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Methods for Fault Diagnosis in Mechanical Systems based on
Deep Learning in the Absence or Class Imbalance of Fault Data

KEYWORDS: Class imbalance (Z22fA £75

M, 2GR, o|4a>
Yongjae Jeon', Young Woon Choi', and Sang Won Lee?*

} (Department of Mechanical Engineering, Graduate School, Sungkyunkwan University)

St}
MEEtistn 7| AIZSHE (School of Mechanical Engineering, Sungkyunkwan University)
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), Anomaly detection (O|AHEFX]), Industrial data generation (AH2] H|O|E{ A4Ad),

Auto-encoder (R EQITH), Generative adversarial network (RICHE] AfAd AlZ4at)

Deep learning-based fault diagnosis systems for prognostics and health management of mechanical systems is an active
research topic. Notably, the absence and class imbalance of fault data (insufficient fault data compared to normal data)
have been shown to cause many challenges in developing fault diagnosis systems for the manufacturing fields.
Therefore, this paper presents case studies using deep learning algorithms in the absence or class imbalance of fault
data. Auto-encoder-based anomaly detection method, which can be used when fault data is absent, was applied to
diagnose faults in a robotic spot welding process. The anomaly detection threshold was set based on the reconstruction
error of trained normal data and the confidence level of the distribution of normal data. The anomaly detection
performance of the auto-encoder was verified using non-trained normal data and three sets of fault data through the
threshold. As a case study for insufficient fault data, synthetic data was generated based on cGAN and applied to
diagnose fault of bearing. Using the imbalanced dataset to generate synthetic fault data and to reduce the imbalance
ratio, it was confirmed that the accuracy of the synthetic data generation-based 2DCNN fault diagnosis model was

improved.
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Sensor Setup Position

Fig. 1 Robotic spot welding monitoring system

Table 1 Information on failure mode

Failure mode Description

Angular misalignment  5° between specimen and electrode tip

Electrode tip wear Tip area >19 mm?

Shunting effect 109 mm welding space

Table 2 Spot welding parameter settings

Welding current [KA] 5.5
Electrode force [kgf] 150
Welding time [sec] 0.2167 (13 cycles)
Holding time [sec] 0.25 (15 cycles)

3.1.1 A R Oole & =A
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Fig. 2 Spot welding sensor data

Table 3 Architecture and hyperparameters of the Auto-encoder

Encoder Decoder

First layer 1D conv.
Second layer Max pooling

Third layer 1D conv. 1D conv. transposed

for all layers

Fourth layer Max pooling

Fifth layer 1D conv.

Num. of filters 32,128,512 512,128, 64,32,3

Num. of kernel size 3 for all layers 4,3,5,3,5

Num. of strides 3 for all layers

ReLU for all layers,

Activation function . .
Sigmoid for Decoder’s last layer

Epochs 1,000
Batch size 32
Optimizer Adam (Learning rate = 0.001)

Loss function Mean Absolute Error (MAE)

Table 4 Z-score and threshold for each confidence level

Confidence level Z-score Threshold
0.9 1.65 U+t ox1.65
0.95 1.96 U+t ox1.96
0.99 2.56 Ut ox2.56

Decoder:= 1D Convolution Layer® 4 =] 1t}. Encoderol| A=
37l2] Convolution Layer?} 27J2] Max Pooling LayerS =3
A dlolg ol 54 HESH HolE 9] AHdS ST
o] =A% HolEl= Decodero| Al 57]2]  Transposed
Convolution LayerE 7| * & d|o]E e} FASHA Aol E<
ot 91 A8t Zo] AA1E Auto-encodere] 3 Bl Slo]wup
2} 8 = Table 32} 2t}

sholis 4 Hlole] 25071 ARgelgen] st Folis
GolE|S BeUg F HELoAE F3) Thresholds: 24}
A= Loss $9} =U3t Mean Absolute Error= AJAFSH
NG AT SO Table 4olH2] HTFEE Aol
Z-Scoreo]| 2]A3}d 0.9, 0.95, 0.99¢] 5= Threshold
SAct. s Threshold 715 Sk Hlo|E o] 283t ehei= 96.

)

iﬁ;
WH

Ofl

1
o 2 r

Probability Density Function

= Train
== Normal

2500 B shunt Effect
= Misalignment

2000

0.006 0.007
Reconstruction Error

Fig. 3 Histogram of reconstruction and thresholds

Table 5 Accuracy of the anomaly detection model

Threshold (Confidence level)

Failure mode

0.9 0.95 0.99
Normal [%] 92 96 98
Misalignment [%] 96 94 34
Electrode tip wear [%] 96 94 48
Shunt effect [%] 100 98 86
Average [%] 96 95.5 66.5

98.4, 98.8%= EAJ5o] 0.92} 0.95 Threshold= o] 24 7|22
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Fig. 4 Bearing simulator and sensor attachment [17] (Adapted from
Ref. 17 on the basis of OA)

Table 6 Configuration of class imbalance dataset

Fault mode Number of data Damage type
Normal 500 None
Ball 25 1-line scratch
Cage 25 Crack
Outer 25 2-line scratch
Inner 25 2-line scratch

Vertical

STFT,
* Normalize,
Horizontal Resize

Frequency(Hz)

64 X64X3

o ! Time(sec) *

Fig. 5 STFT-based preprocessing (Applied to normal data)

Table 7 Parameter settings for STFT

Window size 400
Overlap size 80
Frequency range [Hz] 1-400
Normal Ball Cage Outer Inner

: Real Data Condition (5D)
: Fake Data Condition (5D)
: Noise (32D)

Generator

Fig. 6 Architecture of the cGAN model
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Table 8 Architecture and hyperparameters of the cGAN model

Generator Discriminator
Conv. layer Strided transposed conv. Strided conv.
Pooling Not used
Activation Leaky ReLU (& = 0.2) for all conv. layers,
function Sigmoid for discriminator’s last layer
Stride 2,2
Kernel 3,3
Epochs 1,000
Batch size 100
Optimizer Adam (Learning rate = 0.0002)

Table 9 Configuration of augmented class imbalance dataset

Fault mode Number of real data Number of fake data
Normal 500 None
Ball 25 75
Cage 25 75
Outer 25 75
Inner 25 75

cGAN mdlo] 122 AASTE AR Al & go]& gl
Latent SpaceZ o]-g5t0] Aol 4Lt dlolE g AAsH=R,
TR A HolEist AAZE AR Hlols % e o
373 tlolel 5 st Sk E itk
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32
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Fig. 7 Architecture of 2DCNN and c¢GAN-2DCNN diagnostic
model
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Fig. 8 Confusion matrix of 2DCNN and cGAN-2DCNN diagnostic
model

A3

oA WS =R 83 Aol A dlofE FAf A
ARG sl AT 8 T AE Al dolEe] 1D
Convolutional Layer 7|5t2] Auto-encoderE Z]-835}%1L, HA)
glo|g o] BHexE 7|Ee R A F7HH ThresholdE 475}
Atk o] % skl /\F‘lﬂxl o A4 TlolE et 1% HlolElE

OH OI"J‘%XI g o] "é

olr

fljo

b}
olN
o
2
)

A %} 94
W 4% 4 dolEE STFTS sjko2 ofulatsieiet. o
2 cGAN mdlo| sh&dtel 7hgel 14 dloleg A4k
AA) 2 A dloleE o]-g3tel 2DCNN 74k 1gZlg wel
=l dole B4 B B Al Aol BEL A 4F
shsiet.



May 2023 /351

ACKNOWLEDGEMENT

o] A= 20165, 20208 tHAESSART B A7l

B7REEA(KEIT)  +te] x|l &gt A+ (10073196,
20012807).
REFERENCES

10.

11.

Schélkopf, B., Williamson, R. C., Smola, A., Shawe-Taylor, J.,
Platt, J., (1999), Support vector method for novelty detection,
Advances in Neural Information Processing Systems, 12, 582-
588.

Marti, L., Sanchez-Pi, N., Molina, J. M., Garcia, A. C. B,
(2015), Anomaly detection based on sensor data in petroleum
industry applications, Sensors, 15(2), 2774-2797.

Liu, F. T, Ting, K. M., Zhou, Z.-H., (2012), Isolation-based
anomaly detection, ACM Transactions on Knowledge Discovery
from Data (TKDD), 6(1), 1-39.

Jahan, 1., Alam, M. M., Ahmed, M. F.,, Jang, Y. M., (2021),
Anomaly detection in semiconductor cleanroom using isolation
forest, Proceedings of the 2021 International Conference on
Information and Communication Technology Convergence
(ICTC), 795-797.

Sakurada, M., Yairi, T., (2014), Anomaly detection using
autoencoders  with  nonlinear  dimensionality  reduction,
Proceedings of the MLSDA 2014 2nd Workshop on Machine
Learning for Sensory Data Analysis, 4-11.

Malhotra, P., Ramakrishnan, A., Anand, G, Vig, L., Agarwal, P,
Shroff, G, (2016), LSTM-based encoder-decoder for multi-sensor
anomaly detection, arXiv preprint arXiv:1607.00148.

Tayeh, T., Aburakhia, S., Myers, R., Shami, A., (2022), An
attention-based  ConvLSTM  autoencoder with  dynamic
thresholding for unsupervised anomaly detection in multivariate
time series, Machine Learning and Knowledge Extraction, 4(2),
350-370.

Li, K., Zhang, W.,, Lu, Q., Fang, X., (2014), An improved
SMOTE imbalanced data classification method based on support
degree, Proceedings of the 2014 International Conference on
Identification, Information and Knowledge in the Internet of
Things, 34-38.

Wei, J., Huang, H., Yao, L., Hu, Y., Fan, Q., Huang, D., (2020),
New imbalanced fault diagnosis framework based on Cluster-
MWMOTE and MFO-optimized LS-SVM using limited and
complex bearing data, Engineering Applications of Artificial
Intelligence, 96, 103966.

Zareapoor, M., Shamsolmoali, P., Yang, J., (2021), Oversampling
adversarial network for class-imbalanced fault diagnosis,
Mechanical Systems and Signal Processing, 149, 107175.

Ali-Gombe, A., Elyan, E., (2019), MFC-GAN: Class-imbalanced

12.

13.

14.

15.

16.

17.

18.

dataset classification using multiple fake class generative
adversarial network, Neurocomputing, 361, 212-221.

Hinton, G. E., Salakhutdinov, R. R., (2006), Reducing the
dimensionality of data with neural networks, Science, 313(5786),
504-507.

Kingma, D. P., Welling, M., (2013), Auto-encoding variational
bayes, arXiv preprint arXiv:1312.6114.

Goodfellow, 1., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-
Farley, D., Ozair, S., Courville, A., Bengio, Y., (2020),
Generative adversarial networks, Communications of the ACM,
63(11), 139-144.

Radford, A., Metz, L., Chintala, S., (2015), Unsupervised
representation learning with deep convolutional generative
adversarial networks, arXiv preprint arXiv:1511.06434.

