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This paper presents a regenerative cascade inverter topology with aatd/e power control scheme. From
the mathematical model of the proposed regenerative cascade lintretmstantaneous active power and reactive
power are derived. Based on the instantanetnggheory, direct active power feed-forward control is proposed to
reduce AC power and voltage fluctuation in DC link. Moreover, a loadetuirfiull order observer is established to
avoid the inconvenient of the current sensor installation. The propms#dl scheme is analyzed theoretically by
simulation, and verified experimentally.
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Upravljanje aktivnom snagom regenerativnog kaskadnog invetera uz smanjenje izmjentne komponente
shage u istosmjernom médukrugu. U ovome radu predstavljena je topologija regenerativhog kaskadneg-inv
era sa shemom direktnog upravljanja aktivnom snagom. Trenutnaaktieaktivha snaga dobiveni su iz matem-
aticCkog modela predloZenog regenerativhog kaskadnog invertert@nidjuabc teorije, predloZeno je unaprijedno
upravljanje aktivnom snagom kako bi se smanjila izmgeaikomponenta snage i promjena napona u istosmjernom
medukrugu. Ugradnja senzora za mjerenje struje izbjegla se razvijanjeenana punog reda. PredloZzena shema
upravljanja testirana je simulacijski i eksperimentalno.

Klju €ne rijeCi: regenerativni kaskadni inverer, upravljanje aktivnom snagomprjedno upravljanje, observer

1 INTRODUCTION DC link voltage. The load power feed-forward control

In recent years, H-bridge cascade inverters have prove?fheme [5_'7]’ which is one of direct power control (DPC)
to be an effective alternative to medium voltage AC drivesSChe_meS’ is proposed to reduce capac_ltance energy storage
[1,2]. The traditional H-bridge cascade topology, usingreqL.urements and the second harmonic voltage. Baseq on
diodes to obtain a DC link voltage of each power cell, is notthe Instantaneouysq theory [8], the DPC schemes are di-
able to permit the regeneration of power from AC motor torectly controlled irdg synchrqnous reference frame [9-11].
the grid and is not applicable to some equipment, such nother important problem is the asymmetric three-phase
downhill conveyors and traction. On the other hand H-input currents due to unbalanced equivalent leakage induc-

bridge inverter in power cell generates a second harmonifa"ces: The current control scheme in the positive and neg-

DC link voltage [3], thus, large electrolytic capacitorvba ative sequencg!q reference; i.s.applied with new Instan-
to be used to reduce DC link voltage fluctuation. taneous reactive power definition [12]. Extracting sequen-

. . . . ial components and solving a set of nonlinear equations
To achieve regeneration, PWM rectifiers instead 0{ b g 9

. o in real-time are not easy to achieve in fixed point DSP. In
diode rectifiers allow the topology to regenerate power t y P

th id 1451 The t ; leak induct 13], a proportional resonant (PR) controller in the statio
e grid [4, ] € transtormer leakage inductances ar ry a3 frame without extracting sequential components is
used as the input filter inductances. Therefore, power ce

) e ) roposed and positive and negative sequence currents can
is composed of a three-phase PWM rectifier, DC link eIep—be controlled together. In the previous literatures, the cu

tFr_ontic capacitors and an H-bridge inverter, as shown ent reference calculations are based on the instantaneous
'g. L. ) ) ) pg theory. In order to avoid complex calculations of ex-
However, the important problem is that input and out-yacting positive and negative sequerdgpcurrent refer-

putinstantaneous active power of power cell is unbalancegdnce, hased on instantaneabs theory [14], direct active
in this cascade topology, generating the second harmonic
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power control (DAPC) scheme in the stationabe frame Taix a
is developed. [> = AlC
The DPC scheme, which requires a current sensorto ¢, ; 3 Iix
measure the DC link load current, could result in difficul- A [> 7 » Bl [
ties for the laminated bus bar. To implement the feed- 3 i
forward control without measuring the DC link load cur- [> C/lx » Cl
rent, DC link load current observers were proposed. In Lpox 3
[15], disturbance observers are designed for implementing D A2 [
the feed-forward control for a single-phase PWM rectifier 3 Ipoy |
in control of the DC link voltage. In [16], an observer for D 3 » B2
disturbance estimation is introduced to compensate source [> oy
voltage unbalances. However, there is no comprehensive —C2 [
and detailed analysis on the digital realization of obsarve 3
and the design principles of gain matrix. ™

