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ABSTRACT

Spiral wound gaskets are used worldwide in pipind a
equipment flanges and can be manufactured in devera
combinations of materials, in a wide range of digiens,
winding densities and shapes. This paper showsrkadike
winding density, surface finish and flatness thateh major
influence in the sealability which are not specifley the current
Spiral Wound ASME B16.20 gasket standard.

INTRODUCTION

Figure 2: Spiral wound gasket

~Most  Spiral Wound Gaskets (SW) are produced For general service applications the winding méal
according to ASME B16.20 — 2007 Metallic Gaskets fipe  giainless Steel or a Nickel Alloy, with Flexible @hite or

Flanges [1]. This standard indicates the dimensi@msl pTEE gs filler. The ASME B16.20 standard speciftes metal
manufacturing tolerances for ASME B16.5 [2] and ASNG.47 strip nominal thickness as 0.19 mm (0.0075 in). r&his no

[3] flanges. Because SW Gaskets are widely useiddstry in - gpecification for the filler thickness. A compressi test
process piping and equipment they have been sebigct a  gpecification requires a thickness of 3.30 mm (0.k§ when
wide range of research [4, 5, 6, 7, 8, 9]. the gasket is subjected to a compression forcechwhiaries

The preferred design per ASME B16.20 for SWaccording to the size and the flange pressure .cldsare is no

Gaskets consists of a sealing element with altemailies of  geajapility performance specification, no surfadaish or
metal and a soft filler wound spirally as showrFigure 1, with  f5tness criteria.

an inner ring and an outer guide ring as shownigurié 2. The Failures due to the inward buckling of SW Gaskeés a
nominal sealing element thickness is 4.45mm (0.ky5the 3 known problem within the industry. Several repostudies
inner and outer rings are 3.2mm (0.125 in). [10, 11, 12] and a US Patent [13] have linked tHailares to
the gasket construction. To prevent it the ASME R06
T Standard was reviewed in 2007 to recommend thatSwi

~ .

P Ll 4 Gaskets should be fitted with an inner ring regesslof filler
@@
Studies have been performed with spiral wound daske
Strip
variations for the same gasket dimensions. SW &adkave
At the PVP 2011 Conference the authors presented a

s - type. Previous editions required inner rings oy PTFE filled
showing differences of compressibility according twinding
been developed with “low stress capabilities” tdrads the lack
paper [17] showing the influence of winding density the

PPy gy 22
gaskets. For this paper all gaskets tested wekeimiter rings.
Filler density [14]. These studies showed large compriéisgib
Figure 1: Spiral wound gasket winding of bolt load in Class 150 flanges [15, 16].
gasket performance. This paper is a continuatiothefstudies.
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Over 300 sealability tests were performed with mdifferent  The elongation was used to calculate the bolt laad gasket
gasket configurations. In addition to the gasketsitg, other stress. All dimensions were measured at room tesyer.
characteristics like cupping and surface finisheatessted. Figure 5 shows the bolt elongation measurement.

The main objective of this paper is to summarizd an
register these test results, so they are availfablénformation
and reference.

TEST RIGS

All tests were performed in ASME B16.5 welding neck
(WN), raised face (RF) flanges manufactured in ASTRb
forged carbon steel [18]Sealing surfaces per ASME (PCC-1
2010 Guidelines for Pressure Boundary Bolted Fladgent
Assembly [19]) for SW Gaskets is 3.2 - 6.4 um (:2%0 pin).
Figures 3 and 4 shows the 6 in Class 900 and time-3Class
150 respectively.

Figure 5: Bolt elongation measurement

TEST MEDIA PRESSURE AND LEAK DETECTION

Methane was the test media. It was chosen to éstabl
correlation with field surveys as mandatory by thsS
Environmental Protection Agency (EPA) Fugitive Esiis
regulations. Measurements were performed usingm&ervVA
1000 Volatile Organic Compound Analyzer [21] withadings
in parts per million (ppm).

Test Pressure was 20 bar (290 psi). All tests ve¢re
room temperature.

To reduce the effects of air currents in the laturya
the flange edges were sealed with a plastic tape evie orifice
for the probe and another orifice opposite to thebp location
as shown in Figure 6. This way the values showMm=thane
concentration in a constant flow. It is more sevéis the EPA
Method 21 [22], which verifies the concentrationtire flange
vicinity.

