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Optimization and Research of a Bearing Fault
Diagnosis Method Based on VMD and KFCM
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1. College of Electrical and Information Engineering, Lanzhou University of Technology , Lanzhou 730050 , China ;

2. Engineering Department , the University of Melbourne s Melbourne Australia 3010

Abstract: In order to solve the problems that the fault vibration signal of mechanical equipment bearings
has the characteristics of strong noise, non-linearity and non-stationarity, and it is difficult to extract fault
feature information, a new method of mechanical fault diagnosis based on variational mode decomposition
(VMD) and improved fuzzy clustering algorithm is proposed in this paper. Firstly, the fault data collected
are pre-processed with VMD and singular value decomposition to remove outliers and noise; and then the
kernel fuzzy C-means (KFCM) clustering algorithm is used to classify different fault types. and the classi-
fication performance is evaluated by calculating classification coefficient, average fuzzy entropy and ham-
ming closeness. Finally, the particle swarm optimization (PSO)algorithm is used to optimize the parame-
ters of KFCM training state. A simulation analysis and experimental data verification show that this meth-
od not only shows better classification performance (it can identify faults accurately and stably), but also
needs only a small amount of sample data for training, so that the workload and time of diagnosis are
greatly reduced, which provides a theoretical basis for on-line fault diagnosis of large rotating machinery e-
quipment,

Key words: fuzzy clustering; feature extraction; variational mode decomposition; fault diagnosis; Particle

Swarm Optimization(PSQO)
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Research on a High-Frequency Mobile
Phone Adapter Based on GaN FET

YANG Yi'?, ZHANG Xue-jian', LUO Lei'

1. School of Electrical and Electronic Engineering s Chongqing University of Technology s Chongging 400054 s China ;
2. Chongqing Energy Internet Engineering Technology Research Center, Chongqing University of
Technology s Chongging 400054 , China

Abstract: An experiment was carried out to develop a high-frequency mobile phone adapter of GaN switch
tube in accordance with MATIAB simulation based on the problem of high frequency of switch tube. By
analyzing the simulation model of the secondary resonant active clamp flyback circuit, a high-frequency
mobile phone adapter based on GaN switch tube is designed. Based on the comparative analysis of active
clamp flyback and passive clamp flyback, the limitation of passive clamp flyback is obtained. In active
clamp flyback, the primary resonance and the secondary resonance are compared, and the deficiency of the
primary resonance is proposed to highlight the advantage of the secondary resonance. Through the corre-
sponding control strategy and parameter setting, this design can improve the charging efficiency of the a-
dapter and the power density of the converter and reduce the switching loss, and are safe and reliable.

Key words: GaN FET; active-clamp flyback; passive- clamp flyback; the secondary resonance of ACF;

charging efficiency
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fih 177 £ KC 2 F7 4 88. 077 MPa, /NF 235 MPa, i & 313k,

W EE ST = ARV R AT S A Simulation H, [FIRRAR G2 2 3 MORHE P HEAT RS Rl 43 05 B A% PR
JCR/INA 10 mm. X8 56 i [ 8 JLART 249 o, i 15 8 4k 0 Xk s KO 4y 1 KN 420 5N, 1%
B4 S RN 15,5 N, 3847504 5 45 B 58 0 140 i = LA 18 4 iz, #4OBE 16 MinR I T 1Y Je K
FHRE 18 325 MPa, 4 #4025 il 1 1 e KAE A 3. 86 MPa, /T 325 MPa, i & & 112K,

1 38582500
von Mises (VmA2) I 339500
88,077,192.000 L 321487250
l 80,737,424000 . 280950
L 13351,664000 2559150
- 66057896000 L 2201400
 5118,18000 192696315
333333 60.000 1,600,288.150
St | 1285001000
3669832000 | oe352108
e l 642,905,500
L 2092800
s
14,679,532.000
10088
139766500
I 0414 — ;20422000000
7
o
1= o 1= —
B3 SHEMESTRESWER B4 BRENANHRE

1.4 WIHEELEHWAR
A SR B s RS PIER . WA ARG A IR KRNI 5 s, WEZG A E
SR ME 6 s,

1. BEEFF; 2. IR 3. REEH; 4. WHPAR; 5. Wi 6. AL shih;
7. WiAR; 8. HLHLICHE; 9. HHEEAML; 10. Fl; 11, BIIE; 12.
BLREI; 13, P54k 14. s 15, HEHRL2E.

