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ABSTRACT - The alternating current (AC) of line PfO Converter power factor
commutated converters is non-sinusoidal, generating, I, 0 Rms value of the fundamental phase current

therefore, harmonlcs in the e_Iectrlc system. | O Rms value of the phase current
Six-pulse graetz line-commutated converters are

widely employed in industry. Twelve-pulse converter can be ®1[] Phase angle of the fundamental current |
achieved by associating two six-pulse converters in series or
in parallel. However it is necessary to use supply Considering the commutation effect, we have:
transformers. These transformers are connected in such a

way that the secondary voltage phase angles are displaced 2u+sen20 - ser®d

thirty degrees in relation to each other. Lower order tg@, = 3)
characteristic harmonics are eliminated in this case (§ 7), cos2a — cod

rendering these transformers as adequate for the proposed

application. where:

A very good harmonic mitigation can be obtained

when 24 or 48 - pulse multiconverters are employed, by
associating four or eight graetz six - pulse converters, . U Phase angle of the fundamental current

respectively. When the converter pulse number is increased H [J Commutation angle in rad
there will be also, a system power factor improvement. o [ Firing angle
0 [0 Auxiliary angle

I - INTRODUCTION Neglecting the commutation effect the following
relationship can be obtained:
Special transformers delta zig-zag ¢-1%°,

15°, 3(°) or star extended - delta(15°) should be used ¢, =« (4)
to obtain 18 displacement to achieve 24-pulse

multiconverter. In the case of 48-pulse multiconverterAlso neglecting the commutation effect [8]

7.5 displacement is needed and the special transformers

mentioned should be designed to obtain the necessary \/6

secondary voltage angular displacement. A special1 = —Iym (5)
autotransformer ADZ ( 799 [10] can also be employed as n
shown in figure 9.
where:
Il - CONVERTER POWER FACTOR lg 0 DC current side

m O Number of bridges connected in series

The converter power factor is given by :

I1
Pf = EI—Qcoszpl 1)
I,O0 Rms value of the harmonic current, order n

d=a+p (2) nO Harmonic order

In=— (6)

where:



Il - HARMONIC REDUCING BY THE IV - POWER FACTOR IMPROVEMENT BY THE

COMMUTATION EFFECT CONVERTER PULSE NUMBER INCREASING
The commutation is a factor of harmonic reducing. Neglecting the commutation effect, we have:
The following expressions allow one to calculated the
Harmonic Reduction Factor (HRF) [7].
Pf = gligcosa (13)

H = senf+1u0

“H n+1 B )
n+1 According to expression (6) :

_®eno-1uQ0 o
<“§ -1 B @ 1= 0o

n=

In \/H2 +K? —2HKcoq2a + ) ©) So, for six-pulse operation, one has:
o (cosa — co9® )

n=6k+ 1 (1,5,7,11,13,...)

Where: Pfs;=0.9550c08 (15)

.o - Rms value of the order n harmonic Current, for

) For twelve - pulse, the following result comes up:
the commutation angle= C°.

n=12k+ 1 (1,11,13,23,25,...
The expression (9) is not valid for n=1, and according to ( )

[2]. Pf,,,=0.9901cos (16)
Hi=cos2x -cos? (10)  Fortwenty four - pulse, yields:
Ki=sen2-sen2x-2u (11) n = 24kt 1 (1,23,25,47,49,...)
1, \/m ) Pf,4,=0.9978c08 (17)
l,o, 4(coxx - co® ) For forty eight - pulse, results:
where: n = 48kt 1 (1,47,49,95,97,...)
l;p O Rms value of the fundamental current for thePf,5=0.9996coa (18)

commutation angle = C°.

Table 1 presents the Harmonic Reduction Factor (HRF), V - 12-PULSE CONVERTER
considering the expressions (9), (12) and also the results

obtained through the use of a FFT program [5], for 25&. Conventional 12-pulse converter.
samples. The twelve pulse converter has been considered

fora =0 u=15. Figure 1 shows the conventional 12-pulse converter,
formed by bridges in series, supplied by star-star (0°)
TABLE 1 - HRF fora = O0°;u = 15 and star-delta (30°) transformers.
n HRF HRF
Harmonic order| FFT program| Expres. (9)
and (12)
1 0.9981 0.9980
11 0.7899 0.7899
13 0.7175 0.7174
23 0.3457 0.3453
25 0.2927 0.2922




The taps enable to obtain transformer ratio 1:*and

Ld
P L 15° displacement in the secondary voltage are:
P 1 {% . g - 1
T i el - N, = 0,518N (19)
e | |
S i | Nq= 0,897N (20)
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Figurel- Conventional 12-pulse converter

These converters are used in the majority of HYDC
systems, as for instance in the ITAIPU (Brazil) - HvYDC
project.