This paper is organized as follows. Section 2 describes
mathematical model and control scheme of regenerative @)
H-bridge cascade inverter. The analysis of DC link load

l
current observer is discussed in Section 3. Section 4 cov- ¢ Pn | P |
ers the simulation results. The experimental verification Iﬂ% *J}\Jﬁ ¢
is presented in Section 5. The conclusions are drawn in ‘ Iy [, |
$99
H-BRIDGE CASCADE INVERTER AND ITS )
CONTROL SCHEME

Section 6.

2.1 Proposed topology Fig. 1. Regenerative H-bridge cascade inverter: (a) over-
Figure 1 shows the proposed topology of regenerativell topology (x=a, b, c), (b) equivalent circuit of power cell

H-bridge cascade inverter and the equivalent circuit of its

power cell. This structure uses three symmetrical power . )

cells [as shown in Fig. 1 (b)] connected in series to form _In the_ rotor flux 0r|entz_;\t|o_n s<_:heme, the stator current

one motor phase voltage. The carrier-based modulatingf induction motor dynamics is given by

technique is used for the H-bridge cascade inverter [1,2]. di ) )

Each power cell is combined through a magnetic interface, ULséT_td = —Rsiq +wso Lgiq + ua

called a multi-winding transformer. The PWM rectifier di- GLsﬁ = —Rgiq — wso Lgiq + uq —

rectly connects to the secondary side of the multi-winding

transformer without the bulky filter inductances. Mean-where L., Ls, L, Rs, ws, E,, and, are the mutual

while, phase-shifted structure does not need in the trangaductance, stator inductance, rotor inductance, stator r

former secondary side. sistance, electrical angular frequency, rotor induced-ele
Because the transformer secondary structure are ideffomotive force, and axis rotor flux, respectively.

tical and the coupling between the secondary windings is The output fundamental voltage, and fundamental

possible to ignore, while the AC grid and leakage induc-currenti, of the inverter is given by

tance of primary side are converted to the secondary side,

each power cell can be controlled independently. Carrier- { U = v/2(uq cos wst — ugsinwst)/(v/3N)

based modulating technique is also used in PWM rectifier. io = V/2(iq coswst — iy sinwst) /3

Therefore, low switching frequency of PWM rectifier can

obtain good input current waveform. Considering the output of H-bridge inverter as an un-

balanced three-phase four-wire system, and then the in-

stantaneous current and voltage components at the motor

2 PROPOSED TOPOLOGY OF REGENERATIVE

wsLm¥r (1)
L,

)

2.2 Mathematical model of H-bridge inverter and

motor side in the stationary30 frame can be obtained
Figure 1 (b) shows the equivalent topology for H-
bridge inverter and induction motor in whi¢h and:, de- Toa To \/2/3i,
noted, frame stator currents,; andu, denotedq frame iog | = Tabec—ago | 0 | = 0 , (3
stator voltages and denotes H-bridge cascaded number. 60 0 \/1/3i,
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Uog Uo V2/3u, power drawn by the motor load in the inverter. Instan-
Uog | = Tabe—apo | 0 | = 0 , (4) taneous active and reactive power is given a clear physi-
U0 0 V1/3u, cal meaning and formula in the stationaxy frame [8].