Bs5 BARENHENEER

1.5 IT{ERIE

7% Dl 5 25 MUAR A5 el i o Tt 224 T 3 4 ol B O 80 75 O K OB R B R AT S B A S A A O
W22 1 18 2 S iR P e 0 WA B A, A T P A [T A e, S P e R X R A 1 B AT Ak
B, W Sk o AR TE W2 RLE JE N A TERLE S N SRS L BR AT IT G IR , AATERLUE TSN, R
P UK A0 E R AL, 2D E L PLOE I A S 2R U Y S A SE R (A WA R AL E S R PO T T R
SE 8 H B2y,
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P

2 EHERSIZIT »| EERERR
Pt 2 G0 A0 35 15 1SR 45 M5 e R HRUAT B e
AL STM32F103 E hy s i 28 . 425361 32 G 4% # TRAR > R

Peldil ok CAN Sk 7 iR, {5 2R AR AR P ik
R RE AT R A g R R I AR TR X 2% e A B ML AT S R
FE R 25 4T 5 28 W 22 8] A9 R B8 iR AT R4, BUAT AR
A B 32 L S BN R Bl ML RN R R IR Y A L 2 4R o B 7RG AR E
RGAE A HE R I 7 B . 45 &R G R R S
YnE 8 frs.
2.1 EEREER

R P E A PRE N DR L D RS P, — B T AN LR B A DN A B B A
i 1O fil & MBE, ¥ 6lus H (Trig) — KR T4 T 10 ps WEHAHFES, B A 3 &0 8 4~ 40 kHz 15 .
H 553 B, A5 53R BE T 1O f e P, s H P 45r 2 0 B Ta) g 2 88 75 Iz DA & 559 381 422 g %) sk 1]
Jir ) s B

> FEYIRERE R > E#l

d=G*u)/2 (2)
w: P 340(m/s) 5 o e HLPRFZEIT ] (ms).
] e B S-S S5 BT B S R L. R R U B A7 PR BE R A N OSBRI AR BRI, LR B T IR AR K
A R fifi RS L AR SCk D HC-SRO4 8 7 J I A E I/ 9 B, Rk ff 15°, B F 4% 7.5°, T3 il
20~4 500 mm.

B8 #HHRFEHILYE B9 & ER

2.2 BITERAELR
2.2.1 WIHHHIES) &3

% B e H DM542 LIRS ay . A dE bk op A5 5 % A 2 0 PUL Ry ) B SF{5 5 % A 2 10 DIR 2R H L F
Wk, (el ENA+5 ENA-E%5 . it s2F PUL Al DIR S 171 A9 {0 H S 52 B0 e LAY 1F i 3%

R P I I B A BB B A 4 MIUC, MUC 3 ik 8 02E 20 B b4 122 0 e ML AY TF i 6
2.2.2 B IR S W 3k

AR FH P 2 A7 19 3 1 2 X A R R s o Sk () AT R R P BIK B0 f B R 298N ek A I OG
G S TR S W (1 T = 1 & Sy N T 51 = W L) s S I S 1 VAP AR T (= R e =8 T 4 I O R R A E i

3 EHRFERERT
Pl RGHETE uVisiond TFR T4 LI CHEFIF R . 48015 SR Ge RAR RS | r B 1 8 15 25 150 5 i
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R AL A2 Al A
3.1 EEREMAE

P I AR R Y 4R T o 1 Trig AW I - Echo 43515 50 v HLAY S &6 B 00 P3. 2 Fi P3. 3 iR, it
SE I AT W T 00 T ik AR IBCHE B . A1 0 v b S BT [ g R SF- o S I g e BT VR R I D R L R e
1/8 ik, M AR 12 2. MERAE R 8 L AT A AR 8 L5 B 16 (L K distance_data. i
PRI R I Y (m) = (X * 344)/2, Bl X(s)=(2*%Y)/344=0.005 8 » Y, M I3k 3 R X v vf 75 51 532 bt
s Ao ) 14 72 B I ] Cus) BR DA 580 45 T U B 25 Cmm) i DA & B 2% 0