Gauthier, J., (2014), Conditional generative adversarial nets for

convolutional face generation. https://www.foldl.me/uploads/

2015/conditional-gans-face-generation/paper.pdf

Lee, C. H., (2023), A study on data processing and transfer
learning methods for robust bearing fault diagnosis, M.S.
Thesis, Sungkyunkwan University. http://www.riss.kr/search/
detail/Detail View.do?p_mat_type=be54d9b8bc7cdb09&control no
=0f18e849aaab4826ffeObdc3ef48d419

Fernandez A., Rolling element bearing components and failing
frequencies. https://power-mi.com/content/rolling-element-bearing-
components-and-failing-frequencies

Yongjae Jeon

Ph.D. candidate in the Department of
Mechanical Engineering, Sungkyunkwan
University. His research interest is prognos-
tics and health management for smart manu-
facturing.

E-mail: rhrhgudwp@g.skku.edu

Young Woon Choi
Ph.D. candidate in the Department of
Mechanical Engineering, Sungkyunkwan

University. His research interest is prognos-
tics and health management for smart manu-
facturing.

E-mail: woonathome@g.skku.edu

Sang Won Lee

Professor in the School of Mechanical Engi-
neering, Sungkyunkwan University. His
research interest include prognostics and
health management (PHM), cyber-physical
system (CPS), additive manufacturing, and
data-driven design.

E-mail: sangwonl@skku.edu






taHUZSHSIX| M40 X535 pp. 353-360 May 2023 /353
. Korean Soc. Precis. Eng., Vol. 40, No. 5, pp. 353-360 http://doi.org/10.7736/JKSPE.023.016
ISSN 1225-9071 (Print) / 2287-8769 (Online)

[ ron

‘S8 = xISE-uzsE ERikl=E CIXIETHE s
ZLUCHE flet SAAME S7|2E Fetes 2 iR

A Study on the Finite Element Model of a Permanent Magnet Synchronous
Motor for Fault Diagnosis

OIS, 2ME', "', 27|18"2# MHZRE, MAS®
Hyunseung Lee', Seho Son', Dayeon Jeong', Ki-Yong Oh"2# Byeong Chan Jeon®, and Kyung Ho Sun®

ro

ot

[=]

g

o

gm |

]

87

=Skt (Department of Mechanical Convergence Engineering, Graduate School, Hanyang University)
2 Stefrhstu 7|AZSHE (School of Mechanical Engineering, Hanyang University)

3SR |AHATR AJAE CHO|LtalA SH51A! (Department of System Dynamics, Korea Institute of Machinery and Materials)
# Corresponding Author / E-mail: kiyongoh@hanyang.ac.kr, TEL: +82-2-2220-3116
ORCID: 0000-0003-2895-4749

KEYWORDS: Permanent magnet synchronous motor (Z-2XH4% &7 |2 Ef), Finite element method (-8t 4AH), Electromagnetic analysis (X1Xt7 | 5iAd), Fault diagnosis (72} XITH)

This paper proposes a high-fidelity finite element model of a permanent synchronous motor (PMSM) to predict electromagnetic
responses. The proposed method aims to generate electromagnetic responses from the PMSM under various operational
conditions—including normal and faulty conditions—by coupling several partial differential equations governing the
electromagnetics of a PMSM. The rotor eccentricity is considered to be a representative fault of a PMSM, which has
electromagnetic characteristics that differ from the healthy state of a PMSM. Note that eccentricity is the most frequent fault
during PMSM operation. Therefore, the proposed model could replicate the defected torque responses of an actual motor
system. The effectiveness of the proposed model is validated using measurements from a PMSM test bench. Quantitative
comparison reveals that the proposed model could replicate both the transient- and steady-state torque responses of the PMSM
of interest at a variety of operational conditions, including a faulty status. The proposed model could be used to generate virtual
electromagnetic responses of a PMSM, which could be used for data-driven fault detection methods of electric motor systems.

Manuscript received: February 10, 2023 / Revised: March 10, 2023 / Accepted: March 13, 2023

1. M2
NOMENCLATURE
J = Current Density 2|, 2| 3 2A| sl el cheel Ake] Hofolla] A
A = Magnetic Vector Potential etk oA A7) BE ARgo] WA SISkl vt thefeh A
B —  Magnetic Flux density 71%E & JHAAE 575 E (Permanent Magnet Synchronous
o — Maxwell Stress Tensor Motor, PMSM)= lr’f% ouA a& 4 &9 U=E 2= 44
u — Magnetic Permeability gZoll A71AsAF A S EARE TRt A Eokel A 2
S — Length of the Air Gap with Eccentric Rotor AL Qlk. FAAE F71EE o] tiRt Aol SRl wheh &
A = Air Gap Permeance g &8 4, B2 2E 9 2E A 5 dEitoke] gk At
F _ Magento Motive Force 7F A&A oz AFE o] gom[1,2], YFAAT T HE AR

apo] Z7kelol whet oy R FasH BAR thslm ek
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(b) 2-D finite element mesh of PMSM
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(c) Mesh convergence of the model

Fig. 1 PMSM used for experiments and finite element model
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Table 1 Specification of PMSM FE model

Specification Value
Number of slots 18
Number of poles 8
Length of air gap [mm] 1
Diameter of stator [mm] 50
Diameter of rotor [mm] 18
Number of coil turns 10
Coil winding Distributed winding
Remanent magnet flux density [T] 1.47
Type of permanent magnet Neodymium
Type of rotor Iron
Type of stator Soft iron
Type of coil Copper
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Fig. 2 Magnetic flux density profile of PMSM FE model
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Table 2 List of various operating condition of PMSM experiment

Operating condition Demonstration
No load 60 RPM with no load
Speed varying from 60 RPM to 600 RPM
Load varying from no load to 0.4 Nm
Braked brake during operation
Eccentricity eccentric rotor with no load
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Adaptive Control of Grinding Process based on Grinding Force for
Removing the Coating from an Enameled Copper Wire
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A hairpin motor is a type of motor that is used for driving an eco-friendly car. Unlike a conventional coil-winding
motor, hundreds of hairpins formed by an enameled copper wire with a rectangular cross section comprise a stator to
improve the driving efficiency by maximizing a coil drip rate. With the increased use of the hairpin motor, there has
been an increased interest in manufacturing techniques and automated systems of the hairpin motor. Enamel coating
removal is one of the major processes of hairpin motor production; enamel coating at the end of the hairpin should
be removed to connect the hundreds of hairpins by using the welding process. Grinding is one of the machining
processes used for removing the enamel coating. This study proposed an adaptive control method for the grinding
process to improve the efficiency and quality of the enamel coating removal process. Grinding depth is maintained
during machining by controlling the vertical position of the spindle based on driving torque. A lab-scale grinding
machine including a sensory system for adaptive control is developed and used to verify the performance of the
proposed method.
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This research developed a CAM S/W, which generates an adaptive 5-axis tool path, to optimize the quality of Direct
Energy Deposition (DED) 3D printing. After reconstructing part shapes and generating printing paths in each shape, the
path simulation including automatic collision detection was implemented. Productivity and printing quality were improved
through equipment improvement and process optimization. In addition, high-quality parts with desirable physical and
mechanical properties were produced by generating an adaptive 5-axis path specialized in the printing process that reflects
various physical phenomena and monitoring results. Finally, the performance of CAM S/W was verified through the
production of prototypes for industrial components.
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Currently digital transformation has a huge impact on human lives. Digital transformation does not just mean a
transformation of a (non-) physical element to a digitally identifiable element. It focuses on the utilization of digital
technology for transforming (improving) procedures or routines of business and operation. The manufacturing industry has
been adopting the most recent digital technology, and lots of digital data are being created. To utilize the stored data, data
analysis is essential. Because the manufacturing data is created in a different format at every manufacturing step, the
integration of the data is always the bottleneck of the data analysis. Querying of the right data at the proper time is
fundamental for high-level data analysis. The digital thread is introduced to provide the inter-reference of digital data based
on a context. This paper proposes a digital thread framework for the machining process. The context of the proposed
framework consists of the questions of how the product will be machined, how it is (was) being produced, and how it was
made. A prototype software was developed to verify the proposed framework by implementing the creating, storing, and
querying modules for simulation, monitoring, and inspection data.

1. ME

421 AT COVID1Y Hed] 5 At koA Az
Abdell A% M3t @571 Qlojgkar, 1 F4loll HAIEsrt QL
tH1]. gAE H2ZH(Digital Trans-formation)}> AR} Z3FH,
A H A Ve 23S Tl SUE BiskE Sdbte] ditS
Mddte AL HREE ohs Y9 ZEA|ARE o= Utk
[2]. A= 4ol s pylo] WAE= A4, o d®2 1A 1
H7l HAE R AgEwA Al 49 s}, Asst 113
war Qe

oA g Aol 52 242l % (Informationy= TIA|E2He T
o]E](Digitalized Data, D)=5-¥|, %EAl(Communication}> A}AF

o)
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Agrom Az g0l Louel LAY BAW 5o B
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A(Entity)2 AR 02 Aok s Beld Azswn AR
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Fig. 6 Integration of virtual machining data with sensor signals
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#1391=MECHANICAL_DESIGN_GEOMETRIC_PRESENTATION_REPRESENTATION(",(#799),#1392);
-199'-smm_rrmr,(-m),vso7);

#807=MANIFOLD_SOLID_BREP(",#798);

s198=cL0SED,  SHELL(",(¥745,5746 #747,5748,8749,#750,8751, 8752, #753 €754,
#755,#756,#757,2758,2759,2760,2761,2762,2763,£764,2765 £766,£761 2768 2769,

#TTOXTT,#TI2ATT3 HTTARTTS #T168T71,8778, 477947804781, #7682, 8783 8784,
#785,2786,2787,2788,#789,2790,2791,2792,2793,2794,2795,2796,2797));

#4745 ADVANCED_FACE(" (#628,#629,4726,5);

#797=ADVANCED_FACE(",(¥724,5725).#744,F.);
v

#628=FACE_BOUND(",#530,T);

¥
#530=EDGE_LOOP(",(#176));

v
#176=ORIENTED_EDGE(",","#342,.F);

@ EDGE_CURVE("#425,7425,7492.T);

v »#1165=CARTESIAN_POINT(".(40.40.0.):
#425=VERTEX_POINT(",51166);

» #922=DIRECTION(",(0.,0,-1));
#1156=CARTESIAN_POINT(",(465,40,0));  #812=AXIS2_PLACEMENT_3D(",#1165,#922,#923); —» ¥923=DIRECTION(",(1.,1.22464679914735€-16,0.);

v
#492=CIRCLE(",#812,6.5);

Fig. 8 Reference system for 3D model definition in ISO 10303-
AP242

Table 1 Entities in ISO 10303-AP242 for obtaining geometrical
tolerance

Geometrical tolerance

Type with datum system without datum system

ANGULARITY_TOLERANCE  CYLINDRICITY_TOLERANCE
CIRCULAR RUNOUT TOLERANCE  FLATNESS_TOLERANCE
COAXIALITY_TOLERANCE  LINE_PROFILE TOLERANCE
Entity CONCENTRICITY_TOLERANCE  POSITION_TOLERANCE
PARALLELISM_TOLERANCE = ROUNDNESS_TOLERANCE
PERPENDICULARITY_TOLERANCE STRAIGHTNESS TOLERANCE
SYMMETRY_TOLERANCE  SURFACE PROFILE TOLERANCE
TOTAL_RUNOUT_TOLERANCE
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Project Info
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Fig. 12 Test steps and result for measuring straightness and
angularity of test pieces
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Fig. 13 Digital thread viewer (Inspection data)
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Drone is an innovative industry that can combine the application of various technologies in the fourth industrial era, such as
big data, artificial intelligence, and ICT. Although the synergy effects of these technologies will be great in various industrial
ecosystems, drones are vulnerable to gusts such as 'building wind' or 'valley wind'. Herein, the frequency domain of a mini
drone was identified and a model-based disturbance observer (DOBs) was applied to implement the drone robust
resistance against gusts. The frequency response of the Parrot Mambo or mini drone was measured with multi-sine
excitation and the system dynamic parameters were identified. Based on the identified model, DOBs were designed and
applied to the drone’s altitude, position, and yaw control. The effectiveness of the DOBs was verified with a sinusoidal
disturbance. With the model-based DOB, 84.5% of the drone altitude responses, 50.7% of x responses, 52.1% of y
responses, and 79.7% of yaw responses against sinusoidal disturbances were reduced. Flight responses were measured
against wind disturbances with changing speed and direction. With the model-based DOBs, the drone's altitude decreased
by 87.7%, the x position by 53.0%, the y position by 60.6%, and the yaw angle by 56.2%.

