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This Mathcad sheet plots waveforms for a three-level inverter. Individual
transistor and diode waveforms are created for calculation of switching and
conduction losses as well as peak and average currents.

Inverter ratings
Vg = 650-V ig = 100A pf == 0.8 f := 60-Hz
m:= 0.95 fow = 5-kHz

transistor ratings

~ Vdc
VIGBT = ViGBT = 325V
iGBT = V2 et = 141A

phase current

¢; :== —acos(pf) (@j.d)i = -36.87
I

ias(e) = ﬁ-is-cos(e + ‘I’i)

15(6) = i (ip5(0) > 0,1,0)

power factor check

—tan(d)i)
Tt t=1989x 10 °s
1
Tep = — —6
W= Tqy =200 x 107 °s
TL - 9947  <---ratio of load time constant to switching period

sw This should be significant for accuracy



duty cycle

dam(e) =1+ m~cos(9)

triangle waveforms
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switching functions

530) = if (dg(0) > 1r1(6),1,0) + if (dgm(6) > trp(6).1,0)

s30(0) = if(55(0) = 0,1,0)
521(0) = i (55(0) = 1,1,0)
532(0) = if (55(0) = 2,1,0)
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line-to-ground voltage

neutral-point current (a-phase contribution)

i0al0) == 551(6)-i,4(6)
ic2a(9) = SaZ(e)'ias(e)

icla(e) = SaO(e)'ias(e)

200

i0a(®) 0

—200
0

-6
tmin = 20-10 “-sec
n:= 2
6.f.tmin n=278
i=0,1.(n-1)
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transistor and diode votlages

raal®) = (1 5,500)

Vpar(0) = —=
Vral0) = —=

Vragl0) = —=

v-l-al(e)+2-vdC

- 1000
Vpa1(®)+Vqc

VTa2(0)

o
N



diode and transistor voltage checksum

Vag(0) 2000 WWWMHWWMMMMMMMMWWWMW

oo M
1000 [~

VTa3(0)+Va4(0)+3-vye

- M

Vdc
2

VDa1(0)+VTa1(0)+v4e

VDa2(e)+VTa4(e)+2'Vdc

1000 =

Vv
Z0¢ _ 35y
2

VDal(O) + VTal(O) =325V

VDaZ(O) + VTa4(0) =325V



transistor and diode currents

iTa1(0) = igs(6)-1,(0 saz(e)

)-
iTa1rp(0) = —igg(0)- (1

I
'Dal(e) ( ) (9) a]_(e

2(0)- sao( )

) (1 Saz(e))

'Ta2 9) (1 SaO )
'Ta2FD = 9) (21
'Ta3 ( (1_|
'Ta3FD( ) = igs(0)-15(0 )Sao( )
'Da2 o(0):(1 - 1
iTaa(0 o(0)-(1 - 1
'Ta4FD( ) ias(0)
1000
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transistor and diode current checksum
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747 (0)+8-ig

iTa1Fp(0)+6-i5 600

iDga1(0)+4-ig

iTa(0)+2-ig

iTa2FD(0)
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average currents and conduction losses

VQ = 2-volt Vp = 1.5-volt

—6
tmin = 20-10 “-sec

n:= !
f-tmin n = 833
i:=0,1..(n-1)
. 1 . i-2-m .
ITal_avg == (n __1)2 ITal(n ~ 1] iTa1_avg = 27-62A
i
. 1 . i-2:m .
ITalFD_avg = (_n - JZ 'TalFD(:j ITa1FD_avg = 0-93A
i
. 1 . i-2:m .
'Dal_avg = (—n - JZ 'Dal(:) iDal_avg = 16.54A
i
. 1 . i-2-m .
'Ta2_avg (ﬁjz 'Taz(n - 1] iTa2 avg = 4415A
i
. 1 . i-2:m .
'Ta2FD_avg = (_n _ JZ 'TaZFD(:j ITa2FD_avg = 0-93A
i
Peond_Ta1 = ITa1_avg' VQ Peond Tal = 55:23W
Pcond_Ta1FD = ITa1FD_avg VD Peond_Ta1rD = 14W
Pcond_Da1 = IDa1_avg VD Pcond_Dat = 2481 W
Peond_Ta2 = 1Ta2_avg' VQ Peond Ta2 = 88:3LW
Pcond_Ta2FD = ITa2FD_avg VD Peond_Ta2rD = 14W

