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Ultrasonic vibration-assisted magnetic compound fluid
polishing of microgrooves

WEI Jiuxiang, JIANG Chen, LIU Jian
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: For the technical problem of microgroove bottom finishing in microchannel hydrogen
production reactor, ultrasonic vibration assisted magnetic composite fluid (UMCF) polishing technology
were carried out. According to the surface contact theory, the influence of gas film at the bottom of the
microgrooves on the magnetic composite fluid (MCF) polishing was analyzed, and the surface quality of
the bottom of the microgrooves was improved by introducing ultrasonic vibration. The effect of UMCF
polishing on the bottom of microgrooves was investigated by experiments. The effects of MCF and
UMCEF polishing on the surface morphology, surface roughness and removal rate of the microgrooves
under different parameters were obtained. The results show that at the particle size of carbonyl iron
powder of 48 um, polishing time of 5 min, polishing wheel speed of 500 r/min, polishing gap of 2 mm
and amplitude of 5 pm, the polishing effect is the best. The top surface roughness of the microgrooves
reaches 0.217 um. The bottom surface roughness reaches 0.403 pym, and the removal rate is
4.74 mg/min. Experimental results provide guidance for ultrasonic vibration-assisted magnetic

composite fluid polishing of microgroove structure parts.
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Fig. 1 Measurement method of UMCF polishing
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Fig.2 Diagram of UMCEF polishing
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Fig.3 Schematic diagram of surface contact of MCF and

microgrooves
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Fig. 5 UMCEF polishing experimental setup
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Tab.1 Composition of MCF slurry

G Pl (Pri)

RIEDH[Fe(CO)s) 52%(15.6 g)

K (ALO;) 14%(5.2 )

ISR MR (585 F7K-+10 nm¥eA) 31%(9.3 g)
a-LFYER 3%(0.9 g)

Tab.2 Parameters of polishing

HESH HifE
PIEFE RS (OMEX 1R >R /mm) 40x20x10
PoCHAE T V/(r-min ) 300,500, 700
G E] #/min 3,5,7,10
HIERIBE A/mm 1.5,2,2.5
PAERBRIAE N/um 10,20, 30,48
EFEYRIE 4/um 5,15,25
HAIRBIAR fTHz 19000

3 RBELRMNITIE

3.1 AR RIE R AR SRR

H1 Young-Laplace J5 #2 n] M1, Al 4544 25 R i
JE 122 0IPE T . D T 4R TSR P AR sl Xl O ORI
FRRYSENE , TERE SN 1 mm BYSRAFT, BOE RIE TE
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Fig. 6 Surface roughness of the bottom surface
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Fig.7 Scanning electron microscope image of the microgrooves in MCF and UMCF
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Fig.8 Surface topography of the bottom surface in MCF and UMCF
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Fig. 9 Surface topography of the top surface in MCF and
UMCF
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Fig.10 3D topography microscope image of the microgrooves in MCF and UMCF
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