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2.1.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www.astm.org.

Test Method for Deflection Temperature of Plastics Under Flexural Load
Test Method for Compressive Properties of Rigid Plastics
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Mathaod for Snecifie-Gravitv (Ralativa Nansithv)l and NDansitv of Plastice- by Dicsnlac
HMEtROE+o—oPe: OtV e- 8RS ahRa1 RS-0 aSHESBY-HSPa
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ASTM D 648

ASTM D 695

ASTM D 696

ASTM D792 Tes
ASTM D 1708 Tes
ASTME 228 Tes
3. MATERIALS

Polymeric sealing ripgs are made from various materials as described in the following paragraphs.
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These materials are typically injection molded into the desired size and shape, or they are extruded and then finished by
machining. PEEK rings will also require a split configuration due to its high modulus of elasticity and relative rigidity.
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3.4 Comparison of Materials—Physical Properties (Table 1)

Physical properties listed are typical approximate values for reference only. Actual physical properties will vary
significantly depending on types and amounts of filler materials. (Contact material supplier for details related to a specific
material formulation.)

TABLE 1 - COMPARISON OF MATERIALS—PHYSICAL PROPERTIES

ASTM

Test# Units PTFE Polyimide PEEK
Max. Use Temp. (No Load) NA °C 93-316 200-330 230-315
Heat Deflect Temp. (455 kPa) D 648 °C 121 238-271 NA
Heat DefleetFemp—4-82-MPa) B-648 G 56-466 +60-44-F 440-315
Coef. of linear Expans (D 696) E 228 10E-5/°K 1.4-25.0 0.4-6.0 2:.p-14.7
Ultimate Elongation D 1708 % 40-650 1.6-90.0 0.p-150
Specific Gravity D 792 glcc 0.7-2.3 .00545-2,05, " 1.43-1.53
Compresgive Strength D 695 MPa 1.5-23.4 77-583 29-183
Coefficiept of Friction NA NA 0.008- 0.28  0.14-0.24 0.11-0.4

4. APPLICATION IDESIGN DATA

The four configuratipns shown in Figures 1 to 4 are the most common. Othen‘joint configurations|are in use to solve
specific applications|issues.

SOLID RING
(ONE PIECE)

VIE' llAll

[ ]
VIEW "A”
(SIDE VIEW)

FIGURE 1 - SOLID RING
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SPLIT RING
STRAIGHT CUT
(BUTT IOINT)

TOP VIEW

VIEW A"

[ 1{ ]
VIEW “A"
{SIDE VIEW)

FIGURE 2 - SPLIT RING—STRAIGHT CUT

SPLIT RING
STEP JOINT

VIEW “A"
{ =T 1
VIEW “A"
(SIDE VIEW)

FIGURE 3 - SPLIT RING—STEP JOINT

SPLIT RING
SCARF CUT

(ANGLE CUT)

VIEW “A"
(SIDE VIEW)

FIGURE 4 - SPLIT RING—SCARF CUT
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41 Axial Width (W)

(The widths shown in Table 2 are considered “common” sizes.) The axial widths for polymeric sealing rings are
dependent on the expected application pressure, and are calculated using the physical properties of the finished seal
materials. Consult the seal ring manufacturer for specific applications. The values listed in Table 2 indicate a 0.08 mm
minimum axial clearance between seal and groove width. This amount of clearance is intended for solid, straight cut, and
step joint configurations. Scarf cut seals will require a greater amount of side clearance to prevent interference caused by
‘ramping” at joint location.

TABLE 2 - SEALING RING WIDTH

Minimum Axial Maximum Axial Maximum Suggested
Groove Width Sealling RinNg Vidth Seal Rad@arwan(T)

2.00 mm 1.92 mm 1.73 mm

2.39 mm 2.31 mm 2.08 mm

3.00 mm 2.92 mm 2.63 mm

3.16 mm 3.08 mm 2.77 mm

3.97 mm 3.89 mm 3.50 mm

4.00 mm 3.92 mm 3.53 mm

4.75 mm 4.67 mm 4.20 mm

5.00 mm 4.92 mm 4.43 mm

6.00 mm 5.92 mm 5.33'mm

6.34 mm 6.26 mm 5.63 mm

4.2 Radial Wall Thickness (T)
It is recommended [that sealing ring radial wall thickness not exceed the axial width shown in Table 2. Radial wall
thickness (T) typically should be 90% of the axial width for proper function, ease of assembly, and to minimize the
required groove depth (see 4.8).

4.3 End Clearanc¢ or Compressed Gap (G)
(Refer to Figure 5) This dimension is measured with seal ring installed inside a minimum diameter pore or ring gage at
room temperature. {Consult a ring manufacturerfor the upper limit since this dimension can affect cdst and performance.
The lower limit is calculated based on thermal expansion of the seal and bore.
431 PTFE Seals
Minimum gap should be zero at its.lowest operating temperature for all joint types.

4.3.2 Polyimide and PEEK.Seals

The minimum gap s$hodldvapproach zero at maximum operating temperature to minimize leakagg at gap location on
straight cut and step|joibts. Scarf cut seals should have zero minimum gap at its lowest operating temperature.

