 10.500 10.535 10.872 10.503
379 10.975 .060 11.395 11.375 11.340 11.000 11.035 11.372 11.003
380 11.475 .065 11.895 11.875 11.840 11.500 11.535 11.872 11.503
381 11.975 .065 12.395 12.375 12.340 12.000 12.035 12.372 12.003
382 12.975 .065 13.395 13.375 13.340 13.000 13.035 13.372 13.003
383 13.975 .070 14.395 14.375 14.340 14.000 14.035 14.372 14.003
384 14.975 .070 15.395 15.375 15.340 15.000 15.035 15.372 15.003
385 15.955 .075 16.375 16.375 16.340 16.000 16.035 16.372 16.003
386 16.955 .080 17.375 17.375 17.340 17.000 17.035 17.372 17.003
387 17.955 .085 18.375 18.375 18.340 18.000 18.035 18.372 18.003
388 18.955 .090 19.373 19.375 19.340 19.000 19.035 19.372 19.003
389 19.955 .095 20.373 20.375 20.340 20.000 20.035 20.372 20.003
390 20.955 .095 21.373 21.375 21.340 21.000 21.035 21.372 21.003
391 21.955 .100 22.373 22.375 22.340 22.000 22.035 22.372 22.003
392 22.940 .105 23.360 23.375 23.340 23.000 23.035 23.372 23.003
393 23.940 .110 24.360 24.375 24.340 24.000 24.035 24.372 24.003
394 24.940 .115 25.360 25.375 25.340 25.000 25.035 25.372 25.003
395 25.940 .120 26.360 26.375 26.340 26.000 26.035 26.372 26.003
425 4.475 .033 5.025 5.000 4.952 4.500 4.548 4.996 4.504
426 4.600 .033 5.150 5.125 5.077 4.625 4.673 5.121 4.629
427 4.725 .033 .275 5.275 5.250 5.202 .004 4.750 4.798 .004 5.246 4.754 .375
428 4.850 .033 ±.006 5.400 5.375 5.327 4.875 4.923 5.371 4.879
429 4.975 .037 5.525 5.500 5.452 5.000 5.048 5.496 5.004
430 5.100 .037 5.650 5.625 5.577 5.125 5.173 5.621 5.129
431 5.225 .037 5.775 5.750 5.702 5.250 5.298 5.746 5.254

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† (Continued)
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432 5.350 .037 5.900 5.875 5.827 5.375 5.423 5.871 5.379
433 5.475 .037 6.025 6.000 5.952 5.500 5.548 5.996 5.504
434 5.600 .037 6.150 6.125 6.077 5.625 5.673 6.121 5.629
435 5.725 .037 6.275 6.250 6.202 5.750 5.798 6.246 5.754
436 5.850 .037 6.400 6.375 6.327 5.875 5.923 6.371 5.879
437 5.975 .037 6.525 6.500 6.452 6.000 6.048 6.496 6.004
438 6.225 .040 6.775 6.750 6.702 6.250 6.298 6.746 6.254
439 6.475 .040 7.025 7.000 6.952 6.500 6.548 6.996 6.504
440 6.725 .040 7.275 7.250 7.202 6.750 6.798 7.246 6.754
441 6.975 .040 7.525 7.500 7.452 7.000 7.048 7.496 7.004
442 7.225 .045 7.775 7.750 7.702 7.250 7.298 7.746 7.254
443 7.475 .045 8.025 8.000 7.952 7.500 7.548 7.996 7.504
444 7.725 .045 8.275 8.250 8.202 7.750 7.798 8.246 7.754
445 7.975 .045 8.525 8.500 8.452 8.000 8.048 8.496 8.004
446 8.475 .055 9.025 9.000 8.952 8.500 8.548 8.996 8.504
447 8.975 .055 9.525 9.500 9.452 9.000 9.048 9.496 9.004
448 9.475 .055 10.025 10.000 9.952 9.500 9.548 9.996 9.504
449 9.975 .055 10.525 10.500 10.452 10.000 10.048 10.496 10.000
450 10.475 .060 11.025 11.000 10.952 10.500 10.548 10.996 10.504
451 10.975 .060 11.525 11.500 11.452 11.000 11.048 11.496 11.004
452 11.475 .060 12.025 12.000 11.952 11.500 11.548 11.996 11.504
453 11.975 .060 12.525 12.500 12.452 12.000 12.048 12.496 12.004
454 12.475 .060 .275 13.025 13.000 12.952 .004 12.500 12.548 .004 12.996 12.504 .375
455 12.975 .060 ±.006 13.525 13.500 13.452 13.000 13.048 13.496 13.004
456 13.475 .070 14.025 14.000 13.952 13.500 13.548 13.996 13.504
457 13.975 .070 14.525 14.500 14.452 14.000 14.048 14.496 14.004
458 14.475 .070 15.025 15.000 14.952 14.500 14.548 14.996 14.504
459 14.975 .070 15.525 15.500 15.452 15.000 15.048 15.496 15.004
460 15.475 .070 16.025 16.000 15.952 15.500 15.548 15.996 15.504
461 15.955 .075 16.505 16.500 16.452 16.000 16.048 16.496 16.004
462 16.455 .075 17.005 17.000 16.952 16.500 16.548 16.996 16.504
463 16.955 .080 17.505 17.500 17.452 17.000 17.048 17.496 17.004
464 17.455 .085 18.005 18.000 17.952 17.500 17.548 17.996 17.504
465 17.955 .085 18.505 18.500 18.452 18.000 18.048 18.496 18.004
466 18.455 .085 19.005 19.000 18.952 18.500 18.548 18.996 18.504
467 18.955 .090 19.505 19.500 19.452 19.000 19.048 19.496 19.004
468 19.455 .090 20.005 20.000 19.952 19.500 19.548 19.996 19.504
469 19.955 .095 20.505 20.500 20.452 20.000 20.048 20.496 20.004
470 20.955 .095 21.505 21.500 21.452 21.000 21.048 21.496 21.004
471 21.955 .100 22.505 22.500 22.452 22.000 22.048 22.496 22.004
472 22.940 .105 23.490 23.500 23.452 23.000 23.048 23.496 23.004
473 23.940 .110 24.490 24.500 24.452 24.000 24.048 24.496 24.004
474 24.940 .115 25.490 25.500 25.452 25.000 25.048 25.496 25.004
475 25.940 .120 26.490 26.500 26.452 26.000 26.048 26.496 26.004

†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 4-2 for groove widths where 
back-up rings must be used.

*	 These designs require considerable installation stretch. If assembly breakage is incurred, use a compound having higher elongation or use a two-piece piston.

Design Table 4-2: Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.

Gland Dimensions for Industrial O-Ring Static Seals, 103.5 Bar (1500 psi) Max.† (Continued)
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For Internal Pressure
(outward pressure direction)
dimension the groove by its
outside diameter (H ) and width:O

(H ) = Mean O.D. of O-ringO
(see Table 4-1)

O.D., but not more than
-.060

Tolerance = Minus 1% of Mean

For External Pressure
(inward pressure direction)
dimension the groove by its
inside diameter (H) and width:i

(H) = Mean I.D. of O-ringi

(see Table 4-1)

I.D., but not more than
+.060

Tolerance = Plus 1% of Mean

L

63

63

R

X
Surface finish X:
32 for liquids
16 for vacuum
and gases

G

L
Groove
Depth
(= Gland Depth)

Gland Detail
Finishes are RMS values (Refer to Design Chart 4-3 below)

Break Cor ners
Approx. .005 RAD.

X

W

W W

I.D.

*0° to 5°
(Typ.)

.005
Max.

.003 Max.

Section W-W

O-Ring Face Seal Glands These dimensions are intended primarily for face type O-ring seals and low temperature applications.

O-Ring  
Size  

Parker  
No. 2

W  
Cross Section

	 Nominal	 Actual

L  
Gland  
Depth

Squeeze
Actual                %

G  
Groove Width R  

Groove 
RadiusLiquids

Vacuum  
and Gases

004  
through 

050
1/16 .070  ±.003 

(1.78 mm)

.050 
to 

.054

.013 
to 

.023

19 
to 
32

.101 
to 

.107

.084 
to 

.089

.005 
to 

.015
102  

through  
178

3/32 .103  ±.003  
(2.62 mm)

.074 
to 

.080

.020 
to 

.032

20 
to 
30

.136 
to 

.142

.120 
to 

.125

.005 
to 

.015
201  

through 
284

1/8 .139  ±.004 
(3.53 mm

.101 
to 

.107

.028 
to 

.042

20 
to 
30

.177 
to 

.187

.158 
to 

.164

.010 
to 

.025
309  

through 
395

3/16 .210  ±.005 
(5.33 mm)

.152 
to 

.162

.043 
to 

.063

21 
to 
30

.270 
to 

.290

.239 
to 

.244

.020 
to 

.035
425  

through 
475

1/4 .275  ±.006 
(6.99 mm)

.201 
to 

.211

.058 
to 

.080

21 
to 
29

.342 
to 

.362

.309 
to 

.314

.020 
to 

.035

Special 3/8 .375  ±.007 
(9.52 mm)

.276 
to 

.286

.082 
to 

.106

22 
to 
28

.475 
to 

.485

.419 
to 

.424

.030 
to 

.045

Special 1/2 .500  ±.008 
(12.7 mm)

.370 
to 

.380

.112 
to 

.138

22 
to 
27

.638 
to 

.645

.560 
to 

.565

.030 
to 

.045

Design Chart 4-3: Design Chart for O-Ring Face Seal Glands

 Face Seal Glands
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66°

Mean Groove
Diameter Coincides
With Mean
O-ring Diameter. Finishes are RMS values

L

G

R

R1

O-Ring Dovetail Grooves 
Radius “R” is CRITICAL. Insufficient radius will potentially cause damage to the O-ring during installation, while excessive radius may contribute to 
extrusion.

O-Ring  
Size  

AS568A-

W  
Cross Section

Nominal           Actual

L  
Gland  
Depth Squeeze %

G  
Groove Width

(To sharp  
corner) R R1

004  
through 

050
1/16 .070 

±.003

.053 
to 

.055
23

.057 
to 

.061
.005 1/64

102  
through  

178
3/32 .103 

±.003

.081 
to 

.083
21

.083 
to 

.087
.010 1/64

201  
through 

284
1/8 .139 

±.004

.111 
to 

.113
20

.113 
to 

.117
.010 1/32

309  
through 

395
3/16 .210 

±.005

.171 
to 

.173
18

.171 
to 

.175
.015 1/32

425  
through 

475
1/4 .275 

±.006

.231 
to 

.234
16

.231 
to 

.235
.015 1/16

Special 3/8 .375 
±.007

.315 
to 

.319
16

.315 
to 

.319
.020 3/32

NOTE: These design recommendations assume metal-to-metal contact. In special applications, for example in the semiconductor industry, deviation from 
these recommendations may be necessary. When designing with Parofluor elastomers, one should take into consideration that perfluorinated elastomers 
may require more squeeze than an FKM material to obtain optimum sealing performance. To increase squeeze, modifications of the design recommendations 
shown above are necessary.

Design Chart 4-4: Dovetail Grooves

	 Dovetail Grooves
It is often necessary to provide some mechanical means for holding 
an O-ring in a face seal groove during assembly and maintenance of 
equipment. An undercut or dovetail groove has proven beneficial in 
many applications to keep the O-ring in place. This is an expensive 
groove to machine, however, and thus should be used only when 
absolutely necessary.

It should be noted that although this method has been used success-
fully, it is not generally recommended. The inherent characteristics of 
the groove design limit the amount of void area. Normally acceptable 
tolerance extremes, wide service temperature ranges, and fluid me-
dia that cause high swell of the elastomer are conditions that cannot 
be tolerated in this type of groove design.
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O-Ring Half Dovetail Grooves 
Radius “R” is CRITICAL. Insufficient radius will potentially cause damage to the O-ring during installation, while excessive radius may contribute to 
extrusion.

O-Ring  
Size  

AS568A-

W  
Cross Section

Nominal           Actual

L  
Gland  
Depth Squeeze %

G  
Groove Width

(To sharp  
corner) R R1

004  
through 

050
1/16 .070 

±.003

.053 
to 

.055
23

.064 
to 

.066
.005 1/64

102  
through  

178
3/32 .103 

±.003

.083 
to 

.085
19

.095 
to 

.097
.010 1/64

201  
through 

284
1/8 .139 

±.004

.113 
to 

.115
18

.124 
to 

.128
.010 1/32

309  
through 

395
3/16 .210 

±.005

.173 
to 

.176
17

.190 
to 

.193
.015 1/32

425  
through 

475
1/4 .275 

±.006

.234 
to 

.238
15

.255 
to 

.257
.015 1/16

Special 3/8 .375 
±.007

.319 
to 

.323
14

.350 
to 

.358
.020 3/32

NOTE: These design recommendations assume metal-to-metal contact. In special applications, for example in the semiconductor industry, deviation from 
these recommendations may be necessary. When designing with Parofluor elastomers, one should take into consideration that perfluorinated elastomers 
may require more squeeze than an FKM material to obtain optimum sealing performance. To increase squeeze, modifications of the design recommendations 
shown above are necessary.

Design Chart 4-5: Half Dovetail Grooves

66°

Mean Groove
Diameter Coincides
With Mean
O-ring Diameter.

L

G

R

R1

Finishes are RMS values

Half Dovetail Grooves
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This type of crush seal is used where cost and ease of machining are 
important. The O-Ring is confined in a triangular recess made by ma-
chining a 45 degree angle on the male cover. The OD of the ring should 
be about the same as the recess diameter. The same sealing principle 
applies to crush type seals used in recesses of straight thread tubing 
bosses. Pressures are limited only by clearances and the strength of the 
mating parts. The O-Rings are permanently deformed.

Static Crush Seal Grooves

Size Number

W
O-Ring CS Actual

	 in	 +/-	 mm	 +/-

L
Gland Depth

in
+

(- 0.000) mm
+

(- 0.000)
004  

through  
050

0.070 0.003 1.78 0.08 0.092 0.003 2.34 0.08

102  
through  

178
0.103 0.003 2.62 0.08 0.136 0.005 3.45 0.13

201  
through  

284
0.139 0.004 3.53 0.10 0.184 0.007 4.67 0.18

309  
through  

395
0.210 0.005 5.33 0.13 0.277 0.010 7.04 0.25

425  
through  

475
0.275 0.006 6.99  0.15 0.363 0.015 9.22 0.38

Various Sizes

0.059 0.003 1.50 0.08 0.078 0.003 1.98 0.08

0.078 0.003 2.00 0.08 0.104 0.003 2.64 0.08

0.098 0.003 2.50 0.08 0.130 0.005 3.30 0.13

0.118 0.004 3.00 0 .10 0.156 0.005 3.96 0.13

0.157 0.005 4.00 0.13 0.208 0.007 5.28 0.18

0.197 0.005 5.00 0.13 0.260 0.010 6.61 0.25

0.236 0.006 6.00 0.15 0.312 0.010 7.93 0.25

0.315 0.007 8.00 0.18 0.416 0.015 10.57 0.38

0.354 0.007 9.00 0.18 0.468 0.015 11.89 0.38

Design Chart 4-6: Static Crush Seal Grooves

Triangular Grooves
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(Note 1)
G
A
D

120°
±0° 30'

125

To G

Surf. K

Height to
Suit Design

Min. Clearance
Envelope for Fitting

B
J

.020R
Max.

32
C

32
D Dia. to E Depth

Concentric to D Within .005 T.I.R.
.040
.010R

E

45° ± 5°

Detail A

Thread T — PD must be square with Surf. K
within N T.I.R. across G Dia. Min.
PD must be concentric with G Dia.
within .030 T.I.R. and with D Dia.
within .005 T.I.R.

Note 1:

Note 2:

Min. flat boss face. Clearance provisions
for fitting, wrench, fitting installation and
tool fillet radii must be added as required.

Tube fittings per AS5202

C
Min. Dia. for unrestricted
flow of fluid may be any
size or shape provided
clearance is maintained to
J depth for fitting.

Detail A

Tube Fitting Boss Seals

Boss Dimensions for Military Straight Thread Tube Fitting O-ring Gaskets per AS5202  
(Supersedes AND10049, AND10050 and MS33649)

Parker 
O-ring 
Size 
No.*

Actual  
O-Ring  

Dimensions

Equiv. 
Tube 
Dash 
No.

Tube  
OD  
Min.

Thread T  
Per Mil-S-8879

A  
Dia. 

+.015 
-.000

B  
Full 
Thd. 

Depth

C 

 
Dia.

D  
Dia. 

+.005 
-.000

E 
 

+.015 
-.000

G 
 

Dia. 
Min.

J 

 
Min.

N

W ID
3-901 .056 ± .003 .185 ± .005 1 – .2500-28UNJF-3B 0.359 0.330 0.062 0.264 0.063 0.478 0.402 0.002
3-902 .064 ± .003 .239 ± .005 2 .125 .3125-24UNJF-3B 0.438 0.482 0.062 0.328

0.063
0.602 0.577

0.003
3-903 .064 ± .003 .301 ± .005 3 .188 .3750-24UNJF-3B 0.500 0.538 0.125 0.390 0.665 0.583
3-904 .072 ± .003 .351 ± .005 4 .250 .4375-20UNJF-3B 0.562

0.568
0.172 0.454

0.075
0.728 0.656

3-905 .072 ± .003 .414 ± .005 5 .312 .5000-20UNJF-3B 0.625 0.234 0.517 0.790
3-906 .078 ± .003 .468 ± .005 6 .375 .5625-18UNJF-3B 0.688 0.598 0.297 0.580 0.083 0.852 0.709

0.004
3-907 .082 ± .003 .530 ± .007 7 .438 .6250-18UNJF-3B 0.750 0.614 0.360 0.643

0.094
0.915 0.725

3-908 .087 ± .003 .644 ± .009 8 .500 .7500-16UNJF-3B 0.875 0.714 0.391 0.769 1.040 0.834

0.005

3-909 .097 ± .003 .706 ± .009 9 .562 .8125-16UNJ-3B 0.938 0.730 0.438 0.832
0.107

1.102 0.850
3-910 .097 ± .003 .755 ± .009 10 .625 .8750-14UNJF-3B 1.000 0.802 0.484 0.896 1.165 0.960
3-911 .116 ± .004 .863 ± .009 11 .688 1.0000-12UNJF-3B 1.156

0.877

0.547 1.023

0.125

1.352

1.064
3-912 .116 ± .004 .924 ± .009 12 .750 1.0625-12UNJ-3B 1.234 0.609 1.086 1.415
3-914 .116 ± .004 1.047 ± .010 14 .875 1.1875-12UNJ-3B 1.362 0.734 1.211 1.540
3-916 .116 ± .004 1.171 ± .010 16 1.000 1.3125-12UNJ-3B 1.487 0.844 1.336 1.665

0.0083-918 .116 ± .004 1.355 ± .012 18 1.125 1.5000-12UNJF-3B 1.675 0.953 1.524 1.790
1.116

3-920 .118 ± .004 1.475 ± .014 20 1.250 1.6250-12UNJ-3B 1.800 1.078 1.648 1.978
3-924 .118 ± .004 1.720 ± .014 24 1.500 1.8750-12UNJ-3B 2.050 1.312 1.898 2.228 1.127

0.0103-928 .118 ± .004 2.090 ± .018 28 1.750 2.2500-12UNJ-3B 2.425 1.547 2.273 2.602 1.243
3-932 .118 ± .004 2.337 ± .018 32 2.000 2.5000-12UNJ-3B 2.675 0.907 1.781 2.524 2.852 1.368

*Parker dash numbers correspond with those of AS568A

Design Table 4-3: Boss Dimensions for Military Straight Thread Tube Fitting O-ring Gaskets per AS5202 (Supersedes AND10049, 
AND10050 and MS33649)
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F

45° ± 5°

Q

.015 RAD. for thread
runout
Chamfer relief to
hex flats shall be
within the 15° ± 5°
angle and K dia.
limitations

.031

.016
RAD K

Full threads to this point
thread T

Thread
T

Squareness between
thread T and face of
hex shall not exceed
H at measured at
diameter K

Tube Fitting Boss Seals
Use fitting end per AS4395

Fitting End AS4395 Used with J1926/1 and AS5202 Bosses (Supercedes MS 33656) 
(Only the dimensions that define the O-ring Cavity are shown below.)

Parker  
O-ring 

Size No.
Tubing 

OD Thread T

E  
Dimension Across 

Hex Flats

F  
+.002 
-.003

H 
 

Max.

K  
Dia. 

±.010

G  
+.015 
-.000

3-902 1/8 5/16-24

UNF-3A

.563

+.003
-.004

.250

.005

.549 .063

3-903 3/16 3/8-24 .625 .312 .611 .063

3-904 1/4 7/16-20 .688 .364 .674 .075

3-905 5/16 1/2-20 .750 .426 .736 .075

3-906 3/8 9/16-18 .813 .481 .799 .083

3-908 1/2 3/4-16 1.000 .660 .986 .094

3-910 5/8 7/8-14 1.125 .773 1.111 .107

3-912 3/4 1 1/16-12

UNJ-3A

1.375 .945

.008

1.361

.125

3-914* 7/8 1 3/16-12 1.500

±.016

1.070 1.475

3-916 1 1 5/16-12 1.625 1.195 1.599

3-920 1 1/4 1 5/8-12 1.875 1.507 1.879

3-924 1 1/2 1 7/8-12 2.125
±.020

1.756 2.095

3-932 2 2 1/2-12 2.750 2.381 2.718

*No fitting end for the 3-914 O-ring size is included in AS4395, but the dimensions shown here follow the same pattern.

Design Table Table 4-4: Fitting end AS4395 used with J1926/1 and AS5202 bosses (only the dimensions that define the  
O-ring cavity are shown.)
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This surface shall be square with the
thread P.D. within .010 T.I.R. when measured at Dia. L

Minimum Spotface
Diameter

F

L

Detail "A"
Min. Boss

Height

Diameter D shall be concentric
with thread P.D. within .005 T.I.R.

D Dia.

.010

.005 Rad.

J E

THD. T

C Dia. this dim. applies
only when tap drill can
not pass thru entire boss

B
E

K

100

45° ± 5°

Detail A

Finished tapered counterbore (Detail A) shall be be free from longitudinal and spiral tool marks.
Annular tool marks up to 100 micro-inches maximum will be permissible.

Tube Fitting Boss Seals

Boss Dimensions for Industrial Straight Thread Tube Fittings 
O-Ring Gaskets per SAE J1926

Parker 
O-Ring 

Size

Actual O-Ring  
Dimensions

Tube 
OD Thread T

B  
Min. 

Thread 
Depth

C 

 
Min.

D 
 

+.005 
-.000

E 
 

+.015 
-.000

F 

 
Min.

J 

 
Min.

K
 
 

±1°

L 

 
Min.W ID

3-902 .064 ± .003 .239 ± .005 1/8 5/16-24

UNF-2B

.390 .062 .358 .074 .672 .468 12° .438
3-903 .064 ± .003 .301 ± .005 3/16 3/8-24 .390 .125 .421 .074 .750 .468 12° .500
3-904 .072 ± .003 .351 ± .005 1/4 7/16-20 .454 .172 .487 .093 .828 .547 12° .563
3-905 .072 ± .003 .414 ± .005 5/16 1/2-20 .454 .234 .550 .093 .960 .547 12° .625
3-906 .078 ± .003 .468 ± .005 3/8 9/16-18 .500 .297 .616 .097 .906 .609 12° .688
3-908 .087 ± .003 .644 ± .009 1/2 3/4-16 .562 .391 .811 .100 1.188 .688 15° .875
3-910 .097 ± .003 .755 ± .009 5/8 7/8-14 .656 .484 .942 .100 1.344 .781 15° 1.000
3-912 .116 ± .004 .924 ± .009 3/4 1 1/16-12

UN-2B

.750 .609 1.148 .130 1.625 .906 15° 1.250
3-913 .116 ± .004 .986 ± .010 13/16
3-914 .116 ± .004 1.047 ± .010 7/8 1 3/16-12 .750 .719 1.273 .130 1.765 .906 15° 1.375
3-916 .116 ± .004 1.171 ± .010 1 1 5/16-12 .750 .844 1.398 .130 1.910 .906 15° 1.500
3-918 .116 ± .004 1.355 ± .012 1 1/8 
3-920 .118 ± .004 1.475 ± .014 1 1/4 1 5/8-12 .750 1.078 1.713 .132 2.270 .906 15° 1.875
3-924 .118 ± .004 1.720 ± .014 1 1/2 1 7/8-12 .750 1.312 1.962 .132 2.560 .906 15° 2.125
3-932 .118 ± .004 2.337 ± .018 2 2 1/2-12 .750 1.781 2.587 .132 3.480 .906 15° 2.750

Design Table 4-5: Boss Dimensions for Industrial Straight Thread Tube Fitting O-ring Gaskets Per SAE J1926
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Design Chart Static Vacuum Seal Glands

O-Ring  
Size  

AS568A-

W  
Cross-Section

L  
Gland  
Depth

Squeeze
E  

Diametral  
Clearance

G  
Groove  
Width

R  
Groove  
Radius

Max.*  
EccentricityNominal Actual Actual %

004
through

050
1/16 .070

±.003

.050
to

.052

.015
to

.023

22
to
32

.002
to

.005

.093
to

.098

.005
to

.015
.002

102
through

178
3/32 .103

±.003

.081
to

.083

.017
to

.025

17
to
24

.002
to

.005

.140
to

.145

.005
to

.015
.002

201
through

284
1/8 .139

±.004

.111
to

.113

.022
to

.032

16
to
23

.003
to

.006

.187
to

.192

.010
to

.025
.003

309
through

395
3/16 .210

±.005

.170
to

.173

.032
to

.045

15
to
21

.003
to

.006

.281
to

.286

.020
to

.035
.004

425
through

475
1/4 .275

±.006

.226
to

.229

.040
to

.055

15
to
20

.004
to

.007

.375
to

.380

.020
to

.035
.005

*Total indicator reading between groove and adjacent bearing surface.

Design Chart 4-7: Design Chart for Static Vacuum Seal Glands

Gland Detail

1/2E

F L

G

R

16

32

16 32

0° to 5°
(Typ.)

Break Corners
Approx. .005 Rad.

Gland
Depth

F Groove
Depth (Ref.)

.005
Typ.

W

WW

W

I.D.
.003 Typ.

Section W-W

Male Gland Female Gland

½ E

½ E

Finishes are RMS values

For Static Vacuum Seal Glands

Refer to Design Chart 4-7 (below) for dimensions.
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5.1 Introduction 
Dynamic O-ring sealing applications are considerably more 
involved than static applications due to the implied motion 
against the O-ring seal interface. Resistance to fluids must 
be more carefully scrutinized than in conventional static seal 
designs since a volumetric increase in the O-ring in excess of 
approximately 20% may lead to friction and wear difficulties, 
and only a minimum of shrinkage (at most 4%), can be tolerated.

The metal or other surface over which the O-ring will move 
also becomes critical. It must be hard and wear resistant. It 
also must be sufficiently smooth so that it will not abrade 
the rubber, and yet there must be small microfine “pockets” 
on the moving surfaces to hold lubricant.

The greatest dynamic use of O-rings is in reciprocating hydrau-
lic rod and piston seals. These are discussed first, but many 
of the ideas expressed are also applicable to other dynamic 
applications. Considerations applying only to other types of 
dynamic seals are discussed in greater detail later in the section.

5.2 Hydraulic Reciprocating O-ring Seals
O-rings are best when used on short-stroke, relatively small- 
diameter applications. Millions of O-rings however, are used 
very successfully in reciprocating hydraulic, pneumatic, and 
other fluid systems which employ long stroke, large diameter 
seals. If designed properly, an O-ring seal will give long, 
trouble-free service. The following discussion is presented 
so that common troubles and misuses can be avoided.

If the engineer or designer is to become his own seal expert, he 
must learn the basic types and causes of seal failure. In this section 
we present a discussion of failures and causes of various seal 
failure modes even though it may overemphasize the problems.

Reciprocating seals are affected by extrusion, breathing, sur-
face finish of the metal, and hardness of the seal as discussed 
in O-Ring Applications, Section III. These factors should 
therefore be considered in any reciprocating gland design. 
There are also additional factors discussed in this chapter 
that must be considered in order to avoid future difficulty.

Materials for the surface(s) over which moving O-rings slide 
should be chosen carefully. Those that give the maximum 
life to moving O-ring seals are: Cast iron or steel for bores, 
hardened steel for rods, or hard chrome plated surfaces.

Soft metals such as aluminum, brass, bronze, monel and 
some stainless steels should be avoided in most dynamic 
applications, although they may be used in low-pressure 
pneumatics. If the cylinder bore surface can be hardened, 
as by carburizing, cylinder life will be increased. Hardness 
of the piston should always be lower than the cylinder 
walls to minimize the possibility of damage to the cylinder  
bore surface.

Preferably, metallic moving surfaces sealed by an O-ring 
should never touch, but if they must, then the one containing 
the O-ring groove should be a soft bearing material. It is 
impossible to run a highly polished piston rod through a hard 
bearing without inflicting scratches on the rod. It is likewise 
impossible to slide a hard piston in a highly polished cylinder 
and not inflict scratches on the cylinder wall. The scratches are 
usually caused by small hard particles that are loosened and 
picked up by the oil which sooner or later become jammed 
between the moving surfaces and score them. Though they 
may be hairlines, they are longitudinal scratches and will 
therefore reduce sealing efficiency and life of the O-ring.

The most satisfactory bearing material tried for this purpose 
is babbitt metal. Babbitt makes an excellent bearing and the 
hard particles become imbedded and captured in it without 
damage to the hardened rod. In fact after millions of cycles, 
the babbitt imparts a glass-like finish to the rod. Nylon may 
also be used as a bearing material, but the bearing may need 
to be split in some fashion to allow for nylon’s relatively high 
coefficient of thermal expansion.

In a suggested design, Figure 5-1, the piston is surfaced with 
babbitt. The gland is also lined with babbitt. The O-ring may 
be located in the babbitt lining or in the supporting metal which 
should be relieved 0.051 or 0.076 mm (0.002 or 0.003 inches) 
so there will be no chance of the hard metals running together.

Lubrication, as explained in O-Ring Application, Section III, 
is useful in all O-ring seals. It is doubly important in dynamic 
applications where a lubricating film between the O-ring, and 
the surface it slides over, will protect the ring from abrasion, 
frictional heating and rapid wear.

In pneumatic applications, a back-up ring will trap some 
lubricant, and extend the useful life of seals that are  
lubricated infrequently. It will also help retain oil in  
applications powered with lubricated air.

Figure 5-1: O-ring Seals with Bearings

O-Ring Seals with Parbak Rings

Babbitt Bearings
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When a cylinder rod extends out into a dirty environment 
where it can pick up dirt, lint, metal chips, etc., this foreign 
material can nullify the effect of the best lubricant and cause 
rapid abrasive wear of both the O-ring and the rod. Equipment 
exposed to such conditions should be fitted with a wiper/
scraper ring to prevent the dirt from reaching the O-ring 
seal. It is also good practice to install a felt ring between the 
scraper and the seal to insure proper lubrication of the rod on 
its return stroke. Figure 5-2 illustrates this concept.

