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SEALING DEVICES CAN BE STATIC OR DYNAMIC.
Static seals are used to prevent fluid leakage 
between mating surfaces that do not move rela-
tive to each other, while dynamic seals are used 
when there is relative motion between the mat-
ing surfaces.
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For optimal results, you need the right combination  
of component, design and material.

Introduction to DYNAMIC SEALS
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A Webinar article in the February 
TLT introduced the concepts behind 
static seals. In this article we discuss 
the types and components of dynamic 
seals. Various types of dynamic seals 
are designed for different applications: 
mechanical face seals, dynamic O-rings 
and labyrinth seals.

MECHANICAL FACE SEALS
Mechanical face seals are used in 
pumps, compressors, mixers and agi-
tators to prevent leakage of water or lu-
bricants. Washing machines, dishwash-
ers and automobile water pumps, for 

example, all have rotating shafts, and 
they use mechanical face seals. 

This type of seal has one rotary seal 
face (the primary ring) installed on 
the rotating shaft and a stationary face 
(the mating ring) installed on the hous-
ing. These two rings are mounted per-
pendicular to the shaft axis and are in 
continuous contact. The seal faces are 
typically made from dissimilar materi-
als to compensate for wear under the 
pressures and relative velocities associ-
ated with typical operating conditions.

The basic design of a mechanical 
face seal consists of a primary ring, a 

mating ring, O-rings, a retainer, disc, 
springs, set screw, snap ring and an 
anti-extrusion (anti-X) ring (see Figure 
1). Various manufacturers may use dif-
ferent terminology, but the components 
serve the same function.

A retainer holds the springs that 
provide positive drive between the re-
tainer and the primary ring. This spring 
action assures contact between the 
mating ring and primary ring during 
startup and shutdown when end-play is 
minimal and fluid pressure is low. A set 
screw in the retainer assures positive 
drive between the retainer and the shaft 
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Figure 1  |  (a) Components of a dynamic mechanical face seal. (b) Cutaway view of a stuffing box with static O-rings. (Figure 1b courtesy of ITT 
Goulds Pumps.)
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or sleeve, as well as assuring proper po-
sitioning of the seal head.

The snap ring keeps the primary 
ring from flying out of the retainer un-
der pressure from the spring, and the 
disc ensures that the spring force is 
distrib uted evenly around the primary 
ring.

The metal parts are selected based 
on the fluid that is the seal seals. By 
selecting the wrong metal, the fluid can 
cause a chemical attack or corrosion. 

Basic mechanical face seal designs 
include three leak points that must be 
sealed: (1.) between the primary and 
mating rings, (2.) between the station-
ary component and the gland plate and 
(3.) between the rotating component 
and the shaft sleeve. (The gland plate 
is the bulkhead between the seal en-
closure and the outside, through which 
the rotating part passes.)

A liquid-filled stuffing box sur-
rounds the seal faces and exerts pres-
sure on the seal assembly. This pressure 
helps to maintain the contact between 
the two seal faces. Other elements also 
contribute to maintaining this mat-
ing: a tension assembly, an O-ring in 
the seal head containing the mating 
ring and an O-ring and a gland plate 
in the stationary assembly. The ten-
sion assembly can have springs or bel-
lows, and it keeps the two faces firmly 
in contact to avoid leakage when the 
pump is not in operation. The O-rings 
provide a leak-proof contact surface be-
tween seal faces.

Dynamic face seals are designed to 
allow a thin lubricant film to develop 
between the seal faces, which lubri-
cates and cools them. The seal faces are 
lapped flat to eliminate all but this mini-
mal amount of leakage, and the degree 
of flatness depends on the size of the 
contact surfaces. The amount of leakage 
that forms the lubricant film depends on 
the size and design of the seal, the oper-
ating pressure, the temperature and the 
sealant liquid being used.

Regulatory requirements set con-
straints on the allowable amount of 
leakage from mechanical seals, and 
these vary by state (California, for ex-
ample, has very strict requirements). 

Secondary seals, which can be station-
ary or dynamic gaskets, prevent fluid 
from escaping between the major com-
ponents that contain the seal faces and 
the machined members.

CARTRIDGE MECHANICAL  
FACE SEALS
Cartridge assemblies are designed with 
additional parts: a sleeve, an O-ring, a 
gland plate and a collar with set screws 
(see Figure 2). This introduces two ad-
ditional sealing points: between the face 
of the stuffing box and the gland plate 
and between the shaft and the sleeve.

The cartridge assembly has both stat-
ic and dynamic O-rings. It is important 
that the O-rings be made from the same 
material to prevent mix-ups during in-
stallation. An O-ring provides a seal be-
tween the primary ring and the sleeve 
or shaft, and an anti-X ring prevents the 
O-ring from extruding between the shaft 
or sleeve and the primary ring.