(distance_data * 12)/580

DR AR P a0

distance_data=outcomeH ;

distance_data<=28;

distance_data=distance_data| outcomel;

distance_data x =12;

distance_data/=580;
3.2 EBHLIEH

AR e E AL 60HB102-401A Sy ZAH UL, Rz 5 i WL IE AL HE Mol 1. 8°, HMLEE — 7
BLEs B LIRS & 360°/1. 8° =200 A~k . A SCHT B 09 4 58 1A S5 AL S LR b, 1A AR Y 03 B B AR
N 72 mm, WAL — B AR BT R N 72 X3, 14 X 1=226 mm. BERE RS L PR AL 100 Ak, 5 4
XN AT 2 113 mm.

MM PUL=1 B}, HLIER:, 40 FKATF; M0 PUL=0 B, MR, 8N &7, BILn
E B T 0 67 B R 1R R I DU R ASE ER BT BE S A 300~500 mm PN B S A I B S A A5 55 A
P I S A I U B B <7300 mm, Z5 2D FEHLAL 100 Ak E S, HEHE 0 SRS R e 2R I8 S . PR AR
PO FEALIEE BT S 300 mm PUH s A M P R AT B U 5 =500 mm, Z5 2B FEHLAL 100 DK ih (5 5, 42
HE 1 9Kl i AL IE S e P S PR AR B 7S I BE AR BE B 15 500 mm P, 2B 7 0 R AR B iy U
FRESAE 300~500 mm i Bl NI, SHAGIN B RG-S . 31T o i 1R T 46 1 24
3.3 EEEIES

B AL A PR P10 A PLL 2 5 R K Sl LB R 1298 1 INT RTINS g g, RGAI iR
JE A P10 HAPIRAS , #S B E S A0 AL PLoo 1, 50 R B B e B W FEL . 0 P o=0, R4
BRHUE S AR, K P11 5 P12 '8 0, HEEIRITIT, Wek TR, 20 & IR s e BOE JE Bl Ah, W Pl o=1,
ALK P11 S P12 OE 1, HURERSCHT, B3k 45 1k TAE.

4 KWEERSH

4.1 ELWEH

WiEMERELG AR G, BIETLA R AL T AR R Bt dl, 85 WES- T, WA 7R BUI & kS
JE£2 mL, BiAF E B E 300~700 mm, B MM EREE L1°, SHERMEMRERZE<3, £
FREEEE 50+0.5 mm, AL S 7 kW, KA AR 280 L. 78 H [a) i 28 1% 55 AL A4 155 25 P ik st i sk /9
IR B BN AE A A RO EDN . ME RS EANNB S ERESIRE S LA
THRE LA 8 AR A BE R | B 7S ORS B0 0 B R R | AR AR R A R T AL A R BOR , v LA 3
I ff 1 0 o 45 > KAl

S EEALHE X R TR WSk S8, SRR RN RIS 25 B AT . AR SO SO Sk B A A et 3R 1 Y FE
BN WELIIE B, W2 P BRI R R R SIS B i W R R, AR SR MR R O ARk, I R
R Z (8] 1 22 BAE D0 S S0 s dEAT Ge AL B SEERF 5 A0 10 B . WA B R P B Sk VP110-02,
WE 11 R, Mk Z A EEE S 500 mm.
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H10 BERESARRTA

4.2 BSHENE

LR T BB BT ER AR Sk, PR 640 % 480 60FPS, EAER AN . 8 mm. A 2 7EIN G

s B R B AT I A, AR AN TR B (RO T B A AW Sk 0 M SR L W2 AR ) S WS A (O) . BRARPLIT

KRN E R anE 12 FroR . SEI A ECE gk 3 iR,
3 BLASHHE

Fe h/cm r/cm 0/°
1 20 24. 4 102. 6
2 23 26. 3 97. 6
3 26 28.0 94. 3
4 30 30. 7 91.4
5 34 32.5 87.5
6 38 34.7 84. 8
7 42 36. 8 82.5
8 48 39.9 79.5 E12 AxBEHERE

