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Study on properties of armature current for micro DC motors and
multiple features of fault diagnosis

XIE Zhi-ping' > WU Wei'  HONG Jianeng'
(1. School of Physics and Mechanical & Electrical Engineering Xiamen University Xiamen 361005 China;
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Abstract: A fault diagnostic model for the micro direct-current motor ( MDCM) was presented which is
used to solve the problem that MDCMs can’t be automatically inspected on the production line. The meth-
od was based on multiple features of the armature current. The analytical expression for the armature cur—
rent was obtained from the dynamic model of MDCM under nodoad and steady-state operation conditions.

The multiple features based on the armature current were confirmed. The experiments on several motors
with the representative failures were studied. The time-requency domain features of the current for the
MDCM were analyzed. The fault mechanism were analyzed by using the multiple features mentioned a—
bove. The experimental results show that the relative changes of the multiple features in different fault ca—
ses are different and the multiple features can be utilized as the fault diagnostic indices.

Keywords: micro direct-current motors; fault diagnosis; armature current; multiple features; spectrum a—

nalysis
1 2014 -07 -10
: (201416026) ; ( KY (2012)075 )
(1980—) :
(1982—)

(1989—)


https://core.ac.uk/display/41441781?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

108 1
0
~ N 1
o 1.1
100% o 4
di,
U =e +iR +L,
a a dt
. (1
o o T=T,+] d—‘;’
: U"‘ ’ea , ia
R, L, T :
- T, v ) o
> e, =C.dn (2)
T'=CyPr,o (3)
B C. ; Cr ; D
N i n 0
1 3
i)
. M. A. Awadallah P
¢m‘dxo
) 14
9 10
o M. Hajiaghajani 1(b) o @
1 b =@, + D, sinwi, (4)
° 15
9-11 o Luis J. de Miguel )
12 _ menpn
w= 30 ° (5)
A. Soualhi ) 0 ” ”
° 12 -13 ' o
’ k c=1k c=2,
‘ do _
° (5 =)
° () ~ (5
wckpnt

Rd
ia :Cle_L‘I +Ia +IamSin( 30 +gDn)O (6)

o R

a

;o= C.nd,

N/Ri + ﬁ/ﬂ_ZCZkZpZnZLi




8 109
gy~ TChOAL, o  ® e
goa - g 30Rd )
Cc . (0) k +An)t
1 N R lA( t) :[aA +IamAS1n (Trc p( n300 n) +¢a ) +1
(10)
N
al,
[aA :Ia() +6?AR30
L AX
> a[am a[am
é}(‘@ IamA :IamO + aR ARa + aL ALaO
1.2 (FFT)
i( 1) FFT
S Fi() =Fi +F i . (11)
(a) B BUB AR B (10) (11)
ol,
Do Fi() = F[[ao o ARH] ¥
¢l) )
F[ (1 an \
@"“." am0 + aRd a +
w2 3w2 5w w2 w al""“AL )s,n (’nckp( n, +An)t s )] .
Zam in | —f£0 =7 .
(bR KA oL, 30 ¢
1 F i o (12)
Fig. 1 Graphical representation of the MDCM N
S P, A
OO 4
ol,
. (6) Poc= | F1y+ aRﬂARa] (13)
- . [ wckpnt ckp( ny + An)
La_]a +IamSln( 30 +¢u)0 (7) “fm:gio (14)
a]am
P, = F[ (Iamo o AR
A ! alam . F‘TCkp( n’O + An’) 4
: aLBALa)sm( 30 +gpa)] °
; AD . (15)
n fn A= |F i ‘ (16)
i( ) 2
. _ . [ wckpnt
i(1) =1, +]amsm(730 + d) +1,0 (8) 2.1
R, =
Ry L, =Ly n=nyo . ( 2)
AR, AL, N N
An A/D 0 1,
Ra :RaO + ARa SV R
20,
Lo=Lo+AL, (9) A/D Matlab

n=n, +Ano.

FFT



110

19

] ISR A0
5V DC Y%A i

=
Bk

) &R GENETE  A/D it
i(t) R

B/ MATLAB/FFT 7254

2
Fig. 2 Opverall system block diagram
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Table 1 Parameters of MDCM

vV 5.0 DC
% 1.5 ~ 9.0 DC
/N *m 0.001 5
. ( VI 6050 =650
/mA 50 max
2.2
8
40 960 Hz
1024
40 Hz.
2

Table 2 Fault types and injection methods
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Fig. 3 Waveform of armature current for the MDCM
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Table 3 Multiple features of armature current 5
for the healthy MDCM Fig. 5 Amplitude spectrum curve of
P Ity P, i the MDCM for AS
OK1 898 640 221 754
0K2 987 600 190 837 °
0K3 816 640 169 807 8
OK4 786 640 167 802 o 2 8
OK5 815 600 169 632 WGl ~WG8. 8
0K6 813 640 195 879 WGl
OK7 825 640 200 767 5 6.
OK8 822 640 230 752 5
845 630 193 779 Table 5 The multiple features of armature
current for WG motor
4.2
Py S !Hz Py A
WGl 757 600 203 776
3 WG2 675 600 154 813
WG3 556 560 153 848
WG4 639 600 148 781
o 8 62
WGS 736 600 188 1014
( 15%) » 2
3 WGo 516 600 219 912
WG7 688 560 202 876
AS1 ~ AS8. 8
WG8 711 600 228 803
AS1
660 590 187 853
4 5,
5 10 000
Py=757 o
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4 = 100
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Table 4 Multiple features of armature
current for AS motor |
oo /s P, A 0 4000 8000 12000 16000 20000
FHi % H;
AS1 985 600 215 1302 WMy
AS2 734 600 131 1266 6
AS3 1305 560 212 1364 Fig. 6 Amplitude spectrum curve of the MDCM for WG
AS4 867 600 191 1199
ASS 974 600 228 1391 6
AS6 1025 560 173 1132
AS7 832 560 165 1293 Pr
AS8 997 560 206 1478

965 580 190 1303
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Table 6 Multiple features of armature current My
for MD motor : ;, i :
Py Su!Hz Py A my,; L
MD1 1033 280 358 1018 7 9,
MD2 913 280 407 1182 7
MD3 966 280 374 1226 Table 7 Relative changes of multiple features
MD4 1096 280 409 1254 for the faulty motor
MD5 1123 280 355 1637 Eppe e, &p; P
MD6 1052 280 387 1329 AS 0.1420 -0.0794 -0.0155 0.6727
MD7 1030 280 384 1388 WG -0.2189 -0.0635 -0.0311 0.0950
MD3 948 280 410 876 MD 0.207 1 -0.5556 1.000 0 0. 6059
1020 280 386 1251 S 2. 8663 -1.0000  -1.0000  -1.0000
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Fig. 7 Amplitude spectrum curve of the MDCM for MD 9
Fig. 9 Relative changes of multiple features
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