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Guide to the Application and Use of Engine Coolant Pump Face Seals

1. Scope—This SAE Recommended Practice is intended as a guide in the usage of mechanical face seals for
the engine coolant pump application. The main purpose of the document is to fill the void caused by the lack
of a ready source of practical information on the design and use of the engine coolant pump face seal.
Included in the document is a compilation of present practices, as in a description of the various types of seals,
material combinations, design data, tolerances, drawing format, qualification and inspection information, and
quality control data. The terminology used throughout the document is recommended and, through common
usage, is hoped to promote uniformity in seal nomenclature.

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. Unless otherwise specified, the latest issue of SAE publications shall apply.
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SAE J111c—Seals—Terminology of Radial Lip
SAE J780—Engine Coolant Pump Seals
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Service, E. Beynon, 1966
SAE Paper 760631—Engine Coolant Performance in Late Model Passenger Cars, N. E. Payerle, 1976
SAEPaper 890609—Effect of Additives in Cooling Water on Sealing Performance of Water Pump Seals of
Automotive Engines, K. Kiryu et al., 1989
2.1.2 ANSI PusLicaTioN—Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002.
ANSI B46.1
2.1.3 ASTM PusLIicaTION—AVailable from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.
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2.1.5 OTHER PUBLICATION
Wear Life Production in Face Seals, J. W. Abar, IRl Conference on Tribology Abstracts, January 1983

3. Seal and Mating Ring Types—The mechanical face seal assemblies utilized in automotive and other heavy-
duty vehicle engine coolant pumps consist of a seal head assembly and a mating ring. Although many
variations of face seal designs exist, only one basic concept is predominantly applied; the single helical spring
preload concept. Preload is defined as the force applied to the primary seal ring, when located in its normal
operating position, to prevent separation of the sealing interfaces during the anticipated duty cycle.

3.1 Single Helical Spring-Loaded Type Seal—This seal type is the most commonly utilized concept for
preloading engine coolant pump mechanical face seals. The assembly generally consists of a cartridge,
bellows, spring, ferrule(s), and primary seal ring (see Figure 1, SAE J780).

Force is applied to the primary seal ring by the compression of a single helical coil spring between the cartridge
and primary seal ring during installation of the seal head assembly to its proper operating length. The bellows
allows the primary seal ring to move axially, thus compensating for wear without loss of its sealing ability.
Ferrules may be used to provide a contact surface for the spring and secondary sealing functions. Under
normal operating conditions and with proper materials selection, this design is generally resistant to corrosion,
abrasion, time-temperature, and coolant exposure effects.

3.2 Unitized Type Seal— The unitized seal consists of a seal head assembly and the mating ring, constructed so
as to be handled as a single piece. The unitized seal generally consists of a cartridge, bellows, spring,
ferrule(s), primary seal ring, secondary drive seal, mating ring, and unitizer (see Figure 2, SAE J780).

The unitizer is press fitted onto the shaft, thus the unit is not dependent on impeller position to establish
operating length.

3.3 Unitized Type Seal—Positive Drive-Mating Ring—The unitized, positive drive-mating ring seal consists of a
unitized seal having a special unitizer and mating ring. The unitizer is fitted with “male” tab, dents, or fingers
that positively engage compatible slots, grooves, or slits provided on the mating ring. This feature removes the
drive function from the secondary drive seal and it becomes only a secondary seal in function (see Figure 3,
SAE J780).

3.4 Mating Ring Types—There are six widely applied mating ring types, including surfaces of pump components
(see Figure 4, SAE J780) and Figure 1, Figures 1.4.1 through 1.4.6.

Mating ring types are differentiated by the method of mounting while providing a reliable means of assuring
drive, secondary sealing, and the minimization of stresses and distortion during the operating cycle; they are
as follows: (a) banded, with an ID mounted secondary drive seal, (b) banded, with an ID recessed mounted
secondary drive seal, (c) plain (unbanded), with an ID mounted secondary drive seal, (d) bonded onto the
surface or into a cavity of the pump component, e.g., rotating impeller, (e) press fitted onto the pump shaft, and
(f) plain (unbanded), with an OD mounted secondary drive seal fitted into pump component.