Manuscript received: November 17, 2022 / Accepted: December 27, 2022

NOMENCLATURE m - Mass

b = Thrust Coefficient s = Laplace Complex Variable

= Drag Coefficient I = Sampling Time
F, = Disturbance U = Motor Thrust for Unit Control Value
Fuis = Estimation of Disturbance U = Control Thrust Input of Altitude
f = Thrust Force of Motor Ug, Up, Uy = Control Torque Input of Roll, Pitch, Yaw
g = Gravity Acceleration X, 0z = Relative Position of Inertial Frame
gpos = Bandwidths of DOB Z = Z-transform Complex Variable
I, 1, I. = Rolling, Pitching, Yawing Moment of Inertia @, 0, ¥ = Roll, Pitch, Yaw Angle
J, = Rotor Moment of Inertia ®., 0., Y. = Control Input for Roll, Pitch, Yaw
K = Thrust Coefficient of DOB Qy = Total Angular Velocity of the Motor
/ = Length of Lateral Moment Arm of Drone R = Motor Torque

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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10} = Motor Angular Velocity
; = i" Value

n = Nominal Value
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Table 1 Physical parameters of the Parrot Mambo

Specifications Para. Unit Value
Mass m kg 0.063
Lateral moment arm / m 0.0624
Thrust coefficient b Ns? 0.0107
Drag coefficient d Nms? 0.78264 x 107
Rolling L kgm? 0.58286 x 10
Moment of  Pitching I, kgm? 0.71691 x 10™*
inertia Yawing L. kgm® 0.0001
Rotor J, kgm? 0.1021 x 107
z 1
G(s), = -
1
G = 2= =
0 (&)
G)p =777
Is
Gls)y = ¥ = 5
I, s

2.2 &8 EE Parrot Mambo
Parrot Mambo= 180 x 180 x 58 mm =7]2] 4% EEo|t}.
3% Jlemel 3% zolE2 :FE 649E IMU (Inertial
Measurement Unit) KA, 221} AlA], 7|9 AA, 120 x 160Z)
AT 60FPS Zhdelrt AzbElo]l Qitk. 3 Matlabx}b
Simulink 37|25 A|¥sto] =2 BlgY 2 Alo] dare]ES
Ak 4= glon] BEZEAE o]835}o] 0.005%0tc} AlA ARE
=23 4= QIT}H8]. Table 12 Parrot Mambo E29] 22| AH
= vehyic
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Fig. 2 Control system of the drone
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Table 2 Gain of excitation signals

Gain Single sine Multi-sine
Altitude [N] 7.5e-2 2.25e-1
Roll [rad] 6.3e-4 5.67e-3
Pitch [rad] 5.4e-4 4.86e-3
Yaw [rad] 3.0e-4 9.0e-4
3. Fil= SH
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Fig. 5 Bode plot of drone

Table 3 Magnitude, phase errors of system identification

Mag. error [%]

Phase error [%]

Single Multi Single ~ Multi

Altitude 16.89 34.49 3470  37.01
Roll 8.49 26.61 30.18 38.50
Pitch 21.02 26.25 33.68  34.25
Yaw 11.09 36.59 6.35 6.68
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Fig. 6 DOB structure of a drone controller [6] (Adapted from Ref. 6
with website)

Table 4 Sinusoidal disturbance removal rate of the drone W/T and

W/O DOB

Dir. BVI/S (Z W/ODOB  W/T DOB Rem‘[’;zl rate
Altitude [m] 1082 5382 83e3 84.5
X[m]  45le2  418¢2  2.06e2 50.7
Yim]  23%2  533e2 2552 52.1
Yaw [rad]  9.50e3  2.0le-1  4.08¢-2 79.7
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Fig. 9 Disturbance rejection results with a circulator

Table 5 Disturbance removal rate with a circulator

DOB Ooff On Removal rate [%]
Altitude [m] 9.17e-2 1.13e-2 87.7
X [m] 1.46e-1 6.86¢e-2 53.0
Y [m] 1.8%-1 7.45e-2 60.6
Yaw [rad] 4.84e-2 2.12e-2 56.2
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M.2 NVMe SSD (Non-Volatile Memory express Solid-State Drive), which have higher computational speed and reliability
than conventional devices, have come to be widely used. Recent studies have reported that M.2 NVMe SSD are beginning
to have thermal issues due to the increasing heat generation occurring with the high chip density and high-performance
operation in a limited space. Thermal issues in the controller and memory units of M.2 NVMe SSD lead to increased failure
rates and decreased data retention times. In this study, we propose a compact and optimized thermal solution for
commercial M.2 NVMe SSD installed between the mainboard and GPU (Graphic Processing Unit). A thermal and fluid
dynamics simulation of an M.2 NVMe SSD, including the heatsink, was performed, and the Genetic Algorithm method was

used to optimize the heatsink size.
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NOMENCLATURE
C, = Specific Heat at Constant Pressure
A% = Velocity
T = Temperature
Timax = Maximum Temperature
Tmin = Minimum Temperature
Tese = Case Temperature
W = Watt
L = Length
w = Width
(x) = Heatsink Fin Height
(y) = Heatsink Base Height
t = Heatsink Fin Thickness
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Table 1 Thermophysical properties of M.2 NVMe SSD components

. Thermal
Material ][?;/“;% 0 /k(;'iK] C({)\r;;i/lrlgtgity
Domain  Air 1225 1,00643 0.0242
Heatsink Al 2,719 871 2024
PCB FR4 2,719 871 02
CTRL Si 2,329 713 124
(é:i]r‘ Cu 8,978 381 387.6
NAND i 2,329 713 124
T\i’gi? ZEOS;‘; 1,800 1,209 0.7
DRAM Si 2,329 713 124
DCI:V:? E;aj;‘yc 1,800 1,209 0.7
Thlf:;al Silicone 3,100 713 2.9
Mainboard  FR4 2,719 871 02
Pillar Al 2,719 871 2024
Slot Al 2,719 871 2024

z X

m’b‘o‘o

0.1 mm7}4] 0.005 mm ZFHA2 2 3319t Meshes /5% 3l
Aol @Al MultizoneCZ A3, Mesh Z7]& M2
NVMe SSD¢] 7+ 34 92 227} £831= 0.105 mm=E 24 3}

Fig. 1 Schematic of M.2 NVMe SSD
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Table 2 Boundary conditions

Top surface T [°C] 93
Side surface T [°C] 522
Mainboard surface T [°C] 50.3
Inlet T [°C] 27
Inlet V [m/s] 0.672

(a) Mainboard surface (b) GPU slot surface

Fig. 3 Measurement temperature of IR camera
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Table 3 Design variables and constraint conditions

Optimization target CTRL T Minimization
Heatsink width w=22
Heatsink length L=280
Fin number Fin : 4-8
Fin height 1<(x)<4.7
Total height x)+(y)<5.7
4.75 [4Fin]
3.6 [5Fin]
Fin thickness 1<t< 2.83 [6Fin]
2.285 [7Fin]
1.875 [8Fin]

Fig. 5 Design variables of the heatsink
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Table 4 Optimization results

(x) [mm] t [mm] CTRL Tpax [°C]
4Fin 2.1 34 74.6
5Fin 3.73 2.7 68.2
6Fin 2.92 1.87 70.6
7Fin 2.19 1.55 73.8
8Fin 2.11 1.71 74.8
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O ot
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2 f
©
(0]
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s ——7Fin 8Fin
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Fig. 8 Temperature of each component depending on the number of
fin
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Fig. 9 Flow velocity contour in the monitoring plane
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APPENDIX

A1. Mesh S|&E HAE

Fig. A1 # 4 Mesh Z719] Parameter #toll W& 7 74 &
2ol 2% W3l Z#zolth 02 mmEE 0.1 mmZ7HA]l 0.005 mm
9 E Parameter 72 AR 3T A Mesh Z7]ol] W& A4
QA0 252 Hwd A7 0.115 mmPE 0.105 mm7H4] 03K
o2 2x7t FHIS ALt S 1AL o, Hai
Mesh 271 0.105 mm= A4 3t 2o g MeshE A4
skt

A2. 2|83} 21 Y AR TN 240 2E

Table Al GAS 2439 AHsts AL o) A% 24
249 252 UJeh)H, Fig. A2E old] @2 &% Exolt} 3
A3} A3}, Fine] 47t AL o) AlE A 249 Lxr) 7%
W7 JeEREO ™| 6Fin < 7Fin < 4Fin < 8Fin +=4 & Jeld),

Table A1 Temperature of detail components

CTRL DRAM NANDI1 NAND2
4Fin [°C] 74.6 72.6 75.9 76.4
SFin [°C] 68.2 66.6 70.0 70.6
6Fin [°C] 70.6 68.9 72.3 72.8
7Fin [°C] 73.8 71.9 75.2 72.7
8Fin [°C] 74.8 72.8 76.1 76.6
355
—— CTRL Temp.
354 —— DRAM Temp.
——— NAND1 Temp.
353 —— NAND2 Temp.