Figure3 - Star-extended delta transformer

fimal

ia
rr—— b, Figure 4 shows the optional 12-pulse converter.
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Figure 5 shows the experimental and simulated
waveforms of the supply current and the DC output
voltage, for firing and commuta- tion angles= 30°%u =
1,5°, respectively.
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Figure 2-Experimental and simulated waveshapes of the supply curren -‘=/ 3 'b upily
and the DC output voltage-conventional 12-pulse converter30° ;u = ,_A +15 |'
1,5° i ¢ .
| | =i Rk
Figure 2 shows the experimental and simulatec Ic PN
simulated waveforms of the supply current and the D( , _
output voltage for firing and commutation angtes; i ig ! k-ﬂi‘ﬁ% big
30° andu = 1,5°, respectively. s 7 T
- UpHz
B. Optional 12-pulse converter. L \ e i'n.
T miid ki i2
Another 12-pulse operation can be obtained by 4';5'! e'qﬂz' 1

using star-extended delta (15°) transformers. Figure 3

shows this type of transformer. Figure 4 — Optional 12-pulse converter
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Figure 5 - Experimental and simulated waveshapes of the supply
Current and the DC output voltage- optional 12-pulse conveder (

30%p=15°)

VI - 24 - PULSE CONVERTER

A. 24-Pulse converter using deltag-zag
transformer.

Figure 6 shows the delta/zig-zag transformer.

The taps N and N needed to obtain the angular
displacements -15°; 0°; 15°; 30°, are shown in Table 2.

Table 2 - Taps Nand N
A.D - Angular displacement

A.D TAP N, TAP Ns
-15° 141,42 % 51,76 %
0° 100 % 100 %
15° 51,76 % 141,42 %
30° 0% 173,21 %

Figure 6 - Delta/zig-zag transformer

B. 24-Pulse converter using star-star (0°); star

delta (30°); star-extended delta 15° supply
transformers.

This 24-pulse  system can be obtained by

associating conventional ( figure 1 ) and optional

4 ) 12 pulse converters. The necessary 15° secondary

voltage displacement is also achieved.
C. Experimental and simulated results

Figure 7 shows the 24-pulse converter
arrangement.
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Figure 7 - 24 - pulse converter arrangement.
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The ADZ shown in figure 9 is a phase shifter
auto-transformer (7.5°) [10].

Figure 10 shows the AC currentdnd the phase
voltage U, fora =0°; p = 4°.

Figure 8 - Experimental and simulated waveshapes of the supply current

In) and the DC output-voltage (UPN )- 24- pulse converer 30° ;u

= 1,5

Figure 10 - AC current land the phase voltageddf the 48-pulse
multiconverter ¢ = 0°; p = 4°)

Figure 8 shows qualitative experimental and

simulated waveforms of the supply current § nd DC
output voltage ( UPN ), for firing and commutation

anglesa = 30° andut = 1,59, respectively.
VIl - EXPERIMENTAL AC CURRENT OF THE
FOURTY EIGHT - PULSE MULTICONVERTER

Figure 9 shows the 48 — pulse multiconverter
(series configuration).
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Figure 9 - 48-pulse multiconverter (series configuration)

VIIl - CONCLUSION

There is a converter power factor improvement
when the converter pulse number is increased, because the
Harmonic Distortion Factor, 1/, decreases. The FFT
program used [5], has presented a good accuracy, as shown
in Tablel.

Extended - delta transformer is a good option to
be employed in twelve - pulse converter, because the units
are identical and only a phase sequence reversal in one of
them is sufficient to obtaih 15° angular displacement.

By associating the conventional 12 - pulse
converter, with the optional 12 - pulse converter, a 24 -
pulse multiconverter is achieved. This arrangement should
be considered to use in industrial systems and also in
HVDC transmission, because there will be in this case a
saving in filters installation.

The commutation is only responsible for
harmonic attenuation, but not for harmonic elimination.
There is in fact a harmonic distortion factor reduction, but
the converter power factor decreases, because the phase
angle @ of the fundamental current increases (see
expression 1).

The main advantage of using the ADZ (figure 9)
to obtain 7,8 displacement enable to implement the 48 -
pulse multiconverter is that it is an auto-transformer, being
so a low cost equipment.

Prototypes of 6-12-24-48 pulse converters have
been built and tested at our laboratories and experimental
results match with simulated ones.
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