NOTE—Type 5 mating ring would result in the most distortion of the mating ring face.

4, Seal Material—Environmental conditions dictate the type of material that should be used in a specific
application. Seal materials can be fully evaluated only in terms of specific operating conditions and
performance requirements. The following paragraphs give general descriptions of primary seal rings and their
mating ring materials, elastomeric compounds, and hardware, also outlining some advantages and
disadvantages. It should be recognized that batch-to-batch variations, due to material inconsistencies, can
occur in all materials listed. Such inconsistencies can alter the performance data given.
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4.1 Primary Seal Ring—The primary seal ring is allowed axial motion to permit the sealing face to remain in
contact despite shaft endplay, runout, and face wear.

4.1.1 REsIN BoNDED GRAPHITE—Thermoset materials made from graphite with varying amounts of mineral and/or
metal fillers bonded with low shrinkage resins such as epoxy, phenolic, or polyester, usually molded in the
149 to 315 °C range. Resin bonded graphites are low-cost materials.

4.1.1.1 Advantages

a. Good wear resistance at required temperatures and pressures
b. Readily molded to complex geometry and close tolerances
c. Inherent low porosity

4.1.1.2 Disadvantages

a. Poor thermal stability
b. Poor thermal conductivity
c. Poor erosion wear resistance

4.1.2 CARBON GRAPHITE—Carbon graphite is generally a manufactured product that contains some graphite,
natural or synthetic, and which has a rigid, hard structure produced by firing at high temperatures usually
ranging between 900 and 2000 °C.

The material can be impregnated with various materials, including metals, to impart a particular carbon mix
identity. The material is in the premium cost range.

4.1.2.1 Advantages

Excellent temperature resistance and stability

Low absorption of coolant and consequent lack of degradation

Some degree of self-lubricity, thus able to withstand dry runs without galling
Excellent wear resistance

Good thermal conductivity (via impregnation)

®ao0 o

4.1.2.2 Disadvantages

a. Difficult to mold relatively complex shapes and maintain close tolerances
b. Poor handling characteristics (damages easily)
c. Possible chemical attack on impregnants

4.1.3 SiLicoNnizeD GRAPHITE—Siliconized graphite is generally a manufactured product produced by reacting
silicon with an appropriate grade of graphite in a controlled high-temperature environment usually ranging
between 1630 and 2230 °C. The manufacturing process, generally referred to as chemical vapor reaction
(CVR), converts the surface of the graphite substrate to silicon carbide to a depth of 0.5 to 1.02 mm. The
material has a very rigid and hard structure and is normally impregnated with a suitable resin. The material
is in a very high premium cost range.

4.1.3.1 Advantages
a. Excellent wear resistance for all wear modes

b. Excellent temperature resistance and stability
c. Good thermal conductivity
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4.1.3.2 Disadvantages

High cost

Very difficult to make in complex shapes and maintain close tolerances

Costly to lap due to its high hardness

Limited compatibility with mating ring materials; normally used in conjunction with solid silicon carbide
mating rings or running against itself

apop

4.1.4 BRONZE INSERTED THERMOSET—This composite material is produced by molding a powdered metal bronze
insert into the primary ring configuration (see Figure 3, SAE J780). The bronze insert generally forms the
outer half of the primary ring contact face; the inner half being resin bonded graphite (see 4.1.1). This
material is in the premium cost range.

4.1.4.1 Advantages

Excellent resistance to erosion wear

Good resistance to adhesive and abrasive wear
Good thermal conductivity

Fair thermal stability

apop

4.1.4.2 Disadvantages

a. Difficult to mold
b. Difficult to lap

4.2 Mating Rings—Mating rings are usually of a dissimilar material that is harder than the primary seal ring. The
material choice depends on operating conditions, configuration, costs, and performance requirements.

4.2.1 ArLumiNuM OxiDE CERAMICS—AIluminum oxide ceramics generally have an aluminum oxide (Al,03) content
ranging from 85 to 99.9% by weight. The parts are formed by compacting finely ground oxide powders with
fluxing agents and inhibitors at high pressures. The formed part is then fired at high temperatures usually
ranging between 1400 and 1800 °C. After firing, the ceramic is a strong, hard, dense material, composed
mostly of pure alumina crystals of controlled size. Cost is moderate to premium.

