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Rotating Magnetic Field
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Abstract: The inner surface defects of the hydraulic pipe can cause vibration and noise. To solve the problem and improve the
reliability of the hydraulic oil circuit, the magnetic field strength with different tapers were analyzed by Ansoft Maxwell
software, and the optimum taper size of the magnetic concentrator was obtained. The rotating magnetic field formed by the
circumferential arrangement of N-S-S-N four magnetic poles was driven by a six-degree-of-freedom manipulator, and the
cylindrical auxiliary magnetic poles filled with magnetic abrasives inside the bend pipe were grinded for 30 minutes to quickly
remove the groove and fish scale texture inside the bend pipe. The rotating magnetic field drived the magnetic abrasive grains
to continue grinding for 45 minutes and the internal surface roughness of the straight pipe section was reduced from Ra 0.48 pm
to Ra 0.12 um. The internal surface roughness of pipe bending was reduced from Ra 0.67 pm to Ra 0.13 pm, finishing the inner
surface of the 6061 aluminum alloy elbow. Vibration tests show that the bend acceleration decreased from 0.3059 m/s* to
0.1899 m/s? after grinding when the vibration frequency is 2482 Hz. The amplitude and noise are also significantly reduced,
and the stability of hydraulic oil circuit is significantly improved. It is proved that finishing the bend pipe surface is beneficial
to reducing vibration and noise, and improving the performance of operational reliability of hydraulic conduit.
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Fig.1 Hydraulic pipe and typical failure cases
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Fig.2 Schematic diagram of inhomogeneity for inner and outer
bend pipe caused by different stress
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1—Magnetic stand; 2—Workpiece; 3—Device forming magnetic field;

4—Servo motor; 5—Manipulator; 6—Servo driver; 7—Touch screen;
8—Computer system; 9—Manipulator control cabinet; 10—Manipulator
control panel; 11—Small belt pulley; 12—Big belt pulley
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Fig.3 Magnetic grinding system on the inner surface of the bend
pipe by a six-degrec-of-freedom manipulator
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1—Workpiece; 2—Rotation direction of magnetic pole; 3—Magnetic yoke;
4—Magnetic abrasive grains; 5—Magnetic pole; 6—Magnetic pole head
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Fig.4 Working principle diagram of grinding internal surface on
bend pipe by rotating magnetic field
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Fig.6  Magnetic pole heads with different taper
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Fig.7 Analysis on magnetic induction intensity of magnetic heads with different taper
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Table 1 Experimental conditions for grinding internal surface of
6061 aluminum alloy bend pipe

Experimental factor Parameter

6061 aluminum pipe
(OD: @ 10mm, ID: & 7 mm)
Nd-Fe-B: 15 mmx15 mmx
10 mm (Rectangle)
Q235: 15 mmx15 mmx
10 mm, Taper: 25°
Nd-Fe-B: @2 mmx3 mm
(Cylindrical)
Average particle size:
150 yum, 10 g

Workpiece

External magnetic pole
Magnetic pole head
Auxiliary magnetic pole

Magnetic abrasive

Grinding fluid Water base grinding fluid, 10 mL
Magnetic pole rotation speed 800 r/min
Magnetic pole moving speed 6 mm/mm
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Fig.8 Change of roughness at straight pipe and bend pipe
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(b) Cylindrical auxiliary pole grinding 30 min

(c) Magnetic abrasive grinding 45 min
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Fig.9 Morphologies of inner surface at the straight pipe section before and after grinding



5 1] Wi, 5. SETHERRIAN 6061 §14 4 5 IR IR T 79
FEVE R AT REVE o SR FH R E G AR R A, (H IR hy 2482 Hz B, JNE N 0.3059 m/s?, & 11(c)

Lab VIEW %4l REE R4 I3 T MATLAB X257
TF B 7 I B S P RT3 P 0 15 5 R A TR A o A5 IR
i o3 TR S A R A A i v A 11 5 [ Ak
LA AL 5 A O Ak o U R TR
W, AR 39.2 L/min, A HJE 8 5 MPa,

WA 11(a) FE 11(b) Bios, BFE TS S

A 11(d) Fos, BEES IS S a3l 2482 Hz
mF, ANEEEE N 0.1899 m/s>. % S B 5 N 2
T, VRO A 0 R N, R E, PR3
TRAER /DS, E— 2 IR T 3% T e 5% e W A B8 I 1)
BENRM R EV D EGE, WEE B TERE
EVSOIE R TE =T

(a) Original surface

& 10

(b) Cylindrical auxiliary pole grinding 30 min

AT AL TP RS PN R T ) RO AR

(c) Magnetic abrasive grinding 45 min

Fig.10 Morphologies of inner surface at the bend section before and after grinding
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Fig.11 Time domain and amplitude-frequency diagram of bend pipe before and after grinding
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