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ABSTRACT: The work aims to study the causes of crack formation and propagation process, in order to provide technical sup-
port for the actual production of 27SiMn steel’s narrow gap girth weld structure. The crack morphology, crack formation reason
and crack propagation path were studied by means of chemical composition analysis, macroscopic morphology analysis, weld
metallographic analysis, crack scanning electron microscope analysis and structural stress analysis. There was no obvious ab-
normality in the chemical composition and metallographic structure of the sample, which met the using requirements. Cracks
belonged to obvious open type (type I) cracks, expanding from the root of weld to surface of the cylinder block in a bowl shape,
forming a connection channel between internal and external of the cylinder block, resulting in hydraulic oil leakage; Cracks
originated from the heat affected zone at the root of weld. The penetration depth at the root of weld was unstable, and some of
joints were not penetrated to form incomplete fusion defects. The inclusions such as alumina and calcium carbonate at incom-

plete fusion were the main causes of cracks. Under the action of welding residual stress, inclusions along the weld root formed
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axial cracks and circumferential cracks. Under the action of working load, the circumferential tensile stress and the axial tensile

stress at the root of weld reached the maximum, among which the circumferential tensile stress was the largest, which was about

5.5 times of the working load. Under the action of circumferential tensile stress, axial crack was more likely to expand along ra-

dial and axial directions, finally form a bowl shaped crack propagation surface. The incomplete penetration defects and

non-metallic inclusions at the root of weld are the main causes of cracks. Under the action of working load, cracks expand along

axial and radial directions, and finally expand to surface of the cylinder block in a bowl shape.
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Fig.1 Diagram of welding groove and welding pass layout structure: a) welding joint structure; b) locally enlarged
view of cylinder groove and schematic diagram of weld pass layout structure
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Tab.1 Main welding process parameters
. Welding cur- Welding speed/ Wire exten-  Shielding gas .\
Position rent/A Arc voltage/V (m-min ) sion/mm flus/(Le-min ) Gas composition

Backing welding 210 23 0.26 20 25 20vol.%C0O,+80vol.%Ar
Filler welding 280 30 0.27 20 25 20vol.%CO,+80vol.%Ar
Cosmetic welding 300 31 0.27 20 25 20vol.%C0O,+80vol.%Ar
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Fig.2 schematic diagram of cracking position sample cutting
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Tab.2 Chemical component of base metal wt.%

Material C Si Mn Cr Ni Cu Mo S P Fe
Cylinder bottom 0.32 1.25 1.20 0.21 0.30 0.15 0.12 0.010 0.015 Bal.
Cylinder block 0.31 1.28 1.27 012  0.28 0.15 0.11 0.006 0.018 Bal.
National standard'”  0.24-0.32 1.10-1.40 1.10-1.40 <0.30 <030 <020 <0.15 <0.035 <0.035 Bal
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Fig.3 Diagram of crack morphology
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Fig.4 Morphology of weld root cracks: a) macro morphology; b) micro morphology
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Fig.5 Microstructure of base metal and weld metal: a) base metal; b) weld; c) heat affected zone;
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d) near the crack at the root of weld seam
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Fig.7 Energy spectrum analysis near the crack
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Tab.3 Microstructure composition of crack wt.%
Position Fe Si Mn C O Al Ga
1 — — — 0.71 35.35 63.97 —
70.29 3.38 — 4.49 19.06 1.70 1.08
— 33.74 66.26 — —

2
3 J—
4 97.14 1.55 1.30
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Fig.8 Force analysis diagram of hydraulic cylinder in service
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