4.4  Continuous (Solid) Ring or Split
(Refer to Figures 1 to 4.)
This document applies to both solid and split rings. Polyimide and PEEK materials are not suitable for solid type rings due

to rigidity. The size of split rings is controlled by gap dimension as described in 4.3 and the term “gap” only applies to split
rings.
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4.5
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G (GAP)
}

RUWX<-®W=sSO

—~—1—¢ (caP)
SCARF. CUT JOINT

FIGURE 5 - JOINT DETAILS

compressed gap when installed in a.miinimum diameter bore at room
temperature. (Allow sufficient gap to,accommodate thermal expansion af
maximum operating temperature.) (Refer to 4.3.)

min. “G” = Zero at lowest operating.temperature for all PTFE seals and all scarl
cut seals.

min. “G” = [rBJ(Max. Temp. *{lowest operating Temp.)] — [tBK(Max. Temp. -
lowest operating Temp.)]\for polyimide and PEEK straight cut and step joint
seals.

step length

axial width

step width (S1 ¥S2'must be <W)

coefficient of linear thermal expansion for seal material

coefficientof linear thermal expansion for bore material

bore diaméter (minimum)

scarf,¢ut*angle (10 to 12 degrees is recommended. A shallow angle is desired to
minimize ramping effect. Small diameter seal rings may require a steeper angle
Axial clearance between groove and seal must be sufficient to prevent wedging

M a groove.)

Joint Type Operating Principles

a. Straight Cut Joint (Figure 2)—Some leakage at gap will result until gap closes from thermal expansion.

b. Step Cut Joint (Figure 3)—Operating pressure seals gap and joint thickness remains constant regardless of thermal
expansion. Step over-engagement can cause the ring to buckle, causing a loss of seal contact with the groove face.

c. Scarf Cut Joint (Figure 4)—Operating pressure seals gap regardless of thermal expansion. However, thickness at
joint will vary with thermal expansion variation. Excessive scarf cut overlap will result in ramping and possibly wedging
of the seal with the groove at the gap area. PTFE will also possibly “weld” or stick together at the gap under pressure
if the temperature is excessive.
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4.6 Sealing Mechanism

The sealing of polymer rotary seal rings is accomplished by the hydraulic pressure compressing the seal face to the
groove sidewall and the seal outer diameter to conform with the bore. This hydraulic pressure, coupled with thermal
expansion of the seal, causes the surfaces of the gap to engage. This creates an effective seal which can approach a
minimum leakage condition. In some applications, it may be necessary to provide a controlled leakage rate to lubricate
and cool bearings located downstream of the seal. If a controlled leakage is desirable, then it is recommended that
grooves or slots be designed into the seal, to provide the required leak rate.

4.7 Mating Surface Finish

In an ideal rotating seal applir\nfinn, the outside diameter of the seal nypnnr‘le and remains stationary with the bore while
the seal face rotateg relative to the shaft groove sidewall (see Figure 6). Typical finish differential between bore and shaft
= 2 to 1 to insure lpw wear and proper relative motion. (e.g., 3.0 ym Ra for the bore and 1.5 um Ra for the groove
sidewall). For recipfocating seals, which do not rotate, the finish ratio should approach 1 to"\ Finish values should be
minimized to redu¢e wear. The mating surface finishes for specific materials should be discussed with seal
manufacturers.

_MINIMIZ 0.08 mm MIN. SIDE CLEARANC
GAF (INCREASE ~FUR SCARF CUTS)
BORE
BURR__ RING RADIAL L INNER
FREE THICKNESS DIAMETER “B”
SHAFT
- OUTER

DIAMETER “C*

RADIAL

GROOVE CLEARANGCE ASSUME SEAL RING 0O.D.
SIDEWALL _ FLUSH WITH SHAFT 0O.D
FOR CALCULATING| GRD

GROOVE SIDEWALL
F* FILLET <2 PLACESD

GRD

FIGURE 6 - GROOVE DIAMETER AND SIDE CLEARANCE

Des|gn the“groove root diameter (GRD) to provide radial clearance to prevent seal corner
intefference” with groove fillet radius “F” for polyimide and PEEK seals. Minor interfgrence on
PTHE seals will have no negative impact on seal performance. (Typical radial clegrance for
PTFE=013t0 0. T8 mm.)

E = eccentricity, GRD to C

GRDuax = Cumin — 2(Tmax + Emax + Fuax)
GRDN”N = GRDMAX —0.25 mm
Recommended values for E and F:

Emax = 0.065 mm

Fumax = 0.25 mm radius
Recommended C diameter:This dimension should be as large as possible for best ring
function. The limiting factor is usually the runout or wobble of the shaft to the bore with the
shaft being sized so the lands do not contact the bore.
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4.8 Handling and Installation

Solid type PTFE sealing rings will be stretched during assembly and may not recover fully depending on material
properties. Seal sizing of these solid rings is recommended after installation to prevent seal damage from interference
with bore during assembly. A cone type sizing sleeve should be used that sizes parts to the smallest size possible. It is
recommended that this sizing sleeve remain over seal until shortly before installing shaft and seal assembly into bore.
Split rings must be assembled with care to assure that joint overlap is correct (see Figures 3 and 4).

5. SAMPLE CALCULATION

51 Loading ChamferDiameter Calculation

In order to properly|install the shaft and ring assembly in the bore, without a ring compresser;-a ghamfer of sufficient
diameter is required|to allow for the ring bottoming in the groove on one side and the ring hanging oution the other side as
illustrated in Figure |/. The minimum radial dimension of the chamfer is equal to the maXimum hamg-down and can be
calculated using Eqyation 1:

GRD +C
Huax = Zmax - (w *Tmin— EMAX)
(Ea. 1)

The minimum diameter of the chamfer can be calculated using Equation 2;

X =B + 2H
MIN MAX MA X (qu)
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