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ABSTRACT

This paper presents a new virtual sensing system for the real-time monitoring of a vehicle steering
motor. The aim of the proposed system is to identify the unmeasured dynamic characteristics of the
target structure using the inverse force identification method. The system matrices (mass, stiffness,
and damping) of the steering motor vibration are generated using the finite element (FE) method,
model update approach, and the well-known Craig-bampton reduced-order method. The implicit inverse
force identification method is subsequently integrated with the system matrices to predict the
unmeasured loading state based on a limited set of measurable acceleration data. Finally, forward
time integration provides the full vibration responses and reaction forces of the entire structure. The
accuracy and efficiency of the proposed system are examined by the experimental study. The
utilization of HoloLens visualization software is implemented in the proposed virtual sensing system
for human perception. TCP/IP data connection is then employed to guarantee the attainment of real-time
functionality. The user can effectively monitor the physical condition of the target structure using the

mixed reality environment.
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2.1 BLAC 25 ZHY

4T A4 F7] 57 ](permanent magnet synchronous
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Fig.1 Geometry of system
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Fig.2 Permanent magnet synchronous motor

Table 1 FE information of target system

Component Node # | Element # | Type of element

Motor 661417 362 684 Tetrahedral (3D)

Jig 570 069 504 816 | Hexahedron (3D)

Bed Plate 48 040 47 651 Quadrature (2D)
Column 12 6 Beam (1D)
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Table 2 PCB-261A01 physical information

Weight Stiffness

X, Z axis Y axis

386 g

0.7 kN/m 1.75 kN/m

Fig.3 Sensor position
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Fig. 4 Comparison of reaction force

Table 3 Relative amplitude error

Error [%] #1 46 #9 #18
X-axis 0.92 26.97 228 9520
Z-axis 5392 | 8741 | 5393 | 9335
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