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Control Method of NPC Inverter for the Continuous Operation
under One Phase Fault Condition

Geon-Tae Park, Tae-Jin Kim, Dae-Wook Kang, and Dong-Seok Hyun
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ABSTRACT

The topology of NPC inverter coupled with the large number of devices used increases the probability of
device failure. It's necessary to develop an optimal remedial strategy which can be used to continue the
application when fault occurs. The fault tolerance is obtained by the use of the proposed method. The proposed
method utilizes that the one phase load with the failed power device could be connected to the center-tap of
the DC-link capacitor in order to dc-link voltage with balance and the sinusoidal phase current with constant
amplitude under the single power device fault condition. The strategy described in this paper is expected to
provide an economnic alternative to more expensive redundancy techmiques.

Key Words : NPC Inverter, Single power device fault, Current conduction path, Space voltage vector diagram
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Fig. 1 Schematic diagram of NPC inverter in normal
operation
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Table 1 Switching states in NPC inverter

Switching Switching Sequence Output leg
States Sy eapo)| S | S | Sa | Sw | Voltage (Vo)
P ON | ON |OFF |OFF Vae / 2
0 OFF| ON | ON |OFF 0
N OFF |OFF| ON | ON Vi / 2
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Fig. 2 Conduction path in each switching state(phase a)
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Fig. 3 Proposed schematic diagram of NPC inverter system

B Das Sased

F2vde

12Vde o~ 12Vde

1R2¥de 5 12vde 5

(8) Su( B2 Sy THereEl 12 (b) Sul
e >0

12Vde 2Vde

1/2Vde 1/2Vde

(c) S B2 Spp) 7HEAE] TR (d) SAEE S i
>0

08 4 DZEEMA] FMokst gHHo 2 X of
EEzE

Fig. 4 Conduction path in each switching state under
the control led state

a9 32 AlRkE NPC IHEH Al2gle RoFt.
Heg2932 IGBT S-S AE 3Rk F+ 29
Zojh Algte el Zh Y 2709 Aol E



64 EE e RHE B10E 1Y 2006F 24

(T, T2), 4709 ol =(Di=Dy), 18la W% tho]
2 E=(D5De)E T4t Xﬂo}ﬂ 2 =Y 1%
Al 3eEe] RE AEE —ﬁH‘E Ro] oyl 7|
ANE FA- & A8 AZdste] HEY S 83
WHolth, NPC SIHEIZ AAAL 528 & Al
v Aol 2H T Toe /M EEA FatabA] 4w
ot 29 4¢ sl dE8 wrEA A 3] Al
He AFY =% Z2E Rl dEg v ~
AAE F S =2 S 29X Mde) 3780 LA
g A5 AbolEl2g T Tos AdEeF 2ol 7
JeEA FAelA] oy, O e 29A AEfEt
FA AlATT B AEE BEH 299XE TS
Z2 Sy 29X 7 NS E o] BAE Ag, Abol
g2H 17 T8 9-24174 24H=2 §2 AAF
o 294 AeHE 0 dEHE 53 AT 2d4e
2 2 AEg wwAr 3d e A9
a FAA AAsA At oleg WHE b 2
3 73?‘1% W) AR FU Tt
A WHE NPC IHE] Al2¥ EEZA] 1L
3% X-ng 3 ARAEH F AE FelE o
ddEo] glong olF olfdte uFNES

AN E e AL AZAste] HE349
v a7tk A4 AEl NPC QI Elo] A d s}

RSPWME o148 4 12094 #ol7} e
Mol FAGHBA % A —.JF;’— v wabe] ot

o X o
wFNESZmEmEAQ

o m\o re Ko
)
rﬂ

e kel ARk NPC QlEEe] B9l
Flee A AFAE ol8F A 2F ¥ 4
7o) Yol WA Hol ¥HE 75 A2 5 W
o mebd Aze o] maEofok st ol M

Age AR AgFoEA HAT £ k.

32 sitte] Mg WEx REA| Ao

29 394 k2] o7l = Zd%‘ Ven, Vbn, Vm%
MY Ve, Ve, Vol &3 2384 Aok a
g gk WA 29 %A b*oh el 73%011—5—
AHARS & ¢ UAT o9 A AHAGE &
g flomz Zhzbel AR A8 b, Aol ¥ H
ATNAE Alolo] Q= a’dell Aws di AAE 7HA

& Vi Var 89 293 F22

Vier A (D3 Zo] 7123832 HPHHd o) 2
At doh F Vi Voo 48 #AE HEEs 4
Wy 29 59 ot

Vbc = Vba - Vca (D
Vca = VbuL —60 : (2)
Vba Vbn Van
Vca = Vcn - Vun (3)
Vbc = Vbn Vcn

38 5 60° RAAIE 71X 270e] HYHe R /S 35
Fig. 5 Supplying three-phase from two voltage sources
with 60°phase shift

A Q% QA & F Rl Vst Ve 60°9
A4 Zol7t EtA Ha, ABAY Vi Vs AH
Agez ato] B FAL Vay Vin Vo TRAA
itk Wk NPC JIHE S o 184 7= A

& A AFEAE 4 @), OEA HEE F Aok

Va=—2Vi+ \/3 v (4)

V==V, 5)

NPC QIHE|S] & M & WEA £7HSe) WA A
otel Alof7|¥l g ol 43w Fakake) NPC QBB &
Hahe Hal Al 1/4/3 A8 A4 34 3
34 29

A ool FHE & 9l

) 1A AHE NPC UBE S
| BAAYVan, Vi, Va2 d-q
g A (B E Vi Ve vERAYh
2914 dElE ¥ 3eA 2ol o 1A
bt %ol 2913 HElEH Sy Se7t ONY A-fl=
] Aoz O SuSw7F ONY W&



No.Z& YRSt

[Vd} [1_1/2 “1/2 ] (m (6)
vy 0 V32 -V3/2] v,
E 2 ATUMA Hol=lE NPC 2AHE{S] AR AE

Table 2 Switching states of the controlled NPC inverter
under the fault condition

Switching
Van Vin o V. V.
State i Ve ¢ !
NN Va3 | “Va/6 | -Va/6 | Vas/3 0

ON Va6 | Val/6 | -Vas3 | Va6 | Vas/2v/'3
NO Val/6 | Va/3 | Va/6 | Va/6 | -Va/2v/'3

PN 0 Val2 | -Va/2 0 Va/V'3
00 0 0 0 0 0
NP 0 “Va/2 | Va/2 0 ~Va/V'3

PO Va6 | Va/3 | Va6 | Va6 | Va/2v/3

OP Va6 | Va/6 | Va/3 | ~Va/6 | ~Va/2/3
PP “Vas/3 | Va6 | Va/® | -Va/3 0

T8 6 I MY HEE
Fig. 6 Space vertage vector diagram
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Fig. 7 Space voltage vector diagram in the controled
NPC inverter under the fault condition
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Table 3 Vector sequence under the controlied NPC

inver ter
Sector I 00 < ON & NN
Sector II PO & 00 & ON
Sector Il PP & PO © 00
Sector IV PP & OP © 00
Sector V OP & 00 & NO
Sector VI 00 < NO & NN
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