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Fundamental Characteristics of a Wedge-Shaped Metal Seal

Yoshio MATSUZAKI*, Isami NITTA,
Kazuo HOSOKAWA and Koichi FUNABASHI

** Ishikawa National College of Technology, Tsubata-machi, Kahoku-gun, Ishikawa, 929-0392 Japan

The fundamental characteristics of a static metal seal made between an annular wedge-shaped
asperity of copper and a smooth seal surface of steel were investigated by varing the surface
roughness (Ry=0.1~100 pm) and the semi-angle of wedge (¢=15~60°). The following results were
obtained from gas leak tests and calculations of contact pressure on the wedge-shaped asperity. (1)
The Pe/l/(=pmwe)-values of the compressive force per unit length for sealing decreased with a
decrease in the Ry-and @-values. The recommended values of R, and @ were in the range of Ry<
20 pm and @=30" respectively, and it was possible to forecast the Pe/l-values corresponding to that
range. (2) The pc-values of the contact pressure for sealing approximately agreed with the
calculated values, pn, obtained from theory of slip-line field of wedge. (3) The we—values of the
contact width for sealing decreased with a decrease in Ry—and a-values, and were about 50~100 um

in the range Ry, =20 pm.

Key Words: Fixing Element, Wedge-Shaped Metal Seal, Surface Roughness, Gas Leak Test,
Contact Width of Wedge, Contact Pressure, Compressive Force
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Fig.1 Shapes and dimensions of the specimens
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Table 1 Mechanical properties of experimental mate-
rials
Note: The osz-and e-values of SUS304 are Japanese
Industrial Standards

Tensile Elo- Hardness Heat
Material strength  gation treatment
Jg, MPa &, % Hy
Upper
specimen 560°C X 1hr
®c1100 212 64 59 Annealing
@c1100 - — 122 Work hardening
Lower
specimen
@ Sks3 - - 858 Oil-quenching
@ sus3o4 | 753 46% 201 (As received)

Table 2 Numerical values of surface roughness
Note: The a-values are semi-angles of wedge

Material Surface roughness ; R, #m | Finishing
method

Upper specimen

®cC1100 19(a=15" ,30° 45° ,60° ) | Polishing
@C1100 1.9(a=30")

Lower specimen

@ SKS3 Under 0.1 Lapping
@ suUs304 3.6, 88, 144, 447, 119 | Turning
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Fig.2 Shapes and dimensions of the specimens for the
penetration test used to measure the contact
pressure due to the penetration
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Fig.3 The experimental apparatus
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Fig.4 Experimental results
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Squeeze Penetration

Fig.5 The contact appearance of the wedge-shaped
asperity after the test (SEM micrographs). Fig-
ure (a) shows the flat surface squeezed by the
valley-to-valley portion on the mating turned
surface, while Fig. (b) shows the hollow
indented by the peak-to-peak asperity on the

mating turned surface
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Fig.6 The relationship between critical contact width
required for sealing wc, and surface roughness,
Ry, on the mating surface
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Fig.7 The cross-section of the apex of the wedge-
' shaped asperity (SEM micrograph). The »-val-
ues show the radius of the apex of the wedge-

shaped asperity
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Fig.8 The relationship between contact pressure
required for sealing, p., and surface roughness,
Ry, on the mating surface
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Fig.9 The relationship between contact pressure, pa,

on the wedge-shaped asperity and compressive
force P/l
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Fig. 10 Slip line field of a wedge flattening
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Fig.11 True stress-true strain diagram obtained from
compression test
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Fig.12 The relationship between contact pressure, pn, (1)0-1 10° 10 102

and semi-angle, «, of wedge for squeeze. The
value of < mark was obtained from reference
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(a) Annealed copper
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(b) Work-hardened copper

Fig.13 The relationship between compressive force
per unit length required for sealing, P./l, and
surface roughness, Ry, on the mating surface
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