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Simple Compensation Method of Unclamped Switch Voltages
in a Three-Level NPC Inverter

Kyun-Seon Ji',

Sung-Tak Joul, Hae-Gwang Jeongz, and Kyo-Beum Leel

Abstract - This paper proposes a simple compensation method for switches of the unclamped voltage in the
three-level NPC inverter. Voltages of inner-switches can be unclamped in the three-level NPC (neutral point
clamped) inverter. It can cause the problem of the switch fault accident. By adding a capacitor, switches of the
unclamped voltage can be clamped. Through the analysis of the circuit, the reason behind switches being

unclamped was verified which leads to the solution method that designs a compensation capacitor. The

proposed method was validated through the simulation and experimental results.

Keywords: neutral point clamped (NPC), three-level inverter, clamping voltage, compensation method
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Table 1 Pole voltages for A phase switching states
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Components State
Outer switch Q1 ON OFF | OFF
Inner switch Q42 ON ON OFF
% Inner switch | Qu5 | OFF | ON | ON
=1 Outer switch om OFF | OFF | ON
i Pole voltage Q4 P 0 N
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Fig. 1 Schematic diagram of the three-level NPC inverter
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Fig. 2 Schematic diagram of A phase leg of the
three-level NPC inverter

7FA1 9] A WEE 7HI 7}
7F d-2 59 PASH 7h-d 9]
< W OHsE 3k T =97 <
43 9t T 1dAE ANS dE So] 4719 ~
A2 el wE 3TRE %

Eu)

:L%] 2% Qa3 Qaot |-
NHste]l 2 wE yepit 9379 Wk
Lio7h 9] ghol¥l Qas?t Qarss &3, Lao7h
H Dastt Darg &3 59 Af{7F 380 o
oFcte] AHke Tono] HW ZFH E}O]QE Dase] A
Ap= 00] Hrk 2=94A Mt AF-
© s 2k

=

Voe= Vpot Von= Vpu+ Voo + Vpas + Vpuu ey

5]—1?1' é} (l)oﬂ 9/]—8]'1:5. VDAI = ( Vp0+ VON) - VDA2 O]E
= VDAl = VP07} %q 1:]!_]_—?2] I/EJAJO] I/}’Oy—-q E_%O]—X]?i
D7t |- Ho| Vpars Vpox S48 €t} shAr

