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Abstract: This paper proposes a novel three-phase uncontrollable rectifier inverter without or with a quite small dc-link

capacitor. Because a modulation wave reconstruction-SPWM (MWR-SPWM) technique is adopted which can greatly

eliminate the harmonics of output voltage, the DC filter capacitor is greatly decreased or even removed. In addition, the

size of the input ac filter and the output ac filter is reduced. The principle of operation and harmonics elimination of the

novel inverter topology are elaborated. A through analysis on its performance is presented. This inverter has many

advantages such as simpler structure, higher reliability, more effective harmonics elimination. The performance of this

inverter using MWR-SPWM technique is compared with traditional inverter by simulation and experiment, and the

results show that the theoretical analysis is correct. [Nature and Science. 2006;4(3):28-36].
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L. INTRODUCTION

Inverter are widely wused in many industrial

applications such as variable-frequency velocity
modulation™*], UPS, VAR compensator etc. In order to
supply high quality power for loads, it is significant for
this inverter to eliminate harmonics in output voltage
effectively. Pulse width modulation (PWM) technique
that has satisfied performance in harmonics elimination,
voltage regulation, responding speed is widely used in all
kinds of inverters. *II°)

Conventionally, all PWM-controlled inverters are
based on ideal dc voltage, in practice a bulky dc filter
capacitor is installed after the three-phase uncontrollable
rectifier to obtain low-ripple dc voltage, as shown in
Figure 1. However, the dc filter capacitor has several
disadvantages from the viewpoints of size, weight, cost,
and reliability!®. Moreover, the properties of the dc filter

capacitor deteriorate gradually due to continuous

out-gassing. Hence, dc filter capacitor is the major factor

limiting the lifetime of inverter systems |,

In order to solve the above-mentioned problems, we
propose a novel three-phase inverter based on modulation
wave reconstruction - SPWM (MWR-SPWM) technique,
as shown in Figure 2. Due to MWR-SPWM technique is
adopted, the dc filter capacitor is decreased largely or
even removed and the harmonics in output voltage is
eliminated effectively. The main use of capacitor isn’t
filtering harmonics but buffering energy. When the power
factor of load is high enough, the capacitor can be
omitted. Meanwhile the size of input ac filter and the

output ac filter are proportionately reduced.

II. PRINCIPLE OF OPERATION

The novel inverter topology mainly consists of a
three-phase diode bridge and an inverter. The output of
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the three-phase diode bridge rectifier Vdc is a type of
six-pulse dc voltage as shown in Figure,3, which contains
inherent harmonics of the 6n f 0(J 0 is the system
frequency) besides dc component. Using conventional

SPWM technique the (?Lpu_ti_ ?Jtage of inverter V,,;
& —sit (Sfox = 0Ky, [ is

contains harmonics of

the modulation wave frequency) besides fundamental
component in low frequency band. How can we obtain
the desired fundamental component and eliminate the
unwanted low-order harmonics in Vout by a simple

qak

Figure 1. A conventional inverter

T
le

Figure 2. The proposed inverter

approach?

L

We can achieve this purpose by using modulation
wave reconstruction-SPWM technique. Meanwhile the
value and frequency regulation of the output voltage can
be conventionally achieved by regulating modulation

wave. In the next section, the detailed analysis is given.

III. MODULATION WAVE RECONSTRUCTION -
SPWM TECHNIQUE

29

1. Analysis of Output Voltage Using Conventional
SPWM Technique

In this section, the proposed inverter is analyzed under
steady-state condition.