Figure 3: 6 in — Class 900 Test Rig

Figure 6: Leak detection
Figure 4: 3 in — Class 150 Test Rig

All stud materials were ASTM SA-193-B7 [20] with
machined ends to allow a precise bolt elongatioasuement.
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GASKET DISPLACEMENT MEASUREMENT

To measure the gasket displacement, transducees wer

installed on the flange edge, 120 degrees aparshasn in
Figure 7.

Figure 7: Gasket displacement transducers

TEST GASKETS

All gaskets were with inner rings in stainless ktgpe
304, carbon steel guide rings. Windings were in 3t#nless
steel and flexible graphite filler.

Stainless steel has a density of approximatelycént/
and Flexible Graphite of 1 g/cénso gaskets which have more
windings per gasket sealing width have more stespsy
consequently, more density.

All gaskets tested were manufactured with high tguri
Flexible Graphite filler. The filler protrusion igpproximately,
0.2 mm (0.008 in) from the metal wraps as showrigure 8.

I 7 ¢
; DN

Figure 8: Filler protrusion

Low density spiral wound gaskets were those whege t
sealing windings per mm (in) were in the range .8f1l8 - 1.132
(20.77 - 28.75), while high density SWG were in thege of
1.491 - 1.863 (37.87 — 47.32).

TEST PROTOCOL

The Test Protocol was designed to reproduce field
conditions of gasket installations. The ends of sheds were
prepared to obtain elongation measurements witiceometer.
The stud stretch is used to calculate the gasketsst Three
displacement transducers were equally positionediral the
flanges edges. The gasket seating stress was dinitethe
maximum yield strength of the studs and appliestéps.

A summary of the Test Protocol is as follows:

1 — Measure the thicknesses of the specimen befodeafter
testing.

2 — Install flanges without gasket and record timdial
displacement transducer value. This value is tho z
displacement in charts.

2 — Install gasket and studs. Hand tighten nuts.

3 — Measure the initial stud lengths and recordvidlee of the
displacement transducer. The difference betweesn dhid the
initial value is the gasket thickness.

4 — Tighten the studs to the required gasket stisggy 3 cross
pattern rounds, followed by two more rotationaltats.

5 — Measure and record stud length.

6 — Seal flange edges with tape with two opposifices.

7 — Pressurize with methane gas at 20 bar (290 psi)

8 — After 30 minute, measure the leakage in pprh wibbe in
orifice.

9 — Repeat steps 4 to 8 for each tightness step.

10 — Loosen studs and record the displacementduaes value.

TEST RESULTS FOR WINDING DENSITY

The results are a summary of over 300 sealabibitst
Several gasket constructions were produced charggspecific
characteristic to evaluate its influence on thdadmiity. Due to
the quantity of tests only the most representaiives are shown
in this paper. Each chart shows a comparison of gaskets
with changing only one specific characteristic.

The winding density is the characteristic that ryost
influences the sealing behavior of spiral woundkges It was
noticed after the initial tests that the sealapifas being
provided by the guide ring contact with the outsiti@meter of
the flange raised face, as shown in Figure 9 agdrEil0. To
verify this effect tests were performed with grodwguide rings
(Figure 11). Figure 12 and Table 1 show the sdiithabi
difference of gaskets with and without a groovedlguing. It
can be seen that the grooved guide ring gasket motesxhibit
the same performance. To eliminate this effecfuather testes
were performed with grooved guide rings.
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Figure 12: Grooved x Non-Grooved Guide Ring

Figure 9: Flange x Guide Ring contact Gasket seating Leakage (ppm)
stress (psi)
Grooved Non | Grooved Non
grooved grooved
5311 5221 5200 256
9190 9663 2300 119
13498 14254 1470 62
17879 18894 803 15
26592 24124 300 7.5
35395 35252 200 3.5
53204 48076 119 2.0

Table 1: Grooved x Non-Grooved Guide Ring

Charts in Figures 13, 14 and 15 and Tables 2,sBotv
the typical test results for Low Density Gasket®)land High
Density Gaskets (HD). The following differences tanseen:

- All HD gaskets show an improved sealability ate tbame
seating stress level. This property is extremelgdnant to meet
EPA Consent Decree [23] Fugitive Emissions requaets.