Temperature (K)

0.18 0.16 0.14 0.12 0.10
Mesh Size (mm)

Fig. Al Simulation results depending on the minimum mesh size
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High-frequency Heat Treatment Simulation of Park Gear considering
Coil Current Calculation and AlSI 1552 Phase Transformation
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KEYWORDS: High-frequency heat treatment (31} Ex{2]|), Park gear (Z=x}7]0{), Resonance RLC circuit (Z%! RLC &|2), Electromagnetic analysis (F1X}7 | %} 5ljAd),
Heat transfer analysis (Z71E} 5l4d), Metal phase transformation (AEHEH 5H4d)

This study performed high-frequency heat treatment experiments and simulations of the park gear of an automobile
transmission. The heating temperature and hardening depth were measured during high-frequency heat treatment.
Moreover, by applying the resonance RCL circuit, the current value of the coil during high-frequency heat treatment, the
electromagnetic and heat transfer material properties dependent on the temperature, and the phase transformation function
were all applied to the simulation. In the high-frequency heat treatment experiment, the heating temperature was 977.4°C
and the 1st direction hardening depth was 1.5 mm, the 2nd direction hardening depth was 3 mm, and the 3rd direction
hardening depth was 2.5 mm, and the reliability was verified by comparing the simulation heating temperature of 1,097°C
and the 1st direction predicted hardening depth of 1.6 mm, the 2nd direction predicted hardening depth of 2.8 mm, and the
3rd direction predicted hardening depth of 2.7 mm. The error rate of the heating temperature results was 12.2% whereas
that of the hardening depth results was 7.1%.
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Table 1 Experimental equipment for park gear high-frequency heat

treatment
Brand Model
High-frequency heating machine - 150 kW
Infrared thermometer InfRamax Gemini P4.0
Oscilloscope OWN HDS3102M-N
Micro Vickers hardness tester Mitutoyo HM-112

SURFACE HARDNESS
HRC 53-58

PATTERN DEPTH FOR
INDUCTION HARDENING

Fig. 2 Measurement temperature of park gear during induction
heating
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Table 2 Measurement hardening depth result of the park gear

1st direction 2nd direction 3rd direction

][)rre:;i }]l hardening depth  hardening depth  hardening depth

[HV] [HV] [HV]
0.05 626 614 610
0.10 622 624 602
0.20 627 630 617
0.30 626 626 622
0.50 621 622 618
1.00 623 625 605
1.50 523 616 603
2.00 598 626 592
2.50 603 499
3.00 584 402
3.50 338

Measurementi
section 1
-——

(b) Measurement section 2 in resonance tank

Fig. 3 AC voltage and the frequency measurement

(Resonance Tank)] 7|5 A|E](Z45:9] 1)} Fig. 3(b)2] 2
SR 2olA A W Fukig eAlRATEE A1gFle] &
4oisich. 2939 1ol4e] 0% 9 Faki= Table 314 LA
1 Eus 7*01 AC 840V, 19.77 kHzo|t}. ZX@H 204 0] A
I @l Zules= AC 90 V, 19.82 kHzo] ZAHATE Agic}. =

of BEE ARE AN S8 DT GEsld Ao

e o r°“

Table 3 Measurement results for the alternating current voltage and
frequency in measurement sections 1 and 2

AC voltage [V]
Measurement section 1 840 19.78

Frequency [kHz]

Measurement section 2 90 19.82

Ig=99A

Ic = 1,566 A

C=15yF
Measurement | - Measurement
section 1 — section 2

Transformer ratio
9.33:1

Vg =840V IVL—Zlgt?zvzsA
P; = 834 kW L

P =792 kW

Fig. 4 Parallel resonance RLC circuit of resonance tank

TS W¥E 2 RLC 3|20f| 2-gsqiet. Y8dy, AR,
RED —T—HJ(TQF ;L]JHA]Ei g2 15 uF~ Agsto] ¥E +4
o)

@u}. 44(1% ojo] ¢
3 AR A0k ﬂol At S0hme] 43
44(3)?4 ol At At AnAE o] st
371 $lste] Aok 7ol B AA(Q-factor) E=
A HARLE WA Te A6 Fsto] A
HFES AL 4= Qe Wg7]e] Al A7) o] AshAl

Elo] Aetyl FAof|Ao] At Agale] Akt mFut &
T7kg A|AEe] He G2 75%0|1 §Yr] ¢ 2lE sAle
S%O|ELE F HE-2 70%C]|TH11]. 2](8)2} o] ol Bax=
A= 10,228 AS ANESHYAL Fig. 4of ut frerbd Al
glo] e =0] WE 2 RLC 3|20 AXLet A= A5}
k.
1 6
L — = 4.316x10'H (1)
Q2nf)C
_ Pg 83400 _
by soa T 10A @
_ VC,rms _ 594 _
R = To. 140 4.243Q 3)
=R _r[C-
Q=507 = 2R RJ; 7.91 (4)
1 _
X, = Sl 0.5364Q (5)
v
IC_)T_QXIR 1,566A (6)
C



402 / May 2023

n=-£=22-933 7

I, =nxl.xn=933x1,566x0.7 = 10,228A ®)

4. 7171012 nFuf X2 A0l
4.1 I‘U(PIQ‘ ESieS =]

aFap A AlEeelde 4askr] flsiAle WA WA
5t mdlo] Waslrt. WA A —3— itz oR Way
k% w—.% 7lRow gt A7) 49w Al ok 4
1(15)9]. 71—0 L}E}LH A o]o:q 01 ] B=
Oll = A7) eolth. D Y B A4 W 9 WA
i I Je AR EES YEpdnh BarE AgtoA
RFAF FI4E | MHz 00k o Q91T oD/oks & 4
2 TARE o83t Aw Aume] wls) FAE 5 rk14]

ozi
N
j[.;
=)
H1 4

l_ﬂ.J_l

0D o §AL, BAL D A HERo|n 2wo] et a1
0w sk S4o] k.

D= ¢F )

E=uH (10)

J = oF (11)

AAZA A 71 BBl obiR gela) vlebas

%“394 /HE]{;} tﬂ/\g,] ol:Q_ %o] EH/\O_H \:IOI—Fg Al S S T

3}5}17] Q)8 Sadeghipour et al. [15]°]] 2J3f A|¢ke =}7] #E
A9l A9k A7) 2zt A9 5 =Y = ZFF Alo1A(Coulomb
Gauge) [16]12 2831 A7t 23} 249 AT 9o A|uf WA

A2 21(12), A(13)7} o] Lreict.
Vx(/lexA)—V(iV/i) tjocd+josp=0  (12)

v-(—jmc/i—)—v(ﬁm) +joch =0 (13)

4.2 GHZ 231 DY
ARV ARA] ARRE dofiA] Aol Felo] Hmli
W Alo] ALGEIE A(14)2} o] AT i QTR
. o MY, OF 9% HE Eek U Agelct. sl o
P s e T Abole] ddeke A(15)e) o] A
T 4 gtk oA T/ onS EWe] LETH, Tk F91e
= A(16), A7 2ol hEAS bR D B4 hE £

(

d

o oX

>

rﬁi‘ Hi

A Algoltt. o= AHT-E=1H(Stefan-Boltzmann)
]_

= o
[e) =
Golud, e WARE, F GBARe] 242} Qlgjolet.

o,

oT

V-(AVD)+Q = pcat

(14)

20T WT-T,) (15)
on
= h,+h, (16)
hy = 0y (T + T.)(T+T,) (17

4.3 ARHE) 25H8 oo

Qo] E5} -2 BHAL WEfol uji: FAlo] UubH o
AFLEITE GETLe A] Bazke] @ AEo]ESi gnEE.
= (Leblond-Deaux) R 2[17-22} A3l Lmof wel Ajs

& A8 5 PR OB 2 el 14 P g

AR s 4 (18)

IS

R P (P F )

ar _ P,
T —-L—T(g) ) (20)

shElAolE ARdEle] A9 Wzl Age] Lxo] o2
o7 "Hk33shH, Fo|AEdl-nf2 5 2 5 (Koistinen-Marburger)2]
o] 7|Zsto] A2k Zo] Ailgtet24-27]. o714 P,

Wztoll o5t e 7k waolw, Mset b= AFHE] AR
of WEf8-2 LpEpilc).

P0) = P,(1-¢""") @1

I

4 0Fn} Axz2| AlEo1M
HE $ RLC 322 AL ARE A5 flsto] Fig.
oF o] V11 i3 For Fap7|olet Y-S A3l
th ARE G3ke A 4 2389l COMSOL Multiphysics2
209,471700] AA7]-GALAARE APHA 2485 ARSI
AEHo] A ZRA|AL Fig. 60 Uehdth 2714ko) ojs] A4
H= PR e 7HE Foll AEh odFol s 290l
WAste] Lm7L A5l v 227k Al HElR ojdew 7t
e gharhol 79 Ae)7h dAste] Heto]EofA] o)
Lo|E 2202 AFeEal Wk oA =71 Al HEld
A Ms =2 F43] WZEH Q@ AH Lo EojA] nfZ &AL
EZ oA AR 2o w2 s T8 0.5-0.55%
AISI 15529] & 9 Az}7] B4 TA[14]1 Hoj3=0] Fig 7(a)
€ 2o ug Ed=s 9 B4, Fig 7(by= 2= whE A

w



May 2023 /403

Fig. 5 1/11 symmetry FEA model of park gear and coil
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Fig. 6 High-frequency heat treatment simulation process: The

dashed line does not couple during the simulation
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Table 4 Ferrite to austenite, temperature-dependent functions

Temperature [°C] K [l/s] L [I/s]
750 0.22 1
770 0.53 1
790 1.05 0.97
810 2.02 0.94
830 4.55 0.87
840 5.6 0.76
860 7.37 0.45
880 10.77 0

Table 5 Austenite to bainite, temperature-dependent functions

Temperature [°C] K [ls] L [I/s]
340 0
350 0.0147
450 0.067 0
550 0 0.067
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Table 6 Austenite to bainite, temperature-rate-dependent functions

Temperature rate [K/h] HII]
-43,000 0.2
-15,000 1
-7,200 1.5
-1,500 0.22

-700 1
-70 0.0044

Table 7 Austenite to martensite parameters

Parameter Value
Ms 223 [°C]
B 0.011 [VK]

degC
A 1097

1000
900
800
700
600
500
400
300
200
100

V¥ 42.33

z
Y.iox
(a) Heating temperature result

degC
A 1339

120

100

z
Y.

¥ 20.03

(b) Cooling temperature result

Fig. 8 High-frequency heat treatment simulation results of park gear
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Fig. 10 Prediction of the hardening depth in the park gear using
simulation
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Study of Cryogenic Treatment Effects on WC-5wt.%TiC Compact Fabricated
by PCAS
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KEYWORDS: Pulsed current activated sintering (HAZS 2-Mst AZA), Tungsten carbide (RIAHI FHHI0|=), Titanium carbide (E|E}= 7HHI0|=),
Cryogenic treatment (X2 x{2|), Hard materials (DZ= AXH)

The WC-5wt.% TiC compacts, which was fabricated by pulsed current activated sintering process (PCAS), were
cryogenically treated to improve the mechanical performance. The densely consolidated specimens were exposed to liquid
nitrogen for 6, 12, and 24 h. All cryogenically treated samples exhibited compressive stress in the sintered body compared
with the untreated sample. The cryogenically treated samples exhibited significant improvement in mechanical properties,
with a 9% increase in Vickers hardness and a 52.6% decrease in the fracture toughness compared with the untreated
samples. However, excessive treatment of over 12 h deteriorates the mechanical properties due to tensile stress in the
specimens. Therefore, the cryogenic treatment time should be controlled precisely to obtain mechanically enhanced hard

materials.
Manuscript received: September 27, 2022 / Revised: December 22, 2022 / Accepted: March 6, 2023
NOMENCLATURE H = Hardness
P = Applied Load
V = \Voltage .
E = Elastic Modulus
A = Ampere .
o ) C = Length of Crack Propagation
¢ = Densification Strain
m = Sintering Exponent
Tt = Crystallite Size
K = Shape Factor 1. Introduction
L = X-ray Wavelength ) ) ) )
B = Full Width at Half Maximum Tungsten ce.1rb1de (WO), VYhICh c.ontams .cemf:nted carbides, }.1as
attracted considerable attention owing to its high hardness, high
6 = Bragg Angle . . )
] elastic modulus, and wear resistance properties [1]. Cobalt, a
H, = Vickers Hardness

<

typical binder material, improves the wettability of conventional
Kjc = Fracture Toughness . . .
cemented carbides and possess excellent sintering properties [2,3].

f = Gravity Force . L . .
Y However, cobalt materials face certain disadvantages, including

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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high cost and environmental pollution; thus, a new metal binder is
required to replace them. In recent years, several studies have been
conducted to develop new hard materials using various cemented
carbides, such as VC, Cr;C,, TiC, TaC, and NbC [4-6].