In Figure 2, v, is the output dc voltage of the
three-phase diode bridge rectifier, we choose its midpoint
as zero potential reference. In order to make the analysis
the
represented by the following Fourier series in (1).

comprehensive, expression of Vv, can be

v, =V, +ZU,. cos@, coswyt +ZU,. sing, sinw[t(l)
i1 i1

Firstly, we chose standard three-phase sinusoidal wave
as modulation wave, take phase a for example, it’s
expressed as follows.

u, =U,sin(wt + 0) )

Figure 3 shows the relationship among triangular-wave
voltage U, , modulation wave voltage u#, and voltage
of a phase u,. Switching status is determined by the
compared result between u, and u, as follows: the
but turns off when
u, <u, . The frequency of triangular-wave is M

times to the frequency of sinusoidal modulation wave

switch turns on whenu, >u,. ,

r

[, - The sinusoidal wave is “chopped” 2 M times in per
sinusoidal cycle. We get 2 M angles, define them as
o, (i=1,2,...,2M).

u

~

tr

/2 u,
c /

Ay | Bai a5

/2

~ Ve

Figure 3. The relationship of u,.» ug, u,,
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Uyja =0y Upsin(B,; +0) -V, oT,

When (1) is modulated under (2), the Fourier series ~ 6)
coefficients of output voltage u, are respectively 2 Vi =V 2
expressed as a,(ll’l> , bil’l) , aiz’l) , b’<12,1) , aff’l) ,

b . The output voltage u, fluctuates between @y — % Vi =Upsin(f,,, +0) oI, %
Ve !2 and —v, /2, and its Fourier series can be 2 Vi =V 2
expressed as (3), given at the bottom of this page.

Since the frequency of the triangular wave is ' Oy — Ay, Oy —
sufficiently high, we can believe that #, and Vv, is sin(n 2 )= n 2 (8)
constant during one triangular-wave cycle.

Therefore sin(n Oy =0y )~ Oy — 0y ©)
Ay Ty, <5 @ 2 2
2 N a 511,1) is expressed as (10), given at the bottom of this
page. Substituting (4)--(9) into (10), we can obtain (11).
Ay + Ay, ~ ) Because w7, is so small, we can convert the form
2 2 of the first step in (11) into an integral one, which

simplifies the result. b,(zl’l) can be derived by using the
same method.

1 0
_ (1,1 (2,1 3,1 (L) (2,1 (€R)) (1,1) (2,1 Gy o
u, = 5(% +a,”’ +ag )+ Z [(an +a,”’ +a,”’)cosnwt + (b, +b,”" +b,7")sin nwt] 3)

n=1

Q) vl
j U,cosnada

J‘az' (-U,)cosnada

(n=0,1,2,.....) (10)

I
M 22U o, . +a, . A, ., —Q,,
Z D cos(n 2"”2 21ysin(n 2’”2 21

U o, +a ) o, —o
D COS(”I 21 201 )Sln(n 21/ 2/-1 )
o NT 2 2
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Upsin(f,; +0)-V,, T,

%

cosnpf
(1 D J=1 2 Vtrm - Vtrl 2
o u Viw —Up sin(By, +6) o,
COS :
lZ nﬂ2171 Vtrm - Vlrl 2
U,
j ~Ugsin(n-1)B-6)df  (n=012,--) (11)

272-( trm trl)

M
a2 j+1

— | 7" U, sinnada

Jj= 1T aj U

b,gl’l) —
27[( trm trl)

j Ugcos(n—1)p-60ydp  (12)

l\)lr—'

+Z jaZl (-Up)sinnada

anj—1

a®

n

can be expressed as (13). Substituting (4)—(9) into (13), we can obtain (14).

