Y a a J axn a J o v A 4 4 @
IUINENUNUD ’J‘ﬁﬂﬁiJﬁlﬁ]LaG]L“]Nﬁl;ﬂ“]fﬂﬂlﬁ@iﬁTﬂTlJ@ul,’J@im@i?HNSZWJJ

FANT AL INTAVUTUVDINS IAgauTIdu-Tu1i

Y A @ o o =
e UNEINUBITAY 1ONIDEY
Sayan Arnssumdasumiuga Gaanssuluih)
¢ ¢ o ¢
91915891501 JOIFNANITIIE A3, gNTUT NgI350
U
UNANED

v a 14 4 o @ [ 0 Jq ¥ o
Tuapiudunesmeiunaineussanvatsszaugmimnlszgndldaulugaainsunali
1 ! A A = =} v Aa 4 o U 1 Y [ 1
PH1UNITHA1Y M09 1NNIToUNIVA VB UNIDTINDTUNAITIBUTIAUABITLAUNL I

a 4 4 1 1 [ [ Y [ 4 1
’E]‘L!L'J@ﬁm@ﬁll'ﬂﬁﬁﬂWﬂL!iQﬂuWaTﬂigﬂ'ﬂﬁ'?ll']ﬁﬂslﬁﬁ]mﬂ’lwellﬂﬁuiﬁﬂuuagﬂiZLLﬁLGTWWW?\ﬂ31

v

A g U v ' ° a A a JY 1
waﬂizvlummﬂau!,mmaﬂulWWmE]EJﬂ’n Llﬁgﬂ']aquulﬁﬂluﬂ\iFﬂ’]ﬂﬂ’]iﬁﬂ@l%u@ﬂﬂ'ﬂ Iﬂﬂlﬂw']g

1 A a 4 4 A o o a a o 9 o
BYNYI ’ﬂ‘LlL’J@im’E]iL!,Wﬁﬁi]'lfluiﬂﬂuﬁnJigWU"]5‘L!@1ﬂﬂﬁ?ﬁu’J‘Vﬁﬁ%Qi%&tiﬂﬂuﬂigllﬁﬁiﬂlﬁﬂﬂ

o w

=< & U 1 [ A o ! Y = A
ﬂiﬁﬁuﬁﬂ]@ﬁlmﬁQi]”lﬂll,iﬁﬂufﬂqﬂl%ﬂuiﬂﬁﬂiguﬁﬁﬁﬂuﬂﬁ‘VINTLl ﬁﬁWﬁiﬁﬂ”lﬁﬁijﬂJ!ﬁﬂLuﬂﬁmﬂ

P
Av A o

msaIadanas 139 1AANEINITAIVANNIINNUYDIBUIDS BTN AIT BT IA LAY
4
sEAUFAYAATIiINTaUUNUFIUYeIIT s uegEadIE)snaeidmiudunesnes

T o o Y o 1 4 1 4 1 ] I
LL‘HﬁQ%Tﬂlli\?ﬂu‘I(iﬁWUizﬂ‘U‘VNTiJﬂﬂTi‘Vﬂ\‘ﬂ‘HLL’U‘U@I@Lﬁ@Q uammﬂmmﬁm !W]f’)ﬂNhl'iﬂ@”lll

[

A 9 a 14 Jd A dy 9 a d o I o [l 9
9910 IASIas NI unosmassiatllsenauaisadasnaud usiuiuuin danalnnis

