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Abstract. A new vibration feature extraction method based on improved local mean decomposition
(LMD) is presented in this paper. Local mean decomposition is a novel adaptive time-frequency
analysis method, which iswidely used in rotating machinery fault diagnosis. However, traditional LMD
decomposition results method is sensitive to noise. In order to eliminate influence of noise,
Hermite-LMD is introduced. Firstly, the vibration signal is decomposed by Hermite-LMD method.
Then, the fault frequency of gear is found through the envelope spectrum analysis of the first PF
component. The effectiveness of the proposed method is verified by the smulation data and the
practical gear fault diagnosis.

Introduction

Gear fault diagnosis has attracted considerable attention in recent years[1]. Among them, the vibration
analysis method has been widely applied for diagnosing the rolling bearing fault due to its intrinsic
merits of revealing bearing failure [2, 3].

Loca mean decomposition (LMD) can self-adaptively decompose acomplicated signal into a series
of simple components defined as product functions (PFs), which is proposed by Jonathan S. Smith and
successfully used in EEG field [4]. LMD can decompose a superimposed signal into a complex series
of product functions (PFs) and aresidual. Each PF component is equal to the product of an envelope
signal a(t) and a pure frequency modulation (FM) signal s,(t). Envelope signal isthe product of the |A
and A is obtained by the pure FM signal. Therefore, LMD method can adaptively decompose any
multi-component signal into severa single-component AM-FM signals. It isgenerally accepted that the
gear vibration signals measured by sensor represent multi-component, AM—FM feature,
smultaneously a sum of mono-component can be obtained by applying LMD method. Hence, LMD is
appropriate to process the gear vibration signals. However, moving average (MA) approach is
performed in the original LMD agorithm, which has many problems. To overcome the drawbacks of
original LMD, in this paper we adopt Hermite interpolation to construct the local mean function and
envelope functions, called Hermite-LMD [5]. Therefore, Hermite-LMD is introduced to achieve the
signal decomposition in this paper.

Hermite-LM D algorithm

LMD can decompose a superimposed signal into a complex series of PF components and a residual.
Each PF component is equal to the product of an envelope signal a(t) and apure FM signal s,(t). It will
not stop until the residua is a monotonic function. Envelope signal is the product of the IA and IF,
which is calculated by the pure FM signal sq(t) in Eg. (1)

1 d(arccos, (1)

f(t) =
® 2p dt

(1)
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In the traditional LMD method, the local mean function m(t) and envelope estimation function a(t)
are constructed by using MA approach in the sifting process. Whereas the inappropriate diding step
sizes of MA has an adverse impact on the final calculation of 1A and IF in the end. Therefore, the
selection of the diding step is a magor problem. Since the cubic spline interpolation has good
convergence and high smoothness, Hu. Jintroduced the cubic spline interpolation method to construct
the local mean function m(t) and envelope estimation function a(t). However, the cubic spline
interpolation is performed to construct the envelopes with outstanding overshoot and undershoot

problems. Recently , the fitting method-cubic Hermite interpolation method is found optimum in the

post treatments of CBSR. The cubic Hermite interpolation method is widely applied in engineering,
which has a continuous first derivative property at the node. Therefore, the points are continue and
smooth, and the line has an excellent conformal characteristic. Since gearbox vibration signal is
non-stationary and nonlinear, the cubic Hermite interpolation is suitable for fitting envelope of the
vibration signal. The calculation steps of Hermite-LMD algorithm is described as follows.

(1) Find out al the extreme points of the signal, and then fit upper envelope E(t) and lower
envelope Ejq(t) using cubic Hermite interpolation, respectively. Then local mean function m(t) and
envelope estimation function a(t) can be obtained by Eq. (2) and Eq. (3).

