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101 Establish a hybrid system discrete model of a non-ideal buck converter
under the continuous conduction of an inductive current

102 Acquire a state equation and an observation equation of the buck
converter according to the hybrid system discrete model

103 Acquire an input voltage, a switching state, an inductive current
and an output voltage of the buck converter in a working state,
and determine a state matrix of the buck converter

104 Estimate a parameter matrix of the buck converter at the k moment
according to the state matrix, the state equation and the observation
equation

105 Determine an estimated value of each element in the buck converter
according to the estimated parameter matrix of the buck converter
at the k moment

106 Determine, according to the estimated value of each element in
the buck converter, whether a fault ccours in the buck converter
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(57) Abstract: Disclosed is a buck converter fault detection method based on
an inverse Kalman filter, wherein same belongs to the field of power converter
fault detection. The method comprises; establishing a hybrid system discrete
model of a non-ideal buck converter under the continuous conduction of an
inductive current; acquiring a state equation and an observation equation of
the buck converter; acquiring an input voltage, a switching state, an inductive
current and an output voltage in a working state, and determining a state ma-
trix of the buck converter; estimating a parameter matrix at the k moment ac-
cording to the state matrix, the state equation and the observation equation;
determining an estimated value of each element according to the estimated
parameter matrix of the buck converter at the k moment; and determining, ac-
cording to the estimated value of each element, whether a fault occurs in the
buck converter. The problems of fault diagnosis instantaneity of the current
buck converter being poor and precision being low are solved, and the effect
of improving the instantaneity and accuracy of the fault detection for the buck
converter is achieved.
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FELFer v, 25 0 A 45 ) TAF S 2 AL &K

ARFE AR SR T AL R T LA MA B A E B A 2] 6915 E, HRET
BAR T EGEN T IRETAALNMAE BT R LT HE, AT
5T &R ERART G 69 R AAR FAE T LT 23R A6 A,

22 LR, KwiFEa @832 72 M Buck T #2342 TR ETHRE
BB BAEA AR R G BBOEA KR Buck T #3549k & AR AL 5 AE,
R Buck LB A TR GMARE, FROWBPBRS, LT AN £ E
B HAE, ARFBIRILE] A2 AAH E Buck T35 69 IR S4E%E, £ #1208 B A AR
BIRSHEE, KA FAL, N4 ME1E T Buck /& & AN 2 69 S 48 1, ARIE 46 it
R A HIEE P G ENTEAL Buck T#E P EAN TG0 FHE, RIETAH
89 B HEE AR Buck T#B AL K AR, AT BA7 Buck LB a9
VTR MIAT, HETSHHFM; K2 TS Buck T35 M AN 6952 01
Fo BB B 69 R

b, I VAR A R AR A R K EAE, AT ERS. R
ARG 4 B

BRI R, A RN P AN SR AL

BEATE 1 IR Rameg TR Eup P, EREEDEHESS T4 L1
HayRem, MARERF A=, AT HFE 104 8, ERSHEEERA, %K
Ak 5% Buck T B0 5 S X (k) 89N XA :

X(k|k)=Xk|k=1)+K(k)ek)
X(k|k=D)=X(k—1|k—=1)
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Kk)=P(k|k —1O)H " (k)-[H (k)P (k | k ~-DH " (k)+ R
e(k)=Y(k)—H(k)X (k| k1)

Pk|k-1)=Pk-1|k-1)+IQ, I’
P(k|k)=[I - K(k)H (k)IP(k |k —1)

EERTE 1 R EaFTRERG T, &5 IEN LIS TS LA
R, AUBAENGLERZEA, WEHEERLSRET <A, ﬁ&”ﬁ%lm
in E%&H@@@m #FEARAHE k B2 Buck T #B 09 58 4EE X (k) 8
A A (11) - (16),

RERATARRBERTEEZANRLLEN,; TRe, AEEATANBRIEA
0.95~1 z 9], kb4 1=0.9989.

BE—ABF P, ARERT A=09989, AWM eameE A, HATFE 101
EHR06 /5, 2 £MZEREE N2 858, 52 4 Buck T#E
PEAL MR, B5 CEAKEKRE, PHREMR HAKE; RIELAT
oy i a4 %) Buck Z# B PR AL, MR, $FHEEER fo i 5 C 3528945
HERBE, pAeE 4, BS5, B6. BT7HF7; AETTUEE, REKE
MBI E R MM AK T & LAY B3 A — = QAR L
7o

EZ AR, RPFEEPREGOETEGTRIEREZY Buck THE
By REAE M Ak, A Buck THEBA G A AMEARALE Buck T#B AL F T4
AT#4T8, HAEE Buck T B AR —0T2 RAF LT R L E,

EEZHIANAL: ERRKPIFRAEFFFTRRAT ML, FREFEP K
%

RAIBR AL B ARA R T AR AR E I _E A F 60 69 42 R0 F 5T 8 L
AR AR, LT GBI F RIE S XGRS T AR, PTRGAZR T LG T
— M ENT AN R, EARINGERMNRT AR R EEHS, BEAR
XEE,

AL PR AR A R i a9 AR 52564, JER RLARRSF R KB, AUAE K IF &
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AT AR M Z A, PR, FRH %, AdF, Huashidife
RIPFTEEZ A
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® A B K P

A TEE TR ZEEEZ® Buck THBHEAN 7k, H4FEAET,

ﬁ~ﬁ%u%-

FTIFHE Buck THBAVLREAFEFAFNTHRERZEH AR,

AREATARER LB BAA, KA Buck T#E 69RE FAE AN 742 ;

FR Buck EHEATHRATOMALE, WPRA, ©ED A b
JE, F# 2 T Buck T # B 09k S4E1%

ARAB PR A AR PTIR A SR A BT AL FAE, Hede T AKX AE T k 0
%] Buck T B9 A H4EE A AHIEE P 49 T EARIE Buck T35 b 448
(LR

X(k|k)=Xk| k=) +KKk)ek)-
X(k| k=) =Xk—1|k-D).
Kk)=P(k|k —1O)H " (k)-[H (k)P (k | k ~-DH " (k)+ R]":
&(k) =Y (k)—H(k) X (k| k—1).
Pklk-)=Pk-1|k-1)/A+IQ _T";
P(k|k)=[I-K(k)H (k)P (k|k-1);

ARIB A 5140 & B %) Buck T B MRS, #% Buck T E P S A
TCAF 6 4 114

AEABFTE Buck T4 % P B AL 49 15 EHH L Buck THERT X4
S

Ew, BERAFTAEA XK+D=XK()+W k), FF&E AN 542 A
Yk)=Hk)Xk)+V(k);

X (k) %7 k 0% Buck 3K 895444, Y (k)& T k %) Buck T35
e M 4E %, H (k) %7 k Br %] Buck T# B 69X 544, V(k) &5 k B %] Buck
TGN E 7], Wk)ET k% Buck T#E 69342 % /57, V(L)
W) mamks: Xk|k) £F k B2l 5540 X (k) 69 RMK 2
Xk k=) &7HMX (k—1|k-1) #7528, P(k|k) &5k H2

X(k|k)stgaothir 2460, K(k) AT kHaMFR SRR s4%, TET
R ERHIELE, | R TS ARATFRERT, A=1R0<A<l; k A #4;
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i, (k)
Y(k)=
(k) { )

%) Buck T # &K hdmh &k ;

Hk)=[i,(k-1)-1, u,(k-1)-1, Sk)-1,], I xF=t¥{a4E%, Sk k
7~ Buck T# &+ MOSFET EE R

X(k)y=X(k|k)=[%,(k) %,k) %,(k) %,k 3.0k %, ()]

T
{1 RT T , (L+RROT ET RRET |-

}, i, (k) &7 kB4 %) Buck T#EHERER, u, (k)T k5

C(R+R.) L LC(R+R,) L L(R+R))
TA7~F%AFE#, EAFBuck THBEWMALE, RAFTBuck T#EF &
Ma91E, L %77 Buck T35 P &AMA, Buck BT LB ERF AN Efe
BPREM, CRTeRME, R ATHHRELMHE,

2. HRERAIEK | R &, HFEAET, PTERIENMA Buck T HE
H &S TR 69 45 AR PN T Buck T B R T KA K, 015

AR BTEE N, 43 ATiE Buck T#E 7 HA LA, B0 k B %] 69451
BEAEEZ 2RATAMZERN;, MEBEEAN 1 £ N, N &K, 1<k
<N;

SHME k NRGETAEAFAZ EZEMTTERENRN, WAL ETHL
S

EAME k RS TEEAEAZ £ AR LA, WA k+1 HZ 2
k+j RGBT EEAEMZ Z AR LRI NRERTN j; j VEHK

FEAM B k+1 052 Bk W 2B HEE A FAZ 2 AR LR IHKEA

ARIE TS e R 29+

FH M B k+1 B2 E ket I 289 A S A F X 2 AU TR M BB R
Ay, W H R PR R

3. RBHAIEZK 1 X2 HMRG TR, LFEET, TEARIEFTEIG K
%) Buck T3 B0 AK4E%E, 57 Buck T B P EIANTAWETE, 6.16:
Bl T XA Z k2] Buck T 425 v ¥ B89 45 +HE:

E-T
Lo =5 |
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Hede T XAE kBT 2] Buck L #:5 P & [La9 & 114
fipy =l E
E—i. (k) E—%.(k) .
A FAXAZKITZ Buck THEP A THFRAELMEE Z S i 5
89 44 1A

&,(k) - R(k)- L(k)

R.(k) == 4
5 R(k)-E-T-3%,(k) L(k) .
Ey = L2
E-5,(k)-R.(k)
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