A felt ring may cause corrosion in some installations, as felt 
also tends to collect moisture. A second O-ring may be used 
for the wiper, but it must not actually seal because a pressure 
trap condition is likely to develop between two reciprocating 

O-ring seals. This can be prevented by cutting the outer  
O-ring so it cannot seal. Since this can easily be forgotten, 
it is preferable to provide a vent hole between the two O-rings. 
It should vent downward so it will not become clogged with 
dirt. The sample problem provided in Table 5-1 explains how 
to design the gland for such an O-ring wiper.

5.3 Surface Finishes
Finishes of contact surfaces have much to do with the life 
of dynamic O-ring seals. Limits of maximum roughness for 
glands are given on the drawings accompanying the design 
charts in this section and represent accepted practice for 
military and industrial use. Surface roughness values less 
than 5 micro-inches are not recommended for dynamic seals, 
however, as an extending rod will be wiped completely dry 
and will not be lubricated when it retracts. The surface must 
be rough enough to hold small amounts of oil. Ideally, a 
microscopic “orange peel” type of surface is best, presenting 
smooth rounded surfaces for the O-ring to slide on, with 
small crevices between to act as oil reservoirs. This kind of 
surface may be approximated by peening the rod with metal 
shot or glass beads. An even better surface can be obtained 
by electropolishing. The most desirable surface roughness 
value is from 10 to 20 micro-inches. 

The roughness of a surface as measured comprises several 
elements which can be handled separately according to  
DIN 4760:
	 Level 1	 —	 dimensional deviations within   
			   tolerance band
	 Level 2	 —	 surface undulations (waves)
	 Levels 3 to 5	 —	 range of roughness

All these deviations from the ideal finish are superimposed 
as measurements are carried out and represent the surface 
roughness (see Figure 5-3).

Surface finish is often quantified in terms of Rt and Ra  
(see Figure 5-4). Rt is the vertical distance between the highest 
and the lowest peaks in a roughness profile over a test length 
lm. Rt is increasingly being replaced by the maximum depth of 
roughness, Rmax. Rmax is the greatest single roughness found 
in five consecutive single trace lengths lm.

Cut Wiper O-ring
in Two to Prevent
Pressure Trap

1/8 Ref.

Felt
Ring

3/18
Ref.

Enlarged View
of Felt Wiper
Gland with Felt
Installed in Groove
in Squeeze Condition

Cylinder End Cap Alternate Design One
Hole in Top of Cylinder

Prefered Design
Oiling Hole
Direct to Felt

Snap Ring

Washer

Scraper
Felt Wiper
O-ring Packing

Piston Rod

Bearing

Figure 5-2: Lubrication Between Scraper and Seal Rings 

Problem: To design a wiper gland for a 25.4 mm (1.000 in.) OD piston rod.

Procedural Steps: Example:

(A) Select O-ring with actual ID slightly smaller than Rod OD, B. (A) Parker No. 2-214 (ID = 0.984)

(B) Divide the actual minimum squeeze given in Design Chart A6-5 for  
this O-ring size by two (the same squeeze is permissible in most cases). (B) Squeeze 0.012/2 = 0.006

(C) Add this amount to both max. and min. gland depth, L, given in  
Design Chart A6-5 to get proper gland depth for wiper, LW. 

(C) LW min = 0.121 + .006 = 0.127  
LW max = 0.123 + .006 = 0.129

(D) Calculate balance of gland dimensions same as for piston rod seal.

Table 5-1: Wiper Gland Design Example
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This is given in Figure 5-4 by the roughest profile Z4. In this 
case Z4 = Rmax does not include extreme roughness peaks as 
is the case of Rt.

The medium roughness value Ra is an arithmetic mean of all 
components of the roughness trace within the trace length 
lm. The average roughness value Rz of five consecutive trace 
lengths often is preferred to Re.

If Ra is known, Rz can be taken from Figure 5-5 and vice 
versa. Figure 5-5 is taken from DIN 4768, part 1, attachment 
1. Should Rz reach the upper portion of the graph, it can be 
assumed that the specified Ra values will not be exceeded.

The lower limits would be taken if an Rz value should  
be specified.

Finally, the depth of roughness Rp also is of interest and is the 
vertical distance between the highest point on the roughness 
trace and the center line of that trace.

Values for Rt are of very little assistance in reaching a  
conclusion regarding the suitability of a surface roughness 
from the sealing point of view. Table 5-1 shows that for a 
similar Rt all levels of roughness can be produced. Ra values 
are unsuitable for comparison because profiles 6 and 7 have 
the same Ra value. Rp values without reference to the load 
area tp also gives a false impression of roughness.

A static sealing surface Rt ≤ 6.3 µm (VVV roughness DIN 
3141) is rougher than the dynamic surface requirements. Seal 
manufacturers recommend a roughness Rt ≤ 2.5 µm for  
a dynamic sealing surface (Ra = 0.25 to 0.5 mm) (VVV  
roughness DIN 3141) when the load area is over 50%, or 
when the surface finish roughness Rp is under 50%. These 
limitations often are overlooked, nevertheless the connection 
between surface finish and load area is very important  
because an “open” profile can have sharp edges (e.g.,  
profiles 2 through 6 in Table 5-2). These open profiles are a 
product of cutting processes such as turning or grinding.  
A much larger load area is produced by cold forming  
processes such as rolling, drawing or sinking.

Figure 5-3: Surface Finish Structure
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Figure 5-5: Relationship Between Ra and Rz 

Figure 5-4: Roughness Terminology 
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It can be clearly seen from Figure 5-6 that surfaces produced 
by roller burnishing have no sharp peaks which can cause 
damage to a seal. Further, the valleys form potential lubrication 
reservoirs which improve the dynamic behavior of a seal.

Surface finish values obtained in a single test are possibly 
not typical. For this reason several readings should be taken. 
When several results are to be compared, the length of the 
test surface must be stated — for different trace lengths, 
results are not comparable because they result from other 
profile heights.

5.4 Temperature Effects On Dynamic Seals
High Temperatures — It should be remembered that the 
higher the temperature (above 38°C) (100°F) in and around 
a reciprocating gland, the more critical the application  
becomes. The higher the interface temperature, the greater  
the tendency of the lighter fractions of the oil to evaporate 
from an exposed surface. Lack of lubrication will cause  
greatly accelerated seal wear. If the temperature is high enough, 
the tacky residue (resins) which remains after oil evaporation 
will char and create a hard, abrasive surface which, if not 
removed, will quickly abrade away the seal until leakage or 
complete seal failure occurs.

Low temperatures — Low temperature environments are 
most troublesome, especially if the seal has been operating 
at a high temperature for some time. This is because the 
elastomer in the seal will take a compression set at high 
temperature. When the seal is then subjected to low  
temperature, there may be insufficient elastic memory to 
overcome the relatively high coefficient of shrinkage  
(10 times that of steel) at low temperatures.

Table 5-2: Diagramatic Representation of Surface Profiles

Rp
1. Rt

Rp
2. Rt

Rp
3. Rt

Rp
4. Rt

Rp
5. Rt

Rp
6. Rt

Rp
7. Rt

Rp
8. Rt

1 0.5 0.5 50 50 50

1 0.5 0.5 50 50 75

1 0.5 0.5 50 50 75

1 0.75 0.28 12.5 25 37.5

1 0.25 0.28 62.5 75 87.5

1 0.785 0.188 3.5 14 35

1 0.215 0.188 65 86 96.5

1 0.5 0.39 43 50 57

µm µm µm 0.25 0.50 0.75 Rt

Rt Rp Ra tp (%)

Once unseated from a spot on a given metal surface, the seal 
must be reseated by internal seal resilience or system pressure. 
Therefore, it is much easier to seal a hydraulic system that goes 
from zero-pressure to high-pressure almost instantaneously. 
Low-pressure fuel, pneumatic, oil, and similar fluid systems 
are prone to leak if an O-ring is used as a dynamic seal at 
-54°C (-65°F) because there is insufficient pressure to keep 
the O-ring tightly seated during and immediately after motion 
of the gland. Remember that the -54°C (-65°F) compound is 
flexible and capable of acceptable seal performance at -54°C 
(-65°F) but may not be resilient below -43°C (-45°F). 

5.5 Side Loads
Side loads on a piston or rod can cause the clearance in the 
gland to be on one side only. If excess clearance is created 
by side-loading, extrusion will result. If adequate squeeze 
has not been applied, leakage will result. The higher unit 
load on the opposite side causes uneven friction on the seal, 
and if high enough, the rod or barrel will be galled or scored.

5.6 Direction of Pressure
The placement of a groove can be determined from the 
direction of the system pressure in relation to the direction 
of the moving friction force. If the friction of the moving 
metal surface across the O-ring is in the same direction as 
the direction of pressure, the O-ring will tend to be dragged 
into the gap more readily and thus extrude at only 30 to 40% 
of the pressure normally necessary to cause extrusion. By 
placing the groove in the opposite metal part, any friction 
will work against pressure. Snubbing cylinders, in which the 
motion and force create the pressure, are the usual culprits.

5.7 Shock Loads and Pressures
Shock pressures, such as those created by the sudden stopping 
of a rapidly descending hydraulic hoist cylinder on which 
there is a heavy load, are often far in excess of the pressure 
for which the seal and the system were designed. The same 
could be said about the whip of a gun barrel, of a tank on 
rough roads, or a truck tailgate and others if they are designed 

Figure 5-6: Surfaces Produced by Roller Burnishing (a) and by 
Normal Machining (b)

Rp1

Rt1

a) Cold Formed Surface Rp2

Rt2

b) Machined Surface
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to ride on the hydraulic system during transit. Transient 
pressures of 690 Bar (10,000 psi) are not uncommon in these 
cases. A mechanical lock or brake should be provided to hold 
a position once it is attained. The hydraulic cylinder should 
be used only to raise and lower the load if it does not have a 
relief valve within it to prevent excessive pressure build-up 
by shock loads.

5.8 High Frequency Motion or Vibration
O-rings or other seals can be worn excessively by small frequent 
motions which are usually encountered when equipment is in 
transit. For example: the tilt cylinder of a lift truck, a hydraulic 
tailgate lift, and a road scraper blade. Normally, the hydraulic 
cylinder is intended as an actuator and not as a locking device 
or a snubber. It will be noted that brick pavements and dirt roads 
cause the most trouble when this type of effect is encountered. 
A mechanical lock is also recommended as a cure in this case.

5.9 Squeeze 
The best squeeze for a reciprocating O-ring seal must be a 
compromise of all the factors involved. The design tables 
in this chapter are generally satisfactory. The greater the 
temperature range to be sealed, the greater the squeeze that 
is needed. The same is true if low pressure or vacuums are 
encountered. On the other hand, too much squeeze will cause 
excessive friction, wear, and occasionally spiral failure. Some 
rubber compounds require more squeeze than others in order to 
seal. The nitrile (buna-N) base compounds are recommended 
whenever possible because they are more extrusion-resistant, 
more wear-resistant, and require less squeeze to seal, than 
any other oil-resistant rubber developed to date.

The military services have found that more than 0.432 mm 
(0.017") squeeze (per side) on a 5.334 mm (0.210") cross 
section makes an O-ring prone to spiral failure. Yet much 
less than this amount of squeeze will allow leakage at  
low temperature.

As discussed before, the amount of squeeze is a vital factor in 
friction. Therefore, one should carefully consider the squeeze 
applied to the O-ring in any gland design.

Squeeze is actually necessary only during periods of very low 
or no pressure sealing because at high pressures the O-ring 
seeks the path of least resistance, the clearance gap, and 
tends to seal tighter and tighter as the pressure is increased.

Enough squeeze must always be provided to offset the great 
difference in coefficient of shrinkage of the rubber and the 
metal, take up the tolerances of the metal and rubber parts, 
and compensate for the shrinkage (if any) of the rubber in 
the fluid. The following example illustrates how the squeeze 
can vary in a typical piston installation:

Consider Parker size 2-012 and Design Table 5-2:

1.	 With perfect concentricity
	 Gland Depth, Lmax  =  0.501 - 0.387  =  0.057
	 2
	 Radial clearance, max  =  0.501 - 0.496  =  0.0025
	 2
	 Cross section, Wmin	 =	 .067
	 Reduction of W, due  
	 to installation stretch	 =	 0.003 (see Figure 3-3)
	 Wmin, installed	 =	 0.064
	 less Lmax	 =	 0.057 (from 1. above)
	 squeeze, min	 = 	 0.007
2.	 With maximum radial displacement  
	 (piston tangent with bore)
	 squeeze, min	 = 	 0.007 (from 1. above)
	 radial piston shift, max	 =	 0.0025
	 squeeze	 =	 0.0045 min possible
3.	 With maximum eccentricity of 0.002 T.I.R.  
	 between piston and groove OD
	 squeeze, min	 =	 0.0045 (from 2. above)
	 radial piston shift, max	 =	 0.0010
	 squeeze, min.	 =	 0.0035 with adverse  
			   tolerance build-up.

If the O-ring is made in a compound that will shrink in the 
fluid, the minimum possible squeeze under adverse conditions 
then must be at least .076 mm (.003").

5.10 Stretch 
When an O-ring must be stretched more than two or three 
percent as installed in a piston groove, the reduction in 
the squeeze diameter that results should be allowed for in  
determining the gland depth so that the desired percent 
squeeze will be applied to the reduced section. The percent 
of stretch should therefore be checked whenever the catalog 
gland dimensions are not used.

Large diameter O-rings may fit the piston so loosely that 
they must be carefully stuffed into the groove as the piston 
enters the cylinder to prevent damage. For these, the danger 
of damage is reduced if the next smaller size O-ring is used. 
Since this will likely cause a stretch close to five percent, 
it will usually be necessary to adjust the gland depth as  
mentioned above. See Figure 3-3 for the reduction in  
squeeze diameter with stretch.
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5.11 Friction 
Friction, either break-out, running, or both, can become 
troublesome in some applications. At any given time, there 
are anomalies and difficulties in the prediction of developed 
friction. These are accentuated if one of the surfaces involved 
is deformable as in O-ring piston or shaft seals. An under-
standing of the principles may prove helpful in the solution 
of specific problems.

5.11.1 Break-Out Friction
In addition to the usual causes of running friction: hardness 
of the rubber, type of surface, surface finish, squeeze on 
the O-ring, amount and type of lubrication, fluid pressure/ 
temperature, the amount of break-out friction that a system 
will generate depends on the length of time the surfaces of 
the metal and the seal element have been in physical contact 
at rest. See Figures 5-7 and 5-8.

The theory has been proposed and generally accepted that the 
increase of friction on standing is caused by the rubber O-ring 
flowing into the microfine grooves or surface irregularities of 
the mating part. As a general rule for a 70 durometer rubber 
against an 8 micro-inch surface, the maximum break-out 
friction that will develop in a system is 3 times the running 
friction. This ratio can be reduced by the use of a softer 
rubber. Table 5-3 shows some of the factors which may be 
used to adjust friction.

Coefficient of friction has little bearing on lubricated rubber’s 
break-out and running friction. The other variables listed are 
much more important in the practical solution to problems.

Figure 5-7: Change of O-ring Friction with Time at Rest
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5.11.2 Running Friction
High running friction may cause difficulty by wearing soft 
metal parts. Metals such as copper, brass or aluminum can 
be rapidly worn away by a moving O-ring. This is especially 
true if high pressures are involved. If unexplained leakage 
occurs with these or other soft metals, it is good practice to 
check the metal dimensions for signs of wear.

The following formulas may be used for estimating the 
running friction of O-rings.
	Piston Groove	 Rod Groove
	 FC	 =	 fc x Lp	 FC	 =	 fc x Lr

	 FH	 =	 fh x Ap	 Fh	 =	 fh x Ar

	 F	 =	 FC + FH	 F	 =	 Fc + FH

Ap	 =	 Projected area of seal for piston groove  
applications.

Ar	 = 	Projected area of seal for rod groove applications.
F		  =	 Total seal friction in pounds.
FC	 =	 Total friction due to seal compression.
FH	 =	 Total friction due to hydraulic pressure on the seal.
fc		 =	 Friction due to O-ring compression obtained from 

Figure 5-9.
fh		 =	 Friction due to fluid pressure obtained from Figure 5-10.
Lp	 =	 Length of seal rubbing surface in inches for piston 

groove applications.
Lr		 =	 Length of seal rubbing surface in inches for  

rod groove applications.

Example:
Parker 2-214 rubbing against OD of O-ring at 103.5 Bar 
(1500 psi), 10% compression, 70 durometer:
	 FC	 =	 0.7 x 3.93	 =	 2.75 
	 FH	 =	 48 x 0.44	 =	 20.90 
	 F	 =	 FC + FH	 =	 23.65 pounds

Data for the coefficients (fc and fh) are given in Figures 5-9 
and 5-10. Projected areas and lengths of rubbing surface are 
given in Table 5-4.

Friction Factors (In Order of Importance)

To Increase  
Friction Factor

To Decrease  
Friction

Increase  
Increase RMS  
Increase

Unit Load (squeeze)  
Surface Finish (metal)  
Durometer

Decrease 
Decrease RMS 
Decrease

Decrease  
Increase  
Increase

Speed of Motion 
Cross Section of O-Ring 
Pressure

Increase 
Decrease 
Decrease

Omit Lubrication  
Decrease  
Decrease

Lubrication 
Temperature 
Groove Width

Use Lubrication 
Increase  
Increase

Increase  
Decrease  
Stretch O-ring

Diameter of Bore or Rod
Surface Finish (O-Ring) 
Joule Effect*

Decrease 
Increase 
Compress O-Ring

Lower Durometer  
of O-ring

Coefficient of Friction# Increase 
Durometer

*	Refer to rotary seals.
#	A minor factor and should be ignored in design work other than for 

ultra high speeds.

Table 5-3: Friction FactorsFigure 5-8: Flow of O-Ring into Metallic Surfaces 

2-1/2 Sec. 40 Min.
with Lubrication

300 Hrs.
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Figure 5-9: Friction Due to O-ring Compression  
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Figure 5-10: Friction Due to Fluid Pressure
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5.12 Calculate Rubbing Surface
The areas and lengths given in Table 5-4 are based on the 
dimensions given in Design Table 5-2 at the end of this 
section. If the application differs, use dimensions from the 
applicable table, i.e. Table Design 5-1 for aerospace, and 
calculate the area and length. 

The following example illustrates the procedure:
Projected Area:	 Ap	 =	 (π /4) [A²max - (B-1)²min] 
	 Ar	 =	 (π / 4) [(A-1)²max - B²min]
Rubbing Surface Length:	 Lp	 =	 π Amax 
	 Lr	 =	 π Bmax

For Parker Size No. 2-113:	 Amax	 = 	0.751	 Bmin	=	0.559 
	 A-1max	 = 	0.739	 B-1min	=	0.571 
	 Bmax	 = 	0.561
Projected Area: 
	 Ap	 =	(π/4) [(0.751 )²- (0.571)²]	 =	 0.187 sq. in. 
	 Ar	 =	(π/4) [(0.739)² - (0.559)²]	 =	 0.184 sq. in.
Rubbing Surface Length: 
	 Lp	 =	0.751π	 =	 2.36 in. 
	 Lr 	 =	0.561π	 =	 1.76 in.

5.13 Methods To Reduce Friction
The foregoing formulas for estimating O-ring friction are 
intended for applications in which standard O-ring compound 
types are to be used in systems lubricated with hydraulic oil. 
In pneumatic or other dynamic applications, Parker Seal can 
help reduce friction in several ways. O-Lube and Super-O-
Lube greases are available from Parker distributors, and 
O-rings may be ordered that have received special friction 
reducing treatments. These include internally lubricated rings 
and Lube Treated rings.

5.14 Friction and Wear
O-rings load a sealing surface due to their own resilience 
compounded with any system pressure. When the surface 
to be sealed moves relative to the O-ring, frictional forces 
are set up producing two effects: one leads to wear and the 
other reduces the useful load which a cylinder can transmit.

5.14.1 Friction
In dynamic applications difference must be made between 
break-out and running friction. Break-out friction must be 
overcome at the beginning of movement and also is known as 
start-up friction. Once movement is established the frictional 
forces drop to a lower level and gliding begins. This can be 
clearly seen in reciprocating cylinders.

The running friction of seals depends on countless factors 
making a mathematical analysis practically impossible. For 
this reason it is difficult to make exact statements regarding  
the level of friction which can be expected. The most  
important factors are:

Related to the seal:
•	Geometrical form including production tolerances and 

resulting deformation;
•	Hardness and surface finish;
•	Friction values for dry and lubricated compound;
•	Swell and temperature characteristics.

Related to the hydraulic fluid:
•	Tendency to build up a lubricating film and  

its distribution;
•	Viscosity and temperature/viscosity relationship.
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O-Ring Size 
Parker No. 

2-

Piston Groove Rod Groove
Ap  

Sq. In.
Lp  
In.

Ar  
Sq. In.

Lr  
In.

006
007
008
009
010

.03

.04

.05

.05

.06

.79

.89

.98
1.08
1.18

.03

.04

.04

.05

.05

.39

.49

.58

.68

.78
011
012
013
014
015

.07

.08

.09

.10

.11

1.38
1.57
1.77
1.97
2.16

.07

.08

.09

.10

.11

.98
1.17
1.37
1.57
1.76

016
017
018
019
020

.12

.14

.15

.16

.17

2.36
2.56
2.75
2.95
3.14

.12

.13

.14

.16

.17

1.96
2.16
2.35
2.55
2.75

021
022
023
024
025

.18

.19

.20

.21

.22

3.34
3.54
3.73
3.93
4.13

.18

.19

.20

.21

.22

2.94
3.14
3.33
3.53
3.73

026
027
028

.24

.25

.26

4.32
4.52
4.72

.23

.24

.26

3.92
4.12
4.32

110
111
112
113
114

.13

.15

.17

.19

.20

1.77
1.97
2.16
2.36
2.56

.13

.15

.17

.18

.20

1.17
1.37
1.57
1.76
1.96

115
116
117
118
119

.22

.24

.26

.28

.29

2.75
2.95
3.14
3.34
3.54

.22

.24

.25

.27

.29

2.16
2.35
2.55
2.75
2.94

120
121
122
123
124

.31

.33

.35

.36

.38

3.73
3.93
4.13
4.32
4.52

.31

.32

.34

.36

.38

3.14
3.33
3.53
3.73
3.92

125
126
127
128
129

.40

.42

.43

.45

.47

4.72
4.91
5.11
5.30
5.50

.40

.41

.43

.45

.47

4.12
4.32
4.51
4.71
4.90

130
131
132
133
134

.49

.50

.52

.54

.56

5.70
5.89
6.09
6.29
6.48

.48

.50

.52

.54

.55

5.10
5.30
5.49
5.69
5.89

135
136
137
138
139

.58

.59

.61

.63

.65

6.68
6.88
7.07
7.27
7.46

.57

.59

.61

.63

.64

6.08
6.28
6.47
6.67
6.87

140
141
142
143
144

.66

.68

.70

.72

.73

7.66
7.86
8.05
8.25
8.45

.66

.68

.70

.71

.73

7.07
7.26
7.46
7.65
7.85

145
146
147
148
149

.75

.77

.79

.80

.82

8.64
8.84
9.04
9.23
9.43

.75

.77

.78

.80

.82

8.05
8.24
8.44
8.64
8.83

210
211
212
213
214

.34

.36

.39

.41

.44

3.15
3.34
3.54
3.74
3.93

.34

.36

.38

.41

.43

2.35
2.54
2.74
2.94
3.14

O-Ring Size 
Parker No. 

2-

Piston Groove Rod Groove
Ap  

Sq. In.
Lp  
In.

Ar  
Sq. In.

Lr  
In.

215
216
217
218
219

.46

.48

.51

.53

.56

4.13
4.33
4.52
4.72
4.91

.46

.48

.50

.53

.55

3.33
3.53
3.72
3.92
4.12

220
221
222

.58

.61

.63

5.11
5.31
5.50

.58

.60

.63

4.31
4.51
4.71

325
326
327
328
329

1.00
1.07
1.14
1.22
1.29

5.90
6.29
6.68
7.07
7.47

.99
1.07
1.14
1.21
1.29

4.71
5.10
5.49
5.88
6.28

330
331
332
333
334

1.36
1.44
1.51
1.58
1.66

7.86
8.25
8.65
9.04
9.43

1.36
1.43
1.51
1.58
1.65

6.67
7.06
7.45
7.85
8.24

335
336
337
338
339

1.73
1.81
1.88
1.95
2.03

9.82
10.22
10.61
11.00
11.40

1.73
1.80
1.87
1.95
2.02

8.63
9.03
9.42
9.81

10.20
340
341
342
343
344

2.10
2.17
2.25
2.32
2.39

11.79
12.18
12.58
12.97
13.36

2.10
2.17
2.24
2.31
2.39

10.59
10.99
11.38
11.77
12.16

345
346
347
348
349

2.47
2.54
2.62
2.69
2.76

13.75
14.15
14.54
14.93
15.32

2.46
2.54
2.61
2.68
2.76

12.56
12.95
13.34
13.73
14.13

425
426
427
428
429

3.59
3.69
3.78
3.87
3.97

15.72
16.11
16.51
16.90
17.29

3.57
3.66
3.76
3.85
3.95

14.13
14.52
14.91
15.31
15.70

430
431
432
433
434

4.06
4.16
4.25
4.35
4.44

17.68
18.08
18.47
18.86
19.25

4.04
4.14
4.23
4.32
4.42

16.09
16.48
16.88
17.27
17.66

435
436
437
438
439

4.53
4.63
4.72
4.91
5.10

19.65
20.04
20.43
21.22
22.00

4.51
4.61
4.70
4.89
5.08

18.05
18.45
18.84
19.63
20.41

440
441
442
443
444

5.29
5.48
5.67
5.85
6.04

22.79
23.57
24.36
25.15
25.93

5.27
5.46
5.64
5.83
6.02

21.20
21.98
22.77
23.55
24.34

445
446
447
448
449

6.23
6.61
6.98
7.36
7.74

26.72
28.29
29.86
31.43
33.00

6.21
6.59
6.96
7.34
7.72

25.12
26.69
28.26
29.84
31.41

450
451
452
453
454

8.12
8.49
8.87
9.25
9.62

34.57
36.14
37.71
39.28
40.85

8.09
8.47
8.85
9.22
9.60

32.98
34.55
36.12
37.69
39.26

455
456
457
458
459
460

10.00
10.38
10.75
11.13
11.51
11.89

42.42
43.99
45.57
47.14
48.71
50.28

9.98
10.36
10.73
11.11
11.49
11.86

40.83
42.40
43.97
45.54
47.11
48.69

Table 5-4: Projected Areas and Lengths of Rubbing Surface for O-rings

Projected Areas and Lengths of Rubbing Surface for O-Rings
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Related to the working conditions:
•	Working pressure;
•	Velocity of movement;
•	Type of material and surface finish of surfaces;
•	Working tolerances;
•	Axial loads and wear bands on pistons.

These factors cannot be quantified because they overlap and 
act cumulatively.

At the beginning of a stroke the seal goes through three friction 
phases. Initially the seal is in direct contact with the sealing 
face with few lubricated fields, e.g., µ = 0.3. Then follows a 
wider area of mixed friction where the coefficient of friction 
can drop as low as 0.06 to 0.08 according to the proportion of 
lubrication/non-lubricated areas (Figure 5-11). Finally, pure 
hydrodynamic friction which does not allow direct contact 
between the seal and the running surfaces is rarely reached.

As complete lubrication (= flooding) occurs, loss of fluid 
from a system increases.

Friction depends on a compound's sliding properties.  
Hardness and deformation of the seal influence the seal 
pressure. Specific seal pressure is in general related to, but 
not strictly proportional, to the system pressure.

The working pressure controls the width of clearance gaps 
and thereby the thickness of the lubricating film. The result 
depends on the geometry of the seal. Friction caused by 
O-rings increases with increasing pressure. Lip seals are 
more sensitive to pressure, friction increases quicker than 
with seals without a lip. This shows that the geometry of a 
seal directly affects the amount of friction.

Friction is proportional to the working pressure and  
therefore it is necessary to keep seal friction low, especially  
at low pressures.

Unfortunately, reduction of the sealing force also results 
in an increased tendency to leakage. This relationship can 
be modified within certain limits by selection of the seal  
geometry. Normally the decision must be made between 
lower friction and high leakage.

Additionally, an unstable seal geometry due to swelling in 
the medium plays a role. Swelling means increase sealing 
force and increased friction.

When the medium is mineral oil it would seem that sufficient 
lubrication is assured. However, the seal geometry once 
again plays a role when, for example, a wiper seal scrapes 
a shaft dry. Leakage at a wiper seal will not occur until the 
seal wears. On the other hand lubrication can cause leakage 
amounting to the thick lubricating film with every stroke.

The optimum condition is a relatively thin lubricating film 
with sufficient adhesive properties.

The dynamic piston actually causes less friction with  
increasing velocity. In absolute terms there are very  
large discrepancies according to the thickness of the  
lubricating film. The reduction of friction with increasing 
velocity stems from the hydrodynamic properties of the 
lubricating fluid. This is also true for harder compounds. At 
low pressures the friction varies to the piston speed. At high 
pressures friction is seen to be more or less constant.

Friction is directly influenced by the seal diameter because the 
wear-area is greater. The greater the metal surface roughness, 
the more the contact surface consists of metallic “islands” 
and therefore again mixed friction occurs.

As in many other areas break-out friction of elastomers 
is significantly higher than running friction. Apart from 
compound type and seal geometry, tendency to adhesion, 
deformation, the down-time and the surface finish play a role 
in increasing break-out friction. The longer the down-time, 
the more lubrication is squeezed from between the seal and 
the running surface resulting in a non-lubricated vacuum. In 
this condition the level of starting friction approaches that 
for dry friction and is up to 10 times that found in running 
friction (Figures 5-12 and 5-11).

For the same conditions, friction at high temperature (= low 
viscosity) is high because the lubricating film is often interrupted. 

Figure 5-11: Stribeck Diagram
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The most important factors can be seen in Figure 5-13. Here 
friction is shown as a function of pressure and velocity. Figure 
5-13 is valid only for a specific seal in a particular application. 
For other seals and applications the interdependence varies.

The stick-slip effect also is related to the friction at the sealing 
face. The friction, or better expressed the difference between 
break-out and running friction, plays an important role in 
evaluation and selection of a suitable elastomer.

Break-out friction occurs when the three following conditions 
are present:

•	When the break-out friction is higher than the running 
friction a running velocity Vµ min (see Figure 5-11);

•	The running velocity is Vµ min;
•	The power is transmitted through the elastic body of 

the “compressible” oil.

