Bo® N B T R’ HATHE g2l
102 JOURNAL OF NETSHAPE FORMING ENGINEERING 20254 2 H

Q690D tHIER 5 BRI IBHA R

FALE Y, WKE T, RBUE T, KER Y, HEHY, BES

(LINARETEREREA AR, WA $FT 273500;
QRN AREETAHRAR, IR ¥FFT 273500 )

WE. B ATRRELRIME (KRR ) B85, Q690D s AL+ R E 2 12 & Iy BT AR AREA,

BN RAMAT B G 69 TEE R A TP LY kA AN, FPRIFHEE Q690D AR A4 T2 (T Hmtt

JBJE ) A TELeg R, KB P AR ERRGOIARIR . F ik EEMITELA IR (A m TN, REem A BTG ),

TR RATR S, FEES RN, SRR RFRRILEGSMALR, BREHE, LFERS. Biak

oo BT RALF R, FINR T A9 B e, St —F % A AT LA T M R, F 0 B A R B
R IARAR B, R EAFIBTMBAL, #E RMA IR A P B E— AL ARSI A

A IR AARAIR B, K A B BIF 35 09 5 /) A B A 0 R BOR 3 3R AL AR AR T 930 A4, AR AT
W IR R R AR AR TRt — T T R, ik RMAREM T EE—CTREHNAEX BE. D

Rkdh, BEL TR AWK LR, EXMIRBESBN (FEGARD ) ERTH ALK

¥ RIE

KR RJE L Q690D; IFiE; MAT; 4 ETTEL; a48; seikaAr

DOI: 10.3969/j.issn.1674-6457.2025.02.012

FEDES: TG444.7; TD355 XEkIRER: A  XEHS: 1674-6457(2025)02-0102-09

Delaminating Cracks of Q690D Steel after Welding
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ABSTRACT: The work aims to analyze the cause of delaminating cracks at the 1/2 thickness of Q690D steel plate after the
welding of the hydraulic roof support component (base), determine whether the defects come from the raw material or the pro-
duction processing method, research on the mechanism of cracking at T/2 (T=thickness) of the Q690D steel plate after welding,
and find the root cause of such defects. Through the suspected cracking sampling (cold processing milling, non-affect the exist-
ing defects), the samples were numbered and made into all kinds of test samples to analyze metallographic structure, hardness,
chemical composition, fracture morphology and chemical composition of the different samples on different locations, to confirm
the delaminating defects, and further compare the data, and determine the type of defects and the root cause of defects. From the
detection data comprehensive judgment, it was determined that the raw materials in the rolling process existed some internal
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composition segregation as the root cause of the delaminating cracks, the internal thermal stress after the flame thermal cutting
and welding was the potential micro crack tip initiation which provided external conditions, prompting the brittle hard zone of
local cracking and further extended cracks. There are some class A, class B and class D inclusion in the raw steel plate material,
which gather at T/2 to form a “brittle sandwich”, and crack expanding under the action of thermal input (internal thermal stress)

after flame thermal cutting and welding.

KEY WORDS: hydraulic roof support; Q690D; welding; segregation; delaminating cracks; metallographic phase; energy dis-

persive spectrometer analysis
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Fig.1 Example of layered cracking place and
sampling location of base parts
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Fig.3 Example of crack (above the red lines, similar length)
position of specimen cutting panel
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Fig.4 Cracking location number (a) and sampling location of
metallographic and fracture samples (b)
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Tab.1 Comparison of metallographic organization at T/2 and T/4 of 1# sample

Location T/2 zone T/4 zone
Surface area M B+M(a few)
Flame cutting heat Overheating area M B+M(a few)
affected zone Normalizing area M B+M(a few)
Imperfect normalizing area T.S.+F+M T.S.+F+B+M
Away off flame cutting surface T.S. T.S.

Note: M is martensite, B is bainite, T.S. is tempered Sorbite, F is ferrite.
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Fig.6 Different positions of microstructure morphology on 1# sample (OM): a) surface area T/2; b) surface area T/4; c) overheat-

ing area T/2; d) overheating area T/4; e) normalizing area T/2; f) normalizing area T/4; g) imperfect normalizing area T/2;
h) imperfect normalizing area T/4; i) away off flame cutting surface T/2; j) away off flame cutting surface T/4
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Fig.7 Distribution of non-metallic inclusions in crack section: a) Ti inclusions at T/2; b) A type inclusions at T/2; ¢) composite
inclusions at T/2 sample; d) composite inclusions at T/2; e) D type inclusions at T/4 sample; f) B type inclusions at T/4 sample
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Tab.2 Chemical composition detection of Q690D steel plates wt.%
Comparison items C Si Mn P S Nb \Y Ti
Requirements value <0.18 <0.60 <2.00 <0.030 <0.025 0.01-0.11 0.01-0.12 0.006-0.050
Detection value 0.10 0.25 1.37 0.014 0.003 0.02 0.04 0.013
Comparison items Cr Ni Cu Mo N B Alt —
Requirements value <1.00 <0.80 <0.80 <0.30 <0.025 <0.004 =0.02 —
Detection value 0.29 0.033 0.031 0.26 0.007 0.001 0.023 —
K9 Rguim b aRIX sy EDS KA
Fig.9 Test position of micro-region component EDS test of crack section
*3 WRAFEHS EDS MiK&ER
Tab.3 EDS test results of micro-region chemical composition wt.%

Location Fe Cr Mn Si S

1 (Segregation belt) 97.48 0.32 1.89 0.31 —

2 (Near-segregation) 97.70 0.44 1.56 0.30 —

3 (Segregation belt ) 97.33 0.39 1.96 0.32 —

4 (Near-segregation) 97.86 0.30 1.53 0.31 —
5 (Segregation belt) 95.90 0.40 2.86 0.43 0.42
6 (Segregation belt) 96.42 0.51 2.32 0.36 0.40

7 (Near-segregation) 97.93 0.35 1.48 0.24 —

8 (T/4 Raw material) 97.77 0.36 1.58 0.29 —

Note: The underline is the detection data obviously beyond the value of steel requirements value in Tab.2.
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Fig.10 Fracture morphology of 2* SEM test sample and EDS test locations
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Tab.4 EDS test results of fracture micro-region wt.%
Location Fe Cr Mn Mo (0] P S
1 93.31 — — 0.12 0.52 5.97 — 0.08
2 85.78 0.69 2.20 0.18 — 10.56 0.14 0.45
3 92.35 0.52 2.62 0.23 0.59 3.51 0.18 —
4 89.41 0.37 2.66 0.21 0.09 6.93 0.11 0.22
5 97.08 0.36 1.74 0.17 — 0.65 — —

Note: The underline is the detection data obviously beyond the value of steel requirements value in Tab.

N
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