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Fig. 1 Macromorphology at cracking of forging pipe: (a) original
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morphology and (b) morphology after paint removal
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Fig. 2 Cross section (a—b) and longitudinal section (c—d) microstructures of uncracked position in cracked 16MnlII steel forging pipe:

(a, ¢) at low magnification and (b, d) at high magnification
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Fig.3 SEM morphology of cross section of uncracked position in cracked 16MnlII steel forging pipe:

LA T BEAE JR R A SR, (AR O 2 1 e A A
S TR A HRN SR i e 2 W i A A
SR IR T SR8 51, 51N 4 v A
SEOTZLY, R E B e Je IR R, 171 5
[, ERSFIAES pm DL, SRS HERE R A K.
1.3 H=ZEES

5 GB/T 4336—2016, 78 JT %4 16MnIII 4K £
BARTF R VI HISRIARE , R SPECTRO Lab M8
R E OGS i oy . iR 1A, 16Mnlll

() i

(a) at low magnification and (b) at high magnification
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Fig. 4 Morphology (a) and EDS analysis results (b—c) of inclusions at uncracked position in cracked 16MnlIII steel forging pipe:
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Table 1 Chemical composition of 16MnlII steel forging pipe

Fiik 4/ %
i H
C Si Mn P S Cr Ni Cu
TR 0.14 0.32 1.44 0.019 0.008 0.04 0.01 0.02
FRIE(E 0.13~0.20 0.20~0.60 1.20~1.60 <0.030 <0.020 <0.30 <0.30 <0.25
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Fig.5 Cracking fracture macromorphology of cracked 16MnIII

steel forging pipe

R I SEM LSS W FROUE S, i 6 al bl . Wiy
1 4 0 DXL B S DX SR -5, 80 X — ]
U] 2 B BRI 2R B RE , — B B R Y
JETIE A 280 X BOF-AH, LR B 20250

2 BRITHH

K HH Creo RSy Tk MRS 1A R M — 2

A FRTTHAL, WK 7 i . R HyperMesh [l fif4k

PRARAF AT/ THAAR IR R 53, IS B Ry 4 800, A%

FM g C3D8R. HthitH 3t )m , A ABAQUS #k

AT BRITHL, SRS b b} il B2 R 350 MPa,
115



HELEHH

MATERIALS FOR MECHANICAL ENGINEERING

(a) BRI

() REGrRE, fEfE

(© BYRE, B

B 6 16Mnlll $R$&E ZLEIHT O REUREX FIRAY RX K SEM F 57
Fig. 6 SEM morphology of crack source region (a) and crack growth region (b—c) on crack fracture of 16MnlII steel forging pipe:

(b) at low magnification and (c) at high magnification
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Fig. 7 Finite model of piping system
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Fig. 8 Calculated nephogram of piping system subjected to 166. 6 N gravity: (a) Mises equivalent stress distribution;

(b) strain distribution and (c¢) maximum principal stress distribution
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Fig. 9 Calculated nephogram of piping system subjected to 336 N m bending moment: (a) Mises equivalent stress distribution;

(b) strain distribution and (¢) maximum principal stress distribution
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Fig. 10 Calculated nephogram of piping system subjected to 400 N -m torque: (a) Mises equivalent stress distribution;

(b) strain distribution and (c) maximum principal stress distribution
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Reason for Cracking of 16MnlII Steel Forging Pipe for

Skid Mounted Equipment

YAO Weil, XIA Peipei’, ZHANG Kai', DONG Tianyu!, GU Yunlong?, YANG Liuqing®

(1. Langfang branch of Hebei Special Equipment Supervision and Inspection Institute, Langfang 065000, China;
2. China Petroleum Pipeline Research Institute Co., Ltd., Langfang 065000, China;
3. College of Materials Engineering, North China Institute of Aerospace Engineering, Langfang 065000, China)

Abstract: The 16MnlII steel forging pipe at the inlet filter unit for a skid mounted equipmet was found to be

cracked after transporting to the site. The reasons for the cracking of the forging pipe were analyzed by macroscopic

morphology observation, metallographic inspection, energy spectrum analysis, chemical composition analysis, hardness

test, fracture morphology observation and finite element analysis. The results show that the cracking mechanism of the

forging pipe was cleavage brittle fracture. Through the finite element simulation and the actual stress condition of the pipe

system, it was concluded that the excessive bending moment of the pipe system during transportation might be the main

reason for cracking at the variable wall thickness of the forging pipe.

Key words: 16MnlII steel; forging pipe; cracking; failure