- HD gaskets exhibit less strain and no guide dogtact. The
last two points in charts show the winding thiclsxescovery,
which is greater for HD gaskets. This property ¢aties that HD
gaskets have a better buffer against media pre$lsicteations
and joint creep.

Figure 10: Flange x Guide Ring contact illustration
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Figure 13: SW 3 in — Class 150 — Low x High Density

4 Copyright © 2013 by ASME



Gasket seating Gasket strain Leakage (ppm) Gasket seating Gasket strain Leakage (ppm)
stress (psi) (mm) stress (psi) (mm)
Low High Low High Low High Low High Low High Low High
density | density | density | density | density | density density | density | density | density | density | density
2223 3192 0 0 2415 684 4033 4918 0 0 329 6.2
3666 4660 0.11 0.08 1132 202 8887 9688 0.35 0.11 221 5.4
6515 7477 0.23 0.19 554 70 17141 14006 0.68 0.38 98 4.4
8343 8926 0.41 0.28 383 39 23251 19954 0.82 0.52 55 3.3
10016 11602 0.56 0.42 324 24 31216 28595 1.09 0.66 26 1.8
12352 13447 0.70 0.47 286 13 39689 39674 1.20 0.80 10 1.6
Recovery 0.12 0.29 61797 62301 1.30 0.87 5.2 0.8
Table 2: SW 3 in — Class 150 — Low x High Density Recovery 0.24 0.69

Table 4: SW 6 in — Class 900 — Low x High Density

TEST RESULTS FOR WINDING CUPPING

During the manufacturing process the winding cacobee
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cupped due to the force applied to densify the migdThis
cupping tendency increases with the gasket sizeexferiment
was performed to verify the sealability behavior afcupped
winding of a 6 in — class 900 gasket. Figure 16asha cupped

winding.
0

1

/

Figura 16: SW sample with cupped winding

The cupped winding was checked using a Coordinate

Measuring Machine Mitutoyo CRT-PM7106 and found.20@
mm (0.008 in) cupping. Figure 17 shows how this sneament

was determined.

Gasket seating Gasket strain Leakage (ppm)
stress (psi) (mm)

Low High Low High Low High
density | density | density | density | density | density
10033 7335 0 0 349 38
12721 10136 0.14 0.09 263 20
16653 14793 0.39 0.18 150 19
21692 19090 0.60 0.30 63 11
27212 26567 0.82 0.46 17 3.0
32227 36642 0.96 0.62 9.0 1.0
40164 46274 1.15 0.84 3.0 0.8

Recovery 0.34 0.69

Table 3: SW 6 in — Class 300 — Low x High Density
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Figure 17: Measurement of a SW cupped winding by CWi

Figure 18 and Table 5 show the difference of cupped
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Figure 15: SW 6

in — Class 900 — Low x High Density

non-cupped gaskets with the same winding charatitsi It can
be seen a significant difference in performances faximum
allowed cupping that does not affect sealability swaot

determined. Since this characteristic appears to vbey

important to assure the gasket sealability, it &thbe subject to
a future research.
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Figure 18: SW 6 in — Class 300 — Winding cupping

Figure 20: SW 6 in — Class 900 — Winding Surface fish

Gasket seating Gasket strain Leakage (ppm)
stress (psi) (mm)
Cupped Non | Cupped Non Cupped Non
cupped cupped cupped
5636 7335 0 0 1917 38
10918 10136 0.19 0.15 1005 20
13844 14793 0.45 0.39 226 19
17006 19090 0.71 0.73 69 11
25020 26567 0.93 0.96 18 3.0
39177 36642 1.22 1.15 4.0 1.0
49655 46274 1.32 1.26 3.5 0.8
Recovery 0.91 0.87

Table 5: SW 6 in — Class 300 - Winding cupping

TEST RESULTS FOR SURFACE FINISH

Gaskets available in the market have the windindasa
finish that varies from each manufacturer and &lsm the same
manufacture. This characteristic is not subjecamny standard
specification. Experiments were performed changimgsurface
finish to evaluate is influence on the gasket dwlitha

Figure 19 shows the difference between the sanmpfted.
The roughness average measured with a Mitutoyoteatir801
as 3.07 m (1.2 x 10" in) for Sample A and 1.84m (7.2 x 10
in) for Sample B. The sealability comparison of p&s with
different surface finish is shown in Figure 20 drable 6

The winding surface finish showed a major influencethe
gasket sealability and it should be subjected tthér research
to determine a maximum value and a measuremeng@uoe.

