598 8l R (A SRR A5 T REROR R Vol. 59 No. 8
2026 4F 8 H Journal of Tianjin University (Science and Technology) Aug. 2026

DOI:10.11784/tdxbz202504016

ZRE=EEBIEAMZ N —BES

k &, F £
(REF TR TR 2= BE, KiE 116024)

B OE: HHEAENT RS E I E RS MO EIRAELATEZEL. AREEEMB I LEME S-S X
R, ATEMEL2HEBEMET TAHARAER, o EZ51B L5000 ERSRERE ST, FE2EXMES
BEN S BE 2L 6 i M BATRA B INIE. KRR E T B A, W8k, B4R, g
., EmBFRXFESTHELE AR, 5 ASME PCC-1—2022 35 Ak 7 st b, oA BAATE A3 is
BHAN, RREAAEDTORIMELYL. R ERASHERKE A ERT BB RS, FRAEELEEN
WAk . R AW RASE B LG5I A B A KT AR RO S AT A — 8, IIANEME
F 2T VA ASME PCC-1 3 F i kit — F R EBAETAE S — 8K, BEmBRRIRL E I o) B A HA
%, BEMRMIF. WO, RATRIESELEA RN ML A R T —F R ZAA ARG A B A K.
KR ORISR AR WM EYER; TUEJ; ASME PCC-1—2022

FESES: THI31.3 MHERFRER: A XERHES: 0493-2137(2026) 08-0795-10

Consistency Analysis of Pretightening Force
in Multistage Flange Connection Bolts
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(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Uniform bolt load plays an important role in the sealing performance of bolted flange connection structures.
To explore the relationship between bolt loading technology and the consistency of pretightening, a finite element
model was established based on a bolted flange connection structure, the contact characteristics and pretightening
force variations of the joint surface between the flange and gasket were analyzed, and a bolt loading experiment was
conducted using a multistage six-bolt flange structure of a certain pressure vessel. In the experiment, variable factors
such as loading sequence, loading rounds, reloading rounds, number of reloaded bolts, and reloading mode were
set as control groups and compared with the results obtained using the loading method recommended by ASME PCC-
1—2022. The mean value and dispersion coefficient of the bolt group preload were analyzed to identify the optimal
loading technology applicable to real-world conditions. A high-precision digital torque wrench was used to apply the
bolt load, and ultrasonic equipment was employed to monitor the pretightening force in real time. The results show
that adopting an appropriate loading sequence and increasing the number of loading rounds can effectively improve the
consistency of the pretightening force within bolt groups. The introduction of a reloading process further enhances the
consistency of the pretightening force compared with the ASME PCC-1 method, with greater improvement observed
as the number of reloading rounds and reloaded bolts increased. Moreover, applying the torque-angle method for
single bolts during the final reloading process further reduces the dispersion coefficient of the bolt group pretightening

force.
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Fig.16 Comparison of experimental results for mean
pretightening force and dispersion coefficients
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Fig.17 Comparison of dispersion coefficients between

experimental and simulated pretightening force
using different loading strategies
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Tab.5 Comparison of experimental results
i PIESRiRVN JnERKT ENE R EInEEEA ] EnEr S BE p /N BER,
1 1% 52 0 0 A 3051.67 1.270 38
2 1% 1] 0 0 A 3891.67 0.689 94
3 14 papz| 0 0 A 3 541.67 1.188 06
4 2% i 0 0 A 3098.33 1.229 80
5 2% 1] 0 0 A 394833 1.18525
6 2% papz| 0 0 A 2671.67 0319 52
7 3% papz| 0 0 A 2583.33 031163
8 2% papz| 1 6 A 2071.67 0.270 58
9 2% papz| 2 2 A 1891.67 025176
10 2% papz| 2 4 A 1905.00 0.169 02
11 2% papz| 2 6 A 1906.67 0.124 80
12 2% X £ 2 6 AR A 1893.33 0.052 89
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