. a,.., +a,,
Z—J‘az’ 1Z:U cos ¢, cos(w, n)%

@y _ l 11” 2

cosnada

0

ay; 2 j+1 0[2~

+ I D -U, cos ¢, cos(w, +n)—"—Lcosnada
=1 7T 2

Lie 1 Q. ta w a.  —a (13)
Z Z U, cosg, cos( + p) 2 22 gin(—& + ) =2 2
| D +n 2 () 2
_ o
Y
S N 1 o +a . ()] o -
- Z Z U, cos ¢, cos( + p) 2 22 gin(—& + ) 2 21
=) = @ 2 @ b
@
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U, sin(f,. +6)-V,
COS(&—Fn)ﬂzj B (ﬁz‘, ) trl
u = 2 ‘ Vvtrm - I/trl a)T,r
Z Z . : U, cosg,
== W, Ugsin(B,, +0)-V,, 2
+cos(——n)f,,;
1 w . I/trm - I/trl
a®) ~
" 2r : i
1) V. —U,sin +6
Cos(ik + n)ﬁzj trm B 1 (ﬂZI—l )
< = @ I/frm - I/trl wT;r
- Z Z ) . U, cosg,
1| k1 +COS(&—I’!)ﬂ2j Viw ~Up sin(f,,,+0) | 2
@ I/'rrm - I/)trl
| .o, 1]
sin((6k—+1tn)p, +6)
U, ) /
M 0 Th )
I —sin((6k ——~1+n)B,, —0) ||-U, cosg,
j=L| k=1 @
Wy
—cos(—=xn)p, .V,
~ a)].,” i A W 2j7 wl _J
272.(1/rrm - I/trl) _ . C()] _T
sin((—+1xn)B,, , +6)
U, w
Ml el|| o (14)
@
21> —sin((—-—~1£n)p,, , —0) | |-U, cosg,
I=1 | k=1 (2
0]
+ Cos(ik * n)ﬂZl—l I/'trm
L L @ 1
Because the frequency of triangular-wave is Substituting (15), (16) into (14), we can get (17), given at
sufficiently high, we can believe that the bottom of this page.

sin((ﬂ +1+ nJa + BJ is constant during one
w
triangular-wave cycle. Therefore, we can obtain (15) and

(16), which are shown at the bottom of this page.

L L1+ m)B,, +0)-aT,
w

M
3 sin((

j1

Mo o
Ysin((—=+1£n)B,_, +0) 0T,
I=1 @
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~ " sin((ZE + 12 m) + 0)dp
| sin((—

~ " sin(Z +1£n) + 0)dp
4 0]

Similarly, b*Y can be expressed as (18). By using
GDand pCY

the same method, we can obtain @,

shown in (19) and (20) respectively.

(15)

(16)
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U, sin{(& —n+fB+ .9}
[
@ L il (P _ g —
R T ZU cos ¢, - j +U, sm[( n—1)p 9} dp
( trm trl)COS(__n)ﬂ
M 0 N
1 2j+1
Z— _[ z , COsg, cos(@, ) Y sinnada
b(2,1) . 1 P A =
n 2 M 1 © . +a ‘
Z— I Z . COS@, cos(@, +n)usinnada
=1 TT Y% g 2 _
Wy
Uycos((—+1-n)p+0)
a
0 x w
m;l]k COS¢kJ:ﬂ _UB COS((—k—l—H)ﬁ—g) dﬁ
+ SIH(_ - n)ﬁ( trm Iil)
—U, cos(ZE—n+ 1) +6)
w
1 w
G - U, sin +Ugzcos((——n-1)p-0)d
o Vm)g esing [ | +Ugcos(—E=n-1p-0) dp
—sin(ZE )Wy + Vi)
[
U, sin((%+1—n)ﬂ+0)
() _ S : x L,
b 47r(Vt 5 klek sing, [ | -U, sin(—-=1-mf=0) |dp
- COS(_ - n)ﬂ(Vtim tll )
_UpUgsin(@ +0) 1 i(UkUB (sin((w, + @)t +6 — ¢, )—sin((w, — )t —0—¢,))
Vtrm - Vtrl 2 k=1 Vtrm - Vtrl
_UpUypsin(at + 0) N i U, cos(w,t — @, )U z sin(awrt + 6)
Vtrm - Vtrl k=1 Vtrm - Vtrl

|

a7

(18)

(19)

(20)
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(21)