Therefore, by ignoring the IGBT switch losses, control ob-

where the Clarke’s transformation matri®,,._ = S . . ) .
abe—af0 jectives of input instantaneous active and reactive power

1 —1/2 —1/2 !
373 0 V32 —v32 | are shown in (8) as
V2 1V2 1/V2 { pin(t) = pu(t) )
According to thepq theory in three-phase four-wire gin(t) =0

systems [8], instantaneous active and reactive power can

be obtained Suppose that the grid voltage vectofis; = Eel*<t.

Under these conditions of the given (5) and (8), the ref-
DL = Uoaloa + UoBlog + U0l = Uolo ) erence current vector of PWM rectifier is then expressed
= [(uaiq + uqiq) + k cos(2wst + ¢) /3N’ by

Ing = Telwet = (Zeon + Tosc cos(2wst + qﬁ))ej‘*’”t, 9)

wherek = \/(udid — uqi )2 + (Udiq + qud>2,

¢ = arctan[(uqiq + Uqia)/ (Udia — Uqiq)]- wherel o, = (udiq + uqiq)/(3NE),
Iose = k/(3NE).
qL = Uoploa — Uoalop = 0. (6) From (7) and (9), the voltage vectb}, s must be
From (5),p,, contains a DC component and an oscillat- V,,5 = V,e/<e! + V; e~Iwet
ing component at twice the motor electrical frequency. = [E — (R + jwe L) + 2w Ly sin(2wgt + ¢)]e?“<t
+[(jwel — R)I + 2wy Llose sin(2wgt + ¢)]e 7wt
2.3 Mathematical model of PWM rectifier (20)

Figure 1 (b) shows the equivalent topology for PwM  Due to unbalanced equivalent leakage inductance of the
rectifier of power cell in whicke,, e,, ande. are the grid ~ transformer, PWM rectifier should provide a positive se-
voltage sourcest, andr, (x=a, b, c) stand for the equiv- guence part,e’“<*and a negative-sequence piie 7!
alent filter inductance and resistance of each phasey,, simultaneously.
andwv,. are the input terminal voltage. After the Clarke’s ~ While the complex output power can be defined in the
transformation, the dynamic model of PWM rectifier in the stationaryas frame as
stationaryas frame can be expressed as

Sout = Vaplas. (11)
Eop = RIs + Edl@ﬁ + Vg + Rlp + deC‘ﬁ, ) Substituting (9) and (10) to (11) yields the complex
dt dt power. Then, the instantaneous active power, delivered to
whereR = (ra + b +7¢)/3, L = (La + Ly, + Lc) /3, the DC link, is obtained as
- = > = ‘2 51 2 t
R= (2Ta oy — TC)/6 +j(7"b _ Tc)/2\/§7 DPout (t) Re{Sout} Po + Pe2 €08 2wet + pg2 SIn CL(Jelz,)

B _pr_ P2 7 -
L= (200 — Ly — L)/6 + (L, — LC)/Q\/g. wherep, = ET — RI? + 2w L1 I sin(2wgt + ¢),

. c2 — — Rre eLim 12 2 ereIoscl in(2 st P

The varlablesEaﬂ = eq + jeg, Vap = vo + jug, Pe2 ( Tt ) A sin (2w +¢>
andl,s = i, + jig are positive sequence space Vectorsp,y = (—Rim + weLre)I? + 2ws Lim Tosc I sin(2wst + ¢).
of the grid voltage, the input terminal voltage, and the in-

put current, respectivelyl,s = i, — jig is the complex ) . .
conjugate ofl,s. R andL are employed to describe the dghvered to the DC link cor_1ta|ns the DC average term, be-
édes, some extra harmonics at.2 2w, 4w, 2(wetw;)

effect of unbalanced impedances on the positive sequené
voltage. Meanwhile? and L represent the effect of un- and 2(u€i2.ws-).. _ _
balanced impedances on the negative sequence vector. The definition of th_e_mstantaneous reactive power un-
der unbalanced conditions has already been addressed.
2.4 Instantaneous active and reactive power of PWM  The expression of quadrature complex power using a new
rectifier definition in [12] is given by