Xt B — AN BEAT 32 S0 M s W KSF T 1) AU B A S L ETT A B2 B AR B E T mg U
Jefay bz BTy . m AR e Al A

dzl'__k di
ar de

{ d’y dy

3

m & :mg*kE

X AT o B AR e, P IR] I B3 i A0 R 26 A RIKCE D5 R0V, =V, V=0, f4 21 3R B I 1]
0 A Al R, o R 8 48 Ry A B o B [ 8 R0, AT A A 5 ) £ 722 A6 Ay

Jxmzo{l—exp<—:lt”

= el )]
(4, il matlab H1HY sovle BMECKH S8 B v T o BRE, 121777 )5 BV AT 45 31 52 bR s 25 o
T I 1 B A bR R OC R R

4

mg m’g k
=— — In{1—
v kv()x e n( mvox) (5)
. : k . .
Ba=—"8 p=—"TE8 = " RGN
kv, k muv,
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y=ax +bln(1+cx) (6)
F6) 7% 1 25 BH g I W T 7R 25 v as Sl B0k, RIS 55 BE B () G2 AR (o) KR LB A, fifi 1
MATLAB # A3 4 b ik S HO8 AT A2 5. 78 95 00 B B 05 DX N FLa 45 2R

vy =-—93.334x — 460In(1 — 0. 202 9x) (7
G4k L% 4.
x4 THRERBPSFIHER
Ji 2 RE R EL HIE 5 Y e E R 3R T ¥ 22
7.615e-05 0.998 8 0.998 6 0.003 562
FEREAR . BRI S PRk R AE -k B ;
i, W 13 R QEds 8 NSO eL 8 0T :
NI 13 F 7S I A e . ST B B (I Sk 4 2 T VARG
JE R0 M BE B TE 0~ 10 m 38 . 23 KB ) % et rof- [ —— e ra
VAR BORE R AT LA AT, B — 2 R AR o  — i R W
TN SZ BRI A2 M [R5 4 8T 85 1 8 3 10 m B o - iV
8 BT (ORI 5 ] — i85 JEE T S PR T 2 £ e 3 AL £ T e
YT F2 /1, YA |
43 BEEEKNUE - |
T2 HLBKIBE Hh B 26 W 5L R AL 2 A K - I

AR 25 IR R AR 1 KN A3 I 55 (N T 20 pm)
YR %5 % (50 ~100 pm) . 4% 3 (101~200 pm) Al
(201 ~400 pm) 55, FEWEAF 123 b ks I mE sk

15
TR A AR /m

B 13 EHmERERE

VP110-02, #5256 L ik VP110-02 ZE4 % 8l WSk i KA S d B 3 m/s. 90 50 I £ 57 3k ol i
RAFEIL 107 — 3K, il Winner SO RLBE A (5 7 o 299 WORL A 45 BB 0 A BR 2> W L5 Winner319B, Hi i
AC220V 50HZ) A~ B B A SR A L 64 A [] D30 55 0 1 KiE . ORI 5E 25 0 i R0 AR, S5 56 Br 4 2040 Ak 2

iR 5 Fros.

x5 EHHNRNEER

J£71/MPa 0.15 0.25 0.35

X10/pm 51. 669 49. 782 43. 840
X50/pm 146. 884 101. 198 89. 784
X90/pm 175. 592 162. 708 152. 708
NMD /pm 109. 888 89. 182 84. 306
VMD /pm 146. 884 101. 198 89. 784
DR 0. 748 0. 881 0. 939
SMD/pm 103. 709 87.028 76. 622
S/V(em®/cm®) 689. 434 683. 065 578. 542

PUA 3R 0.010 0.010 0. 009

TE. X10: #HEAK/NES], AR EBLGASEAREN 0% WE R A X50. HERK/DHES, AR E2BK R 8AR
B 50 Yo rd MY 5T BLAR , WARIRBUI AR s X 90, 4% EARK/NHES, (RBL R ABUGE B SRR 90 0 it 1y i A% ; NMD . B rh
7, B ERGAB M E B 50X MEH ER; VMD: WBURE, i HARK/NET], R BB KB SR 50 % 1Y
ZMER, MR X505 SMD . K— BRI REE £ A S T e IR S i B R AL R S R m A A L, b5
T 1 A B0 R 5 B R VD S E A% s DR: DR=NMD/VMD , BIY #Lb.

