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Fig.1 Geometry of the flange
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Table 1  Basic dimensions of the flange
A7 S (CHUA%)

G HME A, /mm 325
2282 D/mm 485
AL A0 [ AR K/mm 430
AL B D,/ mm 30
WEMALECE n 16
LY M27
L2 C/mm 34
522 HHREIERE N/mm 352
X SR I BEJEL S/ mm 12.5
X HMBGRE H /mm 18
[ #1242 R/mm 12
2% H/mm 92

2 HJTEARGE

Table 2 Basic dimensions of the gasket

AR RF
BT N/ mm 340
7 HME/mm 364
7R /mm 4.5
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Fig.2 Geometrical model of the bolt —flange —gasket joint
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(AT NIRRT S P Ay B8 - RN & SR S8 3R 7
AL IR ] AR BRI AL AT . S8 A X
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Table 3 Material parameters

A g PR JERiE DI
- A .

SR W5 1/ GPa /MPa  w&=/MPa

253 40MnB 211 0.3 765 212

- 353 40Mn 211 0.3 765 212

b 16Mn 211 0.3 450 150
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Fig.3 Compression —rebound curves of the gasket
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Fig.4 Finite element mesh model of the

bolt —flange — gasket joint
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Table 4  Results of grid independence verification

—_— KR —_— WHAREKE  RNh
I3y a XX D

i 1% /MPa MY /MPa /%
278133 100. 89 434590 100. 85 0.039
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T
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Table 5 Comparison of bonded contact and frictional

contact calculation

BE R/
57 H 4 Fi =
SRl BEEEAL %
e 22 BAKSEN F1/MPa 631, 01 620. 20 1.74
%
;i 5 f/NE R F1/MPa 92.70 92. 644 0.06
R IER F1/MPa 100. 89 100. 85 0. 04
2 BRSO J1/MPa 686. 38 676. 53 1.5
41';:1'3::
fﬁ 7/ NER T/ MPa 79.98 79.894  0.11
T

R KRR 1/ MPa 89. 56 89.509  0.057
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Unit:MPa

Solution Coordinate Systern
Time:2
2020/11/17 17:33

—92.7 Max
-93.611
-94.521
-95.431
-96.341
-97.251
-98.162
-99.072

-99.982

—-100.89 Min ——
0 150 300 mm A
| [EEm | ] 7 X
75 225
(a) B T0L
Type: Normal Gasket Pressure
Unit:MPa
Solution Coordinate Systern
Time:3
2020/11/17 18:06

-79.98 Max
. -81.044
-82.109
-83.173
-84.238
. -85.302
| —86.367
-87.431

I -88.496 V.
-89.56 Min

0
|

E—
75 225

(b) #fET UL
Ko KSBURmmiE TR T T
R RN 153 A5

Fig.6 Compressive stress distribution contours at the

gasket under uniform pre-loading and

operating conditions
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under pre-loading and operating conditions when two

adjacent bolts are 20% insufficiently pre-loaded

X TR 22 Rk A B i, o
23 N7 E RN 488 /N A8 3 7 T 8 1) itk s, RL A
e KRN 7 48 R AN 14 R g e/ INRAN 2 fe ]
BB I A

3 EHMEALN
3.1 A I H SRR %
SAT 0 4 1 0 4580 AT AT AR T

FrIBARAS Y |5 A AT | = A Y 5 TR A 22 £ A o
B, ARSCRIZ AL R i K280k

G A L 1 — I 9L 4 3
LB Bt 46 1 ML 29U A B 4L,
FRVIE B F 5 22 T 2 1) 0 2 1
LA A — BN LRAY . 2AL0 Tl
g A S I E IS WP
R A3 P A 5.,y O 5 125 3O
BB T I HAR. B SCHR 7 ] P i F b
WA L8 PR R A ST 2 R S
e

L=ApT"S;™ (3)

SEBR T Bt 2R L, 7T LA (4) #E1TIEIE
_ byn,D,

* " bym,D, 4)

X p A TENE , MPa; T MR , °C ;S ik
F BN MPa A, M, N, R EH R A, =1.2 x
107, M, =0.401,N, =0.670;b, b, AiH# A Fi 5L
PR R A STE T, mm y, o, IR A R 6 e s
PR BLTEA IR T MR BE, Pa-s; D, D, ik gn R
 RSEBRE  BEER4r MR mm

PRI BRIC T A5 BIHRAE 00 T 48 S d s

NS S B Se op BT AR AR5 (3) Hhf LA
ﬁ%ﬂﬁt@” SETR A e R 38 A i U R A TE A 5
(4)XF L EATAEIE , B AT A5 21 S B T 00 5544 F it
% Ly
3.2 BREXWE

BRI AR TR T T 3 A R B Y
T T8N 10% ~60% , 3% MK (3) | (4) T s
AR MK 8 Fn, Kbt R R RO

!

LH _LR
AL, =2 %x100%

LR
AP, ALy FRittt s R R L Fon A KSR
IR 3, Ly, 2273850 B I p U

WP 8 mT LA Y AR R XU, e R
SN s 25 R U SRR R R TR R L
IEH. RTUERR IR 60% B, itk %8 19 4 8 ot
15% .

P 9 2 FARR R AN [A] KPR RR G B0 B 48 7 o
GIEN IR, IR TR BRI AL, #7 f4 7
T3 VAL B /) T LK 990 5% e JBE A, )
/INg IR T L B TR , itk Ve S A O TR R A
Ab , LR B FRE AR B ) i

T35h, NIEL 9 ik AT LA iy, SR 88 K K



- 80 - JERE TRA2AR (A RBFA )

2021 4F

—— i
ST ET T

2 g
¢ 1.30 .-
o K
S 125
= 10 ¥
#1.20 1z
Ig =

15 5

1 1 Il Il 1 0

1105 10 20 30 40 50 60

RITEFLE %
&8 itk 2 K itk s Fe g < e 5 BRARMES X
ERER LR
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Fig. 10  Leakage rate and the change in its growth
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insufficiently pre-loaded bolts
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Variation in the compressive stress at the outer
edge of the gasket when two single bolts are

insufficiently pre-loaded
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Effect of uneven pre-loading on the sealing performance of
a bolt —flange — gasket joint

WANG XiuHui LI HuiFang QIAN CaiFu”

(College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Experiments have been performed to measure the non-linear compression-rebound curves of flexible
graphite —stainless-steel wound gaskets. A finite element model of the whole structure of the bolt —flange — gasket
joint was established in order to analyze the tightness of the joint. The leakage ratio was used to characterize the
sealing performance of the joint. The influence of non-uniform pre-loading of bolts on the sealing performance of the
joint was investigated. The results showed that uneven pre-loading of the bolts leads to a deterioration in the sealing
of the joint. If even just a few bolts were insufficiently pre-loaded, the leakage ratio of the joint increased. As the
extent of insufficient increased, either by increasing the number of insufficiently pre-loaded bolts or decreasing the
distance between them, the leakage ratio further increased. The leakage point occurs at the position of the insuffi-
ciently pre-loaded bolts. If a few bolts are over-pre-loaded, instead of improving the sealing of the joint, the leak-
age ratio also increased slightly with the leakage point located in the area opposite side to the over-pre-loaded bolts.

Key words: bolt-flange-gasket joint; finite element analysis; uneven pre-loading; gasket; leakage ratio
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