It is worth noting that the instantaneous active power

ot = Vaplas = (—je71V, + je T4V, ) (e 7744 T).
fed into PWM rectifier must instantaneously balance the (13)

For maintaining a constant DC link voltage, the power s,

427 AUTOMATIKA 55(2014) 4, 425-433



Direct Active Power Control for Regenerative Cascade lieravith Reduced AC Power in DC Link C. Qiu, S. Huang, E. Wang

After expanding the terms and rearranging the real parstate. Furthermore, the PR controllers can remove the
of (13), the instantaneous reactive power delivered to theffect of the grid disturbance. In order to eliminate the
DC link can be expressed as regulating errors for multiple frequency currents, such as

, (we £ 2wy), the PR controller is expressed as
Gout (t) = Re{S, 1} = o + ez €08 2wt + gsa Sin 2w, t,

Ky
h i (14) D(S) = If(ip+sz+wcs?~w§ K (17)
wherégo = —we ! + 52+wcs+(‘crje+2ws)2 + 52+wcs+(laruse—2ws)2

e . JE— 2 JE— . 3 . .
o2 = (Rim — WeLre)I” — 2ws Lim Iose] sin(2wst + ¢), where K, K;., andw, are proportional gain, resonant

gain, and the 3 dB bandwidth, respectively. Coefficient
w.=(0~15) rad/s is suggested in [18,1%],, and K, are

It is worth noting from (12) and (14) that the terms of determined by [17,20].

Js2 = _(Rre + WeLim>I2 + 2ws Lyelosc I Sin(2wst + (b)

pe2 have the same magnitudes as those.ef and so do Based on the above analysis, the schematic diagram of
the terms o, andgeo. the proposed controller is shown in Fig. 2.
2.5 Proposed input active power control scheme Ui,
: o &

In order to guarantee that the active and reactive instan- l i+ A
taneous motor powers are supplied by the PWM rectifier, - ’_?I > .
the DC link voltage should be constant. Therefore, be- @6) e 562 4| 17)| %,
sides the load power feed-forward, additional active power ii Tl v,
is taken from the grid voltage to compensate for the overall | Current ’_?i > —>
losses of the power cell. With the active power reference | Observel ¢

pres as the voltage controller output, given by
Fig. 2. The proposed control system block diagram

Rty Wae)” Z ey ) (a5

re:Kv
pf(p+5 2

wherek . andi .. are proportional aain and intearal aain Unlike the traditionally schemes, the proposed input
vp vt prop 9 gralgain. , tive power control scheme does not need the coordi-

respgcuvely. De§|gn of the PI parameters in the VOItag%ate transformation and the extraction of sequential com-
loop is proposed in [17].

_ _ ponents. This scheme is very simple and has a strong ro-
The current decoupling control scheme dq syn-  pystness.

chronous reference frame requires the exact parameters
of the filter inductance to extract the positive and negas ¢
tive sequence. However, the equivalent leakage inductance
parameters of power cells are not exactly equal. Conse- Figure 1 (a) shows the topology in which the power
guently, in order to eliminate the fluctuating components otcell A1, B1, and C1 are the same cascaded number. If the
the input instantaneous active power,active and non&ctivpower fed into PWM rectifier instantaneously balance the
current calculation based on instantaneabstheory are  power drawn by the motor in H-bridge inverter, and the
used [14]. Thus, thabc phase input current references by IGBT switch is lossless, thefAp = 0, thus the desired AC
means of a minimization method can be calculated as  currentsi 41, (X=a, b, c) at the input of the power cell Al,
using (16), are given by (18)—(20) for a, b, and c phase,

Ideal overall input current

G €a respectivel

i | =5 e | (16) pecivey

P ¥ €a + eb + € .

e €c ia1a = C coswst + Cy cos(wst + 2wet + @)

+ C cos(wst — 2wt + ¢) » (18)

