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Abstract – This paper presents a new bidirectional 

hybrid three-phase rectifier suitable for high power 
applications. The rectifier employs a three-phase diode 
bridge rectifier and a Boost-type three-phase PWM 
rectifier. The proposed rectifier is capable of providing 
sinusoidal input currents with low harmonic distortion 
and DC output voltage regulation. The rectifier topology 
generation, the principle of operation, control scheme 
and simulation results are described in the paper. 
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I. INTRODUCTION 

Nowadays, governments and international organizations 
have introduced the IEEE 519 and IEC 61000-3-2/61000-3-4 
standards for limit the harmonic content of the currents 
drown from the AC power line. 

To address the problem a great number of new single-
phase and three-phase rectifier topologies have been 
developed. In high power applications, where three-phase 
systems are required to avoid the system load unbalance, the 
search for three-phase rectifier topologies with high 
efficiency, high reliability, simple control scheme and high 
quality input currents were increased in the last decade. 

Three-phase diode bridge rectifiers are commonly used as 
front-end converters due their simplicity, reliability and low 
cost. However, they do not meet the harmonic content 
imposed by the IEEE 519 and IEC 61000-3-2/61000-3-4 
international standards. 

The use of multi-pulse three-phase rectifiers achieve lower 
harmonic content of the input current by cancellation the 
harmonic components generated by each group of six-pulse 
diode bridge rectifier. Moreover, they keep the simplicity and 
reliability features. However, they are heavy, bulky and 
expensive [1, 7]. 

Three-phase PWM rectifiers, particularly the one’s based 
on Boost topology, meet the international standards for 
harmonic current limit, providing sinusoidal input currents 
with low harmonic distortion. PWM rectifiers are more 
expensive and less reliable than diode bridge rectifiers. 

In the last years, the search for rectifiers that comprise the 
better features of diode bridge rectifiers and the better 
features of PWM rectifiers introduces a new class of three-
phase rectifiers with low effect on the mains, the Hybrid 
Rectifiers [2, 4, 6]. 

The basic idea of the Hybrid Rectifiers is that they are 
generated by the connection of a passive rectifier with an 
active rectifier. Moreover, the passive rectifier operates with 
low frequency and it handles the higher output power rating. 
Therefore, the active rectifier is designed to operate with 
small power ratings and with high switching frequency. 

This conception proposes that the semiconductors will 
commutate with high power rating/low switching frequency 
and low power rating/high switching frequency. It suggests 
that the efficiency will increase, the reliability will increase 
and the EMI generation will decrease. 

This paper proposes a new bidirectional hybrid three-
phase rectifier with high power factor and DC output voltage 
regulation. The rectifier employs a three-phase diode bridge 
rectifier and a Boost-type three-phase PWM rectifier. 

First of all, the rectifier topology generation is presented 
in Section II. Section III of this paper presents the principle 
of operation and the modes of operation. The analysis of the 
hybrid rectifier is described in Section IV. Section V shows 
the control scheme and finally, simulation results are 
described in Section VI. 

II. THE PROPOSED RECTIFIER 

The origin of the proposed rectifier can be explained from 
the three-phase diode bridge rectifier. The traditional diode 
bridge rectifier is presented in Fig. 1 a). The LC filter in the 
DC-side of the rectifier decreases the total harmonic 
distortion of the input currents. A large value of inductance 
can achieve about 30% of total harmonic distortion in the 
input currents. 

To achieve DC output voltage regulation, a Boost 
converter is connected after the diode bridge, as showed in 
Fig. 1 b). The Boost converter operating in Continuous 
Conduction Mode does not affect the input currents shape, 
excepted by the high frequency current ripple. 

Sinusoidal input currents can be obtained employing a 
three-phase active filter at the AC power line. Figure 1 c) 
shows the circuit connection. In that case, the active filter 
processes just the reactive power necessary to achieve high 
power factor. 

The proposed bidirectional hybrid three-phase rectifier is 
presented in Fig. 1 d). It was generated connecting the three-
phase active filter from Fig. 1 c) at the DC output voltage 
rail. Split Boost inductors and split Boost diodes are 
necessary to avoid inappropriate current paths in the rectifier 
[8]. 
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Fig. 1. Circuit generation of the proposed rectifier. 

