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Nomenclature

: The rotational velocity of the magnetic transporter [m/sec]
: Fluid viscosity [cP]

: Fluid density [kg/m’]

: The rotational velocity of fluid [m/sec]

: Proportional factor

. Earth gravity [m/s’]

: Magnetic force [N]

: Magnetic susceptibility

: Volume of the magnetic transporter [m’]

: The intensity of the magnetic field [A/m]
: Radius of the magnetic transporter [mm]

: Resistance force [N]

: Centrifugal force [N]

: The mass of the magnetic transporter [kg]
: Distance from center [mm]

: Magnetic flux density [T]

: Magnetic filed strength [A/m]

: Total magnetic flux [WD]

: Space permeability [H/m]

: Area of magnetized material [m’]

: Magnetic dipole moment [A/m?]
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: The magnetic permeability of the material [H/m]
: Cosine similarity

: Radius of the cylinder [mm)]

: Set of magnetic flux density distributions

: Magnetic flux density measurements

: Magnetic flux density simulation results

: Function for original image data

: Kernel function

: Compound coefficient

: The depth of a neural network

: Width of channel

: Resolution of image data

: Normalized contact time data [sec]

: Minimum contact time data for each region
: Maximum contact time data for each region
: Original contact time data

: Impulse [pN-s]

: Force acting on a magnetic transporter [N]
: Contact time [sec]

: Velocity before contact [m/sec]

: Velocity after contact [m/sec]

: Initial surface roughness [pm]

: Surface roughness after experiment [pm]
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Development of a Predictive Model for Rotational Finishing Characteristics of

Ni-Ti Alloy Using Neural Network and CSM

Yeo-Kyung Jung

Department of Mechanical Engineering, The Graduate School,

Pukyong National University

Abstract

For decades demands for small components requiring high precision have been
steadily increasing. Among them, the use of Ni-Ti alloy materials increases, and the
need to improve surface roughness that affects the performance and quality of
products is emphasized. However, the conventional finishing processing methods
were limited in the size and shape of the workpiece. Hence, this study presents a
magnetic transporter rotational finishing(MTRF) process using a magnetic field that
was not restricted by the shape of the workpiece. This study aims to explore the
optimal condition of the process parameter in the MTRF to improve the surface
roughness of Ni-Ti alloy.

The MTRF process simultaneously processes a plurality of complex-shaped
components using a flexible tool. However, it is not economical in terms of cost
and time to find the optimal surface finishing processing conditions by performing
numerous experiments with an expensive Ni-Ti alloy material to reduce surface
roughness. Hence, finite element analysis was employed to predict and score the

surface integrity by considering the movement of the magnetic transporter in

- ix -



proportion to the abrasive motion.

Since the magnetic transporter flow was affected by magnetic force, the magnetic
flux density distribution was simulated using the magnetostatic simulation. Surface
integrity was scored based on impulse, contact time, and contact distribution from
the transient structural simulation results. Also, image classification was conducted
by using a convolutional neural network(CNN) and the EfficientNet with compound
scaling method(CSM). This study is significant for applying a predictive model that
does not undergo trial and error to the simulation result image.

The prediction results of these networks were compared to evaluate the surface
integrity of Ni-Ti alloy in the MTRF process. As a result, the CSM model achieved
excellent performance for classification accuracy with 98.4% and 93.8% of train

datasets and validation datasets compared to the CNN model, respectively.
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Fig. 1.1 A flowchart for this study
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Table 2.1 Fixed conditions for magnetostatic simulation

Item Condition
Elements 21,931
Nodes 43,857
Acrylic Mesh size 10
Isotropic resistivity (ohm-m) 101.5
Isotropic relative permeability 1
Elements 20
Nodes 168
Nd-Fe-B
Mesh size 10
magnet :
Coercive force (A/m) 8.6739E+5
Residual induction (T) 1.19
Elements 70,124
) Nodes 110,821
Air
Mesh size 40
Isotropic relative permeability 1
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Fig. 2.4 The magnetic flux density on the cylinder plate
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Fig. 2.5 The distribution of magnetic flux density
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Fig. 2.6 Different vector modeling spaces using cosine similarity
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Fig. 2.10 Deep learning framework
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Fig. 2.11 Basic architecture of convolutional neural network algorithm
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Fig. 2.13 Scaling method of convolutional neural network
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Fig. 3.1 Area of interest in the finite element model
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Table 3.1 Properties of Ni-Ti alloy

Properties Value
Density (g/cm’) 6.45
Young’s modulus (GPa) 30
Poisson’s ratio 0.33
Yield strength (MPa) 195
Ultimate tensile strength (MPa) 895
Elongation of failure (%) 2
Table 3.2 Properties of STS304
Properties Value
Density (g/cm’) 8.00
Shear modulus (MPa) 77,000
Poisson’s ratio 0.29
Yield strength (MPa) 215
Ultimate tensile strength (MPa) 505
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Table 3.3 Fixed conditions for simulation

Parameter Condition
Material Ni-Ti shape memory alloy
Workpiece Interest area(mm?) 64
Mesh size(mm) 0.25
Magnetic Material STS304
transporter Shape Sphere-shaped
Step end time(sec) 0.01
Initial distance from workpiece(mm) 1

Distance from center(mm) 60~70

Distance from base plate(mm) 1~3
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Table 3.4 Nodes and elements of simulated model

Items Nodes Elements
Workpiece 7,230 1,350
Base plate 5,299 900
0.5mm 409 201
Magnetic
0.8mm 366 178
transporter
1.0mm 382 184
Table 3.5 Simulated factor and level
Level
Factor
1 2 3
Diameter of
] 0.5 0.8 1.0
the magnetic transporter(mm), A
Rotational Range 50~900 900~1,800
velocity(rpm), B Increment 50 100
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Fig. 3.2 Force diagram on the magnetic transporter in simulation

- 48 -



Table 3.6 Scoring criterion range

Score
Factor
-1 0 1
Contact time(msec), C - 0=<C<l 1<C
Distribution, D - 0.5<D<1 0<D<0.5
Impulse(N-s), F 0.10<F 0<F<0.02 0.02 <F<0.10

Score

Max. score

Min. score &8-S

—&— (0.5mm

300 600

900 1200 1500 1800

Rotational velocity (rpm)

Fig. 3.3 Image score of surface finishing process
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Table 3.7 Score data based on simulation results
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Fig. 3.4 Surface integrity by the diameter of magnetic transporter
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Fig. 3.6 Surface integrity by the rotational velocity
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Table 4.1 Fixed conditions of the CNN model

Parameter Condition
Shape (75, 75)
Input image
Color 3
Validation split 0.20
Dropout ratio 0.25
Batch size 3
Epoch 71
Kernel size (3, 3)
Pool size (2, 2)
Activation function ReLU, Softmax
Padding Same
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Table 4.2 Fixed conditions of the CSM model

Parameter Condition
Shape (75, 75)
Input image
Color 3
Data split ratio IR
(Training : Validation : Test)
Dropout ratio 0.2
Batch size 3
Epoch 71
a, B,y 1.0, 1.0, 1.4
Data augmentation Rotation 180 °
Activation function Swish
Padding Same
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Fig. 4.2 Learning graph of the CSM model
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Photo. 4.1 Surface roughness tester
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Fig. 4.4 Measuring points on workpiece
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Table 4.3 Experimental verification at optimal and arbitrary condition

E . Experiment condition Surface roughness
Xperiment
. after MTREF,
1 1.0 250 0.08
2 0.8 1,500 0.14
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