Pcond = 6-Pcond_Ta1 * 6-Pcond_Ta1FD * 6-Pcond_Da1 -

+6-Poond Ta2 * 6-Pcond Ta2rFD Peond = 1027W




switching losses

Egp = 0.13-watt-sec Eoff := 0.13-watt-sec VE := 1200-volt ig == 300-amp
Efr == 0-watt-sec E(pr = 0.13-watt-sec
E¢:= 0.5(Eqn + Eoff) E; = 0.13)
Eq = 0.5(Eg + Ey) Eq = 0.065]
6
tmin = o 10 “-sec
1
n= n = 3333
f-tmin h

i=0,1.(n-1)

2.

AB = L
n-1

STat, = if[i7a1(i-40) = 0 A iy (i + 1)-00] £ 0,1,0] .
+if[iq(i:40) = 0 A ipgy[(i + 1)-40] = 0,1,0]

j= match(l,s—ral)

m := rows(j)

k:=0,1..(m-1)

f.
Psw Tal = ?E.tEZ |:vTa1(jk.A6)-iTa1|:(:|jk + 1)~A9} } ,

k +VTa1|:(J +1> AB 'Tal(J 6) 46.6W

sw Tal~™

STalFD = If[ITalFD i AG) 0 A ITalFDI:(I + 1) A@] #* 0,1,0]
+ IfI:ITalFD(I Ae) #0 A ITalFDI:(I + l) AG] = 0,1,0:|
j = matCh(l,STalFD)
m := rows(j)
k:=0,1.(m-1)
f-Eq _ _ _

i |+ vra iy + 2)- 6] iragrp i 9 Pow_TalFD = 26W



switching losses (continued)

Dat, = if[ipa(i-40) = 0 A ipgg[(i + 1)-46] £ 0,1,0] .
+ IfI:IDal AG) #0 A IDa].I:(I + 1) AG] O 1 0:|

j= match(l,sDal)

m := rows(j)

o

ey Pw(] 20)i [ﬁj AN }

+vDa1[(Jk + 1) -A® Dal(Jk AG) 1=233W

sw_Da

STa2, = if[i7apli-40) = 0 A il (i + 1)-46] % 0,1,0] .
+ 'f['TaZ(' Ae) 0 A 'Taz[(' + 1) Aej =0,1 O]

j= match(l,s—l-a2)
m := rows(j)
k:=0,1.(m-1)

f-E
Psw_Ta23: —t Va2 jk~A9 ‘ITa2 jk+l-A9 .
VE.EZ{ (ic20) [(J Jao]. }

|+ vrad] (i + )80 ] irap( i 40) Pow_Ta2 = 45W

STaZFD = If|:ITa.2FD i- AG) 0 A ITaZFDI:(I + 1) AO] * O 1 0]
+ |f|:|Ta2FD(| Ae) #0 A ITaZFDI:(I + l) A9:| = 0 1 O:|

j= match(l,sTa2FD)
m := rows(j)

k:=0,1.(m-1)

f-E
Psw_Ta2FD = — Z VTaz(J Ae) 'Ta2FD[(J + 1) AG]

= k +VTa2[(J + 1) Ae] |Ta2FD(J Ae) "sw_TaFD = OW

Psw = 6-Psw Ta1 + 6-Psw Ta1FD * 6-Psw pat -

+6-P + 6-P
sw_Ta2 sw_Ta2FD Pgy = 462W
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Three-level diode-clamped topology

(a-phase)
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Three-level diode-clamped topology

(a-phase)
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Three-level diode-clamped topology

(a-phase)
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i i i-2:m
Tali;— "Tall |, _ 4

i = max(iTa1i .
Tal_max ( Tall) iTal max = 141 A

Tal avg = | |\_ 1 Z Tali; iTal_avg =27.62A
i