4.2.1.1 Advantages
a. Excellent wear resistance
b. Excellent dimensional stability
c. Excellent fluid compatibility

4.2.1.2 Disadvantages

a. Mechanical and thermal shock susceptibility
b. Difficult to mold complex shapes and maintain tolerances

4.2.2 PoOwDERED AND CAST METAL MATERIALS—Metal powders, such as iron, are placed in a die and compressed.
The parts are then sintered in a controlled atmosphere, whereas cast metal is poured or injected in its molten
state into a mold. These can be supplied in a diversity of alloys for high volume, low-cost applications.

4.2.2.1 Advantages

a. Excellent thermal shock resistance
b. Good thermal conductivity
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4.2.2.2 Disadvantages

a. Poor corrosion resistance (compatibility should be verified)
b. Moderate wear resistance

4.2.3 SPRAYED COATINGS—Sprayed coatings can combine various qualities of materials to improve performance
and obtain certain economic advantages.

4.2.3.1 Advantages

a. Good thermal shock resistance
b. Excellent wear resistance
c. Adaptable to a large variety of sizes and shapes

4.2.3.2 Disadvantages

a. Added cost
b. Specialized processing

4.2.4 SiLicoN CArBIDE—Silicon carbide materials are generally manufactured by a pressureless sintering process
known as “alpha sintering” and have very rigid, hard structures. They are produced by firing in a controlled
atmosphere at temperatures ranging from 2260 to 2290 °C. The material is in a high premium cost range.

4.2.4.1 Advantages

Excellent wear resistance
Excellent fluid compatibility
Excellent dimensional stability
Excellent thermal stability
Good thermal conductivity
Good thermal shock resistance

~Po0oTp

4.2.4.2 Disadvantages

Difficult to mold in complex shapes

Costly to lap due to its high hardness

High cost

Poor self-lubricity, thus can withstand dry running conditions without excess torque and damaging heat
generation only when mated with a low friction material

apop

4.3 Secondary Seals—Secondary seals are generally elastomers that can be categorized as not-oil or not-
solvent resistant, oil or solvent resistant, and heat resistant.

4.3.1 NITRILE ComPOUNDS (NBR)(ASTMD1418)—This material family’s operating range is —40 to 121 °C. Nitrile
is recommended for general use with exposure to coolants. Itis in the low cost range.

4.3.1.1 Advantages

a. Good processability
b. Good oil resistance
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4.3.1.2 Disadvantages

a. Limited high-temperature life
b. Poor to moderate ozone resistance

4.3.2 HYDROGENATED NITRILE COMPOUNDS (HNBR) (ASTM D 1418)—This family of materials is recommended for
operating temperatures of —40 to 150 °C. HNBRs extend the high-temperature life of secondary seals while
retaining many of NBR’s basic properties. They are high-cost materials.

4.3.2.1 Advantages

a. Excellent heat resistance

b. Good oil resistance

c. Excellent fatigue resistance
4.3.2.2 Disadvantages

a. Increased processing costs

4.3.3 FLUOROELASTOMER COMPOUNDS (FKM) (ASTM D 1418)—These compounds are recommended for
applications where operating temperatures range from —32 to 204 °C. They are in the high-cost range for
seal compounds.

4.3.3.1 Advantages

a. Excellent oil resistance
b. Excellent heat resistance

4.3.3.2 Disadvantages

a. Poor processability (in terms of shape factor)
b. Poor steam resistance

4.4 Hardware—This hardware consists of cartridges, ferrules, springs, unitizers, and other miscellaneous
stampings.

4.4.1 PLATED MiLD STEEL—Hardware fabricated from low carbon steel can be typically plated with cadmium or
zinc, with or without chromates. These parts are in the low-cost range.

4.4.1.1 Advantages

a. Easily formed
b. Readily available

4.4.1.2 Disadvantages
a. Corrosion resistance dependent on surface treatment

4.4.2 STAINLESS STEEL (SAE 300 To 400 SERIES)—Grade selection is dependent on desired level of corrosion
resistance, mechanical properties, method of fabrication, and cost/availability factors.
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