SEAL BALANCE
Seals can be either balanced or unbal-
anced in a hydraulic sense (see Figure 3). 
Seal balance refers to the ratio of the area 
exposed to fluid (hydraulic closing area) 
to the seal face area (opening area).

b = a
c
/a

o

where
b = balance
a

c
 = hydraulic closing area

a
o
 = opening area.

Hydraulic pressure acts differently 
on balanced and unbalanced primary 
rings. In an unbalanced seal, the area 
exposed to the fluid being pumped (the 
hydraulic closing area) is the same as 
or larger than the seal face area (open-
ing area), and in a balanced seal the 
hydraulic closing area is smaller than 
the opening area. 

Balancing the seal reduces sliding 
contact, reducing power loss at the 
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Figure 2  |  A cartridge mechanical seal.

Figure 3  |  In an unbalanced seal (a), the hydraulic closing area is the same size as or larger than 
the opening area. In a balanced seal (b), the closing area is smaller than the opening area.
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seal face. However, unbalanced seals 
are better at preventing leakage, so for 
less-volatile liquids and lower-pressure 
applications, an unbalanced seal might 
be the best choice.

If the load between the seal faces is 
too high, the lubricating liquid film will 
be squeezed out. This increases wear 
and damages the seal faces. Since force 
is pressure multiplied by area, reduc-
ing the closing area (balancing the seal) 
also reduces the closing force; that is, 
the hydraulic forces that act to close 
the seal faces. 

The pressure in the stuffing box acts 
in all directions and forces the primary 
ring against the mating ring. The pres-
sure acts on the closing area, so the 
closing force on the seal face is equal to 

F
c
 = p a

c
, where 

F
c
 = hydraulic closing force

p = stuffing box pressure.

To control the pressure between the 
seal faces, the ratio between the open-
ing and closing forces can be adjusted. 
One way to do this is to hold the open-
ing area constant and reduce the clos-
ing area by adding a step to the shaft or 
installing a sleeve onto the shaft. Thus, 
all balanced seals (except the metal bel-
lows seal) are designed with a shoulder. 

O-RINGS
A 20-cent mistake in your O-rings can 
make you shut down your equipment, 
disassemble the pump and lose valu-
able production time, so choosing the 
right material and installing it correctly 
makes a big difference. O-rings prevent 
leakage by closing the passage between 
two parts, and they can be used with 
gases or liquids. The O-ring fits into a 
groove or channel in one seal face, and 
it is compressed into an elliptical shape 
by the flat seal face (see Figure 4). 

An incorrectly installed O-ring will 
extrude into the gap between seal faces 
outside of the groove when pressure is 
applied. This not only causes leaks; it 
destroys the O-ring. Installing an anti-
X ring can keep the O-ring contained 
in the groove.

O-rings can degrade from chemical 

attack, overheating or deformation. This 
can cause leakage, so it is important to 
choose an O-ring material that fits the 
operating conditions and the type of flu-
id used. O-rings are generally made from 
elastomeric materials, including Buna-N 
(nitrile), Viton (fluorocarbon), ethylene-
propylene, neoprene or silicone.

Cost figures heavily into a manufac-
turer’s selection of materials. Thus, it’s 
important for the purchaser of a piece 
of equipment to know what the O-rings 

are made of and determine whether this 
material is appropriate to the operating 
conditions where the equipment will be 
used (see Table 1). 

PUSHER AND NON-PUSHER SEALS
As the stuffing box pressure and the 
spring tension press the primary ring 
against the mating ring, the primary 
seal face begins to wear down. Main-
taining good contact between seal faces 
requires a mechanism to compensate 

Figure 4  |  An improperly installed O-ring will extrude into the space between the seal faces 
(panel 3). An anti-X ring helps to keep the O-ring within the groove. (Figure courtesy of Wikimedia 
Commons, btr. Available at https://commons.wikimedia.org/wiki/File:O-Ring_CAD-Skizze.jpg.)

Figure 5  |  Single mechanical seal arrangement, pusher type.
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for this wear. Each type of mechani-
cal seal has a characteristic speed limit, 
which determines which seal configu-
ration can best maintain the integrity 
of the seal. 

Pusher seals have a dynamic sec-
ondary seal that moves axially with the 
primary (moving) seal face (see Figure 
5). Springs maintain pressure on the 
seal to prevent leakage. This type of 

seal requires a smooth surface under-
neath the dynamic O-ring, and particle 
buildup can interfere with the smooth 
axial motion of this type of seal.

Non-pusher seals use a secondary 

Table 1  |  O-Ring Materials

Chemical composition Operating  
temperatures

Constraints Advantages

Buna-N rubber 
(also called 
nitrile or NBR)

Copolymer of butadiene 
and acrylonitrile

-40 F to 230 F 
(-40 C to 110 C) 
(depending on ac-
rylonitrile content)

Mild operating conditions. • Least expensive material.

