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Abstract--The current feature for motor carried with natural
mixed eccentricity and bearing fault is merely focused even
though it is very important for motor online diagnosis.
Considering both of the air-gap length change and torque
vibration caused by bearing fault, the stator current expression
were deduced for mixed eccentric motor. The new current
characteristic frequencies for motor with bearing fault and mixed
eccentricity were obtained. Finally, a series of smulation studies
were conducted, the results show that the new eigenfrequencies
arereal and useful for online diagnosis of those motor in service.
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| INTRODUCTION
Induction motor bearing faults can make the air-gap length

change and
respectively.

A. Air-Gap Length Change

angular. The air-gap length change can cause the MMF change
and the change of MMF will be analyzed later.

Il CURRENTCHARACTERISTICFREQUENCY FOR

ECCENTRICMOTOR

The analysis below would be start with air-gap length
torque vibration caused by bearing fault

1) Outer raceway fault for mixed eccentric motor
When the motor with mixed eccentric has an outer raceway

bearing fault, the air-gap length can be expressed as follows

< k
change and cause torque vibration. Both the air-gap length% € 1)= g, [1-3,cos8 -, cos t-8)][1-ecosd | - @)

change and torque vibration lead to the modulation to
MMF(Magnetomotive Force), the work [1-2] analyze the
characteristic frequencyf#kf.|) related to the bearing fault in
stator current spectrum; while the eccentric for motor i
studied by analyzing the magnetic field in work [3-4], the
eccentric characteristic frequencys#f,[) can be found in

stator current spectrum as well. However, the related studies

on bearing fault are based on the ideal motor, namely,
regardless of eccentric. It is well known that motor eccentric is
inevitable because of the manufacturing and installation

k=—c0

Wheree is eccentric degree caused by bearing fau(t,-

k/f,) is Dirac function and,is the characteristic frequency for
an outer raceway fault.

For Dirac function, Fourier series method is used

k=+c0

> (- )= &+ B, coserkdy)
k=-00 o k=1

Where the Fourier series coefficients f,vk.

+o0

3

process. Hence, the current characteristic frequency of mixed Because the air-gap permeanteis proportional to the
eccentric motor with bearing fault is worth to be researchedpverse of the air-gap length, so the air-gap length can be

and is helpful for online diagnosis of motor bearing fault.

I MOTORECCENTRICITY

Eccentricity is caused by motor manufacturing and
installation process and it is inevitable. Rotor eccentricity in
induction motors takes two forms, namely, static eccentric (the
rotor is displaced from the stator bore centre but is still turning
upon its own axis) and dynamic eccentric (the rotor is still
turning upon the stator bore centre but not on its own centre§
According to the work [5], the air-gap length for the motor with
mixed eccentricity can be expressed as follows

g6 1)=9,[1-9,cos6-9g,coswt-6)] (1)
Whereq, is the motor designed air-gap lengdhjs static

eccentric degredy is dynamic eccentric degregjs the angle
in stator frameg;, is the rotor angular.

It is clearly show that the air-gap length for motor with
mixed eccentric has a relationship with the time and the rotor
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defined as follows

Ho )

9, [1- 8, c0s8 - 3, cos(e t- 8 )|[1- ecos8 " a(t - fi)]

K=o o

Wherey is the permeability of vacuum.

AB,1) =

The formula 1/(1-X)=1+x+x2+...... (IX|<1) is used to

implify the equation (4)

/\(9t)=§ [t J,co+d, cosiat - 6)

+egcoP-J, egcos f—-egd, codcosiyt—6) (5)

+ i ¢ cosft-6)- eb;cosﬁick coskawt —6)
k=1 k=1
- @ cosg t—ei ¢ cosfw t-8)+ eickcoskag +06)
k=1 k=1