To assist in the explanation of the term stick-slip, please refer 
to Figure 5-14. To accelerate a mass m from zero to maximum 
velocity, the break-out friction µH must be overcome by F1. The 
spring element is loaded with F1 and with increasing velocity the 
friction value µH reduces to µG and the force to F2. The potential 
energy stored in the spring accelerates the mass even further. 
When the stored energy is used, the mass is decelerated by the 
increasing friction in direction µH. This requires once again an 
increase in force level of F1, and the procedure repeats again.

Running velocity is a product of seal friction, the piston 
mass and the load. Of all these factors, only friction can be 
influenced and makes for a better relationship between sealing 

surface finish, lubricating film and surface finish. Certain 
improvements can be made making the system stiffer, this 
means the smallest possible oil volume under pressure on 
the hydraulic side.

Radial oscillation of the piston will occur when the lubricating 
film breaks down. Conversely oils with strong film building  
properties do not break down under the same working  
conditions using the same seals.

5.14.2 Pneumatic Seals
In principle the same conditions apply here as for the hydraulic 
seal, except that the effects of certain extreme conditions are 
more serious. This is particularly the case when lubrication  
is poor, as found when lubricated air is not available.  
Lubricated air gives more or less the same results as in a 
hydraulic application.

When lubricating grease is not continually replaced, it 
can eventually be removed by a seal lip. The effectiveness  
of lubrication with grease depends on the thickness of the 
original film and the running velocity of the seal (Figure 5-15).

The lower the velocity the thinner will become the lubricating 
film. With an O-ring seal the loss of grease can lead to total 
breakdown of the hydrodynamic lubricating film after only 
a few slow strokes.

Breakdown of the lubricating film after long operation also 
results in contact between the seal and the metal surfaces. This 
makes the seal move in the mixed friction range, the increase 
in friction causes high wear. The lubricating film therefore 
must be protected by rounding of the seal wiper edges and 
complete wiping of grease from the running surface must  
be prevented. 
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Figure 5-13: Frictional Force is Dependent Upon Pressure and 
Velocity – Compact Rod Seal 90° Shore A

Figure 5-14: System Diagram for Stick-Slip Effect 
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This action has little effect upon the starting friction but brings 
a noticeable improvement in running friction levels.

If slow pneumatic piston velocities are achieved by throttling 
the pressurizing air, the risk of high stick-slip increases. 
Stick-slip is effected directly and negatively by long seal lips 
and sharp seal edges. An extremely rough or fine polished 
metallic running surface both cause equally higher stick-slip.

5.14.3 Wear
Friction causes wear. However, friction can be anticipated 
and taken into consideration in the design stage. The wear 
rate however is difficult to predict but directly governs the 
lifetime of an O-ring and the frequency of maintenance.

Today’s high precision machinery tends in most cases to 
eliminate hydrodynamic lubrication because of the  
increased wipe-off effect. This means the seal always  
functions in semidry condition and for this reason wear  
resistance depends on:

•	properties of the compound;
•	 lubricating properties of the medium;
•	 running surface roughness;
•	working conditions.

Wear in fluid solutions can be divided into four groups:
•	Scuff wear develops with metal-to-metal contact in the 

semidry condition where both materials tend to form 
mixed crystals. High Performance Lubricating (HPL) 
oils help to prevent this contact because of their additives. 
These additives have no influence in rubber/steel or 
rubber/metal combinations.

•	Fatigue wear becomes evident when particles are released 
from the metal structure and is usually the result of 
pulsating loads.

•	Corrosion wear manifests itself in the form of rust and 
can normally be reduced by suitable oil additives. Seals 
are not directly affected by the above types of wear. 
However, in dynamic applications particularly these wear 
conditions can cause the seal to fail through abrasion.

•	Abrasive wear can affect both metallic and seal areas. 
Metals are abraded by hard compounds or by hard foreign 
matter in the medium. A rough metal surface normally 
is the cause of elastomer abrasion.

The seal user normally has no profound knowledge of seal 
wear characteristics. It is therefore recommended to consult 
the manufacturer about details of all extreme application 
conditions so that the correct seal can be offered.

5.14.4 Interdependence of  
Friction Wear and an Effective Seal
In order to obtain a problem-free seal it is necessary to have 
stability with regard to the clearance gap to avoid possible 
extrusion. However, stability is difficult to achieve because 
the relevant parameters often work conversely.

The first consideration is the lubricating film in the clearance 
gap. To estimate friction, lifetime and leakage it is necessary 
to know the width of the gap and how it varies under  
working conditions. To keep friction as low as possible the 
lubricating film should be fairly substantial. This, however, 
can result in leakage because the “thick” film is wiped off 
the rod surface during the return stroke. In the other extreme 
a lack of lubricating film causes problems due to high friction. 
The effectiveness of a seal and friction therefore are  
inversely proportional.

Hardness, together with the width and length of a clearance gap 
is very important. The hardness determines the elasticity of the 
seal and assures that the seal gives way to the lubricating film 
under pressure. The instantaneous viscosity of the fluid also 
plays an important role in resisting the wiping effect of the seal.

It is still not known which factors influence the lubricating 
film and which mechanisms act in the clearance gap. A soft 
compound favors a thicker film. Hard and soft compounds 
behave differently at high velocities, harder compounds help 
form a lubricating film whereas a soft compound will hinder 
this by strong adhesion to the running surface.

The lubricating film is very important but only one of  
the factors affecting seal friction. Other factors are, for  
example, the seal compound, seal shape, pressure, velocity, 
and changes in direction. Often many of these factors are 
difficult to measure or reproduce.

It is therefore quite understandable that seal manufacturers 
cannot give customers fixed figures regarding friction and 
wear for an individual seal. Information about seal lifetimes 
only can be made when all parameters affecting the seal are 
known and reproducible. General assumptions from a few 
tests are not acceptable because laboratory tests never can 
reproduce real working situations.

Figure 5-15: Change in Original Film Thickness as a Function 
of Running Speed During a Single Stroke (Border Line ∆ Theo-
retical maximum Values)
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5.15 Spiral Failure 
A unique type of failure sometimes occurs on reciprocating 
O-rings which is called spiral failure. This name was given 
to this type of failure because when it occurs the seal looks 
as if it had been cut about halfway through the O-ring cross 
section in a spiral or corkscrew pattern. Oddly enough, the 
O-ring usually seals satisfactorily until a complete break or 
separation occurs at one place. Sometimes the seal is twisted 
in two without evidence of the spiral pattern, but in general, 
the same factors cause the break.

A properly used O-ring slides during all but a small fraction of 
any reciprocating stroke. This type of seal does not normally 
tend to roll or twist because:
1.	 The hydraulic pressure, acting through the O-ring,  

produces a greater holding force within the groove  
(friction on a larger area) than that produced by the sliding 
surface (rod or cylinder wall) opposite the groove (see 
Figure 5-16).

2.	 The smoother finish of the sliding surface, in relation to 
the groove surface-finish, produces less friction.

3.	 Running friction is lower than break-out friction.
4. 	 The torsional resistance of the O-ring tends to  

resist twisting.

The conditions which cause spiral failure are those that  
simultaneously cause segments of the ring to slide and others 
to roll. A small amount of twisting is not detrimental but, 
when excessive, torsional failure or spiral failure will occur. 
True spiral failure occurs after the seal has been excessively 
twisted, but not broken, and then subjected to relatively high 

pressure. The twisted seal is forced into the sharp corner at 
the clearance gap by the pressure which puts an additional 
stress on this portion of the seal. Rapid stress-aging, or stress 
above the elastic limit of the rubber, causes a rupture of the 
O-ring to start adjacent to the clearance gap. Slight flexing, 
motion, or working of the O-ring apparently causes the  
rupture to penetrate about half way through the cross  
section. When the O-ring is removed from the gland, it  
returns to its original shape and the rupture appears as a tight 
spiral around the cross section.

Torsional or spiral failure is not limited to the O-ring or torus 
type of seal. Square, delta, four-leaf clover, and other cross 
sectional shapes (see Figure 5-17) are also prone to fail by 
twisting if the proper conditions exist.

The design and operational factors which contribute to  
spiral failure of a seal are listed below in the order of their 
relative importance:
1.	 Speed of stroke
2.	 Lack of lubrication
3.	 Pressure differential and direction
4.	 Squeeze
5.	 Shape of groove or split grooves
6.	 Temperature of operation
7.	 Length of stroke
8.	 Surface finish of gland
9.	 Type of metal surface
10.	Side loads
11.	ID to W ratio of O-ring
12.	Contamination or gummy deposits on metal surface
13.	Type of metal rubbing surface
14.	Breathing
15.	Concentricity of mating metal parts
16.	Stretch of O-ring (see rotary shaft seals)
17.	Lack of back-up rings
18.	Poor installation of O-rings

Only the very important or less obvious factors which 
contribute to spiral failure will be discussed. Some of those 
which have been discussed elsewhere will also be omitted 
here. It should be remembered that before spiral failure can 
occur, an O-ring must be twisted by one or more of the above 
inter-related factors. Usually, several factors combine to  
produce any failure that develops. Some of the other seal  
designs will leak excessively when twisted. The O-ring  
usually seals until complete failure occurs.

Figure 5-16: Action of Fluid Pressure to Prevent Rolling of O-ring
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Figure 5-17: Ring Cross-Sections for Reciprocating Seals
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All are subject to torsional or spiral failure.
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5.15.1 Speed of Stroke 
Investigations have disclosed that one of the primary causes of 
spiral failure is by reciprocating speeds of less than one foot per 
minute. It appears that at this slow speed, the sliding or running 
seal friction created is very high and comparable to break-out 
friction. Extreme twisting will occur on low or balanced pressure 
components, such as hydraulic accumulators, in a relatively few 
(about 200) cycles if the temperature is above 39°C (100°F). 
O-ring seals are not recommended, therefore, for speeds less 
than one foot per minute when the pressure differential is 
less than 27.6 Bar (400 psi). If the system pressure is slowly 
lost, as through slow valve leaks, and a sealed piston moves  
slowly through a cylinder a number of times, spiral failure of 
the O-ring very probably will result. The obvious remedy here 
is to provide good maintenance of the system so that slow leaks 
are prevented, or make it an operational practice to quickly 
exhaust the system after the day’s work.

5.15.2 Lack of Lubrication
The lack of lubrication on a surface exposed to the atmosphere 
is one of the prime contributors to spiral failure. Excessive 
wear will normally occur. However, twisting of the seal and 
spiral failure can result if the unlubricated surface is actuated 
through the seal with little or no pressure on the seal to hold 
it and prevent it from rolling. This applies primarily to long 
stroke (greater than 152.4 mm (6")) applications.

The remedy for this situation is to:
a.	 Use lubricating (or lubricated) wiper rings.
b.	 Apply a suitable grease, that will not evaporate, to the 

exposed surface.
c.	 Use a fluid that will not tend to evaporate or become 

tacky at the operating temperature.
d.	 Lubricate metal surface prior to assembly.
e.	 Use a metal or surface plating that will produce  

less friction.

5.15.3 Pressure Differential and Direction 
As explained earlier, the direction of pressure and seal friction  
should oppose each other. Spiral failure is more likely to 
occur if the pressure and seal friction are both in the same 
direction. In other words, seals in a pump are more likely to 
spiral than are those in an actuator.

Normally an O-ring will not twist when the pressure  
differential across the seal is greater than 27.6 Bar (400 psi) 
during operation.

5.15.4 Squeeze
The aerospace industry has generally found that more than 
0.043 mm (0.017 in.) of squeeze on the side of a 5.3 mm 
(0.210") cross section (W) O-ring will make some long stroke 
applications prone to spiral failure. It can be easily seen that 
more rolling force is created on the cross section with an in-
crease in squeeze. Other factors are normally involved when 
failure occurs with the standard squeezes recommended for 
reciprocating seals.

5.15.5 Shape of Groove and Split Groove 
If a V-shaped groove is used, it is evident that the hydraulic 
holding force is reduced because the area on the side of 
the V-groove is less than at the bottom and side of a square 
groove. V-grooves are much more prone to produce spiral 
failures. This is especially true if any of the other factors are 
out of balance. Split grooves give trouble if the hydraulic 
holding force on the O-ring against both the side and the 
bottom of the groove is not maintained. Great care should 
be used when designing glands which have an opening in 
the bottom in order to make sure the normal holding force 
will be maintained (see Figure 5-16).

5.15.6 Temperature of Operation 
When the temperature in and around a system is substantially 
increased, the seals are more prone to fail. This is because 
lubricants are more likely to evaporate, or lose their, “light 
ends”, and/or lose some of their lubricity, the seal becomes 
softer, the squeeze is increased due to the rubber expansion, 
and the metal clearances may become greater.

5.15.7 Length of Stroke
As a general rule, the longer the stroke of a cylinder or rod, 
the greater the eccentricity, bending, side load, and other 
factors that contribute to wear and/or spiral failure. We do 
not recommend an O-ring for service when the stroke is 
greater than 304.8 mm (12") unless extra precautions are 
taken to avoid trouble.

5.15.8 Surface Finish
When a cylinder or rod is actuated, side loads, bending, chips 
or other foreign material, and non perfect machining, drilling 
and finishing all in some way tend to contribute to scoring, 
galling, marring, or scratching of the surface over which the 
seal must slide (refer to metals and floating glands). When 
this occurs, the roughness is unevenly distributed around 
the circumference or periphery. Even though it may be very 
slight, it creates an uneven friction condition and thus can 
contribute to spiral failure and/or uneven, excessive wear.

5.15.9 Back-Up Rings 
Back-up rings sometimes provide enough extra lubrication on 
the return stroke to assist in the prevention of spiral failure. 
For further information see the discussion on back-up rings 
in Section VI. 

5.16 Modifications for Special Applications
Normally, the gland dimensions given in Design Tables 
5-1 and 5-2 are adequate and give trouble-free service. If 
not applicable, the following modifications will help solve 
specific problems:

•	Small Amount of Leakage
•	Early Stress-Aging
•	Low Temperature Leakage
•	Excessive Swells (above 20%)
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5.16.1 Small Amount of Leakage
1.	 Examine the O-ring for signs of cutting  

during installation.
2.	 Increase the squeeze on the cross-section of O-ring.
3.	 Reduce the groove length. A wide groove may cause 

leakage because of pumping action of the O-ring. This 
is especially possible when the piston is cycled rapidly.

4.	 Improve the surface finish of metal rubbing surface.
5.	 Check for eccentric machining of gland.

5.16.2 Early Stress-Aging
1.	 Redesign groove to reduce stretch of the O-ring.
2.	 Redesign groove to reduce squeeze of the O-ring.
3.	 Use a more heat-resistant rubber compound.
4.	 Make certain O-ring is not being twisted during  

dry assembly.
5.	 Use larger O-ring to reduce stretch.
6.	 Make sure O-rings are not closer than six feet from an 

electric motor (operating) during shelf storage. Ozone 
causes rapid deterioration of most elastomers.

5.16.3 Low Temperature Leakage
1.	 Make certain that O-ring compound was designed  

for operation at low temperatures.
2.	 Increase squeeze of the O-ring. Coefficient of  

contraction of rubber is about 10 times that of steel  
and several times greater than aluminum.

3.	 Spring load the O-ring (see Figure 3-1).
4.	 Make sure all gland surfaces are smooth enough  

(see paragraph 5.3).

Note: Minute leakage is to be expected and is in fact, desirable, 
when an O-ring is used as a reciprocating seal. An O-ring 
that does not by-pass a little fluid at each stroke is running 
dry and high friction and rapid seal wear will result.

5.16.4 Excessive Swell (above 20%)
1.	 Replace O-ring with one made from a compound more 

resistant to the fluid being sealed.
2.	 Increase groove length. If the volume of the groove  

is too small, increased friction and excessive stress 
may cause premature failure of the O-ring (refer to 
discussions of friction and spiral failure).

5.17 Gland Dimensions for  
Reciprocating Hydraulic O-Ring Seals
For most reciprocating applications in which an O-ring  
is sealing a liquid of any kind (the design is not limited to 
hydraulic oils), the dimensions of either Design Table 5-1, 
the military design, or Design Table 5-2, the industrial design, 
would be suitable. Of the two, Parker Seal Group normally 
recommends the Table 5-2 dimensions because these industrial 
designs, in most cases, allow for the use of standard drill rod 

Figure 5-18: Floating Gland
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sizes and standard boring tools. The dimensions in this table 
are actually in good agreement with early versions of the 
aerospace table. The military dimensions cause less stretch 
on the O-rings. The percent reduction is so slight, except in 
the smallest sizes, that the effect cannot be significant, while 
the cost of the special machined rods and boring tools that 
are required could be high.

In reciprocating applications for which neither table applies 
because of a predetermined dimension that does not agree, the 
following procedure may be used to find gland dimensions.
1.	 For piston seals, select an O-ring having an OD near to or 

preferably slightly larger than the cylinder bore diameter.
2.	 For rod seals, select on O-ring having an ID closest to  

the rod diameter. It may be slightly larger or smaller, 
but ID stretch should not exceed 5% as installed for 
optimum design.

3.	 In all reciprocating seals, make sure minimum squeeze 
recommendations are considered.

5.18 Floating Glands 
Since it is impossible to bore, drill or tap perfect, true holes, 
and to machine perfect parts providing perfect alignment, 
the engineer should consider the floating gland. Eccentricity 
(lack of concentricity) is allowable, but it does cause high 
unit loads on small portions of bearing surfaces. In turn, this 
causes minute scratches on the metal surface on which the 
O-ring must rub (with the possible exception of very soft 
bearing materials, such as babbitt).

In order to reduce or eliminate the high bearing loads, the 
relatively inexpensive floating gland should be used whenever 
possible. The object of this gland is to allow the piston or rod 
bearing (containing the O-ring groove), to pivot, adjust, or float 
a small amount, offsetting misalignment. (See Figure 5-18.)

This gland design increases the life of the O-ring and  
eliminates many of the spasmodic or unscheduled failures, 
as well as reducing the maintenance cost.
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5.19 Pneumatic Reciprocating O-Ring Seals 
The past few years have shown a rapid increase of interest 
in pneumatic systems, not only for new equipment, but as a 
replacement for some existing hydraulic components. Some 
of the more general reasons are:
1.	 Increased non-flammability.
2.	 Light weight.
3.	 Leakage is less critical and does not contaminate the 

surrounding area.
4.	 The atmosphere acts as a giant reservoir.
5.	 System fluid is not decomposed by high temperature.

5.20 Temperature
Nitrile rubber is generally the first compound considered  
for a seal. It should be remembered, however, that it is less 
resistant to dry heat than it is to hot oils or other liquids. Nitrile 
compounds are used for pneumatic applications more than 
any other polymer, but in this kind of use, temperatures are 
usually low. In pneumatic applications above 104°C (220°F) 
for extended periods of time, consider ethylene propylene, 
fluorocarbon, or even silicone or fluorosilicone. The choice 
depends on temperature extremes, internal lubricant, severity 
of service, and overall cost.

5.21 Silicone Compounds 
If silicone compounds are used, extra attention is necessary to 
make sure that all foreign material and sharp edges or corners 
are removed from the gland. This is necessary because of the  
relatively poor resistance to cutting and abrasion which is  
characteristic of silicone compounds. Recent developments  
have improved the abrasion resistance and oil resistance of  
the silicones, but they are still far short of many other  
synthetic rubbers.

5.22 High-Pressure 
The most difficult gland to seal for any type of packing is that 
in a high-pressure pneumatic system because, in addition to 
the problems encountered with liquids, the following must 
be considered:
1.	 It is the hardest type seal to keep lubricated.
2.	 Oxygen in the air comes in direct contact with the seal and 

causes rapid aging and/or deterioration. This problem is 
amplified as system pressures and temperatures increase. 
(More oxygen is present due to the compression of the air.)

3.	 Gaseous molecules are very small, and will pass into and 
through (permeate) materials and openings which liquids 
will not. (See Table 3-19.)

4.	 The large change in volume which a gas undergoes with 
fluctuations in pressure often make necessary very special 
rubber seal materials so gases that have entered the seal 
can be rapidly expelled. Otherwise, blisters, ruptures, and 
chunks will be blown out of the seal when decompression 
of the system occurs. All organic materials are permeable, 
so the gas cannot be kept out of the seal.

5.	 Compounds other than those used in hydraulic systems are 
often necessary because the requirements are entirely  
different. This is especially true at high temperatures  
above 71°C (160°F) and high pressure (69 Bar to 207 Bar) 
(1000 psi to 3000 psi).

5.23 Lubrication
Most conventional pneumatic applications that fail prema-
turely do so because of inadequate lubrication. Rubber has 
an inherently high coefficient of friction with all metals and 
most non-metallic surfaces. Disregarding the necessity for 
lubrication will result in high friction, excessive abrasion 
or rapid wear of the rubber O-ring and heat build-up. For 
pneumatic seal applications it is especially important that 
adequate lubrication be provided. Of course, a lubricant must 
be selected that will not cause deterioration of the O-ring.

5.24 Gland Dimensions 
Normally, the static and reciprocating gland dimensions given  
at the end of the Static Seals section and this section are  
adequate and give trouble-free pneumatic service. Much lower 
squeeze designs are permissible and used frequently in low 
pressure pneumatic applications (i.e. using shop air pressure 
for machine tools, holding devices, and similar applications.)

Since the temperature range is very moderate and a little 
leakage is not critical, some liberties can be taken with 
soft metals, surface finish and other design criteria without  
seriously reducing the life expectancy of this type of seal 
(low pressure cases). In fact, successful designs are in service 
which vary between the relatively high-squeeze hydraulic 
gland recommendations and the no-squeeze floating seal 
design discussed below. Each application seems to have an 
optimum design depending on what is desired.

5.25 Floating Seal 
It has been found possible to modify the standard gland design 
for moving seals and reduce breakout friction as much as 
60%. By allowing the O-ring to float, the frictional forces are 
greatly reduced and longer life can be expected from the seal. 
(See Figure 5-19.) There is a slight increase in leakage at the 
beginning of a stroke which for most pneumatic applications 
is undetectable. Because of this leakage and other consider-
ations, the design is recommended for a temperature range 
from -23°C to 82°C (-10°F to 180°F) and for low pressure 
(up to 13.8 Bar (200 psi)) air service only.

Figure 5-19: Floating O-Ring Seal
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Recommended dimensions for floating pneumatic piston seal 
glands are tabulated in Design Chart 5-3 and Design Table 5-3 
at the end of this section. The “floating” feature of this design 
is the virtual lack of squeeze on the O-ring cross-section. 
Sealing is accomplished by the peripheral squeeze applied 
to the outside diameter of the O-ring as it is assembled into 
the bore, and air pressure moving the ring into facial contact 
with the wall of the groove.

When this principle is understood, it will be seen that when the 
direction of pressurized air is reversed, a puff of air escapes 
between the inside diameter of the O-ring and the bottom 
of the groove during the small fraction of a second it takes 
the O-ring to move to the other side of the gland. This is the 
primary reason for the slight increase in leakage mentioned 
for this design.

The floating seal will not trap pressure between two  
O-rings in separate grooves unless considerable rubber swell  
is encountered.

Five or six O-rings are used in adjoining floating seal glands. 
This design has been used for some hot water and steam 
applications as a method of increasing O-ring life. The full 
effect of the hot steam is brought to bear on the inner rings 
and a lesser amount on the outer rings. Consequently, the 
seal is effective long after a single O-ring would have failed.

For the design of pneumatic reciprocating rod seals, use 
Design Chart 5-2 and Design Table 5-2. This is the cross 
section squeeze design used for hydraulic piston and rod 
seals. Floating seals are not recommended for pneumatic rods,  
as they would require stretching the O-ring, causing early 
aging. Furthermore, since pneumatically actuated shafts often 
move rapidly, a stretched O-ring in this situation would be 
subject to the Gow-Joule effect described in the rotary seal 
discussion. For static pneumatic seal designs, use Design 
Chart 4-1 and Design Table 4-1.

5.26 Uni-Directional Gland 
This design modification utilizes a uni-directional floating 
seal groove and more than one O-ring (see Figure 5-20). The 
addition of drilled holes in the grooves causes each O-ring 
to seal in one direction only, preventing a pressure trap of 
non-compressible liquid between the O-rings. When using 
this design, the gland dimensions given in Design Table 5-3 
are suggested and the holes should be drilled into the pressure 
side of the outside grooves on the piston and the inside of the 

rod glands. As many individual seals as required may be used 
as long as each groove is vented. The O-rings on either end, 
alternately seal and release trapped pressure. The three piston 
O-rings and the two rod O-rings are never all sealing at the 
same time. The vents are not necessary in pneumatic designs.

5.27 Rotary Seal 
An O-ring has proved to be a practical rotary shaft seal in 
many applications. With the correct design, Parker O-Ring 
rotary seal compound N1090-85, will provide satisfactory 
service at surface speeds up to 1500 feet per minute.

The design conditions are most critical for rotary seals, as 
would be expected. Relatively high durometer compounds, 
close control of tolerances, and minimum cross section  
are required.

Rotary seals usually should not be used at temperatures 
below -40°C (-40°F) even though flexibility to -54°C  
(-65°F) is claimed, since thermal shrinkage and loss of  
resilience tend to cause loss of contact with the shaft. In  
some cases, initial leakage of frozen seals may be tolerable 
until heat build-up occurs in higher speed shafts. Spring 
loading may be helpful in some situations.

High-speed shafts of soft metal should be avoided since they 
will normally wear more rapidly than the rubber, opening 
the clearance and allowing leakage. Hardened steel shafts in 
the range of 55 Rockwell are desirable, but not mandatory. 
Attention to clearances, side thrust, and end-play are critical 
in designing effective rotary O-ring seals.

Whenever it can be avoided, an O-ring should not be installed 
in a gland that holds it in more than a minimum of tensional 
stress. This principle is especially important to consider when 
designing for an O-ring rotary shaft seal. Most elastomers 
when heated in the stressed, or stretched condition will  
contract. This is of practical importance in a rotary seal  
because it results in a tendency for the O-ring to seize the 
high-speed rotating shaft. This phenomenon, known as  
the Gow-Joule effect, occurs only if the rubber is under 
tensile stress.

The friction between the O-ring and the rotating shaft creates 
heat. When it is installed in more than a minimum of  
tensional stress, the O-ring tends to contract when heated and 
seize the high speed rotating shaft. This contraction causes 
more friction which in turn causes more heat and the process 
becomes self-perpetuating, until the O-ring is destroyed.

Even at low surface speeds, where heating is not a problem, a 
stretched O-ring tends to rotate with the shaft and leak. For 
speeds below 200 feet per minute, the squeeze recommended 
in Design Chart 5-2 may be used. However, the shaft  
diameter should be no larger than the free state ID of the O-ring.

Shaft seal applications where the O-ring is installed in a 
groove in the shaft are not recommended if the shaft rotates. 
This is due to the centrifugal action which causes the O-ring 
to rotate and rub on all surfaces which generally causes 
early seal leakage or failure.

Figure 5-20: Use of Multiple O-Rings in a Floating  
O-Ring Design
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The use of O-rings as high speed rotary shaft seals is usually 
not recommended for applications requiring lower than -40°C 
(-40°F) or higher than 121°C (250°F) operating temperatures.

The O-ring gland in a rotary shaft application should not 
be used as a bearing surface. The shaft should be contained 
by bearings that will permit the O-ring to operate under the 
lowest possible heat and load. Because of the limited inter-
ference that must be used to avoid frictional heat, the O-ring 
will not compensate for shafts that are out of round or rotate 
eccentrically. Shafts should remain concentric within .013 
mm (0.0005") T.I.R.

Bearings of all types cause considerable local heat and seals 
placed too close to them will fail prematurely.

Provision should be made for the dissipation of any heat that may 
be generated because of friction. The nearer to room temperature 
the seal interface, the longer the O-ring will seal. There are two 
methods commonly used to prevent high bearing heat build-up:

Preferred: Provide a clearance of 0.203 mm (0.008") on a 
side between the rotating shaft and the O-ring housing. Make 
sure that the shaft does not rub the housing. For pressures 
exceeding 55.2 Bar (800 psi), decrease the diametrical  
clearance per Figure 3-2.

Alternate: The bearing length should be at least 10 times 
the “W” dimension of the O-ring used. This provides for a 
greater area for heat transfer. If the clearance must be kept to 
a minimum to prevent high pressure extrusion, the 10 times 
“W” rule also applies. A floating gland (see Figure 5-18) 
is preferred to avoid high unit load at a local point or area.

Experience has proven that it is desirable to use the O-ring 
with the smallest “W”, or cross-section diameter, available 
for the ID required. It is recommended that a “W” dimension 
of 0.103 be considered maximum for all speeds over 600 feet 
per minute. (See Table 5-5.)

All metals and plastics suitable for the housing or gland 
construction of seal assemblies requiring rotary shaft seals 
can be used with O-rings. However, since most rotary seal 
compounds contain graphite as a compound ingredient, any 
metal, such as stainless steel, or surface treatment that may 
be adversely affected by this material should be avoided.

To ensure maximum O-ring life, use an O-ring compound 
that has been specially developed for rotary seal applications 
and provides the required characteristics that are necessary 

O-Ring Sections for Rotary Seals

Speed (fpm*)
Maximum Recommended  

“W” Dimension

0 to 200 Usually not critical (Use chart 5-2)

200 to 400 0.139

200 to 600 0.103

200 to 1500 0.070

*Feet per minute = 0.26 X Shaft Diameter (inches) X rpm.

Table 5-5: O-Ring Sections for Rotary Seals

Figure 5-21: Spring-Loading for Rotary Seal 

Soft Rubber Ring

Rotary Seal O-Ring 80 Durometer

Soft O-Ring

Problem: To design a rotary seal gland for a 76.2 mm (3") (desired) shaft running at 1750 RPM with oil pressure 
at 6.9 Bar (100 psi).

Procedural Steps: Example:

(A)	 Calculate surface speed. (A)	 Speed = 0.26 X 3 X 1750 = 1365 fpm

(B)	 Determine O-ring cross section that may be used from Table 
5-5. 

(B)	 .070 (larger cross sections are eliminated  
due to speed) 

(C)	 Select .070 cross section O-ring with actual ID closest to de-
sired shaft OD from Design Table 5-4.

(C)	 Parker No. 2-041

(D)	 Add 0.002 to O-ring ID to determine max. actual shaft OD, B. (D)	 B max. = 2.969 + 0.002 = 2.991  
(TOL: + .000, - .001)

(E)	 Determine gland depth, L from Design Chart 5-4. (E)	 0.065 to 0.067

(F)	 Calculate Gland Groove ID, A-1  
A-1 min    =   B max. + 2L min.  
A-1 max.  =   B min. + 2L max.

(F)	 A-1 min.	 =	 2.991 + 2(0.065)	 =	 3.121 
A-1 max.	 =	 2.990 + (0.067)	 =	 3.124  
A-1	 =	 3.121 (TOL: + .003, - .000)

(G)	 Determine diametral clearance, E from Design Chart 5-4. (G)	 0.012 + 0.016

(H)	 Calculate shaft bore D  
D min.   =   B max. + E min.  
D max.  =   B min. + E max.