o] FEiellA Voars Vono®E S8 A &7 ==,



259

The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 3, June 2014

Q Q
g N E S ) o EM%&@&%%@W%%W
Lﬂ4 o ~ o —|© g < | O &N @) —|© MlH,Ao o Mﬂo ﬂvﬁ_v.‘_ﬂl ‘w.,0|fomt o = -
= | ~ | 8 | < £ e
[N o o ) S ~o o o
o od o, ol iy K X
g ] o o)) NroMﬂ Touﬂo,w pl P
m_m m_m o &) Lﬂmfﬁ@k%mﬂmﬂﬂwg}N
= 0 o e I T 0 ol
m gelo|a|z] e Elge|z |0 ° Cas Q %J%ﬂmsadi o%mﬁmrmrﬂ
g~ g~ r b 2w = 9 e B m R
LMa Lm. J o Fl J_l O.._H WE MHBW@D‘W.Q‘EO z—l =)
Mm R =| 8 S mﬂﬁl H_ mﬂﬂouumjlﬂm‘_ aemmﬂﬂu%:ﬁ
SlEo|z ||z | ™ S|z ||z & <0 ™ mrodrﬂr%mdﬂuﬁﬂx%ga@
= —le < —|w© < B =5 o8 [ Oﬁ,ljl | o)
— =} o [} =] ~ ok O~ o TO KR = y
S| S| (o) Jd N o) o N e XK R o %0
Prrw ow R 5w N & a aro
gl = Q mbﬂo_ Q 0 = H_m_“_ MMﬂATN ~— N = <
V] ) [ ~ N ~
= ml z | o | ~ N hM ml z | o | = N %Nl%o “m._ 7eiﬂebt‘ﬂﬂ1mwmmiwwmmﬂﬂqum
Nl Ty, ) ) f
| E alle = E e RN %%7&@%ﬂo%ﬂﬂﬁé%
& = o = ¥
e e ey - Y gl — T
T g =g ErRE omMgmc Loz ¥rmw o bT
@ ? 0 o TR o 2o oy — = o
~|] 2| Aalo] w| E | < |RO| o) 5 N T m F AN ucnﬁoouoﬂw
[&] A V <@ A~ V ,DlﬂE o - Nﬂ‘l E‘OIEO_AIWOEA 1 \_‘OI_/E
= L = - s A___E._ 0 /C hin B 2
o —_
= _ < = . S o o b M oem Qo R I oo = < &
& g < ~ g « =~ MO]] JIﬂﬁVwﬁMﬂdﬂﬂ;v‘mﬂoi]iL]z
< z < z “dd J AT TeaTiaam
~ R o MWE T o W =W E WAL A
S o EFRNT T TR T
T —E e mm W TR TR TRURRTEE®
g < fgace) | ! e ; r
/ T @ rerw ™ WO B TR T A S
= B 20 = = — -] T o —
BN tz  sxwifeze mpeibielel
g & 8 4 = q WLEATdﬂA 01_ %! .n.v.um E_LAVoﬁﬂyl:.L;o
g 7 - . 2 = oI = T g oF
Eo S E. £ Aw® B0V Ea wm MEENET g5
NG \ £ 8 I (] ] N oA £ o,,ﬂ ™ i} e G ,.W Gy o " S o =0 X = ™ = - 7o N
i Se NW; WPOM 5 ..m o o= < ‘WL Mﬂ i ,Mw_u P Z < o Mo ~ = ! 1M oW R ,_.W.L
; sglg= SR | o f ) ) < =
/ 3 ! T L R Ko Mo %o gr 2 B 3
gl X8/ V/v,_,n g MVm%NJVmﬂ%ymﬂEumﬂ R i A
= > 0 /|
i EP 80k aTleld  feebx®lan
G [ o) = iy ) = o =
o & e /:E|E o / & = .8 zsxéﬂﬂP#a‘ e é%%@oL
m\l\', g | & > / S o @ N — J|J - OE] ., ot
< [ Tl Nt ! NS 3 M o E ooz g %
preatele it oy i iszQmVoﬁmoEchmHE] ﬂ.lomlmruonoq h
2 \ w2 T 2T 2T L O E T e o wE N g
3 & ~ ™oV S ~n ir S ok ol oF — == )
£ <t Bz ST MEaR 7 RAEent™ T
=2 £ o- o foxc
S9 g5 < SR A e - B
a % L =TS i IT AT MR TR T,
4 L TE T S g m ey w0 o __ oz W = o
/ pol s N =S " N Mo
i ES 3 vyo ol T Nr Rk ST T T
T ~T K o BOXNTTZTH W M & o o Bk M

7hel 2oltt. o]

o

Vpc/301H.

p

e

r

It} o] w TV

AR

5o}

[¢}

ol G Voat Voare Veowkdd Voo Z8ke.
ans

1) ¥de el A% dl1e]

=2

=

=

=1

el gt HE

oMo A4 A Vo

=

sholl whek 29A Q420 AY Vhao

477kl

L
L

Fab 44 7]

4]

S

37 9

9

=)

294 Zt.

37 9

A
ar

[

=
=

HE

=
=



260 3-#d NPC Iu A S0 HA &= 294 dske] dd w37y

L£asL,
Caz
DisE L
+ P
Voo/2 == A
z @]
F
Vo2 B e C
B ]

Fig. 4 Equivalent circuit of the interval 1 in area 2

Ig
—P.ckJ-TIcM
I
Das T‘L o
= | B
Vo2 ==
T
i
Vpo/2 ==
) N

Fig. 6 Equivalent circuit of the interval 3 in area 2

2) 295% TR AN dl1e) SUbg 2otk #3112
oA B9 FHGE 0dgelA PHgez Wit
ol W Voe= VporPIA Vpob= gt OdY ¢te
2 FHH dd Gile 2ol WHatHA 2% AF7t
Cars TAANA Vpasgkol 5Ttk Vpasgtel A3k
21 (Dol w2k Vpasgkel Aagi),

3) 1H6S FR3NA A #lLe] ks Rtk 313
Fo] SHY2 NAgeA Odgez wsisi,

ol Cdeol M43

ol W= Vog 7F Voo/6 #AA 022 ZHaxsh=d], o] A
oF WBt= oA PRi20lM e 2 WEor AR &
8 Carz SAHL Car BHA

4) -7 el A Bl1e] SUF Rolth 14
A Al FHSE NAYeA Odte= wisgitt
2912 Qu7b H-2 WA Cy7t BF Wy E9
B tolerrt "o Ho| #3129 71304 W E ]l
A CarE A Vpo2 #o2 ST

3. EYT MY &S EHVIH

+
Voe/2 =

Vpc/2

+

- :