- @;cos@i ¢ cosky +6 y &), cos@t—e)iqcos«ag +0)]
k=1 k=1



Only the fundamental MMF is taken into consideration andB. Torque Vibration

MMF is as follows When the ball contacts the fault point (an outer raceway
F=F t— + 6 fault is taken an ex.ample), a mechanical re5|§tanqe will appear.
. COS@S pE+9) _( ) The consequence increases a small torque vibration to the load
Where F is the amplitude of fundamental MMb; is  torque and the vibration is related to the characteristic
power supply frequency angis modulation angle. vibration frequenciesf,. Considering the torque vibration

The magnetic flux density can be obtained caused by bearing fault, the load torque can be expressed by
B(6,t) = FA(6,t) = FA,cos[(@, = mw, + nw)t+ ko= g] (7) Maoa (1) = T + T cos(w,t) (15)
Where m=0,1;k=0,1,2,3...... ; N=p,p£l,p£2. WhereT is constant component for motor torqug, is

. . . . additional torque component caused by bearing fawltis
Then according to the voltage equations of induction motor earing fault anagular.

the outer raceway fault characteristic frequency expression Is

shown below The mechanical equation of motor is used
=|f.+nf + da
fo =|fo 2 nf, £nf] 8 Moo (1) = Mg (1) = J ot (16)
Where m=0,1; k=0,1,2,3......; n=p, p1, p£2. dt

Combing equation (15) and (16)
2) Inner raceway fault for mixed eccentric motor

When the motor with mixed eccentric has an inner raceway _1
bearing fault, the air-gap length can be expressed as follows @ (t) = j-[ (Motor(D) ~ Tioaa(t)dT 17)
t
g 6 1)=g, [I- J, cosd - J, cos t- 8)][1- ecos(t + 6) ia’(t _fi)] ©) Wherel meor iS the electromagnetic torque ahid the total

k=0 inertia of the system.
Where f is the characteristic frequency for an inner ] )
raceway fault. Generally, the motor torque is considered to be equal to the
) . . ) constant component for motor torque, namely, Therefore,
The magnetic flux density can be obtained using methogquation (3) can be re-written as follows

mentioned above

..
B(6.t) = FA(6,t) = FA, cos[(c. + ma, + na,)t+ ké + ¢] (10) w(t)=- Jc:) sin(@t) + @, (18)

Where m=0,1;k=0,1,2,3...... ;n=p,pxl,p2. c
) . ) . Using the formulaw=dé/dt, the rotor positiord, can be
According to the voltage equations of induction motor, thepisioned

inner raceway fault characteristic frequency expression is
shown below

2
o

t
6.(t) = J'a),(r)dr SF cos(w,t) + w,t (19
fe =|f, £ mf, £ nf] (11) o Jo,
_ _ _ Because the mixed eccentricity can cause the torque
= =p.p+1 p+
Wherem=0,1,2k=0,1,2,3...... n=p,pxl,pr2. vibration for motor, so the phase modulation to the MMF

3) Ball fault for mixed eccentric motor ccurs and rotor MMF expression for is as follows

When the motor with mixed eccentric has an ball bearing(])

fault, the air-gap length can be expressed as follows E O ,t)= E cos( pgr - st + A COS@)rt)) 20)
g, 61)=, [I- 4, cosf-J, costy t-06 )][1-ecosty,,t +6) idt-h)] (12) Where Acos,t) represents the modulation angle because
K=o f, of eccentric andis the motor slip.
Where f, is the characteristic frequency for an inner

raceway fault,wcqe is the cage rotation angular frequency. And

(wcager(1-(DucoP)/Dy)/2, D, is the cage diameteD, is the t

ball diameter ang is the contact angle) 6, = jwr dt + 6 (1)
0

The magnetic flux density can be obtained using method Whered' is mechanical angle in the rotor reference frame.
mentioned above
Due to the rotor and stator reference frame has a

B(6.1) = FA(6,1) = FA,COS[(g + Mtnye * Nec, )t 2 k8 + 9] (13) relationshipd=6'+ 6, , using equation (21), the mechanical

