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A study on material removal characteristics of MR fluid jet polishing
system through flow analysis

Bong-Cheol Sin' - Dong-Wook Lim' - Jung-Won Lee’

Department of Mechanical Engineering, Inha University'
Department of Automotive, Yeoju University’
(Received August 05, 2019 / Revised September 26, 2019 / Accepted September 30, 2019)

Abstract: Fluid jet polishing is a method of jetting a fluid to polish a concave or free-form surface. However, the fluid
jet method is difficult to form a stable polishing spot because of the lack of concentration. In order to solve this problem,
MR fluid jet polishing system using an abrasive mixed with an MR fluid whose viscosity changes according to the
intensity of a magnetic field is under study. MR fluid jet polishing is not easy to formulate for precise optimal conditions
and material removal due to numerous fluid compositions and process conditions. Therefore, in this paper, quantitative
data on the factors that have significant influence on the machining conditions are presented using various simulations and
the correlation studies are conducted. In order to verify applicability of the fabricated MR fluid jet polishing system by
nozzle diameter, the flow pattern and velocity distribution of MR fluid and polishing slurry of MR fluid jet polishing
were analyzed by flow analysis and shear stress due to magnetic field changes was analyzed. The MR fluid of the MR
fluid jet polishing and the flow pattern and velocity distribution of the polishing slurry were analyzed according to the
nozzle diameter and the effects of nozzle diameter on the polishing effect were discussed. The analysis showed that the
maximum shear stress was 0.45 mm at the diameter of 0.5 mm, 0.73 mm at 1.0 mm, and 1.24 mm at 1.5 mm. The
cross-sectional shape is symmetrical and smooth W-shape is generated, which is consistent with typical fluid spray
polishing result. Therefore, it was confirmed that the high-quality surface polishing process can be stably performed using
the developed system.
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Fig. 1 A photograph of the used MR fluid jet polishing system.
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Table 1 Specification of the MR fluid jet polishing system.

Ma%‘ézuc | 1500 Gat 15 A
Electromagnet syst uss
Size (mm) Z70x120
Diameter (mm) 715, 1.0, 0.5
Electromagnet system| Length (mm) 70
. Carbon steel
Material (SM45C)
Pump type Diaphragm pump
Hydraulic system
Max. pressure (bar) 15
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Fig. 2 Mechanism of MR fluid jet polishing.

Table 2 Main components fo MR fluid jet Polishing system
@ P @ B:
O : @ d :
u
D

Pressure Magnetic field

Angle of nozzle Position of nozzle

: Viscosity of MR fluid ® V : Velocity of MR fluid

: Diameter of MR fluid d, :  Stand-off distance
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Table 3 Process parameters of MR fluid jet polishing(2)
Workpiece Modulus of

m, : Mass of injection particles E : clastcity
n(v): Poisson's ratio H : Workpiece Hardness
oy : Density of abrasive Workpicce Dersity

particles in injection fluid © °
Injection velocity of the

Cocfficients determined

Y abrasive particles 15 8 by experiment

. Huching model . .
Ki: Cocfficient Ky: Sheldon model Coefficient
Ke: Fracture toughness U Gritical speed for the

material removal
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