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Special-shaped Pipe of Nickel Based Alloy GH4169 by Ultrasonic
Assisted Magnetic Abrasive Finishing

CHEN Yan, ZENG Jiaheng, HU Yugang, WU Changhai

(School of Mechanical Engineering & Automation, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: This investigation aims to solve the problem of difficult and uneven grinding by using ultrasonic assisted magnetic
abrasive finishing (UAMAF) in the nickel-based alloy GH4169 with tube shaped inner wall. The effects of spindle speed,
machining gap, ultrasonic frequency and ultrasonic amplitude on the surface quality of the special-shaped tube inner wall were
analyzed under the condition of UAMAF. The test was carried out under the processing conditions of ultrasonic axial
frequency of 19 pm, an amplitude of 19 um an spindle speed of 1000 r/min, an average particle size of 250 um of magnetic
abrasive grain, and 2 mm machining gap. Results show that after 30 minutes of processing, the surface roughness of the inner
wall of the pipe was reduced from the original Ra 2.4 um to Ra 0.31 pum. Addition of a cylindrical auxiliary magnetic pole
inside the pipe fitting causes the inner and outer magnetic poles form a closed magnetic field loop thereby increasing the
magnetic field force. The vibration from the auxiliary magnetic pole is connected with the high-frequency axial ultrasonic
vibration. It causes the magnetic abrasive particle adsorbed on the magnetic pole scratch to grind the inner surface of the pipe
under the combined action of the rotary motion and the axial high-frequency vibration. Due to the cross-complication of the
grinding trajectory, the surface quality and surface roughness of the inner wall of the tube are significantly improved. The
residual stress on the inner wall surface of the pipe changes from tensile stress of +52 MPa to compressive stress of —48 MPa,
and the surface stress state is improved.
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1—Power interface; 2—Transducer; 3—Magnetic pole; 4—External magnetic
pole frame; 5—Feed direction; 6—Collector head; 7—Workpiece rotatior
direction; 8—Workpiece; 9—Abrasive particles; 10—Auxiliary pole
11—Slender pole; 12—Cylinder clamp; 13—Amplifier pole
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Fig.1 Working principle diagram of ultrasonic assisted magnetic
abrasive machining
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1—Collet; 2—Horn; 3—Ultrasonic oscillator; 4—Three jaw chuck of
machine tool; 5—Workpiece;6—Slender rod; 7—Poly magnetic head;
8—Magnetic pole; 9—Machine tool holder
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Table 1 Test condition of compound machining

Parameter Value

Magnetic pole (Nd-Fe-B permanent magnet) @ 6 mmx15 mm

Particle size of magnetic abrasive, D / pm 150+ 250 420

Ultrasonic amplitude, 4 / pm 12, 16, 19

Ultrasonic frequency, f/ kHz 12, 16+ 19

Spindle speed, v/ (r-min™") 800, 1000. 1500

Machining gap, H / mm 2
Processing time, ¢ / min 30
Abrasive fluid, L / mL 3
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Fig.3 Track of magnetic pole movement in numerical control programming
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surface roughness
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