Where m=0,1;k=0,1,2,3...... ;N=p,px1,p+2. angled’ can be obtained
According to the voltage equations of induction motor, the ' —p_ _
ball fault characteristic frequency expression is shown below ¢=0 ) ot A’ COS@Ot) (22)
Where A=T'J/Jw,".
fbf = fsi mfcagei nfb| (14) Therefore, the rotor MMF can be obtained refer to the
Where m=0,1,2;k=0,1,2,3...... ;n=p,ptl,p2. stator reference frame
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F @.t)= F cos(pb - a.t- pA, cos@,t)- A cos(a,t)) (23)
It is easy to get the flux magnetic density using equation (7)

B, 9= F(6, 97\, = FA,cos(@-@t- A cogt)- pAcosiy)(24)

According to the voltage equations of induction motor, the
outer raceway fault characteristic frequency expression is
shown below

PSDidB

fa+2fc

Where m=0,1,2,3...... ;n=0,1,2,3....... ﬂ |
ML A ., "

If the bearing has an inner raceway fault or ball fault, the ‘ . . : A
same method can be used to do analysis, and the same res o 50 o 250 300
can be obtained.

fy =| £+ mf £nf| (25)

0

FIGURE Il: SPECTRUM FOR IDEAL MOTOR WITH BEARING FAULT.
TABLE I: EIGENFREQUENCIES FOR MOTOR WITH ECCENTRIC OR

40 T T

WITHOUT ECCENTRIC.
30+ -
Bearing fault for induction motor o
Without eccentric With eccentric wr L ]
Air-gap Torque Air-gap Torque 101 .
length chanc | vibratior | length chanc | vibratior ol |
Outer o 4
raceway fotkf, fakf, fitf 2f o famf,nf, g fofuz EF l i
_ . foHf 2K _ 2 aolyernicy foste |
Inner raceway| o #kf; fetkfi £t akd, famfanf; 30 f T T "
Tt cagatkly | fetMicaget i \ l"h’“’c l B i 1
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—ﬁﬂ-nJ / (" | & 1l ﬂ
IV SIMULATION Iy W W W o Jiﬁ' \)
) _ _ sop LR Wl Wy o .
Based on thef coordinate system, the simulation model , , ‘ Sl
for eccentric motor is established with voltage equation, flux ’ * N S & =
linkage equation, torque equation and movement equation s re |1, SPECTRUM FOR MOTOR WITH ECCENTRIC AND
with the method in paper [6]. By adding an additional periodic BEARING FAULT.

torque pulse to the simulation model, the pulse frequency for

all kinds of bearing fault can be calculated using the equation Fig 1 and Fig 2 show stator current spectrum for eccentric
in work [7]. The stator current spectrum can be obtained famotor and for motor with bearing fault respectively and the
different cases and results are shown in Fig.1 to Fig.3. (onkgsult is match with existed studies (eccentric motorf k|

the outer raceway fault is simulated, because the simulatiand motor with bearing fault fofstkf[). Fig 3 shows the
method for inner raceway fault and ball fault are the sdme. spectrum for motor has both eccentric and bearing fault. The
represents the characteristic frequency for an outer racewagsult shows that some new frequenciégn(f.tnf|) occur,
bearing fault.) expect for flxkf;| and flikf;|. It is because that there is an
intermodulation between the eigenfrequencies for eccentric
and eigenfrequencies for bearing fault.

40

V  CONCLUSION

If the eccentric motor has bearing fault, the air-gap length
would be further changed and torque vibration would occur.
Both of the air-gap length and torque vibration can cause the
modulation to MMF (air-gap length change cause the
amplitude modulation to MMF, and torque vibration cause the
phase modulation to MMF), then the modulation would be
translated from MMF to flux magnetic density B, magnetic flux
@, finally to the stator current. Compared to the motor without
eccentric, some new frequencies occur. The result can be

PSD/B

05 20 1060 e 00 250 300 considered the intermodulation between the eccentric
requency/Hz . . . . .
Freaueneym eigenfrequencies and the bearing fault eigenfrequencies. Those
FIGURE |: SPECTRUM FOR MOTOR WITH ECCENTRICITY. new frequencies would be useful for online diagnosis for the

motor in service.
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