MR R Bl T LIS 25 . 55 T A R B b AR B R T R 1S RO AR N T LE B A R D R S K AR
K. WAZHRZ/NTF 100 pm B, FEZ @YWL, DR>0.67, DR @4 1 &, 5504 k42 1Y
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P

A P DA SCR E WSk )2 0,35 MPa, WSk e J) R 0. 35 MPa B /) VMD (KB 42) 89, 784 pm,
/NT 100 pm, FI TR W DAY R
4.4 DHEHEHENE

SR A WA AT SE 0, WEAT B 2wk, KT O RS TN ER N 50 mm BYSRFEIL, RAE
L5 B ) YA T A A S A P, A B 14 B, R SR AR IR R g A Bh i O N R, WAl 15 T
TN R AL R AR S NU40A10TR-1, M S5 20~2 000 mm, HEKEE 0. 5% +5 mm. A2
BB R R 300~500 mm, W5 VR 525G 09 AN AR & O 300,400,500 mm 3 A4S AS [A] & B AT 0. 15,
0.25,0.35 MPa 3 AR R Ty, el th o sk &k /A &, 76 3 AR B b ik i 45 B e 3 5 i — ik 1A
ok, Jt 3k E A E N E 16 s, HETTE LS. EEEET, KKK 5 A s, HEE
NF, WEZGHE BN 400 mm B, W o 4.

YW

B 14 REMKEREE B 15 BRERLERSFBNETRYEER

140 - 140
120 - 120
100 - ‘ 100
Q\c <
T R0 < g0
m{ 60 | é@ 60
40 + : 40
20| | 20
0
B &
(a) 300 mm 0.35 MPa (b) 400 mm 0.35 MPa
140
120 -
< 100 |-
MT“H 80
S
B el
40 |
20 -
0

B

(c) 500 mm 0.35 MPa

E16 AREEEMENRESHE
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AR S R RO AR EZE 5 BB HAE . B

(8

A FBUNER T RS B B RO S A8 S RBUE O N 3 A B 4 5], (NY/ T650~2013 Wt 25 AILAE L Bt & ) rh
BB % 55 HLAE b 0T 5 SRR A o W5 55 VR i 40 A1 28 S5 RBUINVT 5006, B Sk AN [m] & BE R IR R 1% R a s b AN
A, a A 1(300 mm) , 2(400 mm) | 3(500 mm) 3 N7KF, b A 1(0. 15 MPa), 2(0. 20 MPa) , 3(0. 35 MPa)
3K, B RIE % 21 MR IR, 9 IREEER AR BT 3k 6 FUR.

£6 BESHLIRER

e - fE P 22 AR
albl 21 117. 40 19. 34 0.151
alb2 21 121.07 18.63 0.142
alb3 21 136. 94 18.23 0.124
a2bl 21 111. 39 8.63 0.071
a2b2 21 124.76 8.38 0. 062
a2b3 21 139. 59 7.74 0. 051
a3bl 21 105. 43 10. 87 0. 094
a3b2 21 119. 94 10. 32 0.079
a3b3 21 131. 69 12. 03 0. 084

2R TP BCHE P a2b3 1Y AR S R KA /. AR S R BOHR /N AR 3R 55 4 A iR 38 A) . B mE 25 B B ok
400 mm, WE3L R 57K 0. 35 MPa B, &4 16 53495,

5 & &

ARSI B 1L X 2R T [ slmes 2425 L SR FH KOT 0108 L 5 o s 24 A 2 [) s A7 I A, (LR R
TSI IR A W A X R B, WA I R 1 AL sl 1 X S B AN R RS AR I S 2y ke B T R Dk
A AR I R, 3 a4 ) S B A Bl A 2

T A RS Sk S, 5 TR /N RIS 55 1 A0 PRI R S 06 A5 258 . WSk WE 25 BE B 400 mm, WSk R )
 0.35 MPa B}, Wik R G VERB SRS . W25 B B T 25 ACBH 00 X0 W55 Sk 2 B0AS 38 I 58 e 5 WS 24 2R T Wi %5
o 102. 6°, FiEARAEN 89. 784 pm. /NTF 100 pm. %5 5 85 FE 90 0 a0 WG, TR A A AR S R BUE <50 % .
it 12 [ 8 i vh AL g s 55 AL 04 A ol o 2 0K
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