'i) Check for updates

Journal of KIIT. Vol. 24, No. 2, pp. 179-188, Feb. 28, 2026. pISSN 1598-8619, eISSN 2093-7571 179
http://dx.doi.org/10.14801/kiit.2026.24.2.179

A" EY 74 "oy §8= 53 PMDC EEHe| HHA|
PhE gE A g A

A'EHM*1 71 M

2 %
(= (=) , Bo=_{*, O

Development of a Brush Wear State Diagnosis Framework for
PMDC Motors via Digital-Twin-based Virtual Data Fusion
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Abstract

This study proposes a method for diagnosing brush wear in PMDC motors by fusing measured vibration data with
digital twin - based virtual data. The similarity between vibration data obtained from a motor - gearbox test rig and a
Simulink/Simscape digital twin was evaluated using a DTW-based metric, which was employed as a simulator
reliability factor g to automatically determine the required amount of virtual data. Using a fused dataset composed of
20,000 real data segments and approximately 18,000 virtual data segments, four levels of brush wear were classified
using XGBoost, 1D-ResNet, TCN, and TST models. The results show that all models achieved classification
accuracies exceeding 97%, with XGBoost attaining an accuracy of over 99.4%. Compared to the case using only real
data, the proposed fused dataset framework significantly improved the diagnostic accuracy of PMDC motor brush
wear, thereby demonstrating the effectiveness of the proposed digital twin - based virtual data fusion approach.
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Fig. 1. Digital twin - based brush wear diagnosis
framework for PMDC motors
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Table 1. Motor Failure Mode and Effects Analysis (FMEA)

DAQ device Acceleration Test bed
sensor
(a) & olol&
(a) Real data
Healthy  Faulty

Type Fault_mode  |OCocurrence Severity [Detectio RPN
orush | &X0essve/ 5 7 | 4 |40
uneven wear
commutator| pitting/grooving 4 8 5 1160
bearing | Mnerouter 4 9 | 4 |14
race spalling
. turn-to-turn
winding short 3 9 4 1108
partial
magnet demagnetization 3 8 5 |10
alignment | Shaftooupling |, 7 | 4 |1
misalignment

E 2 PMDC ZE AR
Table 2. Specification of PMDC motor

3D modeling

Simulink circuit
(b) 7hat lo|E
(b) Virtual data
J2 3 diole 8 AlA” JEE
Fig. 3. Conceptual diagram of data acquisition

Model | Voltage | Output | RPM | Current | Torque
S9D200
_90CH 90 200 2670 2.8 0.715
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