Composites sintered with WC-based cemented carbide materials
can be strengthened not only by alloying but also by heat and
cryogenic treatments. In particular, deep cryogenic treatment could
have tremendous benefits, such as mitigating the thermal shock of
materials, improving wear resistance, and extending tool life.
Recently, several studies based on cryogenic treatment have been
reported to significantly improve mechanical properties, such as
hardness, compression strength, fatigue resistance, and wear
resistance [7]. Kalsi et al. [8] reported that cryogenically treated
tungsten carbide tools improved the flank wear resistance, thereby
providing a better surface finish. Similarly, Yan et al. [9] observed
an increase in the hardness and wear resistance of cryogenically
treated tungsten carbide inserts. In addition, Yong and Ding [10]
proved that cryogenic treatment improves the compressive as well
as fatigue strength of cemented carbide tools without affecting their
toughness and bending strength.

Therefore, the cryogenically treated WC-based cemented
carbide improves the mechanical strength of the materials.
However, studies have revealed that crystallographic changes in
materials with cryogenic treatment time can have negative and
positive effects on their mechanical performance. Therefore, in this
study, the correlation between the crystallinity and mechanical
strength of the WC-5wt.% TiC fabricated with different cryogenic

treatment times was investigated.

2. Experimental Details

WC powder (W: 94.0wt.% and C: 6.0 wt.%, <0.5 um,
TaeguTec Ltd.), which has 99.9% purity and an average particle
size of 0.5 pum, was used as the starting material. Titanium
carbide (TiC) powder (Alfa Aesar) with a purity of 99.5% and
average particle size of 10 pm was used as an additive material.
The WC-TiC mixed powders with a composition ratio of 95:5
wt.% were
(Pulverisette5, FRITSCH Ltd.) at 250 RPM for 10 h. WC

compacts with a 5 wt.% TiC were fabricated using a pulsed

fabricated using a high-energy ball mill

current activated sintering (PCAS) system, including the 25 V
and 1,000 A of DC power supply. First, the PCAS system was
evacuated at a base pressure of 10~ Pa, and subsequently, a
uniaxial pressure of 60 MPa was applied. The heating rate was
approximately 2°C/sec during the entire process, and natural

cooling was performed until the temperature of the sintered body

decreased to room temperature. Furthermore, the naturally cooled
compact was cryogenically treated as direct contact between the
cryogen and the samples. Liquid nitrogen was used as the
cryogen, which allowed the ambient temperature of the sample to
drop to -196°C. The structural and mechanical properties of WC-
5 wt.% TiC compact, cryogenically treated in liquid nitrogen for
6, 12, and 24 h, were investigated in detail.

To confirm the microstructure of the sintered body, the
cryogenically treated or untreated specimens were etched at room
temperature for 30 s using a Murakami solution. This reagent was
stirred for 3 min after mixing 10 g NaOH powder and 10 g
potassium ferricyanide (K3;Fe(CN)y) in 100 ml distilled water. The
surface morphologies of the etched specimens were examined
using field-emission scanning electron microscopy (FE-SEM,
Quanta 200). In addition, the crystallinity of the sintered body was
analyzed using X-ray diffraction (XRD, PANalytical X pert MPD),
and the Vickers hardness test was used to analyze the mechanical
properties of the WC-5 wt.% TiC hard materials.

3. Results and Discussion

Fig. 1(a) shows variations in the sintering temperature and
shrinkage displacement of WC-5 wt.% TiC compact as a function
of sintering time. As shown in Fig. 1(a), the WC-5 wt.% TiC
compact had three distinguishable inflection points in terms of
shrinkage displacement. The critical points were divided into three
regions at specific temperatures: Stage [ (550-683°C), Stage II
(683-864°C), and Stage III (864-1,081°C). Stage I is the initial
stage of sintering, which represents the region in which the particle
movement by thermal expansion forms a neck. The sintering
properties are determined in stage II, where the grain growth and
densification processes occur. The final densification region
represented by Stage 3 involves the removal of closed pores caused
by grain growth, diffusion, and plastic deformation of WC-5 wt.%
TiC. After completion of the sintering process, WC-5 wt.% TiC
sample had a relative density of 99.3%, thus confirming that the
densification process was totally completed.

Densification can be inferred from the sintering exponent
derived from the shrinkage displacement and sintering
temperature. The sintering exponents were calculated using Eq. (1)

[11], which can also be expressed as a logarithmic function:
In(g) = (1/m) In(K/T)+(1/m) In() (1)

The sintering exponents can be defined using the slope of the
shrinkage strain vs. temperature plot, as shown in Fig. 1(b). The
WC-5 wt.% TiC sample had two densification zones. In zone 1,
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Fig. 1 (a) Temperature and shrinkage displacement of WC-5 wt.%
TiC sample as a function of sintering time. (b) Variations in
densification strain in the shrinkage zone

rapid densification occurs in the macro area. On the contrary, in
zone 2, densification proceeds as open pores inside the sintered
body are removed. Since the densification strain is defined only in
the section where the change in shrinkage length is observed, the
sintering exponent (m = 12) of the WC-5 wt.% TiC sintered was
obtained as shown in Fig. 1(b).

Fig. 2 shows the surface morphologies of WC powder, TiC
powder, WC-5 wt.% TiC compact and cryogenically treated WC-
5wt.% TiC samples. Fig. 2(a) shows surface morphology of the
WC powder, which is the starting material of the WC-5wt.% TiC
compact, and has the average particle size below 500 nm. As
shown in Fig. 2(b), TiC power as an additive material, has the
randomly distributed morphology with the average grain size
below 10 pum. The WC-5 wt.% TiC sintered compact prepared

with the above two powders showed a densely packed micro-

Fig. 2 Surface morphologies of (a) WC powder and (b) TiC powder.
The surface images of WC-5 wt.% TiC compacts as a
function of cryogenic treatment time: (c) untreated, (d) 6 h,
(e) 12h, and (f) 24 h

structure without pores, and the average grain size of the sintered
compact had a value of 487 nm. The WC-5 wt.% TiC compact had a
grain size similar to that of WC starting materials, which indicates
that grain growth was considerably suppressed during the
densification process. Samples (d)-(f) that were cryogenically treated
for 6, 12, and 24, respectively, showed the similar morphology to
that of the non-cryogenic treated samples. This means that the
cryogenically treated compacts were not deformed by thermal shock;
Therefore, it is necessary to further investigate the effect of the
cryogenic treatment on the sintered body by clarifying the
correlation between crystallinity and mechanical strength.

Figure 3(a) shows XRD patterns of cryogenically treated and
untreated WC-5 wt.% TiC samples depending on the dipping time.
In all cryogenically treated samples, only diffraction planes
corresponding to hexagonal structures were observed, indicating
that no secondary phases such as carbon or TiC additives were
observed. As shown in Fig. 3(b), the diffraction peaks exhibited by
all the cryogenically treated samples shifted to higher angles
compared to the untreated samples. According to the Bragg’s law,
the diffraction angle and lattice constant are inversely proportional;
hence, compressive strength can be inferred to exist in the
cryogenically treated samples. However, in case of cryogenically
treated samples, it was observed that the diffraction peaks
gradually shifted to lower angles as the cryogenic treatment time
increased. Furthermore, crystallite sizes of WC-5 wt.% TiC
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Fig. 3 (a) XRD patterns of WC-5 wt.% TiC samples as a function of
cryogenic treatment time. (b) diffraction peak positions and
crystallite sizes corresponding to (0001) diffraction plane

samples were calculated using the Scherrer equation (t = KM
Bcos). The crystallite size of WC-5 wt.% TiC samples were 66.5,
63.6, 80.4, 72.7 nm, respectively, as increasing cryogenic treatment
times, showing that no remarkable changes are observed regardless
of the cryogenic treatment times. The XRD results revealed that
the cryogenic treatment of WC-5 wt.% TiC sample developed
compressive stress in the sintered body, which significantly
improved its mechanical properties. However, tensile stress was
weakly expressed in the sintered body with a gradual increase in
the cryogenic treatment time, thereby leading to a decrease in the
mechanical strength of the sintered body. Therefore, the sintered
body must be strengthened via proper cryogenic treatment
conditions.

To examine the effect of cryogenic treatment on the mechanical
properties of the sintered body, variations in Vickers hardness and
fracture toughness according to the cryogenic treatment time are
presented in Table 1. The hardness and fracture toughness were
determined through indentation cracking with a load of 10 kgf. In
addition, fracture toughness (Kjc) obtained from the crack

Table 1 Variations in Vickers hardness and fracture toughness as a
function of cryogenic treatment time

Cryogenic treatment time [h] ~ H, [kg/mm?] Kic [MPa*m®™]
0 1,821.4+£21.3 17.1£0.3
6 2,044.9422.3 11.3+0.2
12 1,951.6+£21.9 9.8+0.2
24 1,956.1£23.2 9.0+0.2

—
100pm 100pm

Fig. 4 Microstructure images with hardness indentations of WC-
Swt.% TiC sintered bodies according to the cryogenic
treatment time: (a) O h, (b) 6 h, (¢) 12 h, (d) 24 h

propagation lengths in the four directions of the indentations were
used to determine the cracking resistance, which was calculated by
the Antis formula [12].

3/2

K,-=0.016(E/H)"*P/C )

where E is the elastic modulus, H is the hardness, P is the applied
load, and C is the length of crack propagation.