The main objective of DAPC scheme using the the-
ory is to obtain the current references with minimum root intn = Ot cos(wst — 27/3) + Cy cos(wst + 2wet + ¢

mean square (RMS) value, capable of delivering the active —27/3) + C cos(wst — 2wet + ¢ — 21/3)] )
power of the motor. ’ (19)
The current loop is implemented in the stationabg ia1c = C1 cos(wst + 2m/3) + Cq cos(wst + 2wet + ¢
frame. As the current references are sinusoidal, propor- + 27/3) + Cs cos(wst — 2wt + ¢ + 27/3)] '
tional plus resonant (PR) controllers are adopted to reach (20)

fast dynamic response and zero tracking error in steadywhereC; = (uqiq + uqiq)/(B3NE), C2 = k/(3NE).
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Input currents, which contain harmonic a+2w., -~ x(k +1) x(K)
provide active power oscillation components for the in-
verter side. Similarly, the current given by (21) is a phase
current in the power cell B1, and (22) is a phase current in !
the power cell C1, all of which feature harmonics at fre- |1 —— | model |
quenciesv,+2w,, but 240 out of phase

Systerr;

1B1a = C1 cos wst + Cs cos(wst + 2wet + ¢ — 47/3)
+ C3 cos(wst — 2wt + ¢ — 47/3) '

(21)

ic1a = C1 cos wst + Cy cos(wst + 2wet + ¢ + 47/3)

+ O cos(wst — 2wet + ¢ + 47/3)

Udc
Full order
(22) ! observer |

Therefore, these harmonics are cancelled out by the i

combined operation of the power cells that belong to the F19- 3- Theblock diagram of the load current observer
same cascaded number. In fact, the total contribution to a
phase of the first cascaded number of power cells (A1, B1,
and C1) is the summation of the currents given by (18),
(21), and (22), which comes to be

The state correction vector is generated by feeding back
the difference between the estimated DC link voltage and
in = 3C} coswyt. (23) the actual output, which is expressed by:

Thus, the operation of the same cascaded number of Az(k+1) =H[y(k+1) - Cz(k+1)], (26)

power cells guarantees the overall input grid currents with - _ _
unity power factor which are due to the proposed controwherel = [ H; H, |"is a gain matrix. Therefore, the

scheme. dynamic equation of the observer is then written as:
Z(k+1)=m(k+ 1)+ Hy(k+1) — Cz(k + 1)]
3 LOAD CURRENT OBSERVER = (A L HOA) 5(k) + (B HCBYu(k) 4+ Hy(k + 1)
If the active load current can be calculated, the dynamic (27)

response to load transients can be improved to satisfy the

. . .~ The characteristic equation is expressed b
wide range load change. A reasonable method is to esti- q P y

mate the load current directly with the measured DC link T
voltage and input AC currents. In order to implement the 22+ (Hy — C%Hz —2)z4+1—-H;, =0. (28)
d

design results into practical digital control systems,dbe
sign is directly carried out in discrete domain. The diseret

domain observer as shown below To achieve stable solution, the poles of the observer
must have all its two roots within the unit circle. Mean-
uac(k+1) 1\ | uack) | g while, to allow the observer convergence rate faster than
i (k41 i (k + B is(k)] . .
in(k+1) i (k) ’ the original model, the observer poles are placddtmes
uge(k) = C ch((kk)) of the original poles, where€k<1. H can be solved by
L
where DC input currentis(k) = (eaia + epip + { Hy = —Ca(k —1)? (29)

ecic)/ude, sampling periodTs, state vectorz(k)

. T . B {1 T ]:
[ uac(k) iL(k) ]', state matrixA = Ca |,

0 1 The estimated DC link load current can be obtained
T

input matrix B = [ & 0 } , output matrix C
[ 1 0 ]. The block diagram of the load current observer _ H,T, ~ H,T,
is then drawn in Fig. 3. in(k+1) = HoAUqc(k)+(14 éd‘ Jin(k)— CZd is(k),