P
B
TN

_I__..'I.Lj,‘k J— T Iew

i _H:‘LICM

5 S

Fig. 5

Equivalent circuit of the interval 2 in area 2

HE F7l2 dAss Baem A HEE S &9
A

A Agke
24 A
NI RE

AAEE A Sd T T2
SAe 7 7

—_
=
>
o
o
20
[o]
o,
yi)
.
2
>,
rlo
1> o

(), (3), (D)} 2t}

2 1 Cy+Ch
Vi == Vi —= Vi X —— 2 2)
aw 6 ne 6 ne Qk + CA] + G42
1 1 Ciy
Vo =3 Vo= 5 Ve g 56, v 0, ®
1 1 Ci
VD/I2 2 VDC+ 6 VDCX qk + CAl + CAQ (4)

H e
g} dger #e] i, B AWAE Cnd F7t
gowd B AsAE I F7kE 29319 71 A

A
& F7HIA A G)sh 2ol Voad] WEF



The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 3, June 2014 261
v Leakage
@ \LCircuit
= = a2,
Lo oy Tl o a5l Lo wnailln
il ‘jT_"l il 1 @E' i L T H}II: i
e L } At L b5 % Qbze] R ‘mn . ac2 o : :cu: ::'gu‘m
| I i Anﬂpl | 1500p ! Imnnl | P i
1 T # ﬂl:Jl] ) n7naam
1 Do i '
-, VD i — L i Lo i
—J 1850 L v S N S
: i o < [
| [ 25 [
“Teb3 17 cm i | cm
?;; i Dos| mp_"/]}i iduap! iwsaucumIDE‘i m"%ﬁ}i ;ﬂcip lwnnu
G DT~ B i L
——3.4m Qba I | Ices Qcd ! ICrA
, ""’J} : :4nnu HH} | == 1400p
n 1&»—&-1\»—&11
@ R Parasitic
Capacitor
Fig. 8 Schematic Circuit of PSIM
83.VDa2
1200 Interval
w0 $3VDa2 1 2 4
80 P
1000 40 i
820 . 1 ‘ -
800 1
800 4 S ——
760 r i |
S3Vo .
60 | | B h B - B
:
400 o i ‘7 -
. 242 0244 0246 0248 022 0.24745 0.2475 0.24755 0.2476
Time (s) Time (s)
Fig. 9 Waveform of Va2 (under small vector) Fig. 10 Waveform of Vp42 and neutral-point
S3.VDa2 $3.VDa2
1200 1200
1000 | 1000
&0 o N TR e [T ‘ X ‘ S ‘
) | m | { H { ’
400 il 400
0.296 0.298 03 . 0214 0.216
Time (s) Time (s)
Fig. 11 Waveform of Vp42 with compensation method Fig. 12 Waveform of Vp42 with compensation method
applied to Qs applied to Qa2
AVbarg 2aAZ F Atk Ase Ass] Set] FEARE TS H?ﬂ 7
HAHE Frkste] a2y 83 Zo] IRE FA5HY
Av Ly Gy, - PSIMS ©]&3s AlE#olAS 333t 1% 9= =
PGP Gt Oyt Ot C, g Ast WE7E 22 WE R 2S5 w] A Sl

4, AN EgolH

Aokt A @

B AT E

N#tel JAo A A5dle 29K

oS UEbdTh 19 33 o] F g elA HSte]
T3 AL B 5 9tk 29 10004 Thaze] A A8 E
Toll wE A 7)Mo F4F Ak A



262 3-9 NPC QoI FAFHA e 294 Al

$3.VDa2
1200

1000

1 11

0218 028 0282
Time (5)

600
0276

400

Fig. 13 Waveform of Vpaz (over small vector)

Interval
S3vDa2 13 4

880
860
840
820
800
780
760 —

S3Vo

500

-500

021722 0.27724 027726 0.27728 02173 027732 0.27734 027736 0.27738
Time (s)

Fig. 15 Waveform of Vp42 and neutral-point in area?2

S$3.VDa2
1200

1000

L T

T

A

0192 0.194 0.196 0.198 02
Time (s)

Fig. 17 Waveform of Vp42 with compensation method
applied to &4,

Table 4 Parameters of simulation

Ve 1550 [V]

Parasitic Capacitance 400 [pF]

Ci. (Leakage Capacitance) 192 [pF]
Switching frequency 78 [Khz]

Cm (Compensation Capacitance) 1500 [pF]
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Fig. 23 Experimental setup

Table 5 Parameters and devices of experiment

Ve 1550 [V]
Parasitic Capacitance 400 [pF]
Switching Frequency 7.8 [Khz]
Cm (Compensation Capacitance) 1500 [pF]
Switch LUH50G1204
(1200V/50A)
. . STTH6112TV?2
Clamping Diode (1200V/30A)
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