• Resistant to oil and wear.

• Good low temperature.

Neoprene 
rubber

Chloroprene  
homopolymer

-65 F to 270 F (-54 
C to 132 C)

• Excellent resistance to petro-
leum products and oxygen.

• Recommended for use with  
refrigerants (ammonia) and  
high-aniline point petroleum oils.

Ethylene-pro-
pylene rubber

Copolymer of ethylene and 
propylene but may contain 
other monomers as well

-40 F to 300 F (-40 
C to 149 C)

Petroleum oils or diester-based  
lubricants can cause the O-rings  
to swell.

Excellent resistance to phosphate 
ester-type hydraulic fluids, steam 
and water.

Silicone  
elastomers

Chemical compounds 
containing silicone, oxygen, 
hydrogen and carbon

-65 F to 300 F (-54 
C to 149 C)

• Poor resistance to tearing; must  
be installed carefully.

• Not recommended for use with 
EP gear oils, gasoline, chlorinated 
oils or aromatic solvents.

Especially well-suited for  
transmissions and engine oil 
seals.

Viton rubber Fluorocarbon -20 F to 400 F (-29 
C to 204 C)

• Best for high-speed or  
high-temperature operations.

• Excellent resistance to acids, 
silicone fluids, greases, petroleum 
oils and other hydrocarbons.

A comprehensive guide to fluid compatibilities with various O-ring materials is available at www.sealingdevices.com/documents/oring_chemicalcompatibility.pdf.

Figure 6  |  (a) Pressurized double mechanical seal arrangement, non-pusher type. (b) Close-up of the metal bellows arrangement for a non-pusher 
type seal.
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seal that remains stationary against the 
shaft or sleeve (see Figure 6). This type 
of seal maintains seal pressure and 
shaft alignment using metal or elas-
tomeric bellows, which expand as the 
primary face wears, providing the ax-
ial force needed to keep the seal faces 
closed. The tail section of the bellows 
is fixed on the sleeve, and the front 
convolution of the bellows moves 
along the shaft. The collar is fixed to 
the shaft by set screws. The mating 
ring O-ring is stationary rather than 
sliding down the shaft. This arrange-
ment works best in situations where 
deposit buildups could interfere with 
the functioning of the secondary seal.

LABYRINTH SEALS
Labyrinth seals are dynamic seals that re-
duce leakage by forcing liquid to travel a 
tortuous path in order to reach the other 
side of the seal. These seals are used in 
bearing assemblies that are lubricated 
using grease or oil, and they keep the 
lubricant in the bearing area. Labyrinth 

seals provide better leakage control than 
do lip seals and, unlike lip seals, they do 
not wear or become brittle from over-
heating. This prevents the problem that 
sometimes occurs with lip seals where a 
worn, hardened seal wears a groove in 
the shaft, making the shaft unusable.

In a labyrinth seal, a stationary part 
called a stator wraps around a rotor 
with an O-ring between them. One type 
of labyrinth seal uses a ring with a se-
ries of knife edges attached to the rotor 
shaft (see Figure 7). There is a small gap 
(radial clearance) between the knife 
edges and an abradable ring, called a 
land, attached to the stator. The gap 
allows a small amount of fluid to seep 
out, and the size of the gap is adjusted 
based on the speed of the shaft. The 
operating conditions also determine 
the pitch (spacing) of the knife blades. 

In a stepped labyrinth seal, the knife 
edges and landing area are both at an an-
gle to the shaft. The landing area forms 
series of stair steps with each knife edge 
pointing at the center of each landing 

step. This provides a longer fluid path 
since the clearance is on a diagonal with 
respect to the cross-section of the seal. 
Here again, the size of the gap depends 
on the shaft rotation speed.

THE RIGHT SETUP
Several factors go into selecting the 
right seal configurations and materials 
for a given application and operating 
conditions. Equipment manufacturers 
are a good source of help in designing 
the proper seals and recommending 
materials for O-rings and other com-
ponents to ensure safety and a long op-
erating life for your equipment. Many 
equipment manufacturers provide 
charts and literature that allow users 
to compare various seal materials and 
configurations.  

Nancy McGuire is a free-lance 
writer based in Silver Spring, Md. 
You can contact her at 
nmcguire@wordchemist.com.
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Figure 7  |  Types of labyrinth seal. (a) This older design has a series of knife edges on the shaft that form a small clearance with the abradable land-
ing on the stator. (b) A stepped labyrinth seal. (c) This design has no wearing parts; the lubricant is captured in the inner portion of the labyrinth 
and flows back into the bearing housing. (Figure 7c courtesy of Inpro.)
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