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where x7 is the sth particle of x;, and w; is the weigths of x;.
The process of state space model parameter estimation is shown in Fig. 2.
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4. System RUL

After model parameter estimation, the system RUL can be predicted. The

distribution function (CDF) of system RUL is:
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And the probability distribution function (PDF) of system RUL is:
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Fig. 2. The process of parameter estimation
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f(trIyl:c) = F’(trIylzc)-

The expection of system RUL is:
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5. Planetary gearbox RUL estimation

A case study is carried out for predicting planetary gearbox RUL based on state space model.
In order to validate the effectiveness of the method this paper proposed, a planetary gearbox
life-cycle experiment has been done to obtain the degradation data that a planetary gearbox ran
from new to failure.

As shown in Fig. 3, the experiment rig consists of a test planetary gearbox, a 4 Kw drive motor,
a speed and torque sensor and a magnetic powder brake. And between the two of them is connected
by coupling. There are four accelerometers fitted onto the casing of gearbox to record vibration
data, as shown in Fig. 4. In the experiment, the sampling frequency is 20 kHz. The speed of the
gearbox is 1000 rpm. The magnetic powder brake provide about 340 Nm to reduce the lifetime of
gearbox. Each vibration monitoring provides a date file collected in 12 seconds at every 5 minutes,
twelve groups of date files are collected in every hour. The total experimental time is 680 hours.
As shown in Fig. 5, the energy of vibration signals of the first 640 h is presented, and also some
wear quantities of the first 680 h is shown.
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Fig. 3. Planetary gearbox experiment rig Fig. 4. Mounted location of accelerometers
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Fig. 5. Energy of vibration signals and wear quantities

The wear quantity in 680 h is 0.36 mm, set it as failure threshold, X; = 0.36 mm. Using the
proposed method to predict planetary gearbox RUL when working time is 640 h. The result of
parameters estimation is shown in Fig. 6 ( a= 0.1755, & = 315.1, ¢ = 8.985x10°,
o = 7.645x10%). The planetary gearbox RUL is t,(predict) = 41.2 h. The CDF and PDF of RUL
at 640 h is presented in Fig. 7. It is obviously that the RUL values of prediction and actual
(t,(true) =40 h) is very vicinal. Therefore, the RUL estimation method prposed in this study is
effective.
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Fig. 6. The process of parameter convergence Fig. 7. The CDF and PDF of RUL at 640 h

6. Conclusions

This paper is meant to investigate the RUL estimation method for planetary gearbox. A fault
prognosis approach based on state space model is put forward. And experience maximization
method and particle filter is used to estimate the parameters of state space model. The degradation
data of a planetary gearbox life-cycle experiment is used to verify the effectiveness of the proposed
method. And the RUL estimation result is satisfying.
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