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A Study on the Contact Pressure Trend of Plastic Seals based on Operating
Conditions and Geometric Sensitivity Analysis
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The use of environmentally friendly, lubricant-free plastic seals in the rotating parts of robots and machines is on the rise.
However, variations in seal geometry and operating conditions can influence the contact pressure between the seal and
shaft, potentially leading to poor sealing performance, premature wear, or debris ingress. Therefore, advanced design
optimization is essential. In this study, we conduct a parametric study and sensitivity analysis to enhance the performance
of plastic seals. Finite element analysis (FEA) is carried out using a 2D axisymmetric model with interference fit contact
conditions to accurately simulate the behavior of the seal and shaft. We verify the reliability of the analysis by comparing
the deformation of the seal diameter before and after shaft insertion with experimental measurements obtained using a 3D
tactile measurement device. We analyze four design variables: pressure, temperature, seal diameter, and coefficient of
friction, considering seal contact pressure as the objective function. Sensitivity analysis is performed to determine the
impact of these design variables on contact pressure and to identify trends.
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Table 1 Condition of spring

Definition Value
Material SUS 316L
Spring length [mm)] 2.70
Free length [mm] 2.82
Deformation [mm] 0.11
Force reaction [N] 33.84

Longitudinal stiffness [N/mm] 264.55
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Table 2 Material properties of seal

Material properties PTFE Stainless 304
annealed
Density [kg/m’] 2,170 7,954
Young’s modulus [GPa] 0.56 193.0
Poisson’s ratio [-] 0.46 0.3
Ultimate tensile strength [MPa] 12.38 252.1
Yield tensile strength [MPa] 40.07 562.3
X Fixed
******* Seal top
Frictionless
supprot

Seal bottom

Fig. 3 FE model of plastic seal
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Table 3 Measurement results from a contact-type 3D measuring
machine

Manufacture

(Model name) Hexagon (GLOBAL EVO 092008)

Measurement range [mm] 900 (x) x 1,600 (y) x 800 (z)

Accuracy [um] 1.3-2

Direct drive method employing linear

Drive system
motors or servo motors

Measure

point S

(a) Measure point  (b) Contact-type 3D measuring machine

Fig. 6 Analysis and experimental measurement point of the plastic
seal

Table 4 Contact-type 3D measuring machine equipment specifications

Unit [mm] Measurement
Before shaft assembly 32.1180
After shaft assembly 32.6683
Deformation 0.5503
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Fig. 8 Design variables of plastic seal
Table 5 Range of seal design variables
Design variables Minimum Maximum
Pressure [MPa] 0.1 0.5
Temperature [°C] 25.0 75.0
Diameter [mm] 29.6 29.7
Coefficient of friction [-] 0.1 0.3
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Table 6 Analysis of the seal parameter study

Objective

Design variables .
en functions

No. P T D 7 Contact pressure
[MPa] [°Cl [mm] [-] [MPa]
1 0.1 25.0 29.6 0.1 110.7
2 0.5 25.0 29.6 0.1 97.9
3 0.1 75.0 29.6 0.1 107.0
4 0.5 75.0 29.6 0.1 94.6
5 0.1 25.0 29.7 0.1 112.5
6 0.5 25.0 29.7 0.1 99.3
7 0.1 75.0 29.7 0.1 108.8
8 0.5 75.0 29.7 0.1 95.9
9 0.1 25.0 29.6 0.3 1652
10 0.5 25.0 29.6 0.3 149.6
11 0.1 75.0 29.6 0.3 160.5
12 0.5 75.0 29.6 0.3 145.6
13 0.1 25.0 29.7 0.3 169.3
14 0.5 25.0 29.7 0.3 1532
15 0.1 75.0 29.7 0.3 164.3
16 0.5 75.0 29.7 0.3 148.8
P T D u
<
E 1526
g 132.6 ‘\ —_ ——— /
2 1126
& 926 +——— : | : ) .
0.1 05 2575 296 297 01 03

Pressure [MPa]  Temperature [°C] Diameter [mm]  Coefficient of
friction [mm)]

Fig. 9. Sensitivity analysis results

Table 7 Contact pressure and sensitivity analysis results

Level P T D n
1 [MPa] 137.3 1322 128.9 103.3
2 [MPa] 123.1 128.19 131.5 157.1
Delta [MPa] 14.2 4.0 2.6 53.7
Share [%] 19.0 53 35 72.1
Rank [-] 2 3 4 1

Zomw, Table 72 4 23S E=2 A5t Table 6014
B4 P= 0.1 MPa, T 25.0°C, D& 29.7 mm, pi= 0.3 uj

VS|
S
HAZE g€ 1693 MPag 714 =2 A& go] Yepyrh
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