The wuntreated sample exhibited Vickers hardness of
1,821.44+21.3 kg/mm* and fracture toughness of 17.1+0.3
MPa*m®3, In contrast, all the cryogenically treated samples
exhibited an average Vickers hardness of 1,984.2422.8 kg/mm?,
which was approximately 9% higher than that of the untreated
sample. Furthermore, the fracture toughness of the cryogenically
treated sample exhibited a decrease of more than 52.6% compared
to the non-cryogenically treated sample, thus verifying that the
mechanical properties were dramatically improved. The
mechanical properties were closely related to the XRD results; in
particular, the compressive and tensile stresses in the sintered body
had a significant effect on mechanical strength. The XRD results
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revealed that the cryogenically treated sample had excellent
crystallinity compared with the untreated sample, which resulted in
low crystallographic defects in the sintered body. Additionally,
the XRD results of the cryogenically treated sample exhibited
improved mechanical strength owing to the occurrence of
compressive stress in the sintered body. Although it was
confirmed that cryogenic treatment could have a positive effect
on improving mechanical properties, a gradual decrease in
Vickers hardness was observed as the cryogenic treatment time
increased. This is believed that the TiC additives at the WC/TiC
interface promote the grain growth biased toward the basal facet,
which has relatively low energy during cryogenic treatment. As
shown in Fig. 3(b), it can be confirmed that the crystallite size of
samples cryogenically treated over 12 h increases, and this
increase in crystallite sizes eventually leads to the deterioration in
mechanical properties. Consequently, the results verified that the
compressive stress formed in the sintered body through
cryogenic treatment significantly contributed to the improvement
of the Vickers hardness and rupture strength. Nonetheless, note
that excessive cryogenic treatment may degrade the crystallinity
and decrease the mechanical strength of the sintered body;
therefore, precise control of the cryogenic treatment time is

necessary.

4. Conclusions

The effects of cryogenic treatment in improving the
mechanical properties of WC-5 wt.% TiC hard materials were
studied in detail. Compressive stress in the sintered body
emerged with increasing cryogenic treatment time owing to the
decrease in the lattice constant. Regardless of the deep cryogenic
treatment time, none of the samples showed phase changes,
precipitation, or secondary phases in the specimens. However,
the sample treated over 12 h revealed tensile stress, which
resulted in degradation of the mechanical strength. As a result, it
has been demonstrated that cryogenic treatment can have a
beneficial effect on tool hardening as well as degrade

performance with treatment time.
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In this paper, we describe the development of a 5-axis force/moment sensor of an intelligent gripper designed to grasp the
weight of an unknown object and the position of the object in the gripper. The 5-axis force/moment sensor consists of an Fx
force sensor, Fy force sensor, and Fz force sensor to measure weight, along with an Mx moment sensor and Mz moment
sensor to determine the position of an object in the gripper. These sensors are all built within a single body. Each sensor
sensing part of the 5-axis force/moment sensor was newly modeled and custom designed using software, and each sensor
was manufactured by attaching a strain gauge. The results of the characteristic test of the fabricated 5-axis force/moment
sensor showed that the rated output error was within 0.1%, the reproducibility error was within 0.05%, and the nonlinearity
error was within 0.04%. Therefore, the 5-axis force/moment sensor developed in this paper can be attached to an intelligent
gripper and be used to grasp the weight of an unknown object as well as the position of the object in the gripper.
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(a) Mesh

(b) Fx force sensor

™

(c) Fy force sensor (d) Fz force sensor

~N

(e) Mx moment sensor

(f) Mz moment sensor

Fig. 5 Structural analysis of 5-axis force/moment sensor
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Fig. 7 When a force of 30 N (rated capacity of the Fy force sensor)
is applied to the 5-axis force/moment sensor, the strain of Fy
force sensor sensing part
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Fig. 8 When a force of 30 N (rated capacity of the Fz force sensor)
is applied to the 5-axis force/moment sensor, the strain of Fz
force sensor sensing part
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Fig. 9 When a moment of 3 Nm (rated capacity of the Mx moment
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Fig. 10 When a moment of 2 Nm (rated capacity of the Mz moment
sensor) is applied to the 5-axis force/moment sensor, the
strain of Mz moment sensor sensing part

Table 1 Rated strain at strain gage attachment location of 5-axis
force/moment sensor

Sensor &r &c1 &ra &cy ¢ Error [%]
Fx 253 -253 253 -253 1,012 1.2
Fy 252 -252 252 -252 1,008 0.8
Fz 253 -253 253 -253 1,012 1.2
Mx 248 -248 248 -248 992 -0.8
Mz 249 -249 249 -249 996 -0.4

Table 2 Rated output of each sensor of 5-axis force/moment sensor

Sensor Rated output [mV/V] Error [%]
Fx 0.51359 2.7
Fy 0.51156 2.3
Fz 0.51359 2.7
Mx 0.50344 0.7
My 0.50547 1.1
15.00, 0.70 mmo]git}. Table 2= 5= F/ZHIEAA S ZHAlA
o) JAZE S e 9L, o] AE NS Agtelr] Sle) AL
& o AEJAACIAI(N2A-13-S1452-350)9] Alo|A] 4=
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Fig. 12 Characteristic test of manufactured 5-axis force/moment
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Table 3 Rated output error, nonlinearity error and reproducibility
error of each sensor of 5-axis force/moment sensor

R. O. R. O. R.O.
Sensor [FEM, [test, error

Nonlinearity Reproducibility

mV]  mVAV] (%] error [%] error [%]
Fx 0.51359  0.5078 -1.13 0.04 0.04
Fy 0.51156  0.5027 -1.73 0.04 0.04
Fz 0.51359  0.5036 -1.95 0.04 0.04
Mx 0.50344  0.5100 1.31 0.05 0.05
Mz 0.50547 05101 0.92 0.05 0.05
——Fx S.E.(%) ==Fy S.E.(%) Fz S.E.(%) Mx S.E.(%) —8=Mz S.E.(%)

0.06

0.05

0.04

0.03 /
0.02 / \
w S N\

0 6 12 18 24 30
Applied Force or moment(N or Nm)

Nonlinearity Error(%)

(a) Nonlinearity error

—o—Fx S.E.(%) —e—Fy S.E.(%)
0.06

0.05 ﬁ\

0.04

0.03 /

0.02 / \

0.01 \

0

Fz S.E.(%) Mx S.E.(%) —e=Mz S.E.(%)

Reproducibility Error(%)

0 6 12 18 24 30
Applied Force or moment(N or Nm)

(b) Reproducibility error

Fig. 13 Nonlinearity error and reproducibility error of each sensor
of 5-axis force/moment sensor
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I Year of Launching

Journal of Korea Society for Precision Engineering was launched by the Korea Society for Precision Engineering in June of
1984. The name was changed to the Journal of the Korean Society for Precision Engineering in December of 1985.

I Aims and Scope

Journal of the Korean Society for Precision Engineering (JKSPE) is devoted to publishing original research articles with high
ethical standard on all aspects of precision engineering and manufacturing. Specifically, the journal focuses on articles
related to improving the precision of machines and manufacturing processes through implementation of creative solutions
that stem from advanced research using novel experimental methods, predictive modeling techniques, and rigorous
analyses based on mechanical engineering or multidisciplinary approach. The expected outcomes of the knowledge
disseminated from JKSPE are enhanced reliability, better motion precision, higher measurement accuracy, and sufficient
reliability of precision systems. The various topics covered by JKSPE include: Precision Manufacturing Processes, Precision
Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine Tools,
Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology.

I Fee

Subscription Fee:
This print copy of the journal is provided free of charge to the members of KSPE.

Publication Fee:

1. Basic fee (up to eight pages): 200,000 won; additional pages: 30,000 won per page.

2. Manuscripts contributed as a result of funded research will be charged an extra 50%.

3. Publication fee is charged only for the papers contain ‘Acknowledgement’ that represent supports of academic research
project by th fund of government, institutes or university, etc.

4. Publication fee should be paid within 15 days of the receipt of the publication fee invoice.

I Contact Us

[04508] 12F, SKY1004 Bldg., 50-1 Jungnim-ro, Jung-gu, Seoul, Republic of Korea

TEL +82-2-518-2928 / FAX +82-2-518-2937 / paper@kspe.or.kr / https://www.kspe.or.kr
Submission to Journal of Korean Society for Precision Engineering: https://article.kspe.or.kr
Search for Journal of Korean Society for Precision Engineering: http://jkspe.kspe.or.kr



I Rules for Submitting and Publishing Papers

Article 1 Purpose

The rules are designed to specify matters related to the submission and publication of papers in Journal of the Korean
Society for Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submitter
The corresponding author and the first author of the submitted paper must be members of the Society. With special
permission by the Editor-in-Chief, however, the person can be treated as the exceptional case.

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

B. With regard to their submitted paper, all its authors must comply with ‘Code of Ethics for Academic Activities of the
Korean Society for Precision Engineering’. When any of the authors violates Code of Ethics for Academic Activities, the
Editor-in-Chief may disallow or cancel the publication of the paper and impose disciplinary actions as specified.

Article 4 Scope of Research

The scope of research for the paper shall cover areas of precision engineering such as Precision Manufacturing Processes,
Precision Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine
Tools, Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology, and the paper must
not have been published in any other publication.

Article 5 Categorization of Submissions

The paper submitted to the Journal falls into one of the categories below, and should be within eight pages, which may
be exceeded if need be.

A. Ordinary paper: The paper that shows excellent scholarship, practicality, and applicability.

B. Special paper: The paper that is written in accordance with a special provision for special papers.

C. Other submissions: Forecast, explications, lectures, and other writings.

Article 6 Submission

A.The Paper is accepted anytime and submission date is the day submission is completed at the Society.

B.The paper must be written in compliance of the template specified by the Society to be registered and submitted.

C.The paper that is found not to comply with ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’ may not be accepted.

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

A.The Editor-in-Chief shall decide whether to publish the paper or not.

B.The review of the paper is conducted by two reviewers recommended by the Editor-in-Chief, and the review and the
decision over its publication shall comply with ‘Rules for Reviewing Papers for Journal of the Korean Society for
Precision Engineering Paper Review Rules’.

Article 8 Copyright

A.The authors shall be responsible for the content of the paper.

B.The author(s) must transfer the copyright for the submitted paper to the Society, and for this purpose, the
corresponding author(s) must submit ‘Research Ethics and Copyright Transfer Agreement’.

C.The copyright for the submitted paper or other submissions shall lie with the Society and may not be reproduced
without authorization from the Society.

D.The author(s) may use part of their paper or other submissions published in the Journal in their other research,
provided the published paper is referenced as its source.

Article 9 Disclosure of Materials
The Society may disclose a paper or other submissions in print or as online publications.

Article 10 Manual of Style

A.Writing and editing the paper to be submitted to the Society must comply with ‘Guidelines for Manuscript Writing’
provided separately.

B. Editorial Board may edit the selected paper so that terms, characters, and orthography may comply with ‘Guidelines
for Manuscript Writing’.

Article 11 Publication Fees

The author must pay the specified fee for the paper published in the Journal. For the paper that exceeds the specified
number of pages, the author must pay the fee for those extra pages. The fee for extra pages shall be decided by the
board of directors.



I Guidelines for Manuscript Writing

1. Manuscripts should be written according to the format of the Journal (https://www.kspe.or.kr) and should be
submitted online (https://article.kspe.or.kr).

