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Development of a Method for Health Monitoring of Rotating Object
for Mobility based on Multiple RLS Algorithm

Hanbyeol La", Jiung Lee™, Kwangseok Oh™"

Key Words: Health monitoring(7179 2 LUE %), Rotating object(3]F 7)), Recursive least squares(A7 &5 34,
Forgetting factor(%ZF ¢IX), Torque constant(ZE= ), Back EMF constant(¥7]E &)

ABSTRACT

This study presents a method for health monitoring of rotating objects for mobility based on multiple
recursive least squares(RLS) algorithms. The performance degradation of the rotating objects causes low
handing / low driving performances and even fatal accidents. Therefore, health monitoring algorithm of rotating
objects is one of the important technologies for mobility fail—safe and maintenance areas. In order for health
monitoring of rotating objects, four recursive least squares algorithms with forgetting factor were designed
in this study. The health monitoring algorithm proposed in this study consists of two steps such as uncertainty
estimation and parameter changes estimation. In order to improve estimation accuracy, time delay function was
applied to the estimated signals based on the first order differential equation and forgetting factors used for
the RLS were reasonably tuned. The health monitoring algorithm was constructed in Matlabh/Simulink environment
and simulation—based performance evaluation was conducted using DC motor model. The evaluation results
showed that the proposed algorithm estimates the actual parameter differences reasonably using velocity and
current information.
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Fig. 1 Overall model schematics of the proposed algorithm
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Table 3 Parameters for DC motor
Parameter Description Value
A L(mH) Change of inductance 0.8
QGUANSER H
AR(R) Change of resistance 0.84
Ak(Nm/A) Change of torque 0.021
constant
Fig. 3 DC motor system used for evaluation —
AL (V/(radls)) Change of back—emf 0.021
constant
Table 1 Parameters for DC motor i -
A Ckgm) Change. of r.otatlonal 1.045%10°
—. inertia
Parameter Description Value
L(mH) Inductance 1.6 .
" Table 4 Used parameters for recursive least square
R(2) Resistance 8.4
ko (Nm/A) Torque constant 0.042 Parameter Description Value
k,(V/(rad/s)) Back—emf constant 0.042 A Forgetting factor 0.95
J(kgm?) Rotational inertia 2.09x10°° Pt Covariance initial value 0.0001
041 | Estimation initial value 0.001
Table 2 Parameters for DC motor Ao Forgetting factor 0.95
Evaluation P Covariance initial value 0.001
Division environment Changed parameter émm Estimation initial value 0.1
Case 1 Virtual All Ay Forgetting factor [0.995 0.995 0.995]
Case 2 Actual Rotational inertia P Covariance initial value | [0.001 0.01 0.01]
Case 3—-1 Virtual Rotational inertia Onivs Estimation initial value | [0.001 0.001 0.001]
Case 3—2 Virtual Damping A, Forgetting factor [0.995 0.995]
Case 3—3 Virtual Torque constant P4, | Covariance initial value [0.01 0.01]
Case 3—4 Virtual Resistance 6,5 | Estimation initial value [0.001 0.001]
Case 3—5 Virtual Inductance
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Fig. 4 Evaluation result: Case 1
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Table 5 Used parameters for recursive least square

Parameter Description Value
Ab Ay Forgetting factor 0.99
Pii1s Piito Covariance initial value 0.001
01> Oinit 2 Estimation initial value 0
A3 Ay Forgetting factor 0.999
P35 Pinina Covariance initial value 0.0001
0> Oimit 4 Estimation initial value 0
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