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Development of a Load Condition Analysis Framework for
Domain Adaptation between Digital Twin and Measured Current
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Abstract

This study investigates load variations in a three-phase induction motor of a shot-blast machine using current
measurements integrated with a MATLAB/Simulink-based digital twin. Reference operating points for load ratios from
0 to 120% were generated via simulation, and domain adaptation was applied to steady-state current data to address
the lack of load labels in real measurements. Using Domain AUC, Silhouette coefficient, and Mean difference,
DANN shows the highest Silhouette value (0.38) with a balanced Mean difference (0.69), indicating superior domain
alignment and class structure preservation. Additionally, similarity analysis identifies the soft ratio as a key parameter,
with maximum similarity observed at 40%, highlighting its influence on similarity sensitivity across load conditions.
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Table 1. Internal parameter settings of the induction motor

Parameter Symbol | Value Unit
Rated power Py 746x11 VA
Rated voltageffrequency | Vit 220/60 V/Hz
Number of poles D 4 -
Stator resistance Rs 0.02
Rotor resistance R 0.1

Q

Q

Stator leakage inductance | Ly 0.001 H
Rotor leakage inductance Ly 0.001 H
H
kg'm'

Magnetizing inductance L 04
Moment of inertia J 0.04
Viscous friction coefficient F 0.02 N-m-s
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Table 2. Simulation results for different load levels

Load(%)| limslAl | Poul W1 | nl%] | slip[%] [TelN«ml| zlwm]
0 20 - - 0.7 | 0.189 | 1800
20 62 | 2240 | 96.70 | 439 | 1212 | 17%
40 1232 | 4460 | 9574 | 896 | 2406 | 1784
60 1867 | 6657 | 94.19 | 1382 | 36.00 | 1775
80 | 2526 | 8829 | 9244 | 190.1 | 4793 | 1766
100 | 32.10 | 10970 | 9054 | 246.0 | 59.87 | 1756
120 | 39.25 | 13090 | 8852 | 306.6 | 71.81 | 1745
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Fig. 6. Measurement configuration in MCCB[7]
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Table 3. Data preprocessing and current-based intervals

Category Description
Sampling unit 1 < RMS current time series
Filtering 0<I| <60 " laeg

Rated current | 402 A

Operating data | Idle and abnormal regions removed
Load intervals(%) | 0-120 (20% step)
Interval thresholds | DT-based | thresholds
Imbalance handling | Load-wise balanced sampling
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Table 4. Training settings for domain adaptation models

Category Setting
Network Gi: FC(1 — 64 — 128) + RelU
. G, : FC(128 — 7)
architecture

Gy(DANN) : FC(128 — 6 — 2) + GRL

Adam optimizer, LR = 3x104main)
batch 1024, epochs 10
gradient olipping 50

Training

Adomain = 0.10 (DANN)

L ight:
0ss weights Aewat = 1.0 (CORAL)

Reproducibilty Ra”dom seads (42, 43, 4, 45, 46]

results reported : mean + std
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Table 5. Performance of domain adaptation methods

Algorithm | Domain AUC |Silhouette(REAL)| Mean difference
Source-only| 094 + 0.05| —024 + 003 | 1595 + 145

DANN 089 +003| 033 +002 | 063 £0.13
CORAL [092 +004]| 038 +003 | 069 £ 0.09
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Fig. 12. Real load similarity versus soft ratio
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