_ UpU, sin(wt +0) | i U, U,[sin(w,t+wt — ¢, +6)—sin(w,t—wt—g¢, —0)|

%

trm

—V

trl k=1

Substituting (11), (12), (17), (18), (19), (20) into (3), we can
obtain (21). Obviously, #, contains of a fundamental
component, lower harmonics of
it fo (k=12 f =w, 27, f, =w/2x),
and harmonics above the switching frequency generated by
triangular-wave SPWM operation. Then there is a relationship

between U, and V,. which is expressed as follows:
u,=T)-v, (22)

Where T ((9) is the switching function of triggering pulses.
Substituting the second step in (21) into (22), we can get the
following:

p sin( ot + 0)

r@)y=Y e (23)

trm trl

2. Analysis of Output Voltage Using MWR-SPWM
Technique
From above analysis, we can add some component to

standard modulation wave to offset the influence on output ac

-V

trl )

2(v,

trm

voltage from dc voltage’s fluctuation. Based on this idea, we

propose a new modulation wave as follows:

u, =k+u, (24)

We consider that % consists of two independent parts, one

is U, another is k . When (24) is chosen as modulation
wave, the switching function 7'(€)) can be expressed as
follows:
TO)=T O)+T (0) 5)

Where T’ (9) is the component of switching function when
modulation wave is % which is shown in (23); T (0) is
the component of switching function when modulation wave is
k.

When the new modulation wave is adopted we hope that the
harmonics of %, can be eliminated effectively, we can obtain
(26), given at the bottom of this page. Therefore, we can obtain

7).

u, =T O)+T (0) (U, + iuk cos(w,t - N =T (0)-U, (26)

iUk cos(w,t—¢,)

v, —U

T'(0)=-—*

0

T(0)=-——%—"LT'(9) 27)

U, +ZUk cos(w,t—¢@,) Vae

k=1

Substituting (23) into (27), we obtain the following:

v, —Up, Up,sin(at+0)
Ve Vr =V,

trm trl

T'(6)=-

(28)

When T (0) is compared with T (6), k can be

obtained by homogeneity theorem.

Therefore, when the new modulation wave u  is
adopted #, only contains fundamental component in
low frequency band.

So, when power system is balanced system, new
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modulation wave u, is adopted that can eliminate the

influence of 6nf; harmonics from three-phase diode

29

o U,U; sin(wt + 0)
‘ Von =V,

trm trl

(30)

IV. SIMULINK AND EXPERIMENTAL RESULT

In order to verify the analyses and the simulation
results, a 2-kVA experimental novel inverter that adopts
above proposed topology was set up in laboratory. The
diode bridge rectifier is connected with a three-phase
unbalanced supply. The circuit parameters used in
experiment is the same with the ones in simulation.

Figure 4 and Figure 5 show the load phase current
waveforms with general SPWM and MWR-SPWM
technique respectively. Figure 6 and Figure 7 show the

2 Agilent Technologies

bridge output voltage to harmonics of converter output
voltage so as to not use bulky dc filter capacitor.

output voltage spectrum by using general SPWM and
MWR-SPWM technique respectively. Obviously, the
novel ac/dc/ac converter can eliminate harmonics of
output voltage effectively. The experimental results are in
full agreement with theoretical analyses and simulation
results.

V. CONCLUSIONS

The proposed novel inverter has such advantages as
higher reliability, and higher
because an MWR-SPWM

technique is adopted to eliminate low harmonics in

simpler  structure,

performance. Moreover,
output voltage, not only the bulky dc filter capacitor is
greatly decreased or even removed, but also the size of
output filter is reduced accordingly. The simulation and
experimental results prove the validity of the analysis and
the feasibility of the proposed MWR-SPWM technique.

<% Agilent Technologies

Figure 4. Current waveform using general SPWM technique
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Figure 5. Current waveform by using MWR-SPWM technique
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Figure 6. The spectrum of using general SPWM technique
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