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Removal of Oxide Scale on Weld Surface of Pipe Fittings by Vibration
Assisted Magnetic Needle Magnetic Grinding
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ABSTRACT: Magnetic needle magnetic grinding technology, as a kind of surface finishing technology, has the advantages of
good flexibility and adaptability. Besides, it can also conduct finishing process on small parts, complex outer surfaces and inner

surfaces of pipes. Due to the existence of defects such as oxide scale at the weld joints, the service performance of the parts is
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seriously affected. This article uses vibration assisted magnetic needle magnetic grinding technology to grind welded pipe
fittings, and explores the effect of removing oxide scale on the weld surface and the improvement of the residual stress state,
which provides a new method for weld surface treatment.

In order to compare the effects of vibration assisted magnetic needle magnetic grinding and single magnetic needle
magnetic grinding on the processing effect, an iron welded pipe with an outer diameter of 35 mm and a wall thickness of 4 mm
was selected as the experimental object. It was cut along the axial direction and its original appearance was recorded by a
VHX-500 ultra-depth-of-field microscope at the same time. The welded pipe fitting was placed in a magnetic grinding device
for testing. The grinding medium were magnetic needles of ¢0.5 mmx5 mm, the rotation speed of the magnetic pole plate was
480 r/min, the processing time was 40 minutes, and the amplitude in the vibration assisted magnetic grinding test was +3 mm.
By comparing the surface morphology of the inner surface of welded pipe fittings with and without vibration assisted grinding,
the effect of vibration assisted magnetic needle magnetic grinding on the processing quality and efficiency under the same
processing conditions was explored. In order to explore the effect of oxide scale removal at the weld, the cut surface of the
welded pipe was polished to expose the matrix, and the inner wall of the welded pipe before and after processing was analyzed
by X-ray energy dispersive spectroscopy (EDS). The element composition was compared with that the matrix element
composition to verify whether the oxide scale had completely removed. An X-ray diffractometer was used to detect the residual
stress before and after grinding at the weld of the pipe fittings, and the influence of the vibration assisted magnetic needle
magnetic grinding method on the stress state of the welded pipe fittings was explored.

Compared with a single magnetic needle magnetic grinding technology, the vibration assisted magnetic needle magnetic
grinding technology can effectively improve the grinding efficiency and obtain a better grinding effect. It can be obtained by
splitting the component elements. The main components of the welded pipe fitting are composed of C, Cr, Fe, Mo and Si. The
content of Fe is the highest at 67.09%. After processing, the surface elements of the pipe are approximately the same as the
matrix elements, and the presence of oxide scale cannot be found on the surface morphology either, indicating that the oxide
scale has been completely removed. Through the detection of the surface residual stress, it can be seen that the residual stress at
the weld has changed from the original tensile stress of 17.5 MPa to the compressive stress of 186.0 MPa.

The vibration assisted magnetic needle magnetic grinding technology can well deal with the surface defects of welded pipe
fittings, especially the difficult-to-handle areas on the pipe inner surface. The oxide scale after grinding can be completely
removed, and the residual stress state will also change from the original tensile stress to the compressive stress, which can
effectively improve the fatigue strength and service life of the weld joints of the welded pipe fittings.

KEY WORDS: oxide scale, vibrating magnetic needle magnetic grinding, surface morphology, weld line, removal mechanism
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Fig.3 Magnetization diagram of magnetic needle

YA YA
)
N[S__ N s, i ,
F F, X x
é
a Jaghit b ey fant
F, spring F, spring
F, M, \/ F, M
SK\ N// / /
// S&/ N SQ// N
F

Fy

c ek S By 932 1R
K4 AREEHERER WG =2 T

Fig.4 Stress analysis of single magnetic needle in rotating magnetic field: a) at startup;
b) rotate y angular; c) force of rotation y angular
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Fig.5 Schematic diagram of removing oxide scale by magnetic needle: a) magnetic needle is in contact with
welded tube; b) schematic diagram of magnetic needle entering oxide scale; c) magnetic needle scratches
oxide scale; d) removal of oxide scale at scratch part of magnetic needle
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Tab.1 Experimental conditions

Name Experimental conditions

Tron tube/mm 35 (outer diameter),

4 (wall thickness)
Magnetic needle model/mm $0.5%5
Magnetic needle dosage/g 400
Grinding fluid/mL 1 000
Amplitude/mm +3
Pole disk speed/(r-min™") 480
Grinding time/min 40
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Fig.7 Schematic diagram of experimental workpiece:
a) inner wall of pipe; b) outer wall of pipe
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Fig.8 Comparison of surface morphology of welded tubes with or without vibration assisted grinding: a) original
surface; b) after no vibration assisted grinding; ¢) after vibration assisted grinding
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Fig.9 Surface topography and location of measurement points: a) surface topography and measurement points 4 of the
cut surface of the substrate; b) original surface topography and measurement point B; c) surface topography after
10min and point C; d) surface topography after 20 min and point D; e) surface topography after 30 min and point E;

f) surface topography after 40 min and point '
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Tab.2 Mass percentages of elementsin different positions
wt. %

Element C O S Cr Fe Mo Si Ni

A position 2.98 — — 13.63 67.09 1.01 049 —
B position 88.62 10.76 0.05 0.11 045 — — —
C position 29.24 5.03 0.02 0.13 0.18 — — —
D position 23.27 2.93 — 043 1.55 — — —
E position 11.2  2.05 0.15 1.03 4.04 — 0.17 0.70
Fposition 3.10 0.5 0.19 14.18 63.51 — 0.62 2.39
Note: "—" in the table indicates that this element is not detected.
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Fig.11 Residual stress diagram of weld surface before and after grinding: a) before grinding; b) after grinding
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