Where the observer state vecidik), according to for- R R (30)
mula (24), the next state can be predicted by Ude(k) = Uac(k — 1) + HiAUac(k — 1)

where +Ts(1 — H1)(is(k— 1) —in(k —1))/Ca .
z(k +1) = AZ(k) + Bu(k). (25) AUqc(k) = Uac(k + 1) — Uac (k)
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Table 1. Parameters used in the power cell

Parameters Value Parameters Value
L, 4.6 mH Ta 0.1Q
Ly 3.8 mH Ty 0.1Q : : :
Le 3mH Te 0.10 R R T
€a 47cos(et) V Ude 100V T ArAAAATTT [
€ 47c0Sp.t-27/3) V Ca 1038F 5 ia(A): — ‘ ‘ ‘ ‘ ‘ ‘
€ec 47cos(.t+2nI3) V Ts 1/10000 s ! ! ! ! ! ; el ! h
0 \ \ AL \ \ }
ST ()
4 SIMULATION RESULTS 183———J———i———L——J———J———L——J———J———L———
To validate the feasibility of the proposed control 183 S ettt it et St st i

scheme under unbalanced input filter inductances, both ex- % o1 02 03 04 05 06 07 08 09 1

perimental and simulation tests have been carried out with time ()

the parameters given in Tab. 1. Suppose that the filter in=

ductance parameters do not know during the experimen

only in accordance withh=3 mH andr=0.1 (2 to design

the parameters of the PR controllé€,(,=3 V/A, K;,=300

VIA-s andw.=5 rad/s). 40
200

The waveform of the motor current, estimated DC link o
load current, input current, and DC link voltage are shown ig
in Fig. 4, when the motor synchronous speed increases 209
from 5 Hz to 35 Hz. When 0 to 0.2 s, the motor is running o4
in 5 Hz. After 0.2 s, the motor begins to accelerate. The 10
motor speeds up to 35 Hz until 0.8 s. When0.8stols, °
the stable running of the motor in 35 Hz. Throughout the

acceleration process, the load current is identified in real 209
time. The fluctuation of DC link voltage which does not .

exceedt1 V reduces by 66% compared to the traditional ~ ©
control scheme with:3 V fluctuation. ° r ! i ‘ ; ; ‘ !
-100 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08 0.09 0.1

ig. 4. Output current, estimated load current, input cur-
ent, and DC link voltage when the motor speed increases

Figure 5 shows the instantaneous active and reactive time (s)
power flow in power cell. The instantaneous input active
powerp;, is equal to the load power @f;,. The instanta- Fig. 5. Instantaneous active and reactive power

neous input reactive powey,, is close to zero. The instan-
taneous input active power,,; and reactive powedq,,

contain a DC component, besides, some oscillating cor’q:| . ¢ Its of outout t and estimated load
ponents at 30 Hz, 40 Hz, 70 Hz, 100Hz, 140Hz, 170Hz, % €XPeNMeNtresults otoutput current and estimated loa

and 240Hz. The RMS of active power components angurrent are shown in Fig. 8. The estimated load current is
reactive power components are shown in Fig. 6. Thesgutputted by a 10-bit DA chip. It can be seen clearly that,
results are consistent with (12) and (14) whether amplitude or phase, the load current can be iden-
i 7 eh H A oh N dtiﬁed in real time.
lgure 7 shows the overall A phase Input current an The experiment results of DC link voltage and input

the currents of the power cell Al, B1, and C1 when the : : )
current without feed-forward compensation are shown in

motor is running in 35 Hz. These harmomcs,'such as 20 .Hl7:ig. 9 (a). As can be seen, the fluctuation amplitude of DC
and 120 Hz, are cancelled out by the combined operatlownk voltage is-£5 V. Fig. 9 (b) shows the DC link voltage

of the cells. and input current using the DAPC scheme with load cur-
rent observer, the fluctuation amplitudeti8 V. Fig. 9 (a)