AUIUMIFIIAIVBINTAINFUIA1NGI0IN Fudou i1linseenunudredInIuguIUL

9

aa IS) ! Y
K] aummqwmmu"lﬂmﬂ

v
Aawv A v A J 4

el ladnaueismsuegaadanlannmeidmsudunesmesamszauriaasga

a v

a [ Y [ a = A Y o A o s A A 4
mmauu@mmﬂﬂﬂammu—’mm Tﬂmm’mﬂﬂﬂmmuau’mqﬂizmmwmmswww1

=< a

' a J a J 4 @ a [ a Jd 1
mqmawmiﬁmwmaunmmmmmmmsu@mﬁimmmaGlugﬂuuumaﬂmﬁﬁmmama
= o (% Y 4 [ ¥ ~ v A 9 o a dy a ) @
ﬁmﬁ]ﬂﬂiﬂﬁl@Wﬁﬂ“ﬁﬁﬂﬂTﬁi‘]ﬂ’Jﬂm@‘i!liQﬂu‘i/Nﬁ'liJ‘ﬂclﬂﬁ‘ﬂﬁ:fﬂ LWfJﬁ'§1Qﬁﬂluﬂlu1ﬂ!ﬂ’JﬁUl“]ﬂﬂaﬁ1ﬂ'§‘u

a, a 14 1 4 T 4 o
’J%ﬂTﬁ1]’8']E]!,ﬁﬂl%dﬁlﬂ“ﬁlﬂﬂl@lﬂillﬂﬂ@]mﬁ@Q uammu"lmmﬁm AMNMAANITIVIADILASHANT

a < a 4 4 T @ @ a
W@ﬁ'@‘ﬂﬁ]i\?llﬁ'@Qiﬁjlﬂuﬁx‘]ﬁﬂiiﬂu%%@ﬁﬂun@imﬂillﬂﬁ\?ﬁ]'lfll!i\?@l!ﬁ']lli%@’U‘]ﬂ!@ﬁ?ﬁﬂq@

v o

a @ { @ J v Ao 1 =
U’J‘ﬂiaﬁﬁ1h1iﬂ1ﬁfll’id@ul’éﬂﬁwG]llﬁjﬁﬁ1ﬂi$ﬂﬂ1/lﬁllwu‘ﬁ UATIATIFUNITUDALAN LIASITNND

2



1T A a I'4 [ ] 4 o
MsSouneuaussaus NN ﬁimﬁm@gammmﬂﬂmﬂmaﬂmu"lmmﬁmmmiaaﬂmmu

g’/ A MY =< [ axy a 4 [ A
ﬂﬁ\‘]ﬂl@\iﬂ']ﬁﬁ"NIGlfulﬂﬁu\‘lﬁluﬁHJmﬁlfJ\‘]'J‘ﬁﬂWﬁJﬂﬂﬂlaﬂl‘lﬁﬁlﬂﬁﬁlﬂﬂlﬁﬂﬁllﬂﬂﬁ@m’ﬁﬁ



Thesis Title Space Vector Modulation Strategy Based on Volt-second

Balancing for Three-level Neutral-point-clamped Inverters

Author Ms. Kanyarat Ek-iam

Degree Master of Engineering (Electrical Engineering)

Advisor Assoc. Prof. Dr. Yuttana Kumsuwan
ABSTRACT

Nowadays, the multilevel voltage source inverters have attracted widely interest in the general
industry applications. The advantages of the multi-level voltage source inverters are better output
voltage and current qualities, lower electromagnetic compatibility (EMC), and switching losses
compared the two-level voltage source inverters. Especially, the three-level neutral point clamped
(NPC) operating only one-half of the dc-link voltage have to be switched, which is also the
switching losses in the switching devices. This thesis studies control strategy of the three-level NPC
voltage source inverter based on the multi-level space vector modulation method for both
continuous mode and discontinuous mode. However, a high number of the switching devices

complicates the switching time calculation and the modulation design.

This thesis presents the space vector modulation (SVM) strategy based on volt-second balancing for
a three-level NPC voltage source inverter. The proposed strategy fully analyzes the mathematical
model of the dwell time by using a nearest three vector scheme in order to generate the duty cycle
signals for both continuous SVM (CSVM) and discontinuous SVM (DSVM) schemes. Simulation
and experimental results verify the performance of the proposed strategy for the three-level NPC
voltage source inverter, which provides the multi-level of the output voltage related with the
modulation index. In additional, it can be seen that the DSVM scheme can reduce the number of
commutation of switches by one third comparing to the CSVM scheme, leading to switching losses

reduction.