(H)	 D min.	 =	 2.991 + 0.012  =  3.003 
D max.	 =	 2.990 + 0.016  =  3.006 
D	 =	 3.003 (TOL: + .003, -.000)

(I)	 Determine groove width, G from Design Chart 5-4. (I)	 0.075 - 0.079

(J)	 Check Figure 3-2 to make sure design is extrusion safe.

Table 5-6: Rotary Seal Design Example
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Figure 5-23 illustrates a valve opening above “blow-out” 
pressure. As the valve opens, the space between the two faces 
becomes increasingly larger. The pressure opening the valve 
is also acting on the O-ring, causing it to continue to seal the 
opening until it is stretched completely out of the groove and 
is blown out or forced into another part of the system.

Gases such as air, LPG, CO2, etc. enter or permeate the  
O-ring. With release of pressure, the gas inside the O-ring 
can cause the seal to “balloon” or swell momentarily. (The 
amount depends on the pressure.) The ballooning effect  
that can occur at very low pressure usually pops the O-ring 
out of the groove the same as blow-out. “Ballooning” and 
“blow-out” often combine to cause valve seal failure. Another 
term often used to describe this phenomenon is “explosive 
decompression.” O-ring blow-out may be prevented by using 
a groove design which encloses more than 180° of the O-ring 
cross section or by venting the groove. Typical methods used 
are shown in Figure 5-24. If a rectangular groove must be 
used, alter the dimensions as follows:
	 Groove depth	 —	 0.015 to 0.025 less than  
			   O-ring cross section diameter.
	 Groove width	 —	 1.00 to 1.10 times the  
			   O-ring cross section diameter. 
	 Groove side angle	 —	 0°, if possible.

for this service. See Section II, Basic O-Ring Elastomers, for 
more information on rotary seal compounds.

Figure 5-21 shows two methods of “spring loading” the 
hard rotary seal. Either of these should only be used when 
absolutely necessary to obtain the desired seal.

See Table 5-6 for a rotary seal design example.

5.28 Oscillating Seal 
In this guide, two types of oscillating seals are considered:
1.	 Faucet or valve stems are excellent examples of assemblies 

that can be simplified by the use of an O-ring seal.  
Compression type or multiple-lip packing can be eliminated, 
reducing space requirements and eliminating the need for 
adjusting or take-up devices. For applications of this type,  
if the speed is under 200 feet per minute, use Design Table 
5-2 for selecting O-ring sizes and gland dimensions. 

2. 	 Constantly oscillating shafts, such as those used on timing and 
metering devices, can be sealed satisfactorily with O-rings. If 
the motion is continuous for long periods of time, use Design 
Table 5-4 for O-ring sizes and gland dimensions.

5.29 Seat Seals 
A properly designed check or poppet type valve, with  
an O-ring on the seat, will give an exceptionally long, 
non-leaking service. Many designers and engineers make 
the costly mistake of trying to use a conventional groove  
(square or rectangular) design to hold the O-ring.

With this type of groove, “blow-out’’ will normally occur 
when the valve is unseated.

“Blow-out” is a type of seal failure caused by the action of 
the pressure in the system on the side of the O-ring, forcing it 
out of the groove into some other part of the valve or system. 
“Blow-out” usually occurs at differential pressures above 5.5 
Bar (80 psi). The exact pressure will depend on the gas or 
fluid, valve design and the physical properties of the O-ring 
when a non-retaining or conventional type groove is used.

It should be kept in mind that blow-out is similar to extrusion, 
but that it occurs at considerably lower pressures.

Figure 5-22 shows an O-ring on the seat of a check valve in a 
conventional groove. The seal is satisfactory as long as the valve 
is not opened at or near the pressure necessary to cause blow-out.

Figure 5-22: Valve Seat Seal, Standard Groove

O-Ring

Pressure

O-Ring

Pressure

Figure 5-23: O-Ring Blow-Out, Standard Groove 

Figure 5-24: Groove Designs to Prevent Blow-Out

O-Ring

O-Ring

Pressure
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5.30 Drive Belts
O-rings can be used as low power transmission elements. 
They are not only an economic solution but also offer  
many advantages:

•	Simple installation
•	Constant tension
•	Flexible fitting
•	Because of their elastic properties, O-ring compounds 

require no adjustment,
•	Freely available in standard compounds and sizes
•	Greatest possible tolerances in positioning of pulleys.

An O-ring compound is selected for minimum stretch  
relaxation (tensile set) and maximum dynamic properties. 
The choice of elastomer is made to the environment:

•	Contact medium, e.g. ozone, oil grease,
•	Extreme temperatures

The general requirements are:
•	Good aging resistance
•	Wear resistance
•	Relatively low tendency to return to original shape 

under tension and temperature caused by friction;  
this means a higher resistance to the Joule effect;

•	Good bending flexibility

Compound Selection
Please see Section III, paragraph 3.17 for information about 
drive belt compound selection

Design Information
•	Direct contact with fluids should be avoided. For  

contact medium see medium Compatibility Table.
•	The smaller pulley minimum diameter  

is D2 mm = 6 x d2 (cross section).
•	The elongation of the O-ring inner diameter d1 is a  

maximum of 15% (average elongation between 8%  
and 12%).

•	Tension when fitted approximately 0.6 to 1.0 N/mm2.
•	Cross section d2 should be greater or equal to 2,62mm.

Ordering Detail
All O-rings which are used as drive belts are subject to 
additional quality inspection procedures and inspection for 
surface defects under elongation. O-rings ordered for this 
application are to be coded as follows: “E0540 DBA2-250”.

5.30.1 Calculation of Drive Belt Open Design
1.	 Calculation of O-Ring size d1:
Known – D1 and D2, diameter of pulley
	 C center line distance of pulleys
	 S elongation as a decimal (e.g. 10% = 0.1)
	 a)	 Calculation of drive belt L: 
		  L = 2 x C + 1.57 x (D1 + D2) + (D1 + D2)2 
	 4 xC 
	 b)	 Calculation of O-ring inside diameter d1: 
		  d1 =	 L
		  3.14 x (1.0 + S)
	 c)	 O-ringis selected according to the O-ring size 

list. If a size is required between the sizes then 
the smaller size should be taken.

2. Calculation of elongation S:
Known –	d1 inside diameter of O-ring
	 C center line distance of pulleys
	 D1 and D2, diameter of pulleys
	 a)	 Calculation of drive belt L: (see above, 1a)
	 b)	 Calculation of elongation S as a decimal:
		  S =	 L	 - 1 
			   3.14 x d1

3. Calculation of center line distance C of pulley:
Known – d1 inside diameter of O-ring
	 S elongation as a decimal (e.g. 10% = 0.10)
	 D1 and D2, diameters of pulleys
	 a)	 Calculation of factor B: 
		  B = 3.14 x d1 x (S + 1) – 1.57 x (D1 + D2)
	 b)	 Thereafter calculation of center line distance C: 
		  C = 	B+√B2 – (D1 – D2)2

			   4

C

Abbreviations: 
C Center line distance of pulleys (mm)
D1 Diameter of driven pulley (mm)
D2 Diameter of drive pulley (mm)
S Elongation as a decimal (e.g. 10% = 0.1)
d1 O-ring inner diameter (mm)
d2 O-ring cross-section (mm)
L Length of drive belt (mm)
B  Calculation factor

D1 D2

Open Design Crossed Design
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Guide For Design Table 5-1

If Desired Dimension  
is Known for

Select Closest  
Dimension in Column

Read Horizontally  
in Column To Determine Dimension for

Cylinder Bore
or Male Gland
Cylinder Bore I.D

A
G
C
F

Groove Width*
Piston or Cylinder O.D.
Groove O.D.

Piston or
Cylinder O.D. C

G
A
F

Groove Width*
Cylinder Bore or Male Gland
Cylinder Bore I.D.
Groove O.D.

Rod or Gland
Sleeve O.D. B

G
J

H

Groove Width*
Groove I.D.
Rod Bore or Female Gland
Housing Bore I.D.

Rod Bore or
Female Gland
Housing Bore I.D.

H
G
J
B

Groove Width* 
Groove I.D.
Rod or Gland Sleeve O.D.

*For information on groove width refer to Design Chart 5-1A

Design Guide 5-1: Guide For Design Chart 5-1

5.30.2 Calculation of Drive Belt Crossed Design
1) Calculation of O-Ring size d1:
Known – D1 and D2, diameter of pulley
	 C center line distance of pulleys
	 S elongation as a decimal (e.g. 10% = 0.1)
	 a)	 Calculation of drive belt L: 
		  L = 2 x C + 1.57 x (D1 + D2) + (D1-D2)2

	 4xC
	 b.)	 Calculation of O-Ring inside diameter d1:
		  d1 =	 L
			   3.14 x (1.0 + S) 
	 c)	 O-ring is selected according to the O-Ring size 

list. If a size is required between the sizes then 
the smaller size should be taken.

2) Calculation of elongation S:
Known - d1 inside diameter of O-Ring
	 C center line distance of pulleys
	 D1 and D2, diameter of pulleys
	 a)	 Calculation of drive belt L: (see above, 1a)
	 b)	 Calculation of elongation S as a decimal:
		  S =	 L	 - 1 
			   3.14 x d1

3. Calculation of center line distance C of pulley:
Known – d1 inside diameter of O-ring
	 S elongation as a decimal (e.g. 10% = 0.10)
	 D1 and D2, diameters of pulleys
	 a)	 Calculation of factor B: 
		  B = 3.14 x d1 x (S + 1) – 1.57 x (D1 + D2)
	 b)	 Thereafter calculation of center line distance C: 
		  C = 	B+√B2 – (D1 – D2)2

			   4

5.31 O-Ring Glands

5.31.1 O-Ring Glands (Per SAE AS4716) for Aerospace 
Hydraulic (Reciprocating) Packings and Gaskets
Design Chart 5-1 provides the basis for calculating gland 
dimensions for standard O-ring sizes. These dimensions 
have been calculated and are listed in Design Table 5-1. The 
procedures for the use of Design Table 5-1 are outlined in 
Design Guide 5-1.

After selecting gland dimension, read horizontally to  
determine proper O-ring size number per AS568A.

There are a number of various O-ring gland design  
specifications in use throughout industry. These include 
Aerospace Recommended Practice (ARP) 1232, 1233 and 
1234. There also is the International Standards Organization 
(better known as ISO) Specification 3601/2. Each of these 
and other less accepted documents have slight dimensional 
variations from those found in this Handbook.

r1

D1

D2

r2 0.2 – 0.4
Flash free

Pulley gland radius

For other cross-sections
r1 = 0.49 x d2

Surface roughness:
Rmax < 6.3 µm
Ra < 1.6 µm

d2 r1

in mm in mm

2.62 1.25 + 0.1
3.53 1.70 + 0.1
5.33 2.60 + 0.1
6.99 3.50 + 0.15

Or
O

O
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Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)
Standard Gland Width for Zero, One, and Two Backup Rings

Gland and AS568 
Dash Number

O-ring Cross Section  
W

Gland Width G  
No Backup Ring

Gland Width G  
One Backup Ring

Gland Width G  
Two Backup Rings

Min. Max. Min. Max. Min. Max. Min. Max.

001 .037 .043 .070 .075 — — — —

002 .047 .053 .077 .082 — — — —

003 .057 .063 .088 .093 — — — —

004  to  009 .067 .073 .098 .103 .154 .164 .210 .220

010  to  028 .067 .073 .094 .099 .150 .160 .207 .217

110  to  149 .100 .106 .141 .151 .183 .193 .245 .255

210  to  247 .135 .143 .188 .198 .235 .245 .304 .314

325  to  349 .205 .215 .281 .291 .334 .344 .424 .434

424  to  460 .269 .281 .375 .385 .475 .485 .579 .589

Design Chart 5-1A: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)

 Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)
Standard Gland Diametral Clearance Dimensions

Gland and AS568  
Dash Number

O-ring Cross Section W Diametral Clearance E Max.

Min. Max. Exterior Interior

001 .037 .043 .004 .004

002 .047 .053 .004 .004

003 .057 .063 .004 .004

004  to  012 .067 .073 .004 .004

013  to  028 .067 .073 .005 .005

110  to  126 .100 .106 .005 .005

127  to  129 .100 .106 .005 .006

130  to  132 .100 .106 .006 .006

133  to  140 .100 .106 .006 .007

141  to  149 .100 .106 .007 .007

210  to  222 .135 .143 .005 .005

223 and 224 .135 .143 .006 .006

225  to  227 .135 .143 .006 .007

228  to  243 .135 .143 .007 .007

244 and 245 .135 .143 .008 .007

246 and 247 .135 .143 .008 .008

325   to  327 .205 .215 .006 .006

328 and 329 .205 .215 .006 .007

330  to  345 .205 .215 .007 .007

346  to  349 .205 .215 .008 .007

425  to  438 .269 .281 .009 .009

439  to  445 .269 .281 .009 .010

446 .269 .281 .010 .010

447  to  460 .269 .281 .011 .010

Design Chart 5-1B: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)
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epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

1/2 E 1/2 E 1/2E

H Dia.
J Dia.

F Dia.
C Dia.

A Dia.

F Piston Groove Dia.
C Piston O.D.

A Cylinder Bore Dia.
B Rod O.D.

H Rod Bore Dia.

1/2 E

L

G

R

16

Y

X

Y

0° to 5°
(Typ.) +.005

Break Edge .005 — .000

J Rod Gland
Groove I.D

No
Back-up

Ring

One
Back-up

Ring

Pressure Pressure Pressure

Two
Back-up
Rings

GG G

B Dia.

Finishes are RMS values

Gland
Depth

Groove
Depth (Ref.)

Gland Detail
X: Dynamic Seals.....................32
 Static Seals..........................63

Y: Dynamic Seals 
 No Back-Up Ring .................32
 Dynamic Seals or 
 Dynamic Seals 
 with Back-Up Ring ...............63

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)

Groove Wall Angle (X) Break Edge
Pressure (PSIG) X (Degrees) Pressure (PSIG) Groove Edge Break

≤ 3000 0.0 +5.0/-0.0 ≤ 4000 0.005 +0.005/-0.000
4000 to 6000 0.0 +2.0/-0.0 > 4000 0.002 +0.008/-0.000

>6000 to 8000 0.0 ±0.5

Design Table 5-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)

001
0.093 0.095 0.033 0.033 0.035 0.095 0.0000 – 0.0145 –
0.092 0.096 0.032 0.032 0.036 0.096 – 0.0000 – 0.0145

002
0.126 0.128 0.048 0.048 0.050 0.128 0.0000 – 0.0139 –
0.125 0.129 0.047 0.047 0.051 0.129 – 0.0000 – 0.0139

003
0.157 0.159 0.063 0.063 0.065 0.159 0.0000 – 0.0154 –
0.156 0.160 0.062 0.062 0.066 0.160 – 0.0000 – 0.0154

004
0.188 0.190 0.076 0.076 0.078 0.190 0.0003 – 0.0176 –
0.187 0.191 0.075 0.075 0.079 0.191 – 0.0003 – 0.0176

005
0.219 0.221 0.108 0.108 0.110 0.221 0.0020 – 0.0178 –
0.218 0.222 0.107 0.107 0.111 0.222 – 0.0020 – 0.0178

006
0.233 0.235 0.123 0.123 0.125 0.235 0.0023 – 0.0177 –
0.232 0.236 0.122 0.122 0.126 0.236 – 0.0023 – 0.0177

007
0.264 0.266 0.154 0.154 0.156 0.266 0.0032 – 0.0179 –
0.263 0.267 0.153 0.153 0.157 0.267 – 0.0032 – 0.0179

008
0.295 0.297 0.189 0.185 0.187 0.294 0.0050 – 0.0193 –
0.294 0.298 0.188 0.184 0.188 0.295 – 0.0053 – 0.0196

009
0.327 0.329 0.220 0.217 0.219 0.327 0.0052 – 0.0192 –
0.326 0.330 0.219 0.216 0.220 0.328 – 0.0052 – 0.0193

010
0.358 0.360 0.250 0.248 0.250 0.359 0.0052 – 0.0190 –
0.357 0.361 0.249 0.247 0.251 0.360 – 0.0050 – 0.0189

011
0.420 0.422 0.312 0.310 0.312 0.421 0.0057 – 0.0193 –
0.419 0.423 0.311 0.309 0.313 0.422 – 0.0054 – 0.0191

012
0.483 0.485 0.375 0.373 0.375 0.484 0.0060 – 0.0194 –
0.482 0.486 0.374 0.372 0.376 0.485 – 0.0057 – 0.0192

013
0.548 0.550 0.441 0.435 0.437 0.545 0.0050 – 0.0196
0.547 0.552 0.439 0.433 0.438 0.547 – 0.0050 – 0.0198

014
0.611 0.613 0.504 0.498 0.500 0.608 0.0052 – 0.0197
0.610 0.615 0.502 0.496 0.501 0.610 – 0.0051 – 0.0199

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)

Gland 
and 

AS568 
Dash No.

Piston or 
Cylinder 

OD
Cylinder 
Bore OD

Gland  
OD

Rod or 
Gland 
Sleeve 

OD
Rod  

Bore ID
Gland  

ID
Actual Minimum 

Squeeze
Actual Maximum 

Squeeze
C A F B H J Piston Rod Piston Rod
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Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Design Table 5-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)

015
0.673 0.675 0.566 0.560 0.562 0.670 0.0052 – 0.0200 –
0.672 0.677 0.564 0.558 0.563 0.672 – 0.0051 – 0.0202

016
0.736 0.738 0.629 0.623 0.625 0.733 0.0052 – 0.0203 –
0.735 0.740 0.627 0.621 0.626 0.735 – 0.0051 – 0.0205

017
0.798 0.800 0.691 0.685 0.687 0.795 0.0054 – 0.0204 –
0.797 0.802 0.689 0.683 0.688 0.797 – 0.0052 – 0.0205

018
0.861 0.863 0.753 0.748 0.750 0.858 0.0050 – 0.0200 –
0.860 0.865 0.751 0.746 0.751 0.860 – 0.0053 – 0.0205

019
0.923 0.925 0.815 0.810 0.812 0.920 0.0051 – 0.0200 –
0.922 0.927 0.813 0.808 0.813 0.922 – 0.0053 – 0.0205

020
0.989 0.991 0.881 0.873 0.875 0.983 0.0050 – 0.0198 –
0.988 0.993 0.879 0.871 0.876 0.985 – 0.0054 – 0.0205

021
1.051 1.053 0.943 0.935 0.937 1.045 0.0051 – 0.0199 –
1.050 1.055 0.941 0.933 0.938 1.047 – 0.0055 – 0.0205

022
1.114 1.116 1.006 0.998 1.000 1.108 0.0051 – 0.0200 –
1.113 1.118 1.004 0.996 1.001 1.110 – 0.0055 – 0.0205

023
1.176 1.178 1.068 1.060 1.062 1.170 0.0052 – 0.0200 –
1.175 1.180 1.066 1.058 1.063 1.172 – 0.0055 – 0.0205

024
1.239 1.241 1.131 1.123 1.125 1.233 0.0052 – 0.0200 –
1.238 1.243 1.129 1.121 1.126 1.235 – 0.0056 – 0.0205

025
1.301 1.303 1.193 1.185 1.187 1.295 0.0052 – 0.0201 –
1.300 1.305 1.191 1.183 1.188 1.297 – 0.0056 – 0.0205

026
1.384 1.366 1.256 1.248 1.250 1.358 0.0053 – 0.0201 –
1.363 1.368 1.254 1.246 1.251 1.360 – 0.0056 – 0.0205

027
1.426 1.428 1.318 1.310 1.312 1.420 0.0053 – 0.0202 –
1.425 1.430 1.316 1.308 1.313 1.422 – 0.0056 – 0.0205

028
1.489 1.491 1.381 1.373 1.375 1.483 0.0053 – 0.0203 –
1.488 1.493 1.379 1.371 1.376 1.485 – 0.0056 – 0.0205

110
0.548 0.550 0.379 0.373 0.375 0.546 0.0053 – 0.0204 –
0.547 0.552 0.377 0.371 0.376 0.548 – 0.0052 – 0.0204

111
0.611 0.613 0.441 0.435 0.437 0.609 0.0052 – 0.0202 –
0.610 0.615 0.439 0.433 0.438 0.611 – 0.0050 – 0.0201

112
0.673 0.675 0.502 0.498 0.500 0.672 0.0053 – 0.0201 –
0.672 0.677 0.500 0.496 0.501 0.674 – 0.0053 – 0.0203

113
0.736 0.738 0.565 0.560 0.562 0.734 0.0052 – 0.0204 –
0.735 0.740 0.563 0.558 0.563 0.736 – 0.0052 – 0.0207

114
0.798 0.800 0.627 0.623 0.625 0.797 0.0053 – 0.0210 –
0.797 0.802 0.625 0.621 0.626 0.799 – 0.0052 – 0.0211

115
0.861 0.863 0.689 0.685 0.687 0.859 0.0050 – 0.0206 –
0.860 0.865 0.687 0.683 0.688 0.861 – 0.0054 – 0.0212

116
0.923 0.925 0.751 0.748 0.750 0.923 0.0053 – 0.0208 –
0.922 0.927 0.749 0.746 0.751 0.925 – 0.0050 – 0.0207

117
0.989 0.991 0.817 0.810 0.812 0.985 0.0050 – 0.0205 –
0.988 0.993 0.815 0.808 0.813 0.987 – 0.0050 – 0.0209

118
1.051 1.053 0.879 0.873 0.875 1.048 0.0052 – 0.0207 –
1.050 1.055 0.877 0.871 0.876 1.050 – 0.0051 – 0.0209

119
1.114 1.116 0.942 0.935 0.937 1.110 0.0053 – 0.0206 –
1.113 1.118 0.940 0.933 0.938 1.112 – 0.0052 – 0.0209

120
1.176 1.178 1.003 0.998 1.000 1.173 0.0050 – 0.0204 –
1.175 1.180 1.001 0.996 1.001 1.175 – 0.0053 – 0.0209

121
1.239 1.241 1.066 1.060 1.062 1.235 0.0050 – 0.0203 –
1.238 1.243 1.064 1.058 1.063 1.237 – 0.0054 – 0.0209

122
1.301 1.303 1.128 1.123 1.125 1.298 0.0052 – 0.0204 –
1.300 1.305 1.126 1.121 1.126 1.300 – 0.0055 – 0.0209

123
1.364 1.366 1.191 1.185 1.187 1.360 0.0051 – 0.0205 –
1.363 1.368 1.189 1.183 1.188 1.362 – 0.0054 – 0.0210

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716) (Continued)
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ID
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Squeeze
C A F B H J Piston Rod Piston Rod
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Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Design Table 5-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)

124
1.426 1.428 1.253 1.248 1.250 1.423 0.0052 – 0.0206 –
1.425 1.430 1.251 1.246 1.251 1.425 – 0.0055 – 0.0210

125
1.489 1.491 1.316 1.310 1.312 1.485 0.0052 – 0.0206 –
1.488 1.493 1.314 1.308 1.313 1.487 – 0.0055 – 0.0210

126
1.551 1.553 1.378 1.373 1.375 1.548 0.0053 – 0.0207 –
1.550 1.555 1.376 1.371 1.376 1.550 – 0.0056 – 0.0210

127
1.614 1.616 1.441 1.435 1.437 1.610 0.0053 – 0.0206 –
1.613 1.618 1.439 1.433 1.439 1.612 – 0.0051 – 0.0215

128
1.676 1.678 1.503 1.498 1.500 1.673 0.0054 – 0.0207 –
1.675 1.680 1.501 1.496 1.502 1.675 – 0.0052 – 0.0215

129
1.739 1.741 1.566 1.560 1.562 1.735 0.0053 – 0.0208 –
1.738 1.743 1.564 1.558 1.564 1.737 – 0.0051 – 0.0215

130
1.802 1.805 1.631 1.623 1.625 1.798 0.0053 – 0.0217 –
1.801 1.807 1.629 1.621 1.627 1.800 – 0.0051 – 0.0215

131
1.864 1.867 1.693 1.685 1.687 1.860 0.0053 – 0.0217 –
1.863 1.869 1.691 1.683 1.689 1.862 – 0.0052 – 0.0215

132
1.927 1.930 1.756 1.748 1.750 1.923 0.0054 – 0.0217 –
1.926 1.932 1.754 1.746 1.752 1.925 – 0.0052 – 0.0215

133
1.989 1.992 1.818 1.810 1.813 1.984 0.0054 – 0.0218 –
1.988 1.994 1.816 1.808 1.815 1.986 – 0.0052 – 0.0225

134
2.052 2.055 1.881 1.873 1.876 2.047 0.0055 – 0.0218 –
2.051 2.057 1.879 1.871 1.878 2.049 – 0.0053 – 0.0225

135
2.115 2.118 1.944 1.936 1.939 2.110 0.0054 – 0.0219 –
2.114 2.120 1.942 1.934 1.941 2.112 – 0.0052 – 0.0225

136
2.177 2.180 2.006 1.998 2.001 2.172 0.0055 – 0.0219 –
2.176 2.182 2.004 1.996 2.003 2.174 – 0.0053 – 0.0225

137
2.240 2.243 2.069 2.061 2.064 2.235 0.0055 – 0.0219 –
2.239 2.245 2.067 2.059 2.066 2.237 – 0.0053 – 0.0225

138
2.302 2.305 2.131 2.123 2.126 2.297 0.0055 – 0.0219 –
2.301 2.307 2.129 2.121 2.128 2.299 – 0.0053 – 0.0225

139
2.365 2.368 2.194 2.186 2.189 2.360 0.0056 – 0.0219 –
2.364 2.370 2.192 2.184 2.191 2.362 – 0.0054 – 0.0225

140
2.427 2.430 2.256 2.248 2.251 2.422 0.0056 – 0.0219 –
2.426 2.432 2.254 2.246 2.253 2.424 – 0.0054 – 0.0225

141
2.490 2.493 2.319 2.311 2.314 2.485 0.0050 – 0.0225 –
2.488 2.495 2.317 2.309 2.316 2.487 – 0.0053 – 0.0225

142
2.552 2.555 2.381 2.373 2.376 2.547 0.0051 – 0.0225 –
2.550 2.557 2.379 2.371 2.378 2.549 – 0.0053 – 0.0225

143
2.615 2.618 2.444 2.436 2.439 2.610 0.0051 – 0.0225 –
2.613 2.620 2.442 2.434 2.441 2.612 – 0.0054 – 0.0225

144
2.677 2.680 2.506 2.498 2.501 2.672 0.0051 – 0.0225 –
2.675 2.682 2.504 2.496 2.503 2.674 – 0.0054 – 0.0225

145
2.740 2.743 2.569 2.561 2.564 2.735 0.0052 – 0.0225 –
2.738 2.745 2.567 2.559 2.566 2.737 – 0.0054 – 0.0225

146
2.802 2.805 2.631 2.623 2.626 2.797 0.0052 – 0.0225 –
2.800 2.807 2.629 2.621 2.628 2.799 – 0.0054 – 0.0225

147
2.865 2.868 2.694 2.686 2.689 2.860 0.0051 – 0.0225 –
2.863 2.870 2.692 2.684 2.691 2.862 – 0.0054 – 0.0225

148
2.927 2.930 2.756 2.748 2.751 2.922 0.0052 – 0.0225 –
2.925 2.932 2.754 2.746 2.753 2.924 – 0.0054 – 0.0225

149
2.990 2.993 2.819 2.811 2.814 2.985 0.0052 – 0.0225 –
2.988 2.995 2.817 2.809 2.816 2.987 – 0.0054 – 0.0225

210
0.989 0.991 0.750 0.748 0.750 0.989 0.0052 – 0.0244 –
0.988 0.993 0.748 0.746 0.751 0.991 – 0.0054 – 0.0247

211
1.051 1.053 0.812 0.810 0.812 1.051 0.0054 – 0.0244 –
1.050 1.055 0.810 0.808 0.813 1.053 – 0.0055 – 0.0248

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716) (Continued)
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C A F B H J Piston Rod Piston Rod
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Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Design Table 5-1: Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716)

212
1.114 1.116 0.874 0.873 0.875 1.115 0.0051 – 0.0242 –
1.113 1.118 0.872 0.871 0.876 1.117 – 0.0052 – 0.0243

213
1.176 1.178 0.936 0.935 0.937 1.177 0.0052 – 0.0242 –
1.175 1.180 0.934 0.933 0.938 1.179 – 0.0053 – 0.0244

214
1.239 1.241 0.999 0.998 1.000 1.240 0.0054 – 0.0243 –
1.238 1.243 0.997 0.996 1.001 1.242 – 0.0054 – 0.0244

215
1.301 1.303 1.064 1.060 1.062 1.302 0.0067 – 0.0254 –
1.300 1.305 1.062 1.058 1.063 1.304 – 0.0056 – 0.0244

216
1.364 1.366 1.124 1.123 1.125 1.365 0.0054 – 0.0246 –
1.363 1.368 1.122 1.121 1.126 1.367 – 0.0055 – 0.0247

217
1.426 1.428 1.186 1.185 1.187 1.427 0.0055 – 0.0246 –
1.425 1.430 1.184 1.183 1.188 1.429 – 0.0056 – 0.0247

218
1.489 1.491 1.249 1.248 1.250 1.490 0.0056 – 0.0246 –
1.488 1.493 1.247 1.246 1.251 1.492 – 0.0057 – 0.0247

219
1.551 1.553 1.311 1.310 1.312 1.552 0.0057 – 0.0246 –
1.550 1.555 1.309 1.308 1.313 1.554 – 0.0058 – 0.0248

220
1.614 1.616 1.374 1.373 1.375 1.615 0.0058 – 0.0247 –
1.613 1.618 1.372 1.371 1.376 1.617 – 0.0059 – 0.0248

221
1.676 1.678 1.436 1.435 1.437 1.677 0.0059 – 0.0247 –
1.675 1.680 1.434 1.433 1.438 1.679 – 0.0059 – 0.0248

222
1.739 1.741 1.499 1.498 1.500 1.740 0.0057 – 0.0250 –
1.738 1.743 1.497 1.496 1.501 1.742 – 0.0058 – 0.0250

223
1.864 1.867 1.625 1.623 1.625 1.865 0.0053 – 0.0254 –
1.863 1.869 1.623 1.621 1.627 1.867 – 0.0054 – 0.0255

224
1.989 1.992 1.750 1.748 1.750 1.990 0.0055 – 0.0254 –
1.988 1.994 1.748 1.746 1.752 1.992 – 0.0056 – 0.0255

225
2.115 2.118 1.876 1.873 1.876 2.115 0.0054 – 0.0255 –
2.114 2.120 1.874 1.871 1.878 2.117 – 0.0050 – 0.0260

226
2.240 2.243 2.001 1.998 2.001 2.240 0.0055 – 0.0255 –
2.239 2.245 1.999 1.996 2.003 2.242 – 0.0051 – 0.0260

227
2.365 2.368 2.126 2.123 2.126 2.365 0.0056 – 0.0255 –
2.364 2.370 2.124 2.121 2.128 2.367 – 0.0052 – 0.0260

228
2.490 2.493 2.251 2.248 2.251 2.490 0.0051 – 0.0260 –
2.488 2.495 2.249 2.246 2.253 2.492 – 0.0052 – 0.0260

229
2.615 2.618 2.376 2.373 2.376 2.615 0.0051 – 0.0260 –
2.613 2.620 2.374 2.371 2.378 2.617 – 0.0053 – 0.2060

230
2.740 2.743 2.501 2.498 2.501 2.740 0.0052 – 0.0260 –
2.738 2.745 2.499 2.496 2.503 2.742 – 0.0054 – 0.0260

231
2.865 2.868 2.626 2.623 2.626 2.865 0.0053 – 0.0260 –
2.863 2.870 2.624 2.621 2.628 2.867 – 0.0054 – 0.0260

232
2.990 2.993 2.751 2.748 2.751 2.990 0.0052 – 0.0260 –
2.988 2.995 2.749 2.746 2.753 2.992 – 0.0053 – 0.0260

233
3.115 3.118 2.876 2.873 2.876 3.115 0.0053 – 0.0260 –
3.113 3.120 2.874 2.871 2.878 3.117 – 0.0054 – 0.0260

234
3.240 3.243 3.001 2.997 3.000 3.239 0.0053 – 0.0260 –
3.238 3.245 2.999 2.995 3.002 3.241 – 0.0055 – 0.0260

235
3.365 3.368 3.126 3.122 3.125 3.364 0.0054 – 0.0260 –
3.363 3.370 3.124 3.120 3.127 3.366 – 0.0055 – 0.0260

236
3.490 3.493 3.251 3.247 3.250 3.489 0.0054 – 0.0260 –
3.488 3.495 3.249 3.245 2.252 3.491 – 0.0056 – 0.0260

237
3.615 3.618 3.376 3.372 3.375 3.614 0.0055 – 0.0260 –
3.613 3.620 3.374 3.370 3.377 3.616 – 0.0056 – 0.0260

238
3.740 3.743 3.501 3.497 3.500 3.739 0.0055 – 0.0260 –
3.738 3.745 3.499 3.495 3.502 3.741 – 0.0057 – 0.0260

239
3.865 3.868 3.626 3.622 3.625 3.864 0.0055 – 0.0260 –
3.863 3.870 3.624 3.620 3.627 3.866 – 0.0056 – 0.0260

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716) (Continued)

Gland 
and 

AS568 
Dash No.

