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Simulation analysis and parameter optimization of grooving process for
fire protection pipelines on offshore platforms

Wang Jingfeng', Su Ming', Jiang Guohe?, Wu Gang?, Cao Kaiyu?, Chen Wei*
( 1. Shanghai Zhenhua Heavy Industries Co., Ltd., Shanghai 200125, China; 2. Merchant Marine College, Shanghai Maritime
University, Shanghai 201306, China )

Abstract: To address inconsistent machining accuracy and water leakage during installation of grooved clamp connections in
fire—protection and cooling pipelines on offshore converter stations, a study was conducted to optimize grooving process
parameters. A three—dimensional finite —element model of the rolling process for Q235 seamless steel pipes was established
using the ANSYS/LS—-DYNA explicit dynamics module. The Johnson—Cook constitutive model and damage criteria were
introduced to systematically analyze the effects of single—pass feed depth (the groove—depth change in each rolling pass, 2.0-
2.5 mm) on the equivalent plastic strain and material damage evolution. The results show that, for a $70 mmx2.4 mm pipe, the
maximum equivalent plastic strain generally increases with single —pass feed depth. The strain is 0.248 at 2.2 mm, remains
below the failure threshold of 0.3, rises to 0.295 at 2.3 mm and approaches the threshold, and reaches 0.324 at 2.4 mm,
exceeding the threshold. Considering material variability and machining allowance, 2.2 mm is recommended as the upper limit
for single —pass feed depth. A "shallow pressing with multiple passes" strategy is therefore proposed to reduce damage and
cracking risk at the groove root and provide quantitative guidance for the grooving process optimization of offshore platform
pipelines.
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% 1 Johnson—Cook &I S#( Q235 5 )
Table 1 Johnson—Cook model parameters( Q235 steel )

WIMRIE IR A/ WL RE B/ | A RAER . IREBIESE | BIEBIESE | %N ARe/ | SHRE | . .
iy A8 n N 50 T, /K
MPa MPa EX 4 ms s T./K
293.8 230.2 0.065 2 0.578 1.762 1.278 2.1x10° 293 1795

e SHUE N 293 K(Z20 °C), #E&E 01795 K(Z) 1522 °C).

1.2 R-Tik#
ASCLIAME 70 mm, BEJE 2.4 mm [ Q235 &
BEMAE MBI G, A RSk 2 fos. i
GRS B A AR, 2510 3E T IR A
I, RS R 2 AR T
*2 WEMOEHRS

Table 2 Dimensions of steel pipes and grooves
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Fig. 1 Schematic diagram of grid division
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Fig. 2 Schematic diagram of rolling execution module and its states
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Fig. 3 Equivalent plastic strain contour maps under different working conditions
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Fig. 4 Strain history curve of the critical element
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Fig.5 Single—pass feed depth versus maximum equivalent
plastic strain and increase ratio
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