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An analytic model of the CSI

The three-phase inverter represents a complex structure consisted of ideal two-state switches. The substitute scheme of the three-phase inverter is presented in Fig below. The inverter is &
three branches: A, B, C, which are assigned to particular phases. The corresponding guantities and variables are categorized as: a, b, ¢ respectively. Two most popular versions of the th
Inverter models are presented in Figures. The Figure a) presents a circuit constructed of six switches: Ka, Ka’, Kb, Kb’, Kc, Kc’, whereas in Figure b) a circuit built of three switches: Ka,

shown. Load Is connected to three inverter outputs: Swa, SWb, Swc. The circuit with six switches imitates the 'physics' of the two-level three-phase inverter. It is neces

note that only such a construction allows estimation of all states of the three-phase inverter. The

simultaneously switching two switches on or off in one branch can only be assessed by the model
a). A simpler in description model in Figure b) proved to be more useful for analyzingvo 2 S0
iInverters (VSI), what resulted in common application and practice. The object Of,Et.J.@ " al
current source inverters (CSI) so, the model a) will be well thought-out. :
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/ar'e called the

labelled with the symbol. The vector is defined as the three elements row of a matrix LR ikt aad . \Where phases currents assume the values pres nted | In Table ~.

such active and zero vectors , which occur in abnormal or fault-free operational states of the CSI. The mtroduced definition of the current vector has to be applied }nxthe time }

operates on physical currents. The substitute system of the three-phase CSI is presented in "fl';f,tf:/"\.,'. A \

Table Phases currents i, ipk, io for selected current  [EICCICKRUERTTs IR eEIE SRR ISl [N [e — . LA
inverter vectors. Inverter Is the constant value of the intermediary circuit current — l
Tt | T ID. The discussed inverter load has been connected in a star. i B B B o, .
6 | "9 | 18 - I The switches Ka, Ka’, Kb, Kb’, Kc, K¢’ depending on the a / b { ¢ o e e @ec
0 selected current vector, connect the intermediary circuit current . R, .,

ID to selected load branches. It Is assumed that there Is an ideal O O O NE
source of direct current ID In the intermediary circuit, as well as - R, ,
phases load is symmetrical. For any current vector { starting at O
the time point t = Tn the three-phase inverter model is | | | —
determined by one closed loop substitute circuit. It was assumed nak
that the phase ¢ load has not been connected to the current
source.

For all vectors evaluated In Table phase voltages are expressed by the following equations: -

Phase a voltage: Phase ‘k ] olt ge’

g, (£) = Ry~ Ip + Lo 2 + e, (t) for k = 33,36 | [l the ideal model the switch [FRGER:FERIES RGN IYELMCME {1 g SRR TN y, (£) = Ry~ Ip +1 -0t — T) + ED(Tn) fork =9,24 Y

o, () = Ry Ip — L mf"—l—ea[t)ft}r‘k—lﬁ >4 YL and off times equal Ug, (t) = —Rg-Ip —n-0(t —T,) +e,(T,) fork =18,24} fort=T, Uy, (t) =—Rp-Ip—n-o(t—T,) +e,(T,) fork=6,36; fort=T,

g, (1) = eq (£) for k = 6, JJ ton = 0 and toff = 0. As a tg, (€) = eq(T,) for 6,9 ,J wy, (t) = e (T,)) for k = 18,33 J

uy, (t) =Ry~ Ip +e,(t) fork =9,24 )
up, (t) = —Ry - Ip +e,(t) fork =6,36
up, (t) = ep(t) for k = 18,33 J
Uy, (t) =Ry~ Ip+n-0(t — Tpyy) +5(Tyq) fork = 9,24
up, (t) = —Ryp-Ip—n-0(t — Tyyq1) +ep(Tpyq) fork = 6,36 ¢ fort =Thyy
uy, (t) = ep(Tyyy) for k = 18,33
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Uy ) =Ry Tp+ Ly 22 + e,(@ for k= 9,24 | |t LN 1, (1) = Ro - Ip + €q(t) for k = 33,36
i solutions and results Dirac's g, (€) = —Ry - Ip + ea(2) for k = 18, 24

i I ORI B (il ta function appears. This

o (8) = €5 (1) for "“dj 18,33 @l function is labelled with o (£) =& (€) for k = 6,9 ‘ .