Piston or 
Cylinder 

OD
Cylinder 
Bore OD

Gland  
OD

Rod or 
Gland 
Sleeve 

OD
Rod  

Bore ID
Gland  

ID
Actual Minimum 

Squeeze
Actual Maximum 

Squeeze
C A F B H J Piston Rod Piston Rod
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240
3.990 3.993 3.751 3.747 3.750 3.989 0.0055 – 0.0260 –
3.988 3.995 2.749 3.745 3.752 3.991 – 0.0056 – 0.0260

241
4.115 4.118 3.876 3.872 3.875 4.114 0.0056 – 0.0260 –
4.113 4.120 3.874 3.870 3.877 4.116 – 0.0057 – 0.0260

242
4.240 4.243 4.001 3.997 4.000 4.239 0.0056 – 0.0260 –
4.238 4.245 3.999 3.995 4.002 4.241 – 0.0057 – 0.0260

243
4.365 4.368 4.126 4.122 4.125 4.364 0.0056 – 0.0260 –
4.363 4.370 4.124 1.120 4.127 4.366 – 0.0057 – 0.0260

244
4.489 4.493 4.251 4.247 4.250 4.489 0.0051 – 0.0265 –
4.487 4.495 4.249 4.245 4.252 4.491 – 0.0057 – 0.0260

245
4.614 4.618 4.376 4.372 4.375 4.614 0.0051 – 0.0265 –
4.612 4.620 4.374 4.370 4.377 4.616 – 0.0058 – 0.0260

246
4.739 4.743 4.501 4.497 4.501 4.739 0.0052 – 0.0265 –
4.737 4.745 4.499 4.495 4.503 4.741 – 0.0053 – 0.0265

247
4.864 4.868 4.626 4.622 4.626 4.864 0.0052 – 0.0265 –
4.862 4.870 4.624 4.620 4.628 4.866 – 0.0053 – 0.0265

325
1.864 1.867 1.495 1.498 1.500 1.870 0.0081 – 0.0322 –
1.863 1.869 1.493 1.496 1.502 1.872 – 0.0079 – 0.0318

326
1.989 1.992 1.620 1.623 1.625 1.995 0.0083 – 0.0323 –
1.988 1.994 1.618 1.621 1.627 1.997 – 0.0081 – 0.0319

327
2.115 2.118 1.746 1.748 1.750 2.120 0.0085 – 0.0322 –
2.114 2.120 1.744 1.746 1.752 2.122 – 0.0083 – 0.0320

328
2.240 2.243 1.871 1.873 1.876 2.245 0.0087 – 0.0323 –
2.239 2.245 1.869 1.871 1.878 2.247 – 0.0080 – 0.0325

329
2.365 2.368 1.996 1.998 2.001 2.370 0.0086 – 0.0326 –
2.364 2.370 1.994 1.996 2.003 2.372 – 0.0080 – 0.0329

330
2.490 2.493 2.121 2.123 2.126 2.495 0.0083 – 0.0332 –
2.488 2.495 2.119 2.121 2.128 2.497 – 0.0081 – 0.0330

331
2.615 2.618 2.246 2.248 2.251 2.620 0.0084 – 0.0332 –
2.613 2.620 2.244 2.246 2.253 2.622 – 0.0083 – 0.0330

332
2.740 2.743 2.371 2.373 2.376 2.745 0.0085 – 0.0332 –
2.738 2.745 2.369 2.371 2.378 2.747 – 0.0084 – 0.0330

333
2.865 2.868 2.496 2.498 2.501 2.870 0.0085 – 0.0334 –
2.863 2.870 2.494 2.496 2.503 2.872 – 0.0084 – 0.0332

334
2.990 2.993 2.621 2.623 2.626 2.995 0.0087 – 0.0334 –
2.988 2.995 2.619 2.621 2.628 2.997 – 0.0085 – 0.0332

335
3.115 3.118 2.746 2.748 2.751 3.120 0.0088 – 0.0334 –
3.113 3.120 2.744 2.746 2.753 3.122 – 0.0087 – 0.0332

336
3.240 3.243 2.871 2.873 2.876 3.245 0.0089 – 0.0334 –
3.238 3.245 2.869 2.871 2.878 3.247 – 0.0088 – 0.0332

337
3.365 3.368 2.996 2.997 3.000 3.369 0.0087 – 0.0335 –
3.363 3.370 2.994 2.995 3.002 3.371 – 0.0087 – 0.0335

338
3.490 3.493 3.121 3.122 3.125 3.494 0.0088 – 0.0335 –
3.488 3.495 3.119 3.120 3.127 3.496 – 0.0088 – 0.0335

339
3.615 3.618 3.246 3.247 3.250 3.619 0.0089 – 0.0335 –
3.613 3.620 3.244 3.245 3.252 3.621 – 0.0089 – 0.0335

340
3.740 3.743 3.371 3.372 3.375 3.744 0.0090 – 0.0335 –
3.738 3.745 3.369 3.370 3.377 3.746 – 0.0090 – 0.0335

341
3.865 3.868 3.496 3.497 3.500 3.869 0.0091 – 0.0335 –
3.863 3.870 3.494 3.495 3.502 3.871 – 0.0090 – 0.0335

342
3.990 3.993 3.621 3.622 3.625 3.994 0.0090 – 0.0335 –
3.988 3.995 3.619 3.620 3.627 3.996 – 0.0089 – 0.0335

343
4.115 4.118 3.746 3.747 3.750 4.119 0.0090 – 0.0335 –
4.113 4.120 3.744 3.745 3.752 4.121 – 0.0090 – 0.0335

344
4.240 4.243 3.871 3.872 3.875 4.244 0.0091 – 0.0335 –
4.238 4.245 3.869 3.870 3.877 4.246 – 0.0091 – 0.0335

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716) (Continued)

Gland 
and 

AS568 
Dash No.

Piston or 
Cylinder 

OD
Cylinder 
Bore OD

Gland  
OD

Rod or 
Gland 
Sleeve 

OD
Rod  

Bore ID
Gland  

ID
Actual Minimum 

Squeeze
Actual Maximum 

Squeeze
C A F B H J Piston Rod Piston Rod
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345
4.365 4.368 3.966 3.997 4.000 4.369 0.0092 – 0.0335 –
4.363 4.370 3.994 3.995 4.002 4.371 – 0.0091 – 0.0335

346
4.489 4.493 4.121 4.122 4.125 4.494 0.0087 – 0.0340 –
4.487 4.495 4.119 4.120 4.127 4.496 – 0.0092 – 0.0335

347
4.614 4.618 4.246 4.247 4.250 4.619 0.0087 – 0.0340 –
4.612 4.620 4.244 4.245 4.252 4.621 – 0.0092 – 0.0335

348
4.739 4.743 4.371 4.372 4.375 4.744 0.0088 – 0.0340 –
4.737 4.745 4.369 4.370 4.377 4.746 – 0.0092 – 0.0335

349
4.864 4.868 4.496 4.497 4.500 4.869 0.0088 – 0.0340 –
4.862 4.870 4.494 4.495 4.502 4.871 – 0.0093 – 0.0335

425
4.970 4.974 4.497 4.497 4.501 4.974 0.0175 – 0.0480 –
4.968 4.977 4.494 4.494 4.503 4.977 – 0.0175 – 0.0480

426
5.095 5.099 4.622 4.622 4.626 5.099 0.0176 – 0.0480 –
5.093 5.102 4.619 4.619 4.628 5.102 – 0.0176 – 0.0480

427
5.220 5.224 4.747 4.747 4.751 5.224 0.0176 – 0.0480 –
5.218 5.227 4.744 4.744 4.753 5.227 – 0.0176 – 0.0480

428
5.345 5.349 4.872 4.872 4.876 5.349 0.0177 – 0.0480 –
5.343 5.352 4.869 4.869 4.878 5.352 – 0.0177 – 0.0480

429
5.470 5.474 4.997 4.997 5.001 5.474 0.0176 – 0.0480 –
5.468 5.477 4.994 4.994 5.003 5.477 – 0.0176 – 0.0480

430
5.595 5.599 5.122 5.122 5.126 5.599 0.0176 – 0.0480 –
5.593 5.602 5.119 5.119 5.128 5.602 – 0.0176 – 0.0480

431
5.720 5.724 5.247 5.247 5.251 5.724 0.0177 – 0.0480 –
5.718 5.727 5.244 5.244 5.253 5.727 – 0.0177 – 0.0480

432
5.845 5.849 5.372 5.372 5.376 5.849 0.0178 – 0.0480 –
5.843 5.852 5.369 5.369 5.378 5.852 – 0.0178 – 0.0480

433
5.970 5.974 5.497 5.497 5.501 5.974 0.0178 – 0.0480 –
5.968 5.977 5.494 5.494 5.503 5.977 – 0.0178 – 0.0480

434
6.095 6.099 5.622 5.622 5.626 6.099 0.0179 – 0.0480 –
6.093 6.102 5.619 5.619 5.628 6.102 – 0.0179 – 0.0480

435
6.220 6.224 5.747 5.747 5.751 6.224 0.0179 – 0.0480 –
6.218 6.227 5.744 5.744 5.753 6.227 – 0.0179 – 0.0480

436
6.345 6.349 5.872 5.872 5.876 6.349 0.0180 – 0.0480 –
6.343 6.352 5.869 5.869 5.878 6.352 – 0.0180 – 0.0480

437
6.470 6.474 5.997 5.997 6.001 6.474 0.0180 – 0.0480 –
6.468 6.477 5.994 5.994 6.003 6.477 – 0.0180 – 0.0480

438
6.720 6.724 6.247 6.247 6.251 6.724 0.0180 – 0.0480 –
6.718 6.727 6.244 6.244 6.253 6.727 – 0.0180 – 0.0480

439
6.970 6.974 6.497 6.497 6.501 6.974 0.0181 – 0.0480 –
6.968 6.977 6.494 6.494 6.504 6.977 – 0.0176 – 0.0485

440
7.220 7.224 6.747 6.747 6.751 7.224 0.0182 – 0.0480 –
7.218 7.227 6.744 6.744 6.754 7.227 – 0.0177 – 0.0485

441
7.470 7.474 6.997 6.997 7.001 7.474 0.0182 – 0.0480 –
7.468 7.477 6.994 6.994 7.004 7.477 – 0.0177 – 0.0485

442
7.720 7.724 7.247 7.247 7.251 7.724 0.0181 – 0.0480 –
7.718 7.727 7.244 7.244 7.254 7.727 – 0.0176 – 0.0485

443
7.970 7.974 7.497 7.497 7.501 7.974 0.0182 – 0.0480 –
7.968 7.977 7.494 7.494 7.504 7.977 – 0.0177 – 0.0485

444
8.220 8.224 7.747 7.747 7.751 8.224 0.0183 – 0.0480 –
8.218 8.227 7.744 7.744 7.754 8.227 – 0.0178 – 0.0485

445
8.470 8.474 7.997 7.997 8.001 8.474 0.0183 – 0.0480 –
8.468 8.477 7.994 7.994 8.004 8.477 – 0.0178 – 0.0485

446
8.970 8.974 8.497 8.497 8.501 8.974 0.0177 – 0.0485 –
8.967 8.977 8.494 8.494 8.504 8.977 – 0.0177 – 0.0485

447
9.470 9.474 8.997 8.997 9.001 9.474 0.0168 – 0.0485 –
9.467 9.478 8.994 8.994 9.004 9.478 – 0.0173 – 0.0485

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716) (Continued)

Gland 
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Rod  

Bore ID
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ID
Actual Minimum 

Squeeze
Actual Maximum 

Squeeze
C A F B H J Piston Rod Piston Rod
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448
9.970 9.974 9.497 9.497 9.501 9.974 0.0169 – 0.0485 –
9.967 9.978 9.494 9.494 9.504 9.978 – 0.0174 – 0.0485

449
10.470 10.474 9.997 9.997 10.001 10.474 0.0170 – 0.0485 –
10.467 10.478 9.994 9.994 10.004 10.478 – 0.0175 – 0.0485

450
10.970 10.974 10.497 10.497 10.501 10.974 0.0170 – 0.0485 –
10.967 10.978 10.494 10.494 10.504 10.978 – 0.0175 – 0.0485

451
11.470 11.474 10.997 10.997 11.001 11.474 0.0170 – 0.0485 –
11.467 11.478 10.994 10.994 11.004 11.478 – 0.0176 – 0.0485

452
11.970 11.974 11.497 11.497 11.501 11.974 0.0171 – 0.0485 –
11.967 11.978 11.494 11.494 11.504 11.978 – 0.0176 – 0.0485

453
12.470 12.474 11.997 11.997 12.001 12.474 0.0172 – 0.0485 –
12.467 12.478 11.994 11.994 12.004 12.478 – 0.0177 – 0.0485

454
12.970 12.974 12.497 12.497 12.501 12.974 0.0173 – 0.0485 –
12.967 12.978 12.494 12.494 12.504 12.978 – 0.0178 – 0.0485

455
13.470 13.474 12.997 12.997 13.001 13.474 0.0173 – 0.0485 –
13.467 13.478 12.994 12.994 13.004 13.478 – 0.0178 – 0.0485

456
13.970 13.974 13.497 13.497 13.501 13.974 0.0172 – 0.0485 –
13.967 13.978 13.494 13.494 13.504 13.978 – 0.0177 – 0.0485

457
14.470 14.474 13.997 13.997 14.001 14.474 0.0173 – 0.0485 –
14.467 14.478 13.994 13.994 14.004 14.478 – 0.0178 – 0.0485

458
14.970 14.974 14.497 14.497 14.501 14.974 0.0173 – 0.0485 –
14.967 14.978 14.494 14.494 14.504 14.978 – 0.0178 – 0.0485

459
15.470 15.474 14.997 14.997 15.001 15.474 0.0174 – 0.0485 –
15.467 15.478 14.994 14.994 15.004 15.478 – 0.0179 – 0.0485

460
15.970 15.974 15.497 15.497 15.501 15.974 0.0174 – 0.0485 –
15.967 15.978 15.494 15.494 15.504 15.978 – 0.0179 – 0.0485

Gland Design, O-Ring and Other Elastomeric Seals (SAE AS4716) (Continued)

Gland 
and 

AS568 
Dash No.
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OD
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Bore OD

Gland  
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Sleeve 
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Rod  

Bore ID
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ID
Actual Minimum 

Squeeze
Actual Maximum 

Squeeze
C A F B H J Piston Rod Piston Rod
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Gland Dimensions for Industrial Reciprocating  
O-Ring Seals

Groove Diameter (Rod Gland) Tolerance
- .000 for all sizes
+ .002 for sizes 2-006 through 2-324
+ .004 for sizes 2-325 through 2-460

Groove Diameter (Piston) Tolerance
+ .000 for all sizes
- .002 for sizes 2-006 through 2-324
- .004 for sizes 2-325 through 2-460

Design Guide 5-2a: Gland Dimensions for Industrial  
Reciprocating O-Ring Seals

5.31.2 O-Ring Glands for Industrial  
Reciprocating Seals
Design Chart 5-2 provides a reasonable basis for calculating 
reciprocating O-ring seal glands. Design Table 5-2, which 
follows it, contains recommended gland dimensions for the 
standard AS568A O-ring sizes. The major difference from 
the military gland dimensions (Design Table 5-1) is the use 
of standard cylinder bore and standard rod dimensions.

Although these dimensions are suitable for most reciprocating 
designs, it is often desirable, or even necessary, to deviate 
from them. Other portions of this handbook on Basic O-Ring 
Elastomers (Section II) and O-Ring Applications (Section 
III) are helpful in determining when such special designs are 
indicated and provide useful data for such modified designs.

Procedures for using Design Table 5-2 are outlined in  
Design Guide 5-2. See Section X, Table 10-6 for  
installation guidelines.

Guide for Design Table 5-2
If Desired Dimension  
is Known for

Select Closest  
Dimension in Column

Read Horizontally  
in Column

To Determine  
Dimension for

Bore Dia of cylinder A
B-1  
C 
G

Groove Dia of piston  
OD of piston 
Groove width

OD of piston C
A 

B-1 
G

Bore Dia of cylinder  
Groove Dia of piston 
Groove width

OD of rod B
A-1 
D 
G

Groove Dia for rod  
Bore ID for rod 
Groove width

Bore Dia for rod D
A-1 
B 
G

Groove Dia for rod  
OD of rod
Groove width

Design Guide 5-2b: Guide For Design Table 5-2

After selecting gland dimensions, read horizontally to determine proper O-ring size number. Specify compound.

Industrial Reciprocating O-Ring Packing Glands

O-Ring 
2-Size 

AS568A-

W  
Cross-Section

Nominal      Actual

L  
Gland 
Depth

Squeeze 
Actual             %

E(a)  
Diametral  
Clearance

G-GrooveWidth
R  

Groove 
Radius

Max.  
Eccentricity 

(b)

No 
Parbak 
Ring(G)

One 
Parbak 
Ring(G1)

Two 
Parbak 

Rings(G2)
006

through
012

1/16
.070 

± .003
.055
to

.057

.010
to

.018

15
to
25

.002
to

.005

.093
to

.098

.138
to

.143

.205
to

.210

.005
to

.015
.002

104
through

116
3/32

.103 
± .003

.088
to

.090

.010
to

.018

10
to
17

.002
to

.005

.140
to

.145

.171
to

.176

.238
to

.243

.005
to

.015
.002

201
through

222
1/8

.139 
± .004

.121
to

.123

.012
to

.022

9
to
16

.003
to

.006

.187
to

.192

.208
to

.213

.275
to

.280

.010
to

.025
.003

309
through

349
3/16

.210 
± .005

.185
to

.188

.017
to

.030

8
to
14

.003
to

.006

.281
to

.286

.311
to

.316

.410
to

.415

.020
to

.035
.004

425
through

460
1/4

.275 
± .006

.237
to

.240

.029
to

.044

11
to
16

.004
to

.007

.375
to

.380

.408
to

.413

.538
to

.543

.020
to

.035
.005

(a) Clearance (extrusion gap) must be held to a minimum consistent with design requirements for temperature range variation.
(b) Total indicator reading between groove and adjacent bearing surface.

Design Chart 5-2-a: Design Chart for Industrial Reciprocating O-Ring Packing Glands
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Piston Gland
Rod Gland

B Rod O.D.B-1 Piston Groove Dia.
(B-1 Min. = A Max. – 2 L Max.)

D Rod Bore Dia.C Piston O.D.

A-1 Rod Gland Groove I.D.
(A-1 Max. = B Min. + 2 L Max.)

A Cylinder Bore Dia.

Gland Detail

1/2E

F L

G

R

16

X

32

X

0° to 5°
(Typ.)

Break Corners
Approx. .005 Rad.

Gland
Depth

F Groove
Depth (Ref.)

Surface Finish X:
32 Without Parbak Ring
63 With Parbak Ring

No
Parbak
Ring

One
Parbak
Ring

Pressure.005
Typ.

W

WW

W

I.D.

.003 Typ.

Section W-W

Pressure Pressure

Two
Parbak
Rings

G2G G1

Finishes are RMS values

Industrial Reciprocating O-Ring Packing Glands

Refer to Design Chart 5-2 (below) and Design Table 5-2 for dimensions.

Industrial Dynamic Metric Cross-Sections

Industrial Dynamic Metric Cross-Sections

W
Cross-Section

L
Gland
Depth

G-Grove Width
No Parbak

Ring (G)

R
Groove
Radius

1.50 1.30 1.90 0.20 to 0.40

1.80 1.45 2.40 0.20 to 0.40

2.00 1.70 2.60 0.20 to 0.40

2.50 2.10 3.30 0.20 to 0.40

2.65 2.20 3.60 0.20 to 0.40

3.00 2.60 3.90 0.40 to 0.80

3.55 3.05 4.80 0.40 to 0.80

4.00 3.50 5.30 0.40 to 0.80

5.00 4.45 6.70 0.40 to 0.80

5.30 4.65 7.10 0.40 to 0.80

6.00 5.40 8.00 0.40 to 0.80

7.00 6.20 9.50 0.40 to 0.80

(a) Dimensions are in mm. The ISO/DIN recommendations are preferred. 
(b) Parbaks are not available in standard for metric sizes.

Design Chart 5-2-b: Design Chart for Industrial Dynamic Metric Cross-Sections
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Gland Dimensions for Industrial Reciprocating O-Ring Seals,  103.5 Bar (1500 psi) Max.†

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

A A-1 B B-1 C D G

Bore Dia. 
(Cylinder) 

+.002 
-.000

Groove 
Dia. (Rod 

Gland) 
+.002 
-.000

OD (Rod) 
+.000 
-.002

Groove 
Dia. 

*(Piston) 
+.000 
-.002

OD 
(Piston) 
+.000 
-.001

Bore Dia. 
(Rod) 
+.001 
-.000

Width 
Groove 
+.005 
-.000

006 .114 .005 .254 .249 .234 .124 .139 *.247 .126

007 .145 .005 .285 .280 .265 .155 .170 *.278 .157

008 .176 .005 .316 .311 .296 .186 .201 *.309 .188

009 .208 .005 .070 .348 .343 .328 .218 .233 *.341 .220 .093

010 .239 .005 ±.003 .379 .374 .359 .249 .264 *.372 .251

011 .301 .005 .441 .436 .421 .311 .326 *.434 .313

012 .364 .005 .504 .499 .484 .374 .389 *.497 .376

104 .112 .005 .318 .312 .300 .124 .136 *.310 .126

105 .143 .005 .349 .343 .331 .155 .167 *.341 .157

106 .174 .005 .380 .374 .362 .186 .198 *.372 .188

107 .206 .005 .412 .406 .394 .218 .230 *.404 .220

108 .237 .005 .443 .437 .425 .249 .261 *.435 .251

109 .299 .005 .505 .499 .487 .311 .323 *.497 .313

110 .362 .005 .103 .568 .562 .550 .374 .386 *.560 .376 .140

111 .424 .005 ±.003 .630 .624 .612 .436 .448 *.622 .438

112 .487 .005 .693 .687 .675 .499 .511 *.685 .501

113 .549 .007 .755 .749 .737 .561 .573 *.747 .563

114 .612 .009 .818 .812 .800 .624 .636 .810 .626

115 .674 .009 .880 .874 .862 .686 .698 .872 .688

116 .737 .009 .943 .937 .925 .749 .761 .935 .751

201 .171 .005 .449 .437 .427 .185 .195 *.434 .188

202 .234 .005 .512 .500 .490 .248 .258 *.497 .251

203 .296 .005 .574 .562 .552 .310 .320 *.559 .313

204 .359 .005 .637 .625 .615 .373 .383 .622 .376

205 .421 .005 .699 .687 .677 .435 .445 .684 .438

206 .484 .005 .762 .750 .740 .498 .508 .747 .501

207 .546 .007 .824 .812 .802 .560 .570 .809 .563

208 .609 .009 .887 .875 .865 .623 .633 .872 .626

209 .671 .009 .949 .937 .927 .685 .695 .934 .688

210 .734 .010 1.012 1.000 .990 .748 .758 .997 .751

211 .796 .010 .139 1.074 1.062 1.052 .810 .820 1.059 .813 .187

212 .859 .010 ±.004 1.137 1.125 1.115 .873 .883 1.122 .876

213 .921 .010 1.199 1.187 1.177 .935 .945 1.184 .938

214 .984 .010 1.262 1.250 1.240 .998 1.008 1.247 1.001

215 1.046 .010 1.324 1.312 1.302 1.060 1.070 1.309 1.063

216 1.109 .012 1.387 1.375 1.365 1.123 1.133 1.372 1.126

217 1.171 .012 1.449 1.437 1.427 1.185 1.195 1.434 1.188

218 1.234 .012 1.512 1.500 1.490 1.248 1.258 1.497 1.251

219 1.296 .012 1.574 1.562 1.552 1.310 1.320 1.559 1.313

220 1.359 .012 1.637 1.625 1.615 1.373 1.383 1.622 1.376

221 1.421 .012 1.699 1.687 1.677 1.435 1.445 1.684 1.438

222 1.484 .015 1.762 1.750 1.740 1.498 1.508 1.747 1.501

*	 These designs require considerable installation stretch. If assembly breakage is incurred use a compound having higher elongation or use a two-piece piston.
†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 5-2 for groove widths where Parbak 

rings must be used.

Design Table 5-2: Gland Dimensions for Industrial Reciprocating O-Ring Seals, 103.5 Bar (1500 psi) Max.†
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*	 These designs require considerable installation stretch. If assembly breakage is incurred use a compound having higher elongation or use a two-piece piston.
†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 5-2 for groove widths where Parbak 

rings must be used.

Design Table 5-2: Gland Dimensions for Industrial Reciprocating O-Ring Seals, 103.5 Bar (1500 psi) Max.†

309 .412 .005 .832 .812 .805 .435 .442 *.809 .438

310 .475 .005 .895 .875 .868 .498 .505 *.872 .501

311 .537 .007 .957 .937 .930 .560 .567 *.943 .563

312 .600 .009 1.020 1.000 .993 .623 .630 .997 .626

313 .662 .009 1.082 1.062 1.055 .685 .692 1.059 .688

314 .725 .010 1.145 1.125 1.118 .748 .755 1.122 .751

315 .787 .010 1.207 1.187 1.180 .810 .817 1.184 .813

316 .850 .010 1.270 1.250 1.243 .873 .880 1.247 .876

317 .912 .010 1.332 1.312 1.305 .935 .942 1.309 .938

318 .975 .010 1.395 1.375 1.368 .998 1.005 1.372 1.001

319 1.037 .010 1.457 1.437 1.430 1.060 1.067 1.434 1.063

320 1.100 .012 1.520 1.500 1.493 1.123 1.130 1.497 1.126

321 1.162 .012 1.582 1.562 1.555 1.185 1.192 1.559 1.188

322 1.225 .012 1.645 1.625 1.618 1.248 1.255 1.622 1.251

323 1.287 .012 1.707 1.687 1.680 1.310 1.317 1.648 1.313

324 1.350 .012 1.770 1.750 1.743 1.373 1.380 1.747 1.376

+.004 +.000

-.000 -.004

325 1.475 .015 1.895 1.875 1.868 1.498 1.505 1.872 1.501

326 1.600 .015 2.020 2.000 1.993 1.623 1.630 1.997 1.626

327 1.725 .015 2.145 2.125 2.118 1.748 1.755 2.122 1.751

328 1.850 .015 2.270 2.250 2.243 1.873 1.880 2.247 1.876

329 1.975 .018 .210 2.395 2.375 2.368 1.998 2.005 2.372 2.001 .281

330 2.100 .018 ±.005 2.520 2.500 2.493 2.123 2.130 2.497 2.126

331 2.225 .018 2.645 2.625 2.618 2.248 2.255 2.622 2.251

332 2.350 .018 2.770 2.750 2.743 2.373 2.380 2.747 2.376

333 2.475 .020 2.895 2.875 2.868 2.498 2.505 2.872 2.501

334 2.600 .020 3.020 3.000 2.993 2.623 2.630 2.997 2.626

335 2.725 .020 3.145 3.125 3.118 2.748 2.755 3.122 2.751

336 2.850 .020 3.270 3.250 3.243 2.873 2.880 3.247 2.876

337 2.975 .024 3.395 3.375 3.368 2.998 3.005 3.372 3.001

338 3.100 .024 3.520 3.500 3.493 3.123 3.130 3.497 3.126

339 3.225 .024 3.645 3.625 3.618 3.248 3.255 3.622 3.251

340 3.350 .024 3.770 3.750 3.743 3.373 3.380 3.747 3.376

341 3.475 .024 3.895 3.875 3.868 3.498 3.505 3.872 3.501

342 3.600 .028 4.020 4.000 3.993 3.623 3.630 3.997 3.626

343 3.725 .028 4.145 4.125 4.118 3.748 3.755 4.122 3.751

344 3.850 .028 4.270 4.250 4.243 3.873 3.880 4.247 3.876

345 3.975 .028 4.395 4.375 4.368 3.998 4.005 4.372 4.001

346 4.100 .028 4.520 4.500 4.493 4.123 4.130 4.497 4.126

347 4.225 .030 4.645 4.625 4.618 4.248 4.255 4.622 4.251

348 4.350 .030 4.773 4.750 4.743 4.373 4.380 4.747 4.376

349 4.475 .030 4.895 4.875 4.868 4.498 4.505 4.872 4.501

Gland Dimensions for Industrial Reciprocating O-Ring Seals,  103.5 Bar (1500 psi) Max.†  (Continued)

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

A A-1 B B-1 C D G

Bore Dia. 
(Cylinder) 

+.002 
-.000

Groove 
Dia. (Rod 

Gland) 
+.002 
-.000

OD (Rod) 
+.000 
-.002

Groove 
Dia. 