The connection of the active filter to the output configures 
a new active power path to supply the load. In fact, this 
connection configures a bidirectional Boost-type three-phase 
PWM rectifier from the AC mains to the load. 

Since the Boost converter operates in Continuous 
Conduction Mode, the three-phase diode bridge keeps his 
features of low frequency commutation. 

III. PRINCIPLE OF OPERATION 

The proposed bidirectional hybrid three-phase rectifier is 
showed in Fig. 2. The line currents i1,2,3 are obtained by the 
sum of currents i1a,2a,3a and currents i1b,2b,3b. Similarly, in the 
output, the load current io is the sum of currents ioa and iob. 

To achieve high power factor, the line currents i1,2,3 must 
be sinusoidal, with low harmonic distortion and without 
displacement factor. This way, the currents i1a,2a,3a and 
currents i1b,2b,3b will be controlled to provide the line currents 
with a sinusoidal shape. 
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Fig. 2. Proposed bidirectional hybrid three-phase rectifier. 

The shape of the currents i1a,2a,3a are imposed by the diode 
bridge and, by the control of the Boost inductor current, the 
peak current of these currents can be controlled. 

The currents i1b,2b,3b are controlled to follow a desired 
reference, so that the sum of these currents with the currents 
i1a,2a,3a results in sinusoidal input currents. 

The power level processed by each rectifier will be 
controlled by the peak currents. Theoretically, any 
combination of power can be performed by each rectifier. 
Therefore, it is interesting that the diode bridge rectifier 
processes the greatest part of the output power, according to 
the conception of the Hybrid Rectifiers. 

Each combination between the powers processed for each 
rectifier represents a specific mode of operation. Figure 3 
shows two different modes of operation. The first operation 
mode, called operation mode 1, is related with the situation 
where the diode bridge and the Boost converter supply the 
output rated power. Thus, the PWM rectifier processes just 
the energy necessary to achieve high power factor in the 
input. For this situation, the current waveforms are presented 
in Fig. 3 a), Fig. 3 b) and Fig. 3 c). 

The second operation mode, called operation mode 2, is 
related with the situation where each rectifier supplies a half 
of the output power. In this case, the current waveforms are 
presented in Fig. 3 d), Fig. 3 e) and Fig. 3 f). 

IV. ANALYSIS OF THE HYBRID RECTIFIER 

As mentioned early, the rated power processed by each 
rectifier will be controlled by the peak current of currents i1, 
i1a and i1b, for phase 1 for instance. 

The goal of the analysis presented here is to quantify the 
relationship between the power processed by each rectifier 
and the peak current of i1, i1a and i1b. 

The hybrid rectifier must be operating with high power 
factor. Therefore, the line currents will present sinusoidal 
shape and without displacement factor. 

Assuming that AC mains are balanced and without 
harmonic distortion, the input voltage and the input current 
are given by (1) and (2), respectively. 
  (1) (1 pv (t) V .sin .t= ω )
  (2) ( )1 pi (t) I .sin .t= ω

Where: 
Vp – peak value of input voltage; 
Ip – peak value of input current. 
The instantaneous power in phase 1 is presented in (3). 

 ( ) ( ) (1 1 1 )p t v t .i t=  (3) 
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Fig. 3. The ideal currents waveforms for different modes of operation: a) line current i1, b) current i1a and c) current i1b for operation mode 1; 

d) line current i1, e) current i1a and f) current i1b for operation mode 2. 

 
The line current i1 is the sum of currents i1a and i1b. It 

yields to: 
  (4) ( ) ( ) ( )1 1a 1bi t i t i t= +

Substituting (4) in (3) leads to (5). 
 ( ) ( ) ( ) ( )1 1 1a 1bp t v t . i t i t= +⎡⎣ ⎤⎦  (5) 

Defining p1a as the instantaneous power processed by the 
passive rectifier and p1b as the instantaneous power processed 
by the active rectifier, it leads to: 
 ( ) ( ) ( )1 1a 1bp t p t p t= +  (6) