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Switch Open Fault Detection and Tolerant Operation Method for Three Phase
PWM Rectifier

Hee-Keun Shin', Byoung-Woong An2, Hag-Wone Kim", Kwan-Yuhl Choz, and Shin—-Myung Jung3

Abstract - In this paper, the new open fault detection and tolerant operation method for 3 phase PWM
rectifier is proposed. When open fault occurred on the inverter switches of 3 Phase PWM rectifier, the DC link
voltage ripple is increased because the input current of the faulty phase is distorted. In this case, the quality of
electric power would decrease, and the life time of DC link capacitor is decreased. The open fault is detected
by a simple MRAS(Model Reference Adaptive System) without additional hardware sensors, and the tolerant
operation carried out by turning on the opposite switch of the faulty switch without any redundancy. By the
proposed method, the faulty phase input current can be controlled, so that 3-phase input current is balanced
relatively under the faulty condition and the voltage ripple of DC link output is reduced. The validity of the
proposed technique is proved on the 6kW 3-phase PWM rectifier system by simulation and experiment.

Keywords : PWM recitifier, fault detection, remedial action, open fault
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Fig. 3 3-phase PWM rectifier operation by the input
current when A phase upper switch open fault

grok PWM A57]9] ek Fhds
AF719) AP Modeld) & A (5)7} 2.

"rzl-o]

diam
€um Ls—dt +uv,
di,, .
Cym = st‘i‘?)b (5)
*L di(:m+ *
Con = Lis dt Ve

9 Agel B3 W siFo] ik Agsn 4

% 4G A5 Fa9, okElel 4 (63 2o,

* dia_diam

UV, — U, =— 9(T)
. diy, — diy,,

v, —v, =L bdt - ) (6)
. di,—di,,,

T A

o7|A, mde] HY AYge AA Axde] A [
4& AERE e, =ey., = 7HASIATH 2
o] Aty Aot Wl o] xfol= AlA|

DgAFe vo] BLH

AR = AN o}, A
AAFY o4 gel Bl AR od goz AHEIH

AR VRS g A A4 (6)9 AA FA=
of Q7kEl A A W] Aol Ao
PWM Af71oA A A

o] S xfolm | g iio]
3

dl= elelol o8l tehdel, Q4 sk welel EAl
Mo w2} (6) olele] 2] (73} o] vpEpd 4 QlTh
* di{l dl()"n
U{I_ - v(]y - S ( dt ) = Zead
. diy, — diy,,
v, — v, = L ( bdt iy ~ ead (7)
* dit_dl(”l
L s dt ) gﬁad

di,—di
L a amy\ __ dead
Vo=V = s ( dt ) - Uaea + Uaffaull,
* d .b - di}/m
Up = Uy :_Ls( dt ) - z{a +vb—faulf (8)
* dl(’ B di(«”” dead
Vo™V, =7 9( dt ) =V, ’+Uc*fault

o3

o] 714, Va_ faultrVo_ fautt> Ve fuultlE A%e] e i 1
of ol z} Aol vehd @A} gtelar, FloA &
= ke 2ol A 291319 T o] Al 1A
= &7t 7P A, YA Aedle A7l A% 7
A= ZIe] dnte] Arjw A4S A Ash eAkst
w2 Uheha,

£ EEAE 4 O2 A8 Ay 198 B
A e AA ZHES 4,9 Model2] 9] v, 9] Ao
2 ?_11}"7 7Hgetd E =8 (Dead Tlme)
Q3 e ‘(Tum On and Off Time), IGBT¢]
I LA A AF
71 A sk ”ﬂ%‘ mEﬂJH oAtE yehtER
A a7 gk 7bs stk FAARD A eAE

Y 2 4 @ olish 479 ol

A O)elA k-19A BE H{E
Agatol olakskd Zolt. A)
of A % do] AFE et Ak " <
7} ﬁo&—q = R

X

W

* i, (k) =i, (k)
v, (k) —v, (k) =—L,( 7 )

. i.(k)—i,, (k)
v, (k) —v, (k) =— L( — )



3¢ PWM 45719 2914 A a7 44 3 81824 W 269

C Start )
—b{ Plant current sampling |

|

Model current
calculation
From Eqg. {10}

|

Voltage error calculation
From Eg. (9}

‘ Fault switch detection |

|

Fault tolerant
(DPVWM-120")

Fig. 4 Flowchart for open fault detection

T

Gy (k) =i, (k—1) +f(eam(k71) —v,(k—1))
ibm(k):ib(k—l)+7T(eb,n(k—1>—v;‘(k—1)) (10)
o () =, (k= 1)+~ (k= 1) = (= 1))

S

N(10) s A9l

03 522d 7Y

33 PWM 47719 29A /I 14 88 &
HogE 120° DPWM(Discontinuous PWM)71 58S A}
L319th dubygoz de AgHE 34 % "J Hz v

A 29A g F7] UddlA 3 3] BEE At
294HE st dE H2 F Wz (Contmuous PWM)
WAtk ey 2913 s Y T de 3 29
A T A 290A SRR g BAS & oW
Z(Discontinuous PWM) ¥21%= AREETh 2 =9

WS Abga,

MODE1 MODE2 MODE3 MODE4

T nhuw -
T

.|||||||||| “Illn}
(N % I 1 (1

'uu |\ |u ol
\:i'ma;mnnllnlﬂ

!!!H\HH

i i il i
' " MODESMODES MODET MODEB
Fig 5 Rectifier output voltage by the mode
s, 0 1 1 1 1 0

Fig. 6 The proposed DPWM method for MODE 6,7
when A phase upper switch open fault

ad 5% 3 PWM AH
%j_cl’j]- ,\J—]— = EO%—,-J_ %1
wet 38-d 7ol x}0]7]- 94|, 3} ]
g Al 1200 DPWMHH S s A#e] 7k &
“TZHMODE 2,3) &¢F 4% AHS v, /28, Ad
9= Ay 1A ]
o

F719 #F7] Fore) A% 4
H,

2914 )

- AEE AQIR i IF Al HERH
MODE 6,7 MODE 6% 7% AFyse
i, <ib§ i,7}b ¥i, MODE 7¢ 7% Afdad

<i. < i,7F @k o] A AT 2944

A, ARl st 29AE @ AFE PHeR PWM

< 3" MODE 63 MODE 79 w &2

F Atk o] A$ 1" 6 3 2ol A

a0 et 29ds ga
=

N
-
N
_
of
R
o

2

=il

A rlr

=

o du = o wp

o e

MODE 5,8
iy <i, < i /b ¥, d
i, <i, < i,7F "ok o] A9 AT 29A7F A 1
o)zt 714 sd MODE 5% MODE 8 ¢

MODE 5% al
MODE 8% 4% A



270 The Transactions of the Korean Institute of Power Electronics, Vol. 17, No. 3, June 2012

Table 2 Parameters of the rectifier

Fig. 7 The proposed DPWM method for MODE 2,3 when
A phase lower switch open fault
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