*(Piston) 
+.000 
-.002

OD 
(Piston) 
+.000 
-.001

Bore Dia. 
(Rod) 
+.001 
-.000

Width 
Groove 
+.005 
-.000



5-34

Dy
na

m
ic

 O
-R

in
g 

Se
al

in
g

Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

425 4.475 .033 5.025 5.002 4.971 4.497 4.528 4.998 4.501

426 4.600 .033 5.150 5.127 5.096 4.622 4.653 5.123 4.626

427 4.725 .033 5.275 5.252 5.221 4.747 4.778 5.248 4.751

428 4.850 .033 5.400 5.377 5.346 4.872 4.903 5.373 4.876

429 4.975 .037 5.525 5.502 5.471 4.997 5.028 5.498 5.001

430 5.100 .037 5.650 5.627 5.596 5.122 5.153 5.623 5.126

431 5.225 .037 5.775 5.752 5.721 5.247 5.278 5.748 5.251

432 5.350 .037 5.900 5.877 5.846 5.372 5.403 5.873 5.376

433 5.475 .037 6.025 6.002 5.971 5.497 5.528 5.998 5.501

434 5.600 .037 6.150 6.127 6.096 5.622 5.653 6.123 5.626

435 5.725 .037 6.275 6.252 6.221 5.747 5.778 6.248 5.751

436 5.850 .037 6.400 6.377 6.346 5.872 5.903 6.373 5.876

437 5.975 .037 6.525 6.502 6.471 5.997 6.028 6.498 6.001

438 6.225 .040 6.775 6.752 6.721 6.247 6.278 6.748 6.251

439 6.475 .040 7.025 7.002 6.971 6.497 6.528 6.998 6.501

440 6.725 .040 7.275 7.252 7.221 6.747 6.778 7.248 6.751

441 6.975 .040 7.525 7.502 7.471 6.997 7.028 7.498 7.001

442 7.225 .045 .275 7.775 7.752 4.721 7.247 7.278 7.748 7.251 .375

443 7.475 .045 ±.006 8.025 8.002 7.971 7.497 7.528 7.998 7.501

444 7.725 .045 8.275 8.252 8.221 7.747 7.778 8.248 7.751

445 7.975 .045 8.525 8.502 8.471 7.997 8.028 8.498 8.001

446 8.475 .055 9.025 9.002 8.971 8.497 8.528 8.998 8.501

447 8.975 .055 9.525 9.502 9.471 8.997 9.028 9.498 9.001

448 9.475 .055 10.025 10.002 9.971 9.497 9.528 9.998 9.501

449 9.975 .055 10.525 10.502 10.471 9.997 10.028 10.498 10.001

450 10.475 .060 11.025 11.002 10.971 10.497 10.528 10.998 10.501

451 10.975 .060 11.525 11.502 11.471 10.997 11.028 11.498 11.001

452 11.475 .060 12.025 12.002 11.971 11.497 11.528 11.998 11.501

453 11.975 .060 12.525 12.502 12.471 11.997 12.028 12.498 12.001

454 12.475 .060 13.025 13.002 12.971 12.497 12.528 12.998 12.501

455 12.975 .060 13.525 13.502 13.471 12.997 13.028 13.498 13.001

456 13.475 .070 14.025 14.002 13.971 13.497 13.528 13.998 13.501

457 13.975 .070 14.525 14.502 14.471 13.997 14.028 14.498 14.001

458 14.475 .070 15.025 15.002 14.971 14.497 14.528 14.998 14.501

459 14.975 .070 15.525 15.502 15.471 14.997 15.028 15.498 15.001

460 15.475 .070 16.025 16.002 15.971 15.497 15.528 15.998 15.501

*	 These designs require considerable installation stretch. If assembly breakage is incurred use a compound having higher elongation or use a two-piece piston.
†	This groove width does not permit the use of Parbak rings. For pressures above 103.5 Bar (1500 psi), consult Design Chart 5-2 for groove widths where Parbak 

rings must be used.

Design Table 5-2: Gland Dimensions for Industrial Reciprocating O-Ring Seals, 103.5 Bar (1500 psi) Max.†

Gland Dimensions for Industrial Reciprocating O-Ring Seals,  103.5 Bar (1500 psi) Max.†  (Continued)   

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

A A-1 B B-1 C D G

Bore Dia. 
(Cylinder) 

+.002 
-.000

Groove 
Dia. (Rod 

Gland) 
+.002 
-.000

OD (Rod) 
+.000 
-.002

Groove 
Dia. 

*(Piston) 
+.000 
-.002

OD 
(Piston) 
+.000 
-.001

Bore Dia. 
(Rod) 
+.001 
-.000

Width 
Groove 
+.005 
-.000
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5.31.3 O-Ring Glands for Pneumatic Floating  
Piston Ring Seals
Design Chart 5-3 provides the basis for calculating gland 
dimensions. For standard O-ring sizes, these dimensions 
have been calculated and are listed in Design Table 5-3. The 
procedures for the use of Design Table 5-3 are outlined in 
Design Guide 5-3.

Guide for Design Table 5-3
If Desired Dimensionis 

Known for
Dimension  
in Column

Select Closest  
Horizontally in Column

Read to Determine  
Dimension for

Bore Dia of cylinder A

B-1 Groove Dia of piston
C OD of piston
G Groove width
A Bore Dia of cylinder

OD of piston C
B-1 Groove Dia of piston
G Groove width

Design Guide 5-3: Guide For Design Table 5-3

After selecting gland dimensions, read horizontally to 
 determine proper O-ring size number. Specify compound.

Refer to 8-2, Military Fluid Specification Description, Fluid  
Compatibility Tables, or Table 3-1 to select the proper  
compound. The effective part number for an O-ring consists 
of both a size number and a compound number.

B-1 Piston Groove O.D.
(B-1 Max. = A Min. – 2 L Min.)

A Cylinder Bore Dia.
[A Min. = (O-Ring Mean O.D.) — P]

Gland Detail

1/2 E

F L

G

R

16

32

32 32

0° to 5° Typ.
(0° Preferred)

Break Edges
Approx. .005 Rad.

Gland
Depth

F Groove
Depth (Ref.)

Rod Seal Gland Use Data in Chart 5-2 and
Table 5-2 for Industrial Reciprocating Seals.
Floating O-ring Design Does Not Apply to
Rod Seals.

C Piston O.D.

1/2 E

.005
Typ.

W

W
W

W

I.D
.

.003 Typ.

Section W-W

Finishes are RMS values

Floating Pneumatic Piston Ring Seal Glands 13.8 Bar (200 psi) Max.

Floating Pneumatic Piston Ring Seal Glands
O-Ring
Size (a)
Parker
No. 2-

W
Cross Section

	 Nominal	 Actual

P (c)
Peripheral
Squeeze
(Variable)

L
Gland
Depth

G
Groove
Width

E
Diametral
Clearance

Eccentricity
Max. (b)

R
Groove
Radius

006
through

012
 1/16 .070 

±.003

.035
to

.042

.072
to

.076

.075
to

.079

.002
to

.010
.002

.005
to

.015
104

through
116

 3/32 .103 
± .003

.038
to

.062

.105
to

.109

.111
to

.115

.002
to

.010
.002

.005
to

.015
201

through
222

 1/8 .139 
± .004

.061
to

.082

.143
to

.147

.151
to

.155

.003
to

.011
.003

.010
to

.025
309

through
349

 3/16 .210 
± .005

.084
to

.124

.214
to

.218

.229
to

.233

.003
to

.011
.004

.020
to

.035
425

through
460

 1/4 .275 
± .006

.140
to

.175

.282
to

.286

.301
to

.305

.004
to

.012
.005

.020
to

.035

(a) Only sizes listed are recommended for this design.
(b) Total indicator reading between groove and adjacent bearing surface.
(c) Use to calculate Amin diameter.

Design Chart 5-3: Design Chart for Floating Pneumatic Piston Ring Seal Glands

Refer to Design Chart 5-3 (below) and 
Design Table 5-3 for dimensions.
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Floating Pneumatic Piston Ring Seal Gland Dimensions

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

A B-1 C G P
Bore Dia. 
(Cylinder)  

+.004  
-.000

Groove Dia. 
(Piston)  
+.000  
-.004

OD  
(Piston)  
+.000  
-.004

Groove 
Width  
+.004  
-.000

Peripheral  
Squeeze

006 .114 .005 .254 .219 .075 *.217 .035
007 .145 .005 .285 .249 .105 *.247 .036
008 .176 .005 .316 .279 .135 *.277 .037
009 .208 .005 .070 .348 .309 .165 *.307 .075 .039
010 .239 .005 ±.003 .379 .339 .195 *.337 .040
011 .301 .005 .441 .400 .256 *.398 .041
012 .364 .005 .504 .462 .318 .460 .042
104 .112 .005 .318 .280 .070 *.278 .038
105 .143 .005 .349 .309 .099 *.307 .040
106 .174 .005 .380 .338 .128 *.336 .042
107 .206 .005 .412 .368 .158 *.366 .044
108 .237 .005 .443 .397 .187 *.395 .046
109 .299 .005 .505 .457 .247 *.455 .048
110 .362 .005 .103 .568 .518 .308 *.516 .111 .050
111 .424 .005 ±.003 .630 .578 .368 *.576 .052
112 .487 .005 .693 .639 .429 .637 .054
113 .549 .007 .755 .699 .489 .697 .056
114 .612 .009 .818 .760 .550 .758 .058
115 .674 .009 .880 .820 .610 .818 .060
116 .737 .009 .943 .881 .671 .879 .062
201 .171 .005 .449 .388 .102 *.385 .061
202 .234 .005 .512 .450 .164 *.447 .062
203 .296 .005 .574 .511 .255 *.508 .063
204 .359 .005 .637 .573 .287 .570 .064
205 .421 .005 .699 .634 .348 .631 .065
206 .484 .005 .762 .696 .410 .693 .066
207 .546 .007 .824 .757 .471 .754 .067
208 .609 .009 .887 .819 .533 .816 .068
209 .671 .009 .949 .880 .594 .877 .069
210 .734 .010 1.012 .942 .656 .939 .070
211 .796 .010 .139 1.074 1.003 .717 1.000 .151 .071
212 .859 .010 ±.004 1.137 1.065 .779 1.026 .072
213 .921 .010 1.199 1.126 .840 1.123 .073
214 .984 .010 1.262 1.188 .902 1.185 .074
215 1.046 .010 1.324 1.249 .963 1.246 .075
216 1.109 .012 1.387 1.311 1.025 1.308 .076
217 1.171 .012 1.449 1.372 1.086 1.369 .077
218 1.234 .012 1.512 1.434 1.148 1.431 .078
219 1.296 .012 1.574 1.495 1.209 1.492 .079
220 1.359 .012 1.637 1.557 1.271 1.554 .080
221 1.421 .012 1.699 1.618 1.332 1.615 .081
222 1.484 .015 1.762 1.680 1.394 1.677 .082
309 .412 .005 .210 .832 .748 .320 .745 .229 .084
310 .475 .005 ±.105 .895 .810 .382 .807 .085
311 .537 .007 .957 .871 .443 .868 .086

*	 These designs require considerable installation stretch. If assembly breakage is incurred use a compound having higher elongation or use a  
two-piece piston.

Design Table 5-3: Floating Pneumatic Piston Ring Seal Gland Dimensions
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312 .600 .009 1.020 .933 .505 .930 .087
313 .662 .009 1.082 .994 .566 .991 .088
314 .725 .010 1.145 1.056 .628 1.053 .089
315 .787 .010 1.207 1.117 .689 1.114 .090
316 .850 .010 1.270 1.179 .751 1.176 .091
317 .912 .010 1.332 1.240 .812 1.237 .092
318 .975 .010 1.395 1.302 .874 1.299 .093
319 1.037 .010 1.457 1.363 .935 1.360 .094
320 1.100 .012 1.520 1.425 .997 1.422 .095
321 1.162 .012 1.582 1.486 1.058 1.483 .096
322 1.225 .012 1.645 1.548 1.120 1.545 .097
323 1.287 .012 1.707 1.609 1.181 1.636 .098
324 1.350 .012 1.770 1.671 1.243 1.668 .099
325 1.475 .015 1.895 1.795 1.367 1.792 .100
326 1.600 .015 2.020 1.919 1.491 1.916 .101
327 1.725 .015 2.145 2.043 1.615 2.040 .102
328 1.850 .015 2.270 2.167 1.739 2.164 .103
329 1.975 .018 .210 2.395 2.291 1.863 2.288 .229 .104
330 2.100 .018 ±.005 2.520 2.415 1.987 2.412 .105
331 2.225 .018 2.645 2.539 2.111 2.536 .106
332 2.350 .018 2.770 2.663 2.235 2.660 .107
333 2.475 .020 2.895 2.787 2.359 2.784 .108
334 2.600 .020 3.020 2.911 2.483 2.908 .109
335 2.725 .020 3.145 3.035 2.607 3.032 .110
336 2.850 .020 3.270 3.159 2.731 3.156 .111
337 2.975 .024 3.395 3.283 2.855 3.280 .112
338 3.100 .024 3.520 3.407 2.979 3.404 .113
339 3.225 .024 3.645 3.531 3.103 3.528 .114
340 3.350 .024 3.770 3.655 3.270 3.652 .115
341 3.475 .024 3.895 3.779 3.351 3.776 .116
342 3.600 .028 4.020 3.903 3.475 3.900 .117
343 3.725 .028 4.145 4.027 3.599 4.024 .118
344 3.850 .028 4.270 4.151 3.723 4.148 .119
345 3.975 .028 4.395 4.275 3.847 4.272 .120
346 4.100 .028 4.520 4.399 3.971 4.396 .121
347 4.225 .030 4.645 4.523 4.095 4.520 .122
348 4.350 .030 4.773 4.647 4.219 4.644 .123
349 4.475 .030 4.895 4.771 4.343 4.768 .124
425 4.475 .033 5.025 4.885 4.321 4.881 .140
426 4.600 .033 5.150 5.009 4.445 5.005 .141
427 4.725 .033 5.275 5.133 4.569 5.129 .142
428 4.850 .033 .275 5.400 5.257 4.693 5.253 .301 .143
429 4.975 .037 ±.006 5.525 5.381 4.817 5.377 .144
430 5.100 .037 5.650 5.505 4.941 5.501 .145
431 5.225 .037 5.775 5.629 5.065 5.625 .146
432 5.350 .037 5.900 5.753 5.189 5.749 .147

*	 These designs require considerable installation stretch. If assembly breakage is incurred use a compound having higher elongation or use a two-piece 
piston.

Design Table 5-3: Floating Pneumatic Piston Ring Seal Gland Dimensions

Design Table 5-3 — Floating Pneumatic Piston Ring Seal Gland Dimensions (Continued)

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

A B-1 C G P
Bore Dia. 
(Cylinder)  

+.004  
-.000

Groove Dia. 
(Piston)  
+.000  
-.004

OD  
(Piston)  
+.000  
-.004

Groove 
Width  
+.004  
-.000

Peripheral  
Squeeze
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433 5.475 .037 6.025 5.877 5.313 5.873 .148

434 5.600 .037 6.150 6.001 5.437 5.997 .149

435 5.725 .037 6.275 6.125 5.561 6.121 .150

436 5.850 .037 6.400 6.249 5.685 6.245 .151

437 5.975 .037 6.525 6.373 5.809 6.369 .152

438 6.225 .040 6.775 6.622 6.058 6.618 .153

439 6.475 .040 7.025 6.871 6.307 6.867 .154

440 6.725 .040 7.275 7.120 6.556 7.116 .155

441 6.975 .040 7.525 7.369 6.805 7.365 .156

442 7.225 .045 .275 7.775 7.618 7.054 7.614 .301 .157

443 7.475 .045 ±.006 8.025 7.867 7.303 7.863 .158

444 7.725 .045 8.275 8.116 7.552 8.112 .159

445 7.975 .045 8.525 8.365 7.801 8.361 .160

446 8.475 .055 9.025 8.864 8.300 8.860 .161

447 8.975 .055 9.525 9.363 8.799 9.359 .162

448 9.475 .055 10.025 9.862 9.298 9.858 .163

449 9.975 .055 10.525 10.361 9.797 10.357 .164

450 10.475 .060 11.025 10.860 10.296 10.856 .165

451 10.975 .060 11.525 11.359 10.795 11.355 .166

452 11.475 .060 12.025 11.858 11.294 11.854 .167

453 11.975 .060 12.525 12.357 11.793 12.353 .168

454 12.475 .060 13.025 12.856 12.292 12.852 .169

455 12.975 .060 13.525 13.355 12.791 13.351 .170

456 13.475 .070 14.025 13.854 13.290 13.850 .171

457 13.975 .070 14.525 14.353 13.789 14.349 .172

458 14.475 .070 15.025 14.852 14.288 14.848 .173

459 14.975 .070 15.525 15.351 14.787 15.347 .174

460 15.475 .070 16.025 15.850 15.286 15.846 .175

*	 These designs require considerable installation stretch. If assembly breakage is incurred use a compound having higher elongation or use a  
two-piece piston.

Design Table 5-3: Floating Pneumatic Piston Ring Seal Gland Dimensions

Guide For Design Table 5-4

If Desired Dimension
is Known for

Select Closest
Dimension
in Column

Read
Horizontally 
in Column

To Determine
Dimension for

OD of shaft B
A-1
D
G

Groove Dia. for shaft
Throat Dia.
Groove width

Throat Dia. D
A-1
B
G

Groove Dia. for shaft
OD of shaft
Groove width

Design Guide 5-4: Guide For Design Table 5-4

Design Table 5-3 — Floating Pneumatic Piston Ring Seal Gland Dimensions (Continued)

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

A B-1 C G P

Peripheral  
Squeeze

Bore Dia. 
(Cylinder)  

+.004  
-.000

Groove Dia. 
(Piston)  
+.000  
-.004

OD  
(Piston)  
+.000  
-.004

Groove 
Width  
+.004  
-.000
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5.31.4 O-Ring Glands for Rotary Seals
Design Chart 5-4 provides the basis for calculating gland 
dimensions. For standard O-ring sizes, these dimensions 
have been calculated and are listed in Design Table 5-4. The 
procedures for the use of Design Table 5-4 are outlined in 
Design Guide 5-4 below.

After selecting gland dimensions, read horizontally to 
determine proper O-ring size number. Specify compound. 
Refer to the discussion on rotary seals earlier in this chapter 
for the selection of the proper compound The effective part 
number for an O-ring consists of both a size number and a 
compound number.

Finishes are RMS values

Locate Seal as Close as
Possible to Lubricating Fluid

Pressure

M

B Dia. = O-ring I.D. + .002

D Dia.
(D Min. = B Max. + E Min.)

16   Max. 1/2 E

Gland Detail

1/2 E

F L

G

R

16

32

32 32

0° to 5° Typ.
(0° Preferred)

Break Edges
Approx. .005 Rad.

Gland
Depth

F Groove
Depth (Ref.)

A-1 Dia.
(A-1 Min. = B Max. + 2L Min.)

.005
Typ.

W

W
W

W

I.D.

.003 Typ.

Section W-W

Rotary O-Ring Seal Glands, 55.2 Bar (800 psi) Max.
See Rotary Seal discussion in Dynamic Seals section before using this chart.

Note: Due to effect of centrifugal force, do not locate groove in shaft. Refer to Design Chart 5-4 (below) and Design Table 5-4 
for dimensions.

Rotary O-Ring Seal Glands, 55.2 Bar (800 psi) Max. (c)
(Below 200 FPM, Use Design Chart 5-2)

O-Ring 
Size 

Parker 
No. 2-

W 
Cross Section

	 Nominal	 Actual

Maximum 
Speed 

FPM (a)
Squeeze 

%

L 
Gland 
Depth

G 
Groove 
Width

E (c) 
Diametral 
Clearance

Eccentricity 
Max (b)

M 
Bearing 
Length 
Min. (c)

R 
Groove 
Radius

004
through

045
 1/16 0.070

±.003

200 
to

1500
0-11

0.065
to

0.067

0.075
to

0.079

0.012
to

0.016
0.002 0.700

0.005
to

0.015
102

through
163

 3/32 0.103
±.003

200 
to

600
1-8 1/2

0.097
to

0.099

0.108
to

0.112

0.012
to

0.016
0.002 1.030

0.005
to

0.015
201

through
258

 1/8 0.139
±.004

200 
to

400
0-7

0.133
to

0.135

0.144
to

0.148

0.016
to

0.020
0.003 1.390

0.010
to

0.025

(a)	 Feet per minute = 0.26 X Shaft Diameter (inches) X rpm.
(b)	 Total indicator reading between groove OD, shaft, and adjacent bearing surface.
(c)	 If clearance (extrusion gap) must be reduced for higher pressures, bearing length M must be no less than the minimum figures given. Clearances 

given are based on the use of 80 shore durometer minimum O-ring for 55.2 Bar (800 psi) max. See Figure 3-2 for recommended clearances when 
pressures exceed 55.2 Bar (800 psi).

Design Chart 5-4: Design Chart for Rotary O-Ring Seal Glands
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004 .070 .005 .210 .072 .202 .084
005 .101 .005 .241 .103 .233 .115

006 .114 .005 .254 .116 .246 .128
007 .145 .005 .285 .147 .277 .159
008 .176 .005 .316 .178 .308 .190
009 .208 .005 .348 .210 .340 .222
010 .239 .005 .379 .241 .371 .253
011 .301 .005 .441 .303 .433 .315
012 .364 .005 .504 .366 .496 .378
013 .426 .005 .566 .428 .558 .440
014 .489 .005 .629 .491 .621 .503
015 .551 .007 .691 .553 .683 .565
016 .614 .009 .754 .616 .746 .628
017 .676 .009 .816 .678 .808 .693
018 .739 .009 .070 .879 .741 .871 .753 .075
019 .801 .009 ±.003 .941 .803 .933 .815
020 .864 .009 1.004 .866 .996 .878
021 .926 .009 1.066 .928 1.058 .940
022 .989 .010 1.129 .991 1.121 1.003
023 1.051 .010 1.191 1.053 1.183 1.065
024 1.114 .010 1.254 1.116 1.246 1.128
025 1.176 .011 1.316 1.178 1.308 1.190
026 1.239 .011 1.379 1.241 1.371 1.253
027 1.301 .011 1.441 1.303 1.433 1.315
028 1.364 .013 1.504 1.366 1.496 1.378
029 1.489 .013 1.629 1.491 1.621 1.503
030 1.614 .013 1.754 1.616 1.746 1.628
031 1.739 .015 1.879 1.741 1.871 1.753
032 1.864 .015 2.004 1.866 1.996 1.878
033 1.989 .018 2.129 1.991 2.121 2.003
034 2.114 .018 2.254 2.116 2.246 2.128
035 2.239 .018 2.379 2.241 2.371 2.253
036 2.364 .018 2.504 2.366 2.496 2.378
037 2.489 .018 2.629 2.491 2.621 2.503
038 2.614 .020 2.754 2.616 2.746 2.628
039 2.739 .020 2.879 2.741 2.871 2.753
040 2.864 .020 3.004 2.866 2.996 2.878
041 2.989 .024 3.129 2.991 3.121 3.003
042 3.239 .024 3.379 3.241 3.371 3.253
043 3.489 .024 3.629 3.491 3.621 3.503
044 3.739 .027 3.879 3.741 3.871 3.753
045 3.989 .027 4.129 3.991 4.121 4.003
102 .049 .005 .255 .051 .245 .063
103 .081 .005 .103 .287 .083 .277 .095 .108
104 .112 .005 ±.003 .318 .114 .308 .126
105 .143 .005 .349 .145 .339 .157
106 .174 .005 .380 .176 .370 .188

† For pressures over 55.2 Bar (800 psi), consult Design Chart 5-4 and the design sections of this Handbook.

Design Table 5-4: Rotary O-Ring Seal Gland Dimensions

Rotary O-Ring Seal Gland Dimensions

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

B A-1 D G

Groove Width  
+.004  
-.000

OD  
(Shaft)  
+.000  
-.001

Groove Dia. 
(Gland)  
+.003  
-.000

Throat  
Dia.  

+.003  
-.000
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† For pressures over 55.2 Bar (800 psi), consult Design Chart 5-4 and the design sections of this Handbook.

Design Table 5-4: Rotary O-Ring Seal Gland Dimensions

107 .206 .005 .412 .208 .402 .220
108 .237 .005 .443 .239 .433 .251
109 .299 .005 .505 .301 .495 .313
110 .362 .005 .568 .364 .558 .376
111 .424 .005 .630 .426 .620 .438
112 .487 .005 .693 .489 .683 .501
113 .549 .007 .755 .551 .745 .563
114 .612 .009 .818 .614 .808 .626
115 .674 .009 .880 .676 .870 .688
116 .737 .009 .943 .739 .933 .751
117 .799 .010 1.005 .801 .995 .813
118 .862 .010 1.068 .864 1.058 .876
119 .924 .010 1.130 .926 1.120 .938
120 .987 .010 .103 1.193 .989 1.183 1.001 .108
121 1.049 .010 ±.003 1.255 1.051 1.245 1.063
122 1.112 .010 1.318 1.114 1.308 1.126
123 1.174 .012 1.380 1.176 1.370 1.188
124 1.237 .012 1.443 1.239 1.433 1.251
125 1.299 .012 1.505 1.301 1.495 1.313
126 1.362 .012 1.568 1.364 1.558 1.376
127 1.424 .012 1.630 1.426 1.620 1.438
128 1.487 .012 1.693 1.489 1.683 1.501
129 1.549 .015 1.755 1.551 1.745 1.563
130 1.612 .015 1.818 1.614 1.808 1.626
131 1.674 .015 1.880 1.676 1.870 1.688
132 1.737 .015 1.943 1.739 1.933 1.751
133 1.799 .015 2.005 1.801 1.995 1.813
134 1.862 .015 2.068 1.864 2.058 1.876
135 1.925 .017 2.131 1.927 2.121 1.939
136 1.987 .017 2.193 1.989 2.183 2.001
137 2.050 .017 2.256 2.052 2.246 2.064
138 2.112 .017 2.318 2.114 2.308 2.126
139 2.175 .017 2.381 2.177 2.371 2.189
140 2.237 .017 2.443 2.239 2.433 2.251
141 2.300 .020 2.506 2.302 2.496 2.314
142 2.362 .020 2.568 2.364 2.558 2.376
143 2.425 .020 2.631 2.427 2.621 2.439
144 2.487 .020 2.693 2.489 2.683 2.501
145 2.550 .020 2.756 2.552 2.746 2.564
146 2.612 .020 2.818 2.614 2.808 2.626
147 2.675 .022 2.881 2.677 2.871 2.689
148 2.737 .022 2.943 2.739 2.933 2.751
149 2.800 .022 3.006 2.802 2.996 2.814
150 2.862 .022 3.068 2.864 3.058 2.876
151 2.987 .024 3.193 2.989 3.183 3.001
152 3.237 .024 3.443 3.239 3.433 3.251
153 3.487 .024 3.693 3.489 3.683 3.501

Rotary O-Ring Seal Gland Dimensions (Continued)

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

B A-1 D G

Groove Width  
+.004  
-.000

OD  
(Shaft)  
+.000  
-.001

Groove Dia. 
(Gland)  
+.003  
-.000

Throat  
Dia.  

+.003  
-.000
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154 3.737 .028 3.943 3.739 3.933 3.751
155 3.987 .028 4.193 3.989 4.183 4.001
156 4.237 .030 4.443 4.239 4.433 4.251
157 4.487 .030 .103 4.693 4.489 4.683 4.501 .108
158 4.737 .030 ±.003 4.943 4.739 4.933 4.751
159 4.987 .035 5.193 4.989 5.183 5.001
160 5.237 .035 5.443 5.239 5.433 5.251
161 5.487 .035 5.693 5.489 5.683 5.501
162 5.737 .035 5.943 5.739 5.933 5.751
163 5.987 .035 6.193 5.989 6.183 6.001
201 .171 .005 .449 .173 .439 .189
202 .234 .005 .512 .236 .502 .252
203 .296 .005 .574 .298 .564 .314
204 .359 .005 .637 .361 .627 .377
205 .421 .005 .699 .423 .689 .439
206 .484 .005 .762 .486 .752 .502
207 .546 .007 .824 .548 .814 .564
208 .609 .009 .887 .611 .877 .627
209 .671 .009 .949 .673 .939 .689
210 .734 .010 1.012 .736 1.002 .752
211 .796 .010 1.074 .798 1.064 .814
212 .859 .010 1.137 .861 1.127 .877
213 .921 .010 1.199 .923 1.189 .939
214 .984 .010 .139 1.262 .986 1.252 1.002 .144
215 1.046 .010 ±.004 1.324 1.048 1.314 1.064
216 1.109 .012 1.387 1.111 1.377 1.127
217 1.171 .012 1.449 1.173 1.439 1.189
218 1.234 .012 1.512 1.236 1.502 1.252
219 1.296 .012 1.574 1.298 1.564 1.314
220 1.359 .012 1.637 1.361 1.627 1.377
221 1.421 .012 1.699 1.423 1.689 1.439
222 1.484 .015 1.762 1.486 1.752 1.502
223 1.609 .015 1.887 1.611 1.877 1.627
224 1.734 .015 2.012 1.736 2.002 1.752
225 1.859 .018 2.137 1.861 2.127 1.877
226 1.984 .018 2.262 1.986 2.252 2.002
227 2.109 .018 2.387 2.111 2.377 2.127
228 2.234 .020 2.512 2.236 2.502 2.252
229 2.359 .020 2.637 2.361 2.627 2.377
230 2.484 .020 2.762 2.486 2.752 2.502
231 2.609 .020 2.887 2.611 2.877 2.627
232 2.734 .024 3.012 2.736 3.002 2.752
233 2.859 .024 3.137 2.861 3.127 2.877
234 2.984 .024 3.262 2.986 3.252 3.002
235 3.109 .024 3.387 3.111 3.377 3.127
236 3.234 .024 3.512 3.236 3.502 3.252
237 3.359 .024 3.637 3.361 3.627 3.377

† For pressures over 55.2 Bar (800 psi), consult Design Chart 5-4 and the design sections of this Handbook.

Design Table 5-4: Rotary O-Ring Seal Gland Dimensions

Rotary O-Ring Seal Gland Dimensions (Continued)

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

B A-1 D G

Groove Width  
+.004  
-.000

OD  
(Shaft)  
+.000  
-.001

Groove Dia. 
(Gland)  
+.003  
-.000

Throat  
Dia.  

+.003  
-.000
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† For pressures over 55.2 Bar (800 psi), consult Design Chart 5-4 and the design sections of this Handbook.