ug, (£) = R Ip + L, 22 > + e,(t) for k = 6,18 \ Dirac's delta while the Ug, (t) =Rg-Ip+n-0(t —Tpyy) +€,(Thyy) fork = 33,36

e, () = —Re Ip — L, “”D tec(t) fork=9,33( ESNOITIRNANESRV eIl () = ~FaTo =m0t =Toss) + €a(Tnss) fOr k = 18,24 for ¢ = Tnyy
ug, (t) = e.(t) for k = 24,36 Ul take the form of dependencies: REAERIACEIVN LILIE

i
g

forT, <t < Ty forT, <t < T,iq

J J

The coefficient 1 In expressions is the product of Lab,cand Ip has dimension [V]. Function Dirac's delta replicates an infinite overvoltage when the current SOUIC
The current Ip Is switched on, flowing through R, L, SEM, the load and switched off. This process can be described taking into account the following assumptloans y
-the considered Tn <t < Tn+1 time Interval load and switched off. This process can be described taking into account the following assumptions: between consequent
flows through the R, L nad ef laod;

-the current increases linearly from the i(Tn) = 0 value to the iI(Tn + ton) = ID value;

-In the Tn + ton <t < Tn+1— toff time interval the maintained current value is I(t) =

-the turn off process starts at the time point t = Tn+1 — toff and takes place in the t = toff time, which is called the turn off time,

-the current decreases linearly from the i(Tn+1 + toff) = ID value to the i(Tn+1) = 0;

Taking into consideration aforementioned assumptions, equations’ solutions describe The Intermedi ary Circuit Vol tage:
the phases voltage waveforms in consequent time periods: ,

< T, + t,, Tpey — N ond EEAETIRE A The Intermediary circuit voltage Is easily determined by use of ph

___________________________________ current inverter, regardless of the load configuration, voltage Up | V‘ “ corres

For example, the solutions for phase a and consequent B! phase-to-phase voltage. Table The mtennedmy circuit voltage for certain curent
) - t
vectors take the form of expressions: gl For the next current vectors, voltage Up vectors
e, () fork =33,36 ) I B IS Calculated from -the phase-to-phase Ilt< fg ‘1‘52 It f; fg TES ‘[‘54 '[‘g . Tt
| voltage displayed in Table:

aD

Uq, (t) = Rg - Ip +-

Ug, (£) = —Rq - Ip Lafﬂ-l—eﬂ(t)fﬂrk—lBZﬂlt T, <t=T,+to

G]‘I

Uug, (t) = eq(t) for 6,9 )
Ug, (t) =Ry Ip +e,(t) for k =33,36 )
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Ug, (t) = —Rg-Ip +e,(t) for k = 18,24
Ug, (t) = eq(t) fork = 6,9 y

Ty +ton <t < Tppy — tops

{ on ’*
Lol | . . ) . . . .
Uay (1) = R Ip + 372 + €q(0) fork =33,36 ) Wikl To describe the CSIM (CSI Model), understanding of the intermediary circuit curren :f'j-r;'t"ﬁ '

of f

B T:-fﬂ te () fork =18,24( y - torf St < T, s ______________ oA current VeCtOr, tlme and moment Of Startlng as We” as Ioad parameters are funda Ju.:z?q_..,.
ffo 0 e uys ........................... In the brace bracket aII the essential independent Variables have been placed. K

J

. . — _t' < t <
The same way permits to obtain phase-to-phase voltage CSIM = 1Ip L 27, By 1o = €= i g

for consecutive current vectors as well as phase-to-phase

voltage ubc and Uca. | phases voltages uak(t), while phases voltages ubk(t) and uck(t) — progressing analo
a e procedures described for phase a.

CONCLUSION

The paper presents a very simple analytic model of the CSI as well as a mathematical system of notation and formulas. The
current states of the current source inverter may be defined by use of definite state vectors. The equations describing voltage and
current are easy-to-use mathematical tools. They permit to select suitable vector sequence assuring the desirable voltage and
current waveform. Thus, they facilitate to design control algorithms of CSIs and particularly current control of AC drives. This
mathematical tool was verified during simulation and experimental tests. The considered method could be advanced to other
multiphase and multilevel current inverters.