5 EXPERIMENT RESULTS and (b) show that, the DAPC scheme with load current ob-
The experiment platform of power cell has been seferver can significantly reduce the voltage fluctuation and

up by taking two 32-bit digital signal processors as cenincrease the anti-disturbance of the system.

tral processing unit (CPU), and circuit parameters are the Although, theoretically it is possible to eliminate the

same with the simulation shown in Tab. 1. The dead timdluctuation of DC link voltage, there are three limitations t

of PWM is set as 2us. When the motor is running in 35 obtain this result. First, the identified load current laggs t
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RMS (W) ]
120 | DC iAL
100 70Hz "F\_"’-\_ ,-'f-‘“‘x Pt :’/“'\_‘ 7 N PN A W\Y\ y;
80 | | Wet e g Nl e
9 ~ ‘\\
4 140Hz @\/0 \/\/—\
3 |
2 |
1k 40Hz 100Hz 170Hz
30Hz I I 249Hz 200 o S00A J[10.0ms 0.00000 5| @B 7000 4 153632 He[19:23:20
m -
0 20 40 60 80 100 120 140 160 180 200 220 240 . .
Frequency (Hz Fig. 8. Output current and estimated load current
CY
RMS (var
9 (var) v 0V
70Hz Uge
7 F BT 0 O WY W o W oW e W W e W e, O
5 | ch : A ! & X .. T Py
3l . = : -\\ J / \ 1 y \ | ',\ / / 3 / _. £
140Hz \J A, [ A /A J
2 - D \/ " ¥ J v
1k 40Hz 100Hz 170Hz
30Hz I I 240Hz| |E® 200v @ 2004 ooms 0.00000 s @D S 0.00 4 13835EuHe] 130857
mm | | (a)
0 20 40 60 80 100 120 140 160 180 200 220 240

Frequency (Hz v 6V

/"\:—"_‘\./"‘\../"‘\../“" Z g

Fig. 6. The RMSof p,,; and q,.:: (a) active power com-

ponents, (b) reactive power components A S AN !;"*
L% i b ] N [NV AV
a' | / )
o U Y
200% o 20h Jzooms o000 [ o004 205154hHe 32600 |
(b)

Fig. 9. DC link voltage and input current: (a) without feed-
forward compensation, (b) with direct active power control
scheme

Mag (% of 50Hz

120

100 %

100

I I
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14

time (s)
Fig. 7. A phase input currents when the motor is running 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
in35Hz Frequency (Hz

Fig. 10. FFT analysis of input current

actual current for a sampling period. Secondly, the current
controller has limited bandwidth, and the dynamic slower

than the reference change. Finally, sampling errors affec?
the identified results of load current and reduce the stabil- FFT analysis of the input current is shown in Fig. 10.

ity margin of the system. Thus, the input current does noAs expected, the input current contains the harmonics at
follow fast enough the reference change, however, the fludrequencies 20 Hz and 120 Hz. The frequency and ampli-
tuation of DC link voltage is reduced to 60% of the original tude of input harmonics changes as the load change which

ithout additional equipments.
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are due to the proposed control scheme.

6 CONCLUSION

This paper presents the DAPC scheme for regenerative[7]

cascade inverter with reduced AC power in the DC Link.

The DAPC scheme using the instantaneabs theory in

stationary three phase frame can control the instantaneous

active power of the power cell under unbalanced equiva-
lent filter inductances. Moreover, a load current full or-

[8]

der observer is established to avoid the inconvenient of the

current sensor installation. The experiment and simutatio
results prove the effectiveness of the proposed scheme.

As the load current has a relationship with the motor

electrical angular frequency, to identify the real-time-am [€]
plitude and phase of the load current, accurate observation

model will be established in further study. Meanwhile, the
time-delay compensation for the current controller will be
studied to further reduce the voltage fluctuation in DC link.

[10]
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