Design Table 5-4: Rotary O-Ring Seal Gland Dimensions

238 3.484 .024 3.762 3.486 3.752 3.502

239 3.609 .028 3.887 3.611 3.877 3.627

240 3.734 .028 4.012 3.736 4.002 3.752

241 3.859 .028 4.137 3.861 4.127 3.877

242 3.984 .028 4.262 3.986 4.252 4.002

243 4.109 .028 4.387 4.111 4.377 4.127

244 4.234 .030 4.512 4.236 4.502 4.252

245 4.359 .030 4.637 4.361 4.627 4.377

246 4.484 .030 .139 4.762 4.486 4.752 4.502 .144

247 4.609 .030 ±.004 4.887 4.611 4.877 4.627

248 4.734 .030 5.012 4.736 5.002 4.752

249 4.859 .035 5.137 4.861 5.127 4.877

250 4.984 .035 5.262 4.986 5.252 5.002

251 5.109 .035 5.387 5.111 5.377 5.127

252 5.234 .035 5.512 5.236 5.502 5.252

253 5.359 .035 5.637 5.361 5.627 5.377

254 5.484 .035 5.762 5.486 5.752 5.502

255 5.609 .035 5.887 5.611 5.877 5.627

256 5.734 .035 6.012 5.736 6.002 5.752

257 5.859 .035 6.137 5.861 6.127 5.877

258 5.984 .035 6.262 5.986 6.252 6.002

Rotary O-Ring Seal Gland Dimensions (Continued)

O-Ring 
Size 

Parker 
No. 2-

Dimensions 
				    Mean
	 I.D.	 ±	 W	 O.D. (Ref)

B A-1 D G

Groove Width  
+.004  
-.000

OD  
(Shaft)  
+.000  
-.001

Groove Dia. 
(Gland)  
+.003  
-.000

Throat  
Dia.  

+.003  
-.000
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Piston Glands
Rod Glands

Rod O.D.Piston Groove Dia.

Rod Bore Dia.Piston O.D.

Rod Gland Groove I.D.Cylinder Bore Dia.

Gland Detail

1/2E

F L

G

R

16

16

32

16

0° to 5°
(Typ.)

Break Corners
Approx. .005 Rad.

Gland
Depth

F Groove
Depth (Ref.)

.005
Typ.

W

WW

W

I.D.

.003 Typ.

Section W-W

Finishes are RMS values

For Reciprocating Vacuum Packing Glands

Reciprocating Vacuum Packing Glands

O-Ring
Size

AS568A-

W
Cross-Section

L
Gland
Depth

Squeeze
E

Diametral
Clearance

G
Groove
Width

R
Groove
Radius

Max.*
EccentricityNominal Actual Actual %

006
through

012
1/16 .070

±.003

.055
to

.057

.010
to

.018

15
to
25

.002
to

.005

.093
to

.098

.005
to

.015
.002

104
through

116
3/32 .103

±.003

.088
to

.090

.010
to

.018

10
to
17

.002
to

.005

.140
to

.145

.005
to

.015
.002

201
through

222
1/8 .139

±.004

.121
to

.123

.012
to

.022

9
to
16

.003
to

.006

.187
to

.192

.010
to

.025
.003

309
through

349
3/16 .210

±.005

.185
to

.188

.017
to

.030

8
to
14

.003
to

.006

.281
to

.286

.020
to

.035
.004

425
through

460
1/4 .275

±.006

.237
to

.240

.029
to

.044

11
to
16

.004
to

.007

.375
to

.380

.020
to

.035
.005

*Total indicator reading between groove and adjacent bearing surface.

Design Chart 5-5: Design Chart for Reciprocating Vacuum Packing Glands

Refer to Design Chart 5-5 (below) for dimensions.

5.32 Dynamic Vacuum Sealing
There is very little data available on dynamic vacuum seals, 
but reasonably low leak rates have been reported using two 
O-rings seals designed according to the standard radial  
dynamic design dimensions for reciprocating seals which  
are shown in Design Chart 5-5.

In sealing gases and vacuum, it is quite feasible to use two 
O-ring seals in separate grooves. (In reciprocating hydraulic  
applications, however, such redundant seals are not  
recommended because of the danger of creating a pressure 
trap between the two seals.) 
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6.1 Introduction
Parker’s Parbak® back-up rings help prevent extrusion in 
high pressure service and compensate for loose fitting parts. 
The use of loose fitting parts makes for cost reduction in the 
machining of unit components.
The 90 durometer curve in Figure 3-5 may be used to find 
the maximum recommended clearance at a given pressure for 
temperatures up to 74°C (165°F) when standard Parbak rings 
in Parker’s N1444-90 nitrile compound are used to protect 
an O-ring from extrusion. In using these curves, it must be 
remembered that cylinders tend to expand when pressurized. 
The clearance that the Parbak will see is the clearance between 
the piston and the expanded cylinder.
The extrusion curves can be used in two different ways to 
reap the benefits of Parbaks, depending on the application. In 
low pressure seals, the curves will indicate wider permissible 
clearances than those given in the design charts. Tolerances 
on these can be opened up until they permit these larger clear-
ances to occur, resulting in substantial machining economies. 
When tolerances are increased, however, one must check to be 
sure that squeeze values do not become too high or too low.
In high pressure applications, the curves will indicate  
whether adding a Parbak will permit the use of standard  
catalog gland dimensions or whether the clearance will need 
to be reduced further.
In double acting seal assemblies, a Parbak is required on both 
sides of the O-ring. It is cheap insurance to use two Parbaks 
even in single acting installations. At assembly, it is too easy 
to place a single Parbak on the wrong side of the O-ring. By 
specifying one on each side of the O-ring, there will be one 
on the low pressure side, where it is needed, and the extra 
Parbak does no harm.
Unlike many PTFE back-up rings, Parbak rings are continuous; 
they do not have a cut because they can be stretched over the 
end of a piston during assembly. Hence they contact the mat-
ing O-ring uniformly, and do not cause localized wear spots.
Parbaks are contoured on one face to minimize distortion of 
the O-ring when under pressure, yet the orientation of the 
contoured face is immaterial to the proper function of the 
part because it is flexible.
Parbaks are quick and easy to assemble, minimizing assembly 
costs, and they cannot fall out of the O-ring groove. Besides 
their advantages as anti-extrusion devices, Parbak rings help 
trap lubricant, preserving the O-ring and reducing friction.
The standard sizes are listed in Table 6-1. Refer to the  
appropriate Design Chart for recommended groove width. 
Special sizes are also made to order.

6.2 Anti-Extrusion Device Design Hints
1.	 Wherever possible use two back-up rings, one on each 

side of the O-ring.
2.	 If only one back-up ring is used, the O-ring should be 

placed between it and the source of pressure.
3.	 Parbaks should be installed with the contoured face  

against the O-ring, but reversal does no harm.
4.	 Parker’s Parbaks will not “collapse” or cold flow if used 

with proper groove designs.
5.	 Use groove widths given in the Static O-Ring Sealing 

and Dynamic O-Ring Sealing Sections.

6.3 Parbak Elastomer Back-Up Rings
Hard rubber back-up rings combine most of the best features 
of both leather and PTFE anti-extrusion devices. Although 
no industrial or military standards have been issued for 
rubber back-up rings, they have been in use for a number 
of years. These are special devices designed to satisfy a 
specific problem.

Parbaks in Parker Seal Group’s standard nitrile compound, 
N1444-90, are generally usable through a temperature range 
of -40°C to 121°C (-40° to 250°F). Hardening of this material 
due to high or low temperatures often improves performance 
as a back-up ring.

Features of Parbak Rings
1.	 Elastic memory permits Parbak rings to be stretched into 

place for assembly without preconditioning or cutting.
2.	 Continuous construction prevents damage to the  

O-ring seal.
3.	 Lubrication is enhanced by rubber which absorbs system 

fluid and does not plate out on rubbing surfaces.

6.4 Other Back-Up Ring Materials

6.4.1 Polytetrafluoroethylene (PTFE) Back-Up Rings
Anti-extrusion rings made from tetrafluoroethylene are 
impervious to oils and solvents. Acids and inorganic salts 
have very little effect on PTFE resin. In addition to its 
good chemical resistance, PTFE may be used over a wide  
temperature range, from below -73°C to over 204°C (-100°F 
to over 400°F). Thus, PTFE back-up rings may be used 
with most elastomeric O-ring seals. For installation, PTFE 
back-up rings are supplied either scarf or spiral cut as shown 
in Figure 6-1. These discontinuities may contribute to seal 
damage due to biting and pinching. PTFE can also impair 
seal lubrication by plating rubbing surfaces with PTFE resin 
to which lubricating oil will not adhere.

Parbak® is a registered trademark of Parker Hannifin Corporation.
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6.4.2 Metal Non-Extrusion Rings
In most cases it will be impracticable and unnecessary 
(under 1380 bar 20,000 psi) to design bolt and rivet seal 
glands that are self-tightening, i.e., tending to reduce rather 
than increase seal extrusion clearance as pressure increases. 
Adequate gland volume should be allowed, in keeping with 
assembly tolerances. Two designs that have been helpful in 
alleviating extrusion in ultra high pressure applications are 
shown in Figure 6-2.

6.4.3 Leather Back-Up Rings
Leather was a standard back-up ring material for many years. 
Manufacturers of these rings developed special processing 
methods and impregnations for different types of applications. 
Standard sizes were established for use with all standard 
O-rings. If there is any question concerning the suitability 
of leather for the application, consult the supplier. Leather 
back-up rings are manufactured as continuous rings and in 
most cases must be stretched during installation. Less damage 
will be incurred to the back-up rings if they are soaked in oil 
before installation. After installation, a short exposure to heat 
will shrink the leather rings back to size. Leather back-up 
rings should never be cut to facilitate installation.

6.5 Parbak Compound Information
Some back-up ring materials tend to leave deposits in the 
micro fine grooves of the surface on which they rub. An ultra 
smooth, wax-like surface results. Because an O-ring may 
wipe all lubrication from such a surface, reverse stroking is 
dry and greatly reduces seal life. Parbaks of N1444-90 and 
other rubber compounds solve this problem. They do not 
leave a deposit on the metal surface, thus lubrication remains.

The standard compound for Parbaks is N1444-90. Careful 
engineering and research has produced N1444-90 which 
has the best combination of characteristics for the majority 
of back-up ring installations — broad temperature range, 
proper hardness, long sealing life, and resistance to a great 
number of fluids. It is resistant to nearly all hydraulic fluids 
except certain non-flammable types such as Skydrol. It is 
also resistant to air and water.

Functional tests have proven that millions of cycles can be 
obtained with Parbaks, showing their tremendous superiority 
over the older types of back-up rings.

In addition to N1444-90, Parker Seal has developed other 
compounds for installations requiring special characteristics. 
Present capabilities include service at continuous temperatures 
as high as 204°C (400°F).

Additional assistance in specifing and using Parbak  
rings is available upon request by calling your Parker  
Seal representative.

6.6 Parker Parbak 8-Series Dimensions
Parbaks will stretch up to 50%, and are quickly and easily 
installed. Advantages of the contour design are obtained  
regardless of how Parbaks are installed. They may be installed 
with the concave face in either direction, toward or away 
from the O-ring.

Table 6-1 provides Parker Parbak 8-Series Dimensions.

Figure 6-1: Typical Back-Up Rings

Scarf Cut Spiral Parbak

Figure 6-2: Clearance Control for High Pressure Seals

Thin Metal Section Will Expand
Due to Pressure and Maintain
Metal-to-Metal Fit

7° to 10° Soft Metal Anti-
Extrusion Wedge Ring
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I.D.W

T Ref.
A

.010 R. Max.

Section W-W

A

R

Parker Parbak  
8-Series Dimensions

Notes:	 1.	 Parbak sizes are designed to correspond with the Parker 2-xxx, 3-xxx and AS568A series O-ring with which they are used.
	 2.	 Complete call-out consists of the digit 8, the dash number for the size wanted and the rubber material. Example: N1444-90 8-009.

Table 6-1: Parker Parbak 8-Series Dimensions

Parker Parbaks were developed primarily for service in petro-
leum based hydraulic fluids, at -4°C to 121°C (-40°F to 250°F). 
Parker’s standard Parbak compound  N1444-90, provides the 
maximum benefits in back-up ring service. Compounds for 
use in other fluids and for temperatures up to 204°C (400°F) 
are available upon request. 

Parbaks will stretch up to 50%, and are quickly and easily 
installed. Advantages of the contour design are obtained 
regardless of how Parbaks are installed — they may be in-
stalled with the concave face in either direction, toward or 
away from the O-ring.

004 .096 .005 .087 .049 .045 .003 .053 .003
005 .127
006 .140
007 .171
008 .202
009 .234
010 .265
011 .327
012 .390
013 .455 .005
014 .518 .005
015 .580 .007
016 .643 .009
017 .705
018 .768
019 .830
020 .893
021 .955 .009
022 1.018 .010
023 1.080 .010
024 1.143 .010
025 1.205 .011
026 1.268 .011
027 1.330 .011
028 1.393 .013
029 1.518 .013
030 1.643 .013
031 1.768 .015
032 1.893 .015
033 2.018 .018
034 2.143
035 2.268
036 2.393
037 2.518 .018
038 2.643 .020
039 2.768 .020
040 2.893 .020 .087 .049 .045 .003 .053 .003

041 3.018 .024 .087 .049 .045 .003 .053 .003
042 3.268 .024
043 3.518 .024
044 3.768 .027
045 4.018 .027
046 4.268 .030
047 4.518 .030  
048 4.768 .030  
049 5.018 .037  
050 5.268 .037 .087 .049 .053
102 .077 .005 .129 .053 .086
103 .109
104 .140
105 .171
106 .202
107 .234
108 .265
109 .327
110 .390
111 .452
112 .515 .005
113 .577 .007
114 .640 .009
115 .702 .009
116 .765 .009
117 .831 .010
118 .893
119 .956
120 1.018
121 1.081
122 1.143 .010
123 1.206 .012
124 1.268
125 1.331
126 1.393
127 1.456
128 1.518 .012 .129 .053 .045 .003 .086 .003

Parker Parbak 8-Series Dimensions
 Dash
No.

I.D.
(in.)

Tol.
±

R
±.010

T
(Ref.)

A
(in.)

Tol.
±

W
(in.)

Tol.
±

 Dash
No.

I.D.
(in.)

Tol.
±

R
±.010

T
(Ref.)

A
(in.)

Tol.
±

W
(in.)

Tol.
±
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Notes:	 1.	 Parbak sizes are designed to correspond with the Parker 2-xxx, 3-xxx and AS568A series O-ring with which they are used.
	 2.	 Complete call-out consists of the digit 8, the dash number for the size wanted and the rubber material. Example: N1444-90 8-009.

Table 6-1: Parker Parbak 8-Series Dimensions

129 1.581 .015 .129 .053 .045 .003 .086 .003
130 1.643
131 1.706
132 1.768
133 1.831
134 1.893 .015
135 1.956 .017
136 2.018
137 2.081
138 2.143 .017
139 2.206 .017
140 2.268 .017
141 2.331 .020
142 2.393
143 2.456
144 2.518
145 2.581
146 2.643 .020
147 2.706 .022
148 2.768
149 2.831
150 2.893 .022
151 3.018 .024
152 3.268 .024
153 3.518 .024
154 3.768 .028
155 4.018 .028
156 4.268 .030
157 4.518 .030
158 4.768 .030
159 5.018 .035
160 5.268
161 5.518
162 5.768
163 6.018 .035
164 6.268 .040
165 6.518
166 6.768
167 7.018 .040
168 7.268 .045
169 7.518
170 7.768
171 8.018 .045
172 8.268 .050
173 8.518
174 8.768
175 9.018 .050
176 9.268 .055
177 9.518 .055
178 9.768 .055 .129 .053 .045 .086 .003
201 .202 .005 .174 .050 .040 .118 .004
202 .265
203 .327
204 .390
205 .455 .005 .174 .050 .040 .003 .118 .004

206 .518 .005 .174 .050 .040 .003 .118 .004
207 .580 .007
208 .643 .009
209 .705 .009
210 .766 .010
211 .828
212 .891
213 .953
214 1.016 .010
215 1.078 .010
216 1.141 .012
217 1.203
218 1.266
219 1.334
220 1.397
221 1.459 .012
222 1.522 .015
223 1.647 .015
224 1.772 .015
225 1.897 .018
226 2.022 .018
227 2.147 .018
228 2.272 .020
229 2.397 .020
230 2.522 .020
231 2.631 .020
232 2.756 .024
233 2.881
234 3.006
235 3.131
236 3.256
237 3.381
238 3.506 .024
239 3.631 .028
240 3.756
241 3.881
242 4.006
243 4.131 .028
244 4.256 .030
245 4.381
246 4.506
247 4.631
248 4.768 .030
249 4.893 .035
250 5.018
251 5.143
252 5.268
253 5.393
254 5.518
255 5.643
256 5.768
257 5.893
258 6.018 .035
259 6.268 .040
260 6.518 .040
261 6.768 .040 .174 .050 .040 .003 .118 .004
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Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Notes:	 1.	 Parbak sizes are designed to correspond with the Parker 2-xxx, 3-xxx and AS568A series O-ring with which they are used.
	 2.	 Complete call-out consists of the digit 8, the dash number for the size wanted and the rubber material. Example: N1444-90 8-009.

Table  6-1: Parker Parbak 8-Series Dimensions

262 7.018 .040 .174 .050 .040 .003 .118 .004
263 7.268 .045
264 7.518
265 7.768
266 8.018 .045
267 8.268 .050
268 8.518
269 8.768
270 9.018 .050
271 9.268 .055
272 9.518 .055
273 9.768 .055
274 10.018 .055
275 10.518 .055
276 11.018 .065
277 11.518
278 12.018
279 13.018
280 14.018
281 15.018 .065
282 15.989 .075
283 16.989 .080
284 17.989 .085 .174 .050 .040 .003 .118 .004
309 .450 .005 .262 .076 .060 .004 .183 .005
310 .513 .005
311 .575 .007
312 .638 .009
313 .700 .009
314 .763 .010
315 .825
316 .888
317 .950
318 1.013
319 1.075 .010
320 1.138 .012
321 1.200 .012
322 1.263 .012
323 1.316 .012
324 1.388 .012
325 1.513 .015
326 1.638
327 1.763
328 1.888 .015
329 2.013 .018
330 2.138
331 2.268
332 2.393 .018
333 2.518 .020
334 2.643 .020
335 2.768 .020
336 2.893 .020
337 3.018 .024
338 3.143
339 3.273
340 3.398 .024 .262 .076 .060 .004 .183 .005

341 3.523 .024 .262 .076 .060 .004 .183 .005
342 3.648 .028
343 3.773   
344 3.898   
345 4.028
346 4.153 .028
347 4.278 .030
348 4.403
349 4.528
350 4.653
351 4.778
352 4.903 .030
353 5.028 .037
354 5.153 .037
355 5.278 .037
356 5.403 .037
357 5.528
358 5.653
359 5.778
360 5.903
361 6.028 .037
362 6.278 .040
363 6.528
364 6.778
365 7.028 .040
366 7.278 .045
367 7.528
368 7.778
369 8.028 .045
370 8.278 .050
371 8.528
372 8.778
373 9.028 .050
374 9.278 .055
375 9.528
376 9.778
377 10.028 .055
378 10.528 .060
379 11.028 .060
380 11.528 .065
381 12.028 .065
382 13.028 .065
383 14.028 .070
384 15.028 .070
385 16.008 .075
386 17.008 .080
387 18.008 .085
388 19.006 .090
389 20.006 .095
390 21.006 .095
391 22.006 .100
392 22.993 .105
393 23.993 .110
394 24.993 .115
395 25.993 .120 .262 .076 .060 .004 .183 .005
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Back-Up Rings
Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Notes:	 1.	 Parbak sizes are designed to correspond with the Parker 2-xxx, 3-xxx and AS568A series O-ring with which they are used.
	 2.	 Complete call-out consists of the digit 8, the dash number for the size wanted and the rubber material. Example: N1444-90 8-009.

Table 6-1: Parker Parbak 8-Series Dimensions

425 4.551 .033 .344 .117 .096 .005 .236 .006
426 4.676
427 4.801
428 4.926 .033
429 5.051 .037
430 5.176  
431 5.301
432 5.426
433 5.551
434 5.676
435 5.801
436 5.926
437 6.051 .037
438 6.274 .040
439 6.524
440 6.774
441 7.024 .040
442 7.274 .045
443 7.524
444 7.774
445 8.024 .045
446 8.524 .055
447 9.024
448 9.524
449 10.024 .055
450 10.524 .060 .344 .117 .096 .005 .236 .006

451 11.024 .060 .344 .117 .096 .005 .236 .006
452 11.524
453 12.024
454 12.524  
455 13.024 .060
456 13.524 .070
457 14.024
458 14.524
459 15.024
460 15.524 .070
461 16.004 .075
462 16.504 .075
463 17.004 .080
464 17.504 .085
465 18.004 .085
466 18.504 .085
467 19.004 .090
468 19.504 .090
469 20.004 .095
470 21.004 .095
471 22.004 .100
472 23.004 .105
473 24.004 .110
474 25.004 .115
475 26.004 .120 .344 .117 .096 .005 .236 .006
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Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Back-Up Rings Cross Reference
This cross reference chart is to be utilized when considering 
the use of Parker’s Parbak back-up rings as a retrofit for a 

 *Add Parker compound number N1444-90 to complete the call out. Example: N1444-90 8-009.
Note: These corresponding part numbers do not have identical dimensions, but they are intended for use with O-rings of the same  
dimensions. Parbak sizes with no corresponding military part number are not shown.
1.	 Continuous back-up ring.
2.	 Single turn, scarf cut.
3.	 Double turn.

Table 6-2: Back-Up Rings Cross Reference

8-004 -004
8-005 -005
8-006 AN6246-1 -006 MS28782-1 -6
8-007 AN6246-2 -007 MS28782-2 -7
8-008 AN6246-3 -008 MS28782-3 -8
8-009 AN6246-4 -009 MS28782-4 -9
8-010 AN6246-5 -010 MS28782-5 -10
8-011 AN6246-6 -011 MS28782-6 -11
8-012 AN6246-7 -012 MS28782-7 -12
8-013 -013
8-014 -014
8-015 -015
8-016 -016
8-017 -017
8-018 -018
8-019 -019
8-020 -020
8-021 -021
8-022 -022
8-023 -023
8-024 -024
8-025 -025
8-026 -026
8-027 -027
8-028 -028
8-110 AN6246-8 -110 MS28782-8 -110
8-111 AN6246-9 -111 MS28782-9 -111
8-112 AN6246-10 -112 MS28782-10 -112
8-113 AN6246-11 -113 MS28782-11 -113
8-114 AN6246-12 -114 MS28782-12 -114
8-115 AN6246-13 -115 MS28782-13 -115
8-116 AN6246-14 -116 MS28782-14 -116
8-117 -117
8-118 -118
8-119 -119
8-120 -120
8-121 -121
8-122 -122
8-123 -123
8-124 -124
8-125 -125
8-126 -126
8-127 -127
8-128 -128
8-129 -129

8-130 -130
8-131 -131
8-132 -132
8-133 -133
8-134 -134
8-135 -135
8-136 -136
8-137 -137
8-138 -138
8-139 -139
8-140 -140
8-141 -141
8-142 -142
8-143 -143
8-144 -144
8-145 -145
8-146 -146
8-147 -147
8-148 -148
8-149 -149
8-210 AN6246-15 -210 MS28782-15 -210
8-211 AN6246-16 -211 MS28782-16 -211
8-212 AN6246-17 -212 MS28782-17 -212
8-213 AN6246-18 -213 MS28782-18 -213
8-214 AN6246-19 -214 MS28782-19 -214
8-215 AN6246-20 -215 MS28782-20 -215
8-216 AN6246-21 -216 MS28782-21 -216
8-217 AN6246-22 -217 MS28782-22 -217
8-218 AN6246-23 -218 MS28782-23 -218
8-219 AN6246-24 -219 MS28782-24 -219
8-220 AN6246-25 -220 MS28782-25 -220
8-221 AN6246-26 -221 MS28782-26 -221
8-222 AN6246-27 -222 MS28782-27 -222
8-223 AN6244-1 -223 MS28783-1 -223
8-224 AN6244-2 -224 MS28783-2 -224
8-225 AN6244-3 -225 MS28783-3 -225
8-226 AN6244-4 -226 MS28783-4 -226
8-227 AN6244-5 -227 MS28783-5 -227
8-228 AN6244-6 -228 MS28783-6 -228
8-229 AN6244-7 -229 MS28783-7 -229
8-230 AN6244-8 -230 MS28783-8 -230
8-231 AN6244-9 -231 MS28783-9 -231
8-232 AN6244-10 -232 MS28783-10 -232
8-233 AN6244-11 -233 MS28783-11 -233
8-234 AN6244-12 -234 MS28783-12 -234

PTFE or leather back-up. Keep in mind, there is not a military 
specification that pertains to Parker’s Parbak series back-up 
rings. This chart is intended as a retrofit guideline only.

Back-Up Rings Cross Reference
Parker

N1444-90
MIL-W-5521

Leather
AS8791
PTFE

AS8791
PTFE

MIL-W-5521
Leather

 Parker
 N1444-90

MIL-W-5521
Leather

AS8791
PTFE

AS8791
PTFE

MIL-W-5521
Leather

Parker
Parbak 

Size No.*1
AN62441

AN62461

MS275951

MS287742

Dash No.
MS287823

MS287833
MS358031

Dash No.

 Parker
 Parbak

Size No.*1
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MS275951
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Back-Up Rings
Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

 *Add Parker compound number N1444-90 to complete the call out. Example: N1444-90 8-009.
Note: These corresponding part numbers do not have identical dimensions, but they are intended for use with O-rings of the same  
dimensions. Parbak sizes with no corresponding military part number are not shown.
1.	 Continuous back-up ring.
2.	 Single turn, scarf cut.
3.	 Double turn.

Table 6-2: Back-Up Rings Cross Reference

8-235 AN6244-13 -235 MS28783-13 -235
8-236 AN6244-14 -236 MS28783-14 -236
8-237 AN6244-15 -237 MS28783-15 -237
8-238 AN6244-16 -238 MS28783-16 -238
8-239 AN6244-17 -239 MS28783-17 -239
8-240 AN6244-18 -240 MS28783-18 -240
8-241 AN6244-19 -241 MS28783-19 -241
8-242 AN6244-20 -242 MS28783-20 -242
8-243 AN6244-21 -243 MS28783-21 -243
8-244 AN6244-22 -244 MS28783-22 -244
8-245 AN6244-23 -245 MS28783-23 -245
8-246 AN6244-24 -246 MS28783-24 -246
8-247 AN6244-25 -247 MS28783-25 -247
8-248 AN6244-26
8-249 AN6244-27
8-250 AN6244-28
8-251 AN6244-29
8-252 AN6244-30
8-253 AN6244-31
8-254 AN6244-32
8-255 AN6244-33
8-256 AN6244-34
8-257 AN6244-35
8-258 AN6244-36
8-259 AN6244-37
8-260 AN6244-38
8-261 AN6244-39
8-262 AN6244-40
8-263 AN6244-41
8-264 AN6244-42
8-265 AN6244-43
8-266 AN6244-44
8-267 AN6244-45
8-268 AN6244-46
8-269 AN6244-47
8-270 AN6244-48
8-271 AN6244-49
8-272 AN6244-50
8-273 AN6244-51
8-274 AN6244-52
8-325 AN6246-28 -325 MS28782-28 -325
8-326 AN6246-29 -326 MS28782-29 -326
8-327 AN6246-30 -327 MS28782-30 -327
8-328 AN6246-31 -328 MS28782-31 -328
8-329 AN6246-32 -329 MS28782-32 -329
8-330 AN6246-33 -330 MS28782-33 -330
8-331 AN6246-34 -331 MS28782-34 -331
8-332 AN6246-35 -332 MS28782-35 -332
8-333 AN6246-36 -333 MS28782-36 -333
8-334 AN6246-37 -334 MS28782-37 -334
8-335 AN6246-38 -335 MS28782-38 -335

8-336 AN6246-39 -336 MS28782-39 -336
8-337 AN6246-40 -337 MS28782-40 -337
8-338 AN6246-41 -338 MS28782-41 -338
8-339 AN6246-42 -339 MS28782-42 -339
8-340 AN6246-43 -340 MS28782-43 -340
8-341 AN6246-44 -341 MS28782-44 -341
8-342 AN6246-45 -342 MS28782-45 -342
8-343 AN6246-46 -343 MS28782-46 -343
8-344 AN6246-47 -344 MS28782-47 -344
8-345 AN6246-48 -345 MS28782-48 -345
8-346 AN6246-49 -346 MS28782-49 -346
8-347 AN6246-50 -347 MS28782-50 -347
8-348 AN6246-51 -348 MS28782-51 -348
8-349 AN6246-52 -349 MS28782-52 -349
8-425 AN6246-88 -425 MS28782-88 -425
8-426 AN6246-53 -426 MS28782-53 -426
8-427 AN6246-54 -427 MS28782-54 -427
8-428 AN6246-55 -428 MS28782-55 -428
8-429 AN6246-56 -429 MS28782-56 -429
8-430 AN6246-57 -430 MS28782-57 -430
8-431 AN6246-58 -431 MS28782-58 -431
8-432 AN6246-59 -432 MS28782-59 -432
8-433 AN6246-60 -433 MS28782-60 -433
8-434 AN6246-61 -434 MS28782-61 -434
8-435 AN6246-62 -435 MS28782-62 -435
8-436 AN6246-63 -436 MS28782-63 -436
8-437 AN6246-64 -437 MS28782-64 -437
8-438 AN6246-65 -438 MS28782-65 -438
8-439 AN6246-66 -439 MS28782-66 -439
8-440 AN6246-67 -440 MS28782-67 -440
8-441 AN6246-68 -441 MS28782-68 -441
8-442 AN6246-69 -442 MS28782-69 -442
8-443 AN6246-70 -443 MS28782-70 -443
8-444 AN6246-71 -444 MS28782-71 -444
8-445 AN6246-72 -445 MS28782-72 -445
8-446 AN6246-73 -446 MS28782-73 -446
8-447 AN6246-74 -447 MS28782-74 -447
8-448 AN6246-75 -448 MS28782-75 -448
8-449 AN6246-76 -449 MS28782-76 -449
8-450 AN6246-77 -450 MS28782-77 -450
8-451 AN6246-78 -451 MS28782-78 -451
8-452 AN6246-79 -452 MS28782-79 -452
8-453 AN6246-80 -453 MS28782-80 -453
8-454 AN6246-81 -454 MS28782-81 -454
8-455 AN6246-82 -455 MS28782-82 -455
8-456 AN6246-83 -456 MS28782-83 -456
8-457 AN6246-84 -457 MS28782-84 -457
8-458 AN6246-85 -458 MS28782-85 -458
8-459 AN6246-86 -459 MS28782-86 -459
8-460 AN6246-87 -460 MS28782-87 -460

Back-Up Rings Cross Reference (Continued)
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2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Comparison of Parbak vs. PTFE and Leather Back-Up

Parker Parbaks PTFE Back-Up Rings Leather Back-Up Rings

Continuous ring.

Spiral or scarf-cut for most  
applications. This discontinuity is 
often a cause of leaks or damage  
to the O-ring.

Continuous ring.

