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Recently it is the big issue for the health and environment is point of view in the water and food industry. The
counter plan is discussed because of the feedback from this issue. Especially, the approach of hygiene and safety
is top priority. Therefore the requested specification for the sealing material of the water and the food have to be

sever rather than used to be.

This report explains the recent trend of the water and food industry, and points out the problem of the elastomeric
material for apparatus of related to the water and food. Also it explains the feature of each rubber materials, which

we used as a sealing material for the water and food, and the new developed material to solve the present problem.
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FEM Stress Analyses and a Sealing Performance Evaluation
of Pipe Flange Connections with Larger Nominal Diameter
Including Spiral Wound Gaskets Under Internal Pressure

B K S T S8R

ZE BT, BA kXY
Toshiyuki SAWA, Naofumi OGATA
BAENILVH—T% (%)

mE B, Uk =

Takahito NISHIDA, Yuki YAMANAKA

{Summary)

The contact stress distributions of pipe flange connections with larger nominal diameter (20") and smaller nomi-
nal diameter (3") including spiral wound gaskets under internal pressure are analyzed taking account non-linear-
ity and hysteresis of the gaskets by using the finite element method (FEM). The difference in the contact stress
distribution is substantial between the pipe flange connections with the 20" nominal diameter and the 3" nominal
diameter. The leakage tests were also conducted using the actual pipe flange connections with the 20" nominal
diameter and the 3" nominal diameter including the spiral wound gasket. Using the contact stress distributions
under the internal pressure, the values of the new gasket constants proposed by PVRC (Pressure Vessel Research
Council) are estimated by taking account the changes in the contact stress. A difference in the new gasket con-
stants is substantial between the PVRC values and the estimated results, which are obtained by using the initial
clamping stress. However, the difference is small between the PVRC values and the estimated values, which are
obtained by using the actual gasket stress under the internal pressure. In addition, a method for determining the
bolt preload for a given tightness parameter is demonstrated. The differences in the bolt preload between the
actual pipe flange connections and the PVRC values are substantial.

Key words : Pipe flange, Nominal diameter, Contact stress, FEM, Stress analysis, Gasket hysteresis, Ndn-linearity,
Leakage test, Load factor, New gasket constants, Tightness parameter, Preload, PVRC
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Tightness parameter T,
[X13 Results of leakage test obtained by using actual
pipe flange connections (20")

% 1 New gasket constants obtained by using initial
contact stress

% 3 Determination of bolt preload F,

(a) T =100, P=5MPa

Initial contact

e Bolt preload
To=100 | So(MPa) stress (MPa) Fr (kN)
LF 72 102 209
SF 67 77 32
LF 23 = 94 (155)
PVR
v SF 35 - 21(31)
(b) T.=500, P=5MPa
- Initial contact | Bolt preload
Tp=500 | Sg(MPa) stress (MPa) Fr (kN)
LF 115 141 289
SF 110 119 50
LF 50 — 147 (238)
PVRC
SF 63 = 32(48)
(c) Tp=1000, P =5 MPa
e Initial contact | Bolt preload
To=1000 | So(MPa) | o oo (MPa) Fr (kN)
LF 141 162 332
SF 136 143 60
LF 67 = 177 (289)
PVRC
SF 79 — 39 (58)

Present test
(Initial contact stress) PVRC
Lager flange |Smaller flange Ies!
a 0.370 0.343 0.273
Gp (MPa) 15.8 14.1 19.1
Gs (MPa) 0.08 1.5X1018 | 2.3X108

% 2 New gasket constants obtained by using actual
contact stress

Present test
(Actual contact stress) PVRC
Lager flange |Smaller flange test
a 0.290 0.305 0.273
Gp (MPa) 19.0 16.5 19.1
Gs(MPa) | 8.3X10* 2.8X108 | 2.3X10%
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LF : Larger flange, SF : Smaller flange

PV D F 2R LT3, £3 (a) BAEERE
FA P AAIST A= 4RT =100, %3 (b) T, =500,
£ 3 (c) 13T, =1000 DEFD AL RN I F 25
LT3, fEBIAEIZ P =5 MPa (EJ1—RREEHUEIZ &
5 KOFE 7 I v VRBEROBRASTENE) 2BEL T
W3, ZB8LFBXUS FidghshkOEs LuvhO
EE7 7 v UREERER T, B4 LURN5IEZNE
DRI b IR O IR OWREAEERLTED , H
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D&id, 7% ORNEERREN 27 v FEIEH (D,
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s, (MPa)

Gasket stress S, (MPa)
(F-F)/A F/A

Gasket stress

JE

!
SN S
b PART A H’AQI
| = < B
] S
8 M
$ 15T, ]

] 3|
]
PART B
iC. ; Ty J L Tpa

Pressure P (MPa)

(a) The relationship between (b)
the gasket stress and the
internal pressure

X114 A method for determining the bolt preload F, in the case where ana-

lytical result is applied
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6ﬂ5(9}~(13)0
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BT, 3R IREY A PR 285 24T =
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Tightness parameter T,
The relationship between
the gasket stress and the
tightness parameter T

Tightness parameter T,

®l15 A method for determining
the bolt preload Ff in the
case where the PVRC pro-
cedure is applied
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7T v VKSR TIRAEIZ X B H A v MG OB
DT TIREL R P ENOBRARET L. T Ebb
R (3) OEIIEEIFEF, THEAL REICX(FAF) & &
%  FOBRAHAE O EBREIKE kB HARMIZHE
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B) B X UF 23K 3 ARFERELFsr 0§ UEZ B
TWA-OEBROBERENERENE LS LIRS E
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KBH ATy PEMIEIORADERKRENDEEFLS
NANRGNUIE I DD BREPBFEZINRTOHEVL,PV
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JEMEFREOZEMEREL R E T 2 W REMEA B D R E
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ERBDOT 2728, FHVEEE WENAP =5
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# 4 Difference in the dimensions between the larger
(20") and the smaller (3") pipe flange connections

LF SF LF/SF

(D Area of the 453195 | 3315.8 13.67

gasket filler (mm?)
(@ Total effective

cross section area |17796.8 2121.7 8.39

of bolt (mm2)
O/ 2 2546 |- 1.563 1.63
@ Bolt pitch circle

diameter (mm) 686.0 108.0 6.35
(& Distance between

adjacent bolts (mm) 4.9 33.0 1.36
® Flange thickness (mm)|  63.5 31.8 2.00

LF : Larger flange, SF : Smaller flange
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