2.The manuscript should be organized in the following order: (1) The title in Korean, (2) The title in English, (3) Author
names in Korean, (4) Author names in English, (5) Affiliations in Korean and English, and information of corresponding
author, (6) Keywords, (7) Abstract, (8) Date of submission, (9) Introduction, (10) Main body (Theory, Experimental,
Results, Discussion) (11) Conclusion, (12) Acknowledgements, (13) References, (14) Appendices, (15) Position format

3. A manuscript may be written in Korean or English. If necessary, the original terminology may be provided in
parentheses to avoid confusion.

4. The manuscript title must be expressed concisely, preferably in ten words or less, and Keywords must be written in
English, with Korean translations in parentheses, and numbering six words or less.

5. The abstract must be written in English and not exceed 200 words. Figures and tables shall not be included in the
abstract.

6. Figures and tables shall be numbered in order in the main text, and captions should be written in English. Captions
shall be labeled beginning “Fig. 1” for figures and “Table 1” for tables.

7. Arabic numbers and Sl units shall be used in principle.

8. References shall be numbered in order of quotation.
(1) Citation in the main text: First author’s last name with reference number in square brackets. e.g.) Hong [1]
(2) References shall be written in English at the end of the main body with the following formats.

® Books: Author names, (Year of publication), Book title, Publisher.
¢ Periodic Articles: Author names, (Year of publication), Paper title, Journal name, Vol.(No.), Cited pages.
e.g.) Hong, K. D.,, Kim, C. S., (2022), A method to investigate mechanical properties, John Wiley & Sons.
Hong, K. D., (2022), A method to investigate mechanical properties, Journal of the Korean Society for
Precision Engineering, 39(1), 1-18.
9. Appendices shall be formatted in the same way as main body text.

I Author’s Check List

1. Are the affiliations of all authors indicated with the correct symbols?

2. Does the manuscript adhere to the style set forth in the template?

3. Are Korean and English titles written in ten words or less?

4. Are keywords written in English with Korean in parentheses, in six words or less?
5. Are all symbols listed with correct nomenclature and proper description?

6. Are all figures containing abscissas and ordinates labeled with the correct symbols and units?
7. Does the manuscript use Arabic numbers and S| units?

8. Is the English abstract within 200 words?

9. Are the captions of tables and figures in English, corresponding to the format?
10. Are appendices formatted in the same way as main body text?
11. Is the manuscript written according to the guidelines of the journal?



I Rules for Reviewing Papers

Article 1 Purpose

The Rules are designed to specify matters related to the review of papers submitted to Journal of the Korean Society for
Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submission and Reception

A.The person who wants to submit the paper to the Journal shall use the Society’s paper submission system to submit
the paper that has been written in compliance with the Society's rules for submitting papers, which the Society shall
receive.

B. Notwithstanding the provision of A., the paper may be submitted and received in other ways so long as the Editor-in-
Chief approves it.

C.The Society shall basically receive papers that are related to the Society’s areas of research. The Editor-in-Chief may
refuse to receive the submitted paper, if it is not related to the Society’s areas of research or has not fulfilled the
requirements. Areas of research are specified in ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’.

Article 3 Selection of Reviewers

A.The Editor-in-Chief shall consider the areas for the submitted paper and assign its review to the Editor in the relevant
area, and the Editor shall assign the Editorial Board Member in the given area as the review supervising Editorial
Board Member.

B.The review supervising the Editorial Board Member shall select and recommend to the Editor-in-Chief who he or she
deems fit for the review of the submitted paper.

C.The paper shall have two reviewers while the third reviewer may be appointed, in which case, the paper shall have
the maximum of three reviewers. Reviewers shall basically belong to the different institution than the authors of the
paper belong to.

D.The Editor-in-Chief shall send the email to the recommended reviewer to confirm the acceptance of the reviewing
duty. In case any of the recommended reviewers refuses to serve as the reviewer, the Editor-in-Chief shall ask the
relevant The Editorial Board Member to recommend some other candidate.

Article 4 Review Procedure

A. Following the comprehensive review of the paper, the reviewer shall record results of the review supported with
objective grounds and make the clear request for revision, if necessary.

B. For the review, the reviewer must choose ‘Accept’, ‘Accept Subject to Minor Revisions’, ‘Re-Review after Major
Revisions’, or ‘Reject’.

Article 5 Review Period
A.The Editorial Board Member for the Journal must select reviewers within seven days from the appointment of the
Editorial Board Member, and the reviewers who are asked to review a paper must complete the review within 14 days
from their acceptance of the reviewer’s duty for the primary review and within seven days for the secondary review.
B.The ruling by the Editor and the Editorial Board Member must be completed within seven days from the reception of
review results.
C.In case the reviewer candidate fails to accept the reviewer’s duty for more than fourteen days from the request, the
candidate may be replaced with another reviewer.
D. If review results fail to arrive for more than three months from the reception of the paper in contravention of the
above provision, the following may be put into action.
@ If one of the reviewers has failed to deliver review results: The Editorial Board Member for the specific paper shall
review it within seven days from the expiry of the three months.
@ If all of the reviewers have failed to deliver review results: The Editor and the Editorial Board Member for the
specific paper shall review it within seven days from the expiry of the three months. If the Editor is the same
person as the Editorial Board Member, the Editor alone may perform the review procedures.

Article 6 Deadline for Author’s Revision

A.The author must resubmit the revised paper that reflects requests for revisions in accordance with the Editor-in-Chief
decision based on review results within thirty days for ‘Re-Review after Major Revisions’ or within fourteen days for
‘Accept Subject to Minor Revisions’.

B.In case a revised paper fails to be submitted for more than thirty days from the submission deadline, the Editorial
Board may cancel its publication, and if the author wants a review to continue, he or she must resubmit the paper.



I Rules for Reviewing Papers

Article 7 Decision over Publication

A.The Editor-in-Chief shall make a final decision on whether to publish a paper or not by reviewing the results of the
review by two reviewers and considering the comprehensive evaluation by the editing director and the Editor for the
paper.

B. A paper that has been ruled as ‘Reject’ by two or more reviewers cannot be published in the Journal.

Article 8 Review of Special Papers

A.The Editor-in-Chief shall appoint a Special Editor for supervising the special paper, with recommendations from the
officers of the Society.

B.In case a Special Editor is the Director or the Division Chairman of the Society, the Special Editor shall supervise the
selection of two reviewers for the review of the submitted paper and decide whether to publish it solely based on the
review results. In case the Special Editor is not the Director or the Division Chairman of the Society, the Board of
Editing Directors shall select the Editor for supervising the review of paper.

Article 9 Confidentiality

A.The reviewer shall not disclose his or her assumed status to anyone else.
B.The name of the author may be disclosed to the reviewer.

C. Review results shall not be disclosed to anyone but the author.

Article 10 Objection

A. If the author raises an objection to the review results, the exchange of views between the reviewer and the author
shall proceed through the Editor. When the reviewer and the author want to exchange their views, they can do so
through the mediation of the Editor.

B.The author’s request for the re-review shall not basically be accepted.

Article 11 Review Fee
If necessary, the specified editing fee may be paid to the Editor and the Editorial Board Member, while the specified
review fee may be paid to the reviewer.



I Code of Ethics for Academic Activities

e Full Text of Code of Ethics for Academic Activities of the Korean Society for Precision Engineering: http://jkspe.kspe.or.kr/_common/
do.php?a=htmlI&b=16

¢ For the policies on the research and publication ethics not stated in this instructions, International standards for editors and authors
(http://publicationethics.org/international-standards-editors-and-authors) can be applied.

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

This regulation aims to establish the ethical standard for the members of this institute to comply with and to contribute
to the healthy development of academics and society in order for our academic activities related with the Korean
Society for Precision Engineering (hereinafter referred to as the “Society”) to not infringe the dignity and value of
human beings and maintain a high ethical standard that does not damage the benefits of public society.

Article 2 Application Area of Code of Ethics

A. The code applies to the overall academic activities including all academic journals, academic conferences,
symposiums, workshops, forums, etc. published and held by the Society.

B. The code applies to all authors, reviewers, Editorial Board Members (hereinafter referred to as “EBM”, and hands-on-
workers in the service bureau related with the above academic activities.

C. Other items not set forth above may comply with this article, each level of regulations of Ministry of Education and
its annex institutions.

Article 3 Scope of Misconduct

Misconduct suggested in this code include forging, falsification, plagiarism, and false indication of the author of the

paper in academic activities, papers and presentations related with the society, and are as follows:

A. ‘Forging’ is the act of creating false data or non-existent research results.

B. ‘Falsification’ is the act of perverting research content or results by artificially modifying research ingredients,
equipment or processes, or arbitrarily modifying and deleting data.

C. ‘Plagiarism’ is the act of appropriating others’ ideas, research contents or results without proper approval or
quotation.

D. ‘False indication of the author of the paper’ is the act of not granting the qualification as an author of the paper
without a reasonable cause to a person who contributed scientifically or technically on a research content or result,
or granting qualification of an author of the paper to a person who did not contribute scientifically or technically to
express gratitude or show respect.

E. ‘Duplicate publication’ is the act of publishing the same content to two or more academic journals.

F. Activity of intentionally interfering investigation on the doubts of one’s own or other’s misconduct, or disturbing the
informant.

G. Activity that seriously deviates from the scope commonly accepted in the science and technology sector.

H. Activity other than the misconduct set forth above that needs to be independently investigated or prevented by the
Society.

Article 4 Honesty of Author

A. The author shall be honest in research carried out by an individual. Here, honesty refers to honesty in overall
research processes including derivation of ideas, designing experiments, analyses of experiments and results, research
funds, publishing research results, and fair compensation to research participants.

B. The researcher shall consider plagiarism, fraud, manipulation and falsification during research as serious criminal
activities, and endeavor to prevent these misconducts.

C. The author shall announce and properly respond in case of contradiction or the possibility of contradiction of
benefits of one’s own and others or other institutions.

Article 5 Authorship

It is recommended for every author including the first and corresponding author that authorship be based on the

following 4 criteria:

A. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of
data for the work; AND

B. Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

D. Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

0



I Code of Ethics for Academic Activities

Chapter 3
Roles and
Responsibilities
of Members
of Society

Article 6 Compliance of Authors
A. During the research implementation process of the submitted paper, the author shall respect human rights, comply

with life ethics, and obtain universality such as environment protection.

. In the submitted paper, the author shall accurately illustrate the research content and its importance without

perverting the research result.

. The submitted paper shall comprehensively include an academically valuable result and its basis of argument. If the

paper asserts for a conclusion similar to an already announced paper, it should be academically valuable for a new
basis of argument.

If citing a public academic data, its source must be clearly stated. For data obtained from an undisclosed paper,
research plan or personal contact, it should be cited after consent from the researcher who provided the information.

. Using the whole or part of another researcher’s research result without citing the reference corresponds to

plagiarism and is not allowed.

. The activity of duplicate publication by an author in the journal issued by the society where the paper is already

published or planning to publish in other academic journal is considered misconduct and not allowed. Submitting
content already presented in academic conferences or seminars by rewriting in a paper according to the academic
journal standard is generally accepted, but it must additionally have an important research result for the relevant
presentation.

All researchers who made important contributions to research implementation shall become co-authors, and the
representative author of the paper must have consents from all co-authors. For outside academic support such as
administrative and financial support, provision of research data or simple academic advice shall be indicated in the
‘Acknowledgement’ for its content.