Easiest and quickest to assemble 
in either piston or cylinder groove.

Moderately simple to assemble. 
Scarf or spiral cut can be opened,  
for assembling over piston or  
doubled over itself for assembly  
into cylinder groove.

Difficult to assemble over piston. 
Must be soaked in oil, stretched, 
then pounded into place. Less  
difficult to assemble into  
cylinder groove.

Good resistance to extrusion. 
Standard material satisfactory up 
to (121°C) 250°F. Other compounds 
available for temperatures as high 
as (204°C) 400°F.

Tends to soften and extrude  
at temperatures around  
(149°C) 300°F.

Tends to harden and crack at  
high temperature. 

Does not cause overly smooth  
rubbing surface. Maintains  
lubrication.

Deposits on rubbing surface  
making it extremely smooth. The 
O-ring then wipes the surface dry.

Does not cause overly smooth  
rubbing surface. Maintains  
lubrication.

Good resistance to radiation. Can 
be made in  compound having even  
better resistance when required.

Fair resistance to radiation. No information available.

Continuous ring with no loose  
particles or sections.

Thin sections of spiral may  
become lodged under O-ring  
causing leakage.

Loose leather fibers may  
become lodged under O-ring  
causing leakage.

No scarf cut to open. Coefficient of 
thermal expansion comparable to 
O-ring material.

Low temperature shrinkage may 
open up scarf cut, causing tem-
perature leakage.

Continuous ring.

Continuous ring, no scarf cut.
High temperature expansion may 
overlap scarf cut causing damage  
to O-ring.

Continuous ring, no scarf cut.

Absorbs slight amount of oil,  
aiding lubrication.

Almost completely non- 
absorbent, will not hold enough oil  
to aid lubrication.

Tends to absorb moisture,  
increasing possibility of corrosion.

Resists cold flow and tendency to 
extrude under high pressure.

Will cold flow and extrude at room 
temperature and high pressure.

Resists cold flow and tendency to 
extrude under high pressure.

Uniform dimensions. Uniform dimensions. Variable dimensions.

Table 6-3: Comparison of Parbak vs. PTFE and Leather Back-Up
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Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.
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Approximate Service Temperature Ranges for Commonly Used Basic Polymer Types*
Nitrile (General Service) -34°C to 121°C (-30°F to 250°F)* AFLAS -9°C to 232°C (15°F to 450°F)*
Nitrile (Low Temperature) -55°C to 107°C (-65°F to 225°F)* Neoprene -51°C to 107°C (-60°F to 225°F)*
Hydrogenated Nitrile -32°C to 149°C (-23°F to 300°F)* Polyacrylate -21°C to 177°C (- 5°F to 350°F)*
Ethylene Propylene -57°C to 121°C (-70°F to 250°F)* Polyurethane -40°C to  82°C (-40°F to 180°F)*
Fluorocarbon -26°C to 205°C (-15°F to 400°F)* Butyl -59°C to 120°C (-75°F to 250°F)*
Hifluor -26°C to 205°C (-15°F to 400°F)* Fluorosilicone -73°C to 177°C (-100°F to 350°F)*
Perfluoroelastomer (Parofluor) -26°C to 320°C (-15°F to 608°F)* Silicone -115°C to 232°C (-175°F to 450°F)*

NOTE: *These temperature ranges will apply to the majority of media for which the material is potentially recommended. With some media however, the ser-
vice temperature range may be significantly different. ALWAYS TEST UNDER ACTUAL SERVICE CONDITIONS.

Compatibility Tables for Gases, Fluids, Solids
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Compatibility Tables for Gases, Fluids, Solids

COMPOUND COMPATIBILITY RATING
1 - Satisfactory

2 - Fair (usually OK for static seal)
3 - Doubtful (sometimes OK for static seal)

4 - Unsatisfactory
x - Insufficient Data 

Recommended

Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

—  A  —
A-A-52624 E1267-80 X X X X X X X X X X X X X X X X X X
A-A-59290 E1267-80 X X X X X X X X X X X X X X X X X X

Abietic Acid V3819-75 X X X X 1 1 X X X X X X X X X X X X

Acetaldehyde E0540-80 3 3 2 4 1 1 3 3 3 4 4 2 2 2 2 3 4 2

Acetamide C0873-70 1 1 1 3 1 1 2 1 4 4 4 2 4 4 4 2 1 2

Acetanilide E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Acetic Acid, 30% E0540-80 X X 1 X 1 1 X X X X X X X X X X X X

Acetic Acid, 5% E0540-80 2 2 1 1 1 1 1 1 2 4 4 1 2 2 2 1 2 1

Acetic Acid, Glacial E0540-80 2 2 1 2 1 1 3 4 2 4 4 2 2 2 2 3 2 1

Acetic Acid, Hot, High Pressure FF200-75 4 4 3 4 2 1 3 4 4 4 4 4 4 4 4 3 4 3

Acetic Anhydride C0873-70 3 4 2 4 1 1 2 2 2 4 4 2 2 2 2 2 4 2

Acetoacetic Acid E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Acetone E0540-80 4 4 1 4 2 1 2 4 4 4 4 1 4 4 4 3 4 4

Acetone Cyanohydrin E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Acetonitrile (Methyl Cyanide) E0540-80 3 3 1 3 1 1 1 X X X X X X X X X X X

Acetophenetidine V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Acetophenone E0540-80 4 4 1 4 2 1 2 4 4 4 4 2 4 4 4 4 4 4

Acetotoluidide V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Acetyl Acetone E0540-80 4 4 1 4 2 1 2 4 4 4 4 1 4 4 4 4 4 4

Acetyl Bromide V1164-75 4 4 1 1 1 1 2 4 4 4 4 1 4 4 4 4 4 4

Acetyl Chloride V1164-75 4 4 4 1 1 1 2 4 4 4 4 4 4 4 4 4 1 4

Acetylene E0540-80 1 1 1 1 1 1 1 2 2 4 4 1 2 2 2 2 X 2

Acetylene Tetrabromide V1164-75 4 4 1 1 1 1 1 2 4 X 4 1 X X X X X X

Acetylene Tetrachloride V1164-75 4 4 1 1 1 1 1 2 4 X 4 1 X X X X X X

Acetylsalicylic Acid V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Acids, Non-organic V3819-75 X X X X 1 1 X X X X X X X X X X X X

Acids, Organic V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aconitic Acid V3819-75 X X X X 1 1 X X X X X X X X X X X X

Acridine V3819-75 X X X X 1 1 X X X X X X X X X X X X

Acrolein E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Acrylic Acid V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Acrylonitrile FF500-75 4 4 4 3 1 1 3 4 3 4 4 4 X 3 3 3 4 4

Adipic Acid E0540-80 1 1 2 X 1 1 2 X X X X X X X X X X X

Aero Lubriplate N0674-70 1 1 4 1 1 1 2 1 2 1 1 4 4 4 4 1 1 2

Aero Shell 17 Grease N0674-70 1 1 4 1 1 1 2 2 4 1 1 4 4 4 4 1 1 2



Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

Approximate Service Temperature Ranges for Commonly Used Basic Polymer Types*
Nitrile (General Service) -34°C to 121°C (-30°F to 250°F)* AFLAS -9°C to 232°C (15°F to 450°F)*
Nitrile (Low Temperature) -55°C to 107°C (-65°F to 225°F)* Neoprene -51°C to 107°C (-60°F to 225°F)*
Hydrogenated Nitrile -32°C to 149°C (-23°F to 300°F)* Polyacrylate -21°C to 177°C (- 5°F to 350°F)*
Ethylene Propylene -57°C to 121°C (-70°F to 250°F)* Polyurethane -40°C to  82°C (-40°F to 180°F)*
Fluorocarbon -26°C to 205°C (-15°F to 400°F)* Butyl -59°C to 120°C (-75°F to 250°F)*
Hifluor -26°C to 205°C (-15°F to 400°F)* Fluorosilicone -73°C to 177°C (-100°F to 350°F)*
Perfluoroelastomer (Parofluor) -26°C to 320°C (-15°F to 608°F)* Silicone -115°C to 232°C (-175°F to 450°F)*

NOTE: *These temperature ranges will apply to the majority of media for which the material is potentially recommended. With some media however, the  
service temperature range may be significantly different. ALWAYS TEST UNDER ACTUAL SERVICE CONDITIONS.
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COMPOUND COMPATIBILITY RATING
1 - Satisfactory

2 - Fair (usually OK for static seal)
3 - Doubtful (sometimes OK for static seal)

4 - Unsatisfactory
x - Insufficient Data 

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Recommended
Aero Shell 560 VM835-75 X X X X X X X X X X X X X X X X X X

Aero Shell 750 V1164-75 2 2 4 1 1 1 2 4 4 2 4 4 4 4 4 4 2 4

Aero Shell 7A Grease ( MIL-G-23827) N0674-70 2 2 4 1 1 1 2 2 4 1 1 4 4 4 4 1 1 2

Aero Shell IAC N0674-70 1 1 4 1 1 1 2 2 4 1 1 4 4 4 4 1 1 2

Aerosafe 2300 E0540-80 4 4 1 4 1 1 2 4 4 4 4 2 4 4 4 4 3 3

Aerosafe 2300W E0540-80 4 4 1 4 1 1 2 4 4 4 4 2 4 4 4 4 3 3

Aerozene 50 (50% Hydrazine 50% UDMH) E0540-80 3 3 1 4 3 2 2 4 4 X 4 1 4 4 4 4 4 4

Air, Below 200° F E0540-80 2 2 1 1 1 1 1 1 2 1 2 1 2 2 2 1 1 1

Air, 200 - 300° F S0604-70 3 3 2 1 1 1 1 2 4 2 3 2 4 4 4 2 1 1

Air, 300 - 400° F S0604-70 4 4 4 1 1 1 2 4 4 4 4 4 4 4 4 4 2 1

Air, 400 - 500° F S0455-70 4 4 4 3 2 2 3 4 4 4 4 4 4 4 4 4 4 2

Aliphatic Dicarboxylic Acid V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Alkanes (Paraffin Hydrocarbons) N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Alkanesulfonic Acid N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Alkazene V1164-75 4 4 4 2 1 1 2 4 4 4 4 4 4 4 4 4 2 4

Alkenes (Olefin Hydrocarbons) V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Alkyl Acetone E0540-80 3 3 1 3 2 1 X 1 1 4 4 1 1 1 1 1 1 2

Alkyl Alcohol N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Alkyl Amine N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Alkyl Aryl Sulfonates N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Alkyl Aryl Sulfonics N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Alkyl Benzene V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Alkyl Chloride V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Alkyl Lithium FF500-75 X X X X X X X X X X X X X X X X X X

Alkyl Sulfide* V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Alkylnaphthalene Sulfonic Acid N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Allyl Chloride V1164-75 2 2 4 1 1 1 X 1 X X X X X X X X X X

Allylidene Diacetate E0540-80 3 3 1 3 2 1 X 1 1 4 4 1 1 1 1 1 1 2

Alpha Picoline E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Aluminum Acetate E0540-80 2 2 1 4 1 1 2 2 2 4 4 1 4 1 1 4 4 4

Aluminum Bromide N0674-70 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1

Aluminum Chlorate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Aluminum Chloride N0674-70 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 2

Aluminum Ethylate V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aluminum Fluoride N0674-70 1 1 1 1 1 1 1 1 1 X 3 1 1 1 2 1 1 2

Aluminum Fluorosilicate* V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aluminum Formate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Aluminum Hydroxide E0540-80 2 X 1 2 1 1 1 X X X X X X X X X X 2

Aluminum Linoleate N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Aluminum Nitrate N0674-70 1 1 1 1 1 1 1 1 1 X 3 1 1 1 1 1 X 2



Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

Approximate Service Temperature Ranges for Commonly Used Basic Polymer Types*
Nitrile (General Service) -34°C to 121°C (-30°F to 250°F)* AFLAS -9°C to 232°C (15°F to 450°F)*
Nitrile (Low Temperature) -55°C to 107°C (-65°F to 225°F)* Neoprene -51°C to 107°C (-60°F to 225°F)*
Hydrogenated Nitrile -32°C to 149°C (-23°F to 300°F)* Polyacrylate -21°C to 177°C (- 5°F to 350°F)*
Ethylene Propylene -57°C to 121°C (-70°F to 250°F)* Polyurethane -40°C to  82°C (-40°F to 180°F)*
Fluorocarbon -26°C to 205°C (-15°F to 400°F)* Butyl -59°C to 120°C (-75°F to 250°F)*
Hifluor -26°C to 205°C (-15°F to 400°F)* Fluorosilicone -73°C to 177°C (-100°F to 350°F)*
Perfluoroelastomer (Parofluor) -26°C to 320°C (-15°F to 608°F)* Silicone -115°C to 232°C (-175°F to 450°F)*

NOTE: *These temperature ranges will apply to the majority of media for which the material is potentially recommended. With some media however, the  
service temperature range may be significantly different. ALWAYS TEST UNDER ACTUAL SERVICE CONDITIONS.
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COMPOUND COMPATIBILITY RATING
1 - Satisfactory

2 - Fair (usually OK for static seal)
3 - Doubtful (sometimes OK for static seal)

4 - Unsatisfactory
x - Insufficient Data 
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Recommended
Aluminum Oxalate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Aluminum Phosphate E0540-80 1 1 1 1 1 1 1 1 X X X X X X X X X 2

Aluminum Potassium Sulfate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Aluminum Salts N0674-70 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1

Aluminum Sodium Sulfate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Aluminum Sulfate N0674-70 1 1 1 1 1 1 1 1 2 4 4 1 1 1 1 1 1 1

Alums-NH3 -Cr -K N0674-70 1 1 1 4 1 1 2 1 1 4 X 1 1 1 1 1 4 1

Ambrex 33 (Mobil) N0674-70 1 1 4 1 1 1 2 2 4 1 2 4 4 4 4 3 3 4

Ambrex 830 (Mobil) N0674-70 1 1 3 1 1 1 2 2 4 1 1 3 4 4 4 2 1 2

Amines-Mixed C0873-70 4 4 2 4 3 2 3 2 2 4 4 2 2 2 2 4 4 2

Aminoanthraquinone V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aminoazobenzene V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aminobenzene Sulfonic Acid V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aminobenzoic Acid V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aminopyridine V3819-75 X X X X 1 1 X X X X X X X X X X X X

Aminosalicylic Acid V3819-75 X X X X 1 1 X X X X X X X X X X X X

Ammonia (Anhydrous) C0873-70 2 2 1 4 3 2 2 1 4 4 4 1 4 4 4 4 4 2

Ammonia and Lithium Metal in Solution E0540-80 2 2 2 4 4 4 3 X 4 4 4 2 4 4 4 4 4 4

Ammonia, Gas, Cold C0873-70 1 1 1 4 2 1 2 1 1 4 X 1 1 1 1 1 4 1

Ammonia, Gas, Hot C0873-70 4 4 2 4 3 2 2 2 4 4 X 2 4 4 4 2 4 X

Ammonia, Liquid (Anhydrous) C0873-70 2 2 1 4 3 2 2 1 4 4 4 1 4 4 4 2 4 2

Ammonium Acetate E0540-80 3 3 1 3 2 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Arsenate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Benzoate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Bicarbonate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Bisulfite E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Bromide N0674-70 1 1 1 1 1 1 1 1 1 X 1 1 X X 1 1 X X

Ammonium Carbamate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Carbonate C0873-70 4 4 1 1 1 1 1 1 1 4 4 1 X X 1 1 X X

Ammonium Chloride, 2N N0674-70 1 1 1 1 1 1 1 1 1 X 1 1 X X 1 1 X X

Ammonium Citrate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Dichromate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Diphosphate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Fluoride N0674-70 1 1 1 1 1 1 1 1 1 X 1 1 X X 1 1 X X

Ammonium Fluorosilicate* V3819-75 X X X X 1 1 X X X X X X X X X X X X

Ammonium Formate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Hydroxide, 3 Molar E0540-80 1 1 1 3 2 2 2 1 2 4 4 1 2 2 2 1 1 1

Ammonium Hydroxide, Concentrated E0540-80 4 4 1 4 3 2 2 1 3 4 4 1 3 3 3 1 1 1

Ammonium Iodide N0674-70 1 1 1 1 1 1 1 1 1 X 1 1 X X 1 1 X X

Ammonium Lactate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2



Parker O-Ring & Engineered Seals Division
2360 Palumbo Drive, Lexington, KY 40509

Phone: (859) 269-2351 •  Fax: (859) 335-5128
www.parkerorings.com

Approximate Service Temperature Ranges for Commonly Used Basic Polymer Types*
Nitrile (General Service) -34°C to 121°C (-30°F to 250°F)* AFLAS -9°C to 232°C (15°F to 450°F)*
Nitrile (Low Temperature) -55°C to 107°C (-65°F to 225°F)* Neoprene -51°C to 107°C (-60°F to 225°F)*
Hydrogenated Nitrile -32°C to 149°C (-23°F to 300°F)* Polyacrylate -21°C to 177°C (- 5°F to 350°F)*
Ethylene Propylene -57°C to 121°C (-70°F to 250°F)* Polyurethane -40°C to  82°C (-40°F to 180°F)*
Fluorocarbon -26°C to 205°C (-15°F to 400°F)* Butyl -59°C to 120°C (-75°F to 250°F)*
Hifluor -26°C to 205°C (-15°F to 400°F)* Fluorosilicone -73°C to 177°C (-100°F to 350°F)*
Perfluoroelastomer (Parofluor) -26°C to 320°C (-15°F to 608°F)* Silicone -115°C to 232°C (-175°F to 450°F)*

NOTE: *These temperature ranges will apply to the majority of media for which the material is potentially recommended. With some media however, the  
service temperature range may be significantly different. ALWAYS TEST UNDER ACTUAL SERVICE CONDITIONS.
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COMPOUND COMPATIBILITY RATING
1 - Satisfactory

2 - Fair (usually OK for static seal)
3 - Doubtful (sometimes OK for static seal)

4 - Unsatisfactory
x - Insufficient Data 

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Recommended
Ammonium Metaphosphate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Molybdenate* E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Nitrate, 2N N0674-70 1 1 1 X X X 2 1 1 2 X 1 X X 3 1 X X

Ammonium Nitrite N0674-70 1 1 1 X 1 1 2 1 1 X X 1 1 1 1 1 X 2

Ammonium Oxalate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Perchlorate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Perchloride V3819-75 X X X X 1 1 X X X X X X X X X X X X

Ammonium Persulfate 10% E0540-80 4 4 1 X X X 2 1 4 4 4 1 X 1 1 X X X

Ammonium Persulfate Solution E0540-80 4 4 1 X 1 1 2 X 4 4 4 1 X 1 1 X X X

Ammonium Phosphate N0674-70 1 1 1 4 1 1 2 1 1 X X 1 X 1 1 1 X 1

Ammonium Phosphate, Dibasic N0674-70 1 1 1 X 1 1 2 1 1 X X 1 X 1 1 1 X 1

Ammonium Phosphate, Mono-Basic N0674-70 1 1 1 X 1 1 2 1 1 X X 1 X 1 1 1 X 1

Ammonium Phosphate, Tribasic N0674-70 1 1 1 X 1 1 2 1 1 X X 1 X 1 1 1 X 1

Ammonium Phosphite E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Picrate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Polysulfide E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Salicylate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Salts N0674-70 1 1 1 3 1 1 2 1 1 3 X 1 X 1 1 1 3 1

Ammonium Sulfamate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Sulfate N0674-70 1 1 1 4 1 1 2 1 2 4 X 1 1 1 1 1 X X

Ammonium Sulfate Nitrate N0674-70 1 1 1 4 1 1 2 1 2 4 X 1 1 1 1 1 X X

Ammonium Sulfide N0674-70 1 1 1 4 1 1 2 1 2 4 X 1 1 1 1 1 X X

Ammonium Sulfite E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Thiocyanate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Thioglycolate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Thiosulfate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Tungstate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Ammonium Valerate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Amyl Acetate N0674-70 1 1 3 4 1 1 3 4 4 4 4 3 4 4 4 4 4 4

Amyl Alcohol E0540-80 2 2 1 2 1 1 1 2 2 4 4 1 2 2 2 2 1 4

Amyl Borate N0674-70 1 1 4 1 1 1 2 1 4 X X 4 4 4 4 1 X X

Amyl Butyrate N0674-70 1 1 4 1 1 1 X 2 4 1 1 4 4 4 4 2 1 2

Amyl Chloride V1164-75 X X 4 1 1 1 2 4 4 4 X 4 4 4 4 4 2 4

Amyl Chloronaphthalene V1164-75 4 4 4 1 1 1 2 4 4 4 X 4 4 4 4 4 2 4

Amyl Cinnamic Aldehyde V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Amyl Laurate V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Amyl Mercaptan V1164-75 2 2 4 1 1 1 X 4 4 4 3 4 4 4 4 4 2 X

Amyl Naphthalene V1164-75 4 4 4 1 1 1 2 4 4 2 4 4 4 4 4 4 1 4

Amyl Nitrate E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2

Amyl Nitrite E0540-80 3 3 1 3 1 1 X 1 1 4 4 1 1 1 1 1 1 2
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.
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Parker O-Ring & Engineered Seals Division

2360 Palumbo Drive, Lexington, KY 40509
Phone: (859) 269-2351 •  Fax: (859) 335-5128

www.parkerorings.com

WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.

1.	 Terms and Conditions of Sale:  All descriptions, quotations, proposals, offers, 
acknowledgments, acceptances and sales of Seller’s products are subject 
to and shall be governed exclusively by the terms and conditions stated 
herein. Buyer’s acceptance of any offer to sell is limited to these terms and 
conditions. Any terms or conditions in addition to, or inconsistent with those 
stated herein, proposed by Buyer in any acceptance of an offer by Seller, 
are hereby objected to. No such additional, different or inconsistent terms 
and conditions shall become part of the contract between Buyer and Seller 
unless expressly accepted in writing by Seller. Seller’s acceptance of any 
offer to purchase by Buyer is expressly conditional upon Buyer’s assent to 
all the terms and conditions stated herein, including any terms in addition to, 
or inconsistent with those contained in Buyer’s offer. Acceptance of Seller’s 
products shall in all events constitute such assent.

2.	 Payment:  Payment shall be made by Buyer net 30 days from the date of 
delivery of the items purchased hereunder. Any claims by Buyer for omis-
sions or shortages in a shipment shall be waived unless Seller receives notice 
thereof within 30 days after Buyer’s receipt of the shipment.

3.	� Delivery:  Unless otherwise provided on the face hereof, delivery shall be 
made F.O.B. Seller’s plant. Regardless of the method of delivery, however, 
risk of loss shall pass to Buyer upon Seller’s delivery to a carrier. Any de-
livery dates shown are approximate only and Seller shall have no liability 
for any delays in delivery.

4.	 Warranty:  Seller warrants that the items sold hereunder shall be free from 
defects in material or workmanship for a period of 365 days from the date 
of shipment to Buyer, or 2,000 hours of use, whichever expires first. THIS 
WARRANTY COMPRISES THE SOLE AND ENTIRE WARRANTY 
PERTAINING TO ITEMS PROVIDED HEREUNDER, SELLER MAKES 
NO OTHER WARRANTY, GUARANTEE, OR REPRESENTATION OF 
ANY KIND WHATSOEVER, ALL OTHER WARRANTIES, INCLUD-
ING BUT NOT LIMITED TO, MERCHANTABILITY AND FITNESS 
FOR PURPOSE, WHETHER EXPRESS, IMPLIED, OR ARISING BY 
OPERATION OF LAW, TRADE USAGE, OR COURSE OF DEALING 
ARE HEREBY DISCLAIMED.

	 NOTWITHSTANDING THE FOREGOING, THERE ARE NO WARRAN-
TIES WHATSOEVER ON ITEMS BUILT OR ACQUIRED WHOLLY OR 
PARTIALLY, TO BUYER’S DESIGNS OR SPECIFICATIONS.

5.	 Limitation of Remedy:  SELLER’S LIABILITY ARISING FROM OR 
IN ANY WAY CONNECTED WITH THE ITEMS SOLD OR THIS 
CONTRACT SHALL BE LIMITED EXCLUSIVELY TO REPAIR OR 
REPLACEMENT OF THE ITEMS SOLD OR REFUND OF THE PUR-
CHASE PRICE PAID BY BUYER, AT SELLER’S SOLE OPTION. IN 
NO EVENT SHALL SELLER BE LIABLE FOR ANY INCIDENTAL, 
CONSEQUENTIAL OR SPECIAL DAMAGES OF ANY KIND OR NA-
TURE WHATSOEVER, INCLUDING BUT NOT LIMITED TO LOST 
PROFITS ARISING FROM OR IN ANY WAY CONNECTED WITH THIS 
AGREEMENT OR ITEMS SOLD HEREUNDER, WHETHER ALLEGED 
TO RISE FROM BREACH OF CONTRACT, EXPRESS OR IMPLIED 
WARRANTY, OR IN TORT, INCLUDING WITHOUT LIMITATION, 
NEGLIGENCE, FAILURE TO WARN OR STRICT LIABILITY.

6.	 Changes, reschedules and Cancellations:  Buyer may request to modify 
the designs or specifications for the items sold hereunder as well as the 
quantities and delivery dates thereof, or may request to cancel all or part of 
this order, however, no such requested modification or cancellation shall 
become part of the contract between Buyer and Seller unless accepted by 
Seller in a written amendment to this Agreement. Acceptance of any such 
requested modification or cancellation shall be at Seller’s discretion, and 
shall be upon such terms and conditions as Seller may require.

7.	 Special Tooling:  A tooling charge may be imposed for any special tooling, 
including without limitation, dies, fixtures, molds and patterns, acquired to 
manufacture items sold pursuant to this contract. Such special tooling shall 
be and remain Seller’s property notwithstanding payment of any charges by 
Buyer. In no event will Buyer acquire any interest in apparatus belonging to 
Seller which is utilized in the manufacture of the items sold hereunder, even 
if such apparatus has been specially converted or adapted for such manu-
facture and notwithstanding any charges paid by Buyer. Unless otherwise 
agreed, Seller shall have the right to alter, discard or otherwise dispose of 
any special tooling or other property in its sole discretion at any time.

8.	� Buyer’s Property:  Any designs, tools, patterns, materials, drawings, con-
fidential information or equipment furnished by Buyer or any other items 
which become Buyer’s property, may be considered obsolete and may be 
destroyed by Seller after two (2) consecutive years have elapsed without 
Buyer placing an order for the items which are manufactured using such 
property. Seller shall not be responsible for any loss or damage to such 
property while it is in Seller’s possession or control.

9.	 Taxes:  Unless otherwise indicated on the fact hereof, all prices and charges 
are exclusive of excise, sales, use, property, occupational or like taxes 
which may be imposed by any taxing authority upon the manufacture, sale 
or delivery of the items sold hereunder. If any such taxes must be paid by 
Seller or if Seller is liable for the collection of such tax, the amount thereof 
shall be in addition to the amounts for the items sold. Buyer agrees to pay 
all such taxes or to reimburse Seller therefor upon receipt of its invoice. If 
Buyer claims exemption from any sales, use or other tax imposed by any 
taxing authority, Buyer shall save Seller harmless from and against any such 
tax, together with any interest or penalties thereon which may be assessed 
if the items are held to be taxable.

10.	 Indemnity For Infringement of Intellectual Property Rights:  Seller shall have 
no liability for infringement of any patents, trademarks, copyrights, trade 
secrets or similar rights except as provided in this Part 10. Seller will defend 
and indemnify Buyer against allegations of infringement of U.S. patents, 
U.S. trademarks, copyrights, and trade secrets (hereinafter ‘Intellectual 
Property Rights’). Seller will defend at its expense and will pay the cost 
of any settlement or damages awarded in an action brought against Buyer 
bases on an allegation that an item sold pursuant to this contract infringes the 
Intellectual Property Rights of a third party. Seller’s obligation to defend and 
indemnify Buyer is contingent on Buyer notifying Seller within ten (10) days 
after Buyer becomes aware of such allegations of infringement, and Seller 
having sole control over the defense of any allegations or actions including 
all negotiations for settlement or compromise. If an item sold hereunder is 
subject to a claim that it infringes the Intellectual Property Rights of a third 
party, Seller may, at its sole expense and option, procure for Buyer the right 
to continue using said item, replace or modify said item so as to make it 
noninfringing, or offer to accept return of said item and return the purchase 
price less a reasonable allowance for depreciation. Notwithstanding the 
foregoing, Seller shall have no liability for claims of infringement based on 
information provided by Buyer, or directed to items delivered hereunder for 
which the designs are specified in whole or part by Buyer, or infringements 
resulting from the modification, combination or use in a system of any item 
sold hereunder. The foregoing provisions of this Part 10 shall constitute 
Seller’s sole and exclusive liability and Buyer’s sole and exclusive remedy 
for infringement of Intellectual Property Rights.

	 If a claim is based on information provided by Buyer or if the design for an 
item delivered hereunder is specified in whole or in part by Buyer, Buyer shall 
defend and indemnify Seller for all costs, expenses or judgments resulting 
from any claim that such item infringes any patent, trademark, copyright, 
trade secret or any similar right.

11.	 Force Majeure:  Seller does not assume the risk of and shall no be liable 
for delay or failure to perform any of Seller’s obligations by reason of cir-
cumstances beyond the reasonable control of Seller (hereinafter ‘Events of 
Force Majeure’). Events of Force Majeure shall include without limitation, 
accidents, acts of God, strikes or labor disputes, acts, laws, rules or regulations 
of any government or government agency, fires, floods, delays or failures in 
delivery of carriers or suppliers, shortages of materials and any other cause 
beyond Seller’s control.

12.	 Entire Agreement/Governing Law:  The terms and conditions set forth 
herein, together with any amendments, modifications and any different 
terms or conditions expressly accepted by Seller in writing, shall constitute 
the entire Agreement concerning the items sold, and there are no oral or 
other representations or agreements which pertain thereto. This Agreement 
shall be governed in all respects by the law of the State of Ohio. No actions 
arising out of the sale of the items sold hereunder or this Agreement may 
be brought by either party more than two (2) years after the cause of action 
accrues.

(PH FORM 3532) Rev. 06/00

Offer of Sale
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WARNING:	These products can expose you to chemicals including carbon black (airborne and extracts), antimony trioxide, titanium dioxide, silica (crystalline), di(2-ethylhexyl)
phthalate, ethylene thiourea, acrylonitrile, 1,3-butadiene, epichlorohydrin, toluenediisocyanate, tetrafluoroethylene, ethylbenzene, formaldehyde, furfuryl alcohol, glass 
fibers, methyl isobutyl ketone, nickel (metallic and compounds), lead and lead compounds which are known to the State of California to cause cancer; and 1,3-butadiene, 
epichlorohydrin, di(2-ethylhexyl)phthalate, di-isodecyl phthalate, ethylene thiourea, methyl isobutyl ketone, methanol, toluene, lead and lead compounds which are known 
to the State of Califormia to cause birth defects and other reproductive harm. For more information go to www.P65Warnings.ca.gov.