(a) Sample A 3.0 (b) Sample B 1.84

Figure 19: Roughness

Gasket seating Leakage (ppm)
stress (psi)
Sample A | Sample B | Sample A Sample B
3.07 m 1.84 m 307 m 1.84 m
5885 4918 4430 6.2
9617 9688 3250 5.4
13858 14006 680 4.4
21890 19954 148 3.3
29234 28595 34 1.8
39513 39674 14 1.6
63537 62301 12 0.8
Recovery

Table 6: SW 6 in — Class 900 — Winding Surface Fisin

TEST RESULTS FOR FILLER PROTRUSION

According to ASME B16.20 “the filler shall be estialy
flush with, but not below, the metal winding on lbatontact
faces of the gasket”.

As seen in the authors previous pafdét] gaskets with the
filler flush and metal winding as shown in Figure &xhibit high
leakage values in a wide range of stresses if cordpaith
gaskets that have the filler protruding beyond tmetal
windings, as shown in Figure 22 and Table 7.

/

Figure 21: Filler flush with winding metal
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Figura 22: SW 6 in — Class 900 — Filler protrusion

Gasket seating Gasket strain Leakage (ppm
stress (psi) mm)
Filler Filler Filler Filler Filler Filler
flush | protruding | flush | protruding | flush | protruding
with with with
metal metal metal
4853 5021 0 0 3695 5.7
9533 9833 0.38 0.21 1972 3.9
14952 15321 0.66 0.56 438 2.3
19551 18624 0.82 0.68 255 1.9
27305 28337 1.02 0.75 60 1.3
38996 35198 1.09 0.83 19 0.8
61212 63864 1.29 0.95 5 0.3
Recovery 0.83 0.53

Table 7: SW 6 in — Class 900 — Filler protrusion

TEST RESULT FOR GUIDE RING CUPPING

When spiral wound gaskets are installed in thed fasdry
often the guide ring becomes “cupped”. There arestions if
the sealability of gasket is affected.

Our tests showed that even with very high cuppimegé is
no reduction in sealability. Figure 23 shows a dangb a 4 in
class 2500 gasket with a cupped guide ring aftertdist. Figure
24 and Table 8 show the results.

(a) SW sample before test (b) SW sarafier cupping

Figure 23: SW sample (a) before and (b) after cuppp

Figure 24: Influence of cupping in a SW sample

Gasket seating Gasket strain Leakage
stress (psi) (mm) (ppm)
4868 0 5.0
7735 0.20 3.2
12204 0.42 1.4
17905 0.58 1.0
23269 0.69 0.8
36181 0.90 0.3
45752 0.94 0.6
Recovery 0.55

Table 8: Influence of cupping in a SW sample

For reference the guide ring cupping waseatald using a
Coordinate Measuring Machine (CMM) as show in Fégb.

The maximum measurement cupping value was06rB
(0.24 in).

Figure 25: Measurement of a SW guide ring by CMM

CONCLUSIONS

The authors PVP 2011 paper showed the importan¢beof
winding density and filler protrusion to assureealability level
that meets current EPA fugitive emissions requimreisidéevels.
These characteristics have been submitted to tH¢EAB16.20
Committee for a revision of the current SW Gaskendard.
However, it is necessary that other gasket chaiatits like the
winding cupping and surface finish be addressegrbavide a
low leak gasket. Even though it is visually uglycuwpped guide
ring showed no detrimental effect on the gaskdabday.
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Our final recommendation, based upon the test tsisl to
create test protocols and approval criteria thatluotes

Kavanagh and D. Reeves, Proc. Of the ASME PVP
Conference, 2011.

characteristics that influence the sealability,agsure that the [18]ASTM A-105 Standard Specification for Carbon Steel

gasket meets the EPA current Fugitive Emissionsgireaents.

Forgings for Piping Applications — ASTM Internatan
100 Harbor Drive, West Conshosocken, PA, USA, 2010.

[19]ASME PCC-1 -2010 Guidelines for Pressure Boundary
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