Indicating a person who did not make academic contribution to research or falls short of contribution based on
causes outside academics is unethical conduct that defames the dignity of academics.

. In relation to copyrights, if approval of a person in charge is needed, the author must be granted approval before

submission of the paper, and confirm that there will be no dispute of contract or ownership that may be affected by
the publication of said paper.

Article 7 Compliance of Editorial Board Member (EBM)
A. The EBM shall fairly and objectively execute the revision process of the paper according to the set regulation without

prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship with the author.

B. The EBM shall determine whether to reconsider or publish the paper based on the consistent standard of the review

C.

results for the submitted paper.

If it is determined that due to the lack of EBM’s knowledge in the research area of the submitted paper, there may
be difficulty in judging the result, the EBM may be advised by a person with professional knowledge in the relevant
area.

. The EBM shall not disclose or make use of the information acquired in the review process to others. Before the

publication in the journal, it is not even allowed to cite the content of the relevant paper without the consent of the
author.

. The EBM has the responsibility to monitor any unethical activity of the author and reviewers, and when ethically

inadequate behavior is discovered; the EBM shall investigate and give proper sanction as required by immediately
reporting to the Editor-in-Chief.

. If the submitted paper has direct interest with the EBM, it should be reported to the Editor so that the relevant

paper can be examined by another EBM.

. In case of reasons that prevent the EBM to promptly process the duty, it is advised to report to the editorial office

of the society or the Editor.

. In case of discovering any unethical activity from a submitted paper or reviewing process, or in case of deprecation

on unethical activities, the Editor shall determine the importance of the case, and organize an Investigation
Committee with EBM in the relevant area if needed. The Editorial Board determines the level of sanction to the
relevant person based on the report by the Investigation Committee, and if the already published paper is related,
the publication of the relevant paper may be retracted and cancelled.

Article 8 Compliance of Reviewers
A. The reviewer shall fairly and objectively perform reviewing duty for examining the paper according to the set

regulation without the prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship
with the author. Personal academic beliefs that have not been completed, verified or under judgment based on
assumption must be eliminated.

. The reviewer, in order to assure the secrecy of reviewing the paper, must not disclose or make use of information

acquired in the process of reviewing to others. Before the publication of the paper, it is not allowed to even cite the
content of the relevant paper without the consent of the author.



I Code of Ethics for Academic Activities

Chapter 4
Verification
Process and
Standard

C.

The reviewer must respect the personality of the author as a professional. The reviewer shall endeavor to write the
objective reviewer’s opinion in an academically modest way by eliminating personal and subjective evaluations and
offensive expressions. The reviewer shall state in details the review comments and basis for the comments of the
paper under review.

. It is prohibited to request for additional information or explanation to the author for the reviewer’s personal
purpose.

. If the similar content to the paper disclosed in other academic journal has been included in the paper without

citation, the EBM should be notified in detail.

. If the reviewer is in direct interest with the requested paper or it is determined that the reviewer’s own professional

area is not suitable for examining the submitted paper, the reviewer should immediately notify the EBM in charge so
that other reviewers may be appointed. Also, in case of reason for not being able to finish the review within the
deadline, it needs to be notified to the EBM.

Article 9 Ethics Committee

A

In case of breach of ethics and suspected cases during academic activities, the society may organize an Ethics

Committee (hereinafter referred to as “Committee”) to investigate the truth.

. Organization and Duties of Committee

@ The Committee shall be composed of one chairman and five members.

(@ The Vice-President in charge of academic affairs shall be the chairman, and members shall be selected from the
board of directors, and appointed by the chairman.

(® The chairman and members shall take office for 1 year from January 1 to December 31 and can be reelected.

(@ The chairman shall represent the Committee and take charge of overall duties for ethics of society.

Article 10 Function of Ethics Committee
The Committee shall act in the following manners:

A
B
C
D

. Establish and promote research ethics.

. Prevent and discourage research misconduct.

. Deliberate and vote on research misconduct.

. Determine sanctions for wrongdoers and report the result to the board of directors.

E. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A

. The Committee shall be convened by the chairperson as needed, held in attendance of the majority of members,
and resolved by over two-thirds of registered members’ agreements.

. The decision shall be notified to the suspected person (accused) of misconduct, and the explanatory opinion shall be
received in writing within 15 days.

. The Committee shall review an explanatory opinion from the suspected person of misconduct, and hear an opinion
if needed before making the final decision.

. The decision shall be reported to the board of directors for the final decision.

. If the chairman deems it necessary, opinions by a person other than external personnel or members can be heard.
. Presented content by participants and details of the Committee shall be undisclosed in principle.

Article 12 Reporting Research Misconduct

A

. Research misconduct may be reported in writing with related documents attached according to the five W’s and one
H. However, even if anonymously reported, if it is clear based on the five W’s and one H, the Committee may review
the initiation of investigation.

. The Society shall endeavor not to give any disadvantage, discrimination, unreasonable pressure or damage to the
informant for reporting misconduct.

. The identity of the informant shall not be subject to disclosure, and the best measures shall be taken to prevent
identity disclosure.

. In case the informant wishes to know the investigation schedule and procedure after reporting misconduct, the
Society shall respond sincerely.

. The informant who made the report although it was known or it could be known that the information given is false

shall not be subject to protection.
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Article 13 Sanctions on Research Misconduct and Follow-up Actions

A.

B.

The author whose research misconduct has been confirmed shall be imposed with sanction by selecting from the

following considering the severity of the misconduct according to the decision made by the Committee:

(@ Cancel publication of relevant research subject to the Society publication

@ Prohibit submission of paper to the journal issued by the Society for five years

(® Prohibit presentation in the Society academic conference for five years

@ If the relevant paper has already been published, notify cancellation of publication in the relevant academic
journal, and notify the misconduct to the affiliated institution of the wrongdoer

(5 Cancel membership to the Society

If the informant intentionally made a false report, the sanction equivalent to the research misconduct may be given

according to the decision of the Committee.

Article 14 Protection of Rights of Examinee

A.

The examinee refers to a person who has become the subject of investigation for misconduct due to the report or
cognition by the Society or related institution, or a person who has become the subject of investigation by
suspecting of taking part in misconduct during the investigation process. The examinee shall not include testifiers or
witnesses.

. The Society shall be careful not to violate the dignity or rights of an examinee during the verification process. Also,

until the confirmation of the results, the examinee shall have an equal opportunity for objection or defense, and
shall be notified in advance of the related procedure.

. The suspicion on misconduct shall not be disclosed to the public until the judgment has been confirmed. However,

this does not include cases where serious risk may be present to public welfare or social norms.

. The examinee may request for investigation and processing procedure as well the processing schedule for misconduct

to the Society, and said the Society shall respond sincerely.

Article 15 Disclosure of Record and Information of Investigation

A.

The Committee shall store the investigation report of the entire investigation process obtained in the form of voice,
video or written document for at least 5 years.

. The report of investigation and list of investigators may be disclosed after judgment has been made.
. If the list of investigators, witnesses, testifiers, or consultants has the possibility to cause disadvantage to the

concerned personnel, it may not be disclosed.

Article 16 Report of Investigation Result

A.

B.

The Committee shall report the confirmation of the examined content to the board of directors within 6 months of
the submission date after completion and judgment of the investigation.

The report of the result must include each of the following items:

(@ Content of information

(@ Misconduct subject to investigation

(® List of investigators of Investigation Committee

@ The role of the examinee in the relevant research and validity of misconduct

(® Related evidence and witnesses

(& Objection or defense by informant and examinee, and its processing result

C. Until the final judgment on the research misconduct, it must not be disclosed to the public.



I Research Ethics and Copyright Transfer Agreement

To the Korean Society for Precision Engineering (KSPE)

Title Korean

English

Authors

| hereby certify that | agreed to submit the manuscript entitled above to the Journal of the Korean Society for Precision Engineering with
the following statements.

1. The submitting/corresponding authors (hereafter referred to as “authors”) warrant that the copyright shall
be transferred to the KSPE when the manuscript is accepted, and the KSPE will own the exclusive rights.

2. Authors certify that they have not impinged upon the rights or copyrights of other researchers, and have
attained legal copyright to display items from the original copyright owners.

3. Authors certify that they have indeed contributed to the outcomes and writing of their manuscript and
are responsible for the contents therein.

4. Authors may use or reproduce part of the published work in an annual report, magazine or another
journal. In this case, they should inform the KSPE of the reproduction and cite the work with proper
citation information.

5. Authors have never published the same work in any other journal and are not planning to do so.

6. Authors certify that they will abide by the ethics regulations of the KSPE related to academic activities
given in http://jkspe.kspe.or.kr/files/KSPE_Code of Ethics for Academic Activities (English).pdf. Authors also
agree to CrossCheck verification of the manuscript for prevention of duplicate publication and plagerism.

7. The corresponding author is aware of the items 1-6 and agrees to them.

8. The KSPE will have the right to delay or cancel the publication if authors do not adhere to the above
statements.

9. Corresponding author has the full authority to sign the Statement of Copyright Transfer form on behalf of
all the co-authors.

Corresponding ¢ Corresponding author (name):
2,
Author’s * Position:
Signature
* Affiliation:
e Date: / /
Corresponding The author to whom all correspondence should be addressed from submission to publication process and

Author who is responsible for the published contents and communications with the co-authors.
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Nano/Micro Technology
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Additive Manufacturing
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International Conference on PRESM

PRecision Engineering and Sustainable Manufacturing

PRESM
2023

Important Dates Participating Journals

Jl.lly 16 sun — 27 Fri, 2023
Bankoku Shinryokan,

Okinawa, Japan

Deadline for Abstract Submission International Journal of Precision

of Regular Session: 1 Engineering and Manufacturing (JPEM)
February 15 (Wed), 2023 *SCIE, SCOPUS / IF 2.041 (2021)

Date for Acceptance Notification: International Journal of Precision

(Mail from the PRESM Secretariat) 2 Engineering and Manufacturing-Green
March 15 (Wed), 2023 Technology (IJPEM-GT)

*SCIE, SCOPUS / IF 4.660 (2021)

Deadline for Early Registration/

Presenter Registration: Journal of the Korean Society for
April 15 (sat), 2023 3 Precision Engineering (JKSPE)
*SCOPUS

Full Paper Submission (Optional):
May 1 (Mon), 2023

Awards & Honors

Best Paper Awards
Young Researcher Awards

Outstanding Presentation Awards

Organizer
Korean Society for
<!
E':'E Precision Engineering (KSPE, Korea)
Co-Organizers

LJSPER  The Japan Society for
U Precision Engineering (JSPE, Japan)

TSCE Taiwan Society for
" Precision Engineering (TSPE, Taiwan)

Secretariat

Homepage www.presm.org | Email presm@kspe.or.kr
Tel +82-2-393-0725 | Fax +82-2-518-2937
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International Conference on
PRecision Engineering and Sustainable Manufacturing

PRESM 2023

2023.7.162-21

Bankoku Shinryokan

Okinawa, Japan
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