Ep () + B, (1)
2

Eyp () - Epy (1)
2

m(t) = (2

a(t) = ©)

(2) After obtaining the local mean function m(t) and envelope estimation function a(t), Subtract the
local mean function my;(t) from the original data x(t), and then residual signal hy;(t) can be written as

hua(t) = x(t) - mu(t) (4)
h;1(t) then divided by the amplitude function a;;(t) to obtain s;4(t) is given by
S11(t) = hya(t)/ag(t) (5

(3) Get the envelope aj,(t) corresponding to s;(t), if the envelope function ayx(t)=1, stop the
procedure and take s,(t) asthe first purely frequency modulated signal. Otherwise, regard s;(t) asthe
original signal and repeat the step (2)-(5) continues n times until the envelope function ayn+1)(t)=1, so
sin(t) is a pure frequency modulated signal, which can be expressed as Eq. (6)

i hy(t) =x(t) - m,(t)
i h, (1) = s, (t) - m, ()

: ! (6)
% by, (1) = S0y (1) - My, ()
(4) The corresponding envelope is obtained by Eqg. (7)
20(t)= aua(t) Aso(t)....ann(t) = 112, ©)

The first product function PF4(t) can be constructed by the envelope function a;(t) and the purely
frequency modulated signal s;q(t), which can be written as

PF1(t)= au(t)sin(t) (8)

(5)This derived PF4(t) is then subtracted from the origina time series x(t), resulting in a new
function u(t). Regard uy(t) as a new data and repeat the above procedure k times until u(t) is a
constant or contains no more oscillations.
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uy () = x{%:] — PF,(t) ©

u(t) = u;l._:{t:] — PR, (t)
Thus, the original signal can be reconstructed according to
X(t)= ZE_, PR.(8) + Uc(t) (10)
where u(t) is the residue and k is the number of PF components

Application to gear fault diagnosis

In order to validate the effectiveness of the proposed method, the first experiment was conducted on a
test rig of the transmission gearbox as shown in Fig.1 (a). The sample frequency is 10000Hz. The
accelerometer is mounted on the base of floorstand, where the fault frequency is easy to find. The
speed of the driving gear is set to be 1500rpm. A wearing fault that one tooth of the driven gear was
artificially removed has been input into the gearbox, and the defect size is 0.2 mm, which is shown in
Fig.1 (b).

Gearbox Moter Wearing gear

Load
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(a)The gearbox platform (b) The wearing gear
Fig.1. The fault experiment platform of mechanical vibration
In thisexperiment, thefault gear isthedriven gear, sothefault frequency is 18.33Hz. Thetime domain of typical gear
wearing fault vibration signal isillustrated in Fig.2.
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Fig.2. The acceleration signal of gear with slight wearing fault
To verify the advantage of the proposed method, a comparison between Hermite-LMD decomposition and traditional
LMD isdone. Sincethe PFswith different oscillatory modes arelisted from high frequency to low frequency, and the fault
information ismainly embedded in the high frequency, only thefirst four PFsare shown in Fig.3 and Fig.4, respectively.
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Fig.3. Traditional LMD decomposition results ~ Fig.4. Hermite-LMD decomposition results
By observing the decomposition results of the two methods, the phenomenon of distortion can be easily foundin Fig.3,
while there is no such phenomenon occurring in the Fig.4. The comparisons verify the necessity of the signal
pretreatment.
Secondly, the envel ope spectrum analysis techniqueis applied to find the fault frequency (f=18.33Hz). Sincethe fault
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information is mainly embedded in the high frequency, only the first PF component is selected to perform the envelope
spectrum analyses. Fig.5 and Fig.6 give the amplitude spectrums of the PF; obtained by the two methods, respectively.
Besides, for clearly comparison, the frequency—axis of al the figuresin Figsis amplified by 10 times.
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Fig.5. The amplitude spectrums of the PF; Fig.6. The amplitude spectrums of the PF;
component of traditional LMD method. component of Hermite-LMD method.

For comparison purpose, the envel ope spectrum difference of the PF; components derived from two methods should be
discussed. Asseenin Fig.5, we can’t observethe accurate fault frequency, whereas, in Fig.6, obvious spectrum lines of the
fault frequency and the double fault frequency can be found in the amplitude spectrums, avoiding the interference
frequency. It is exactly consistent with the actual working condition. Hence, the comparisons show that Hermite-LMD
method is feasible and effective in the gear fault diagnosis.

Conclusions

In this paper, a new feather extraction method based on Hermite-LMD is introduced. Firstly, the Hermite-LMD is
performed to decompose the denoised signal. Compared with traditional LMD method, improved LMD can improve the
accuracy decomposition results significantly. The effectiveness of the proposed method is validated by the application to
the gearbox fault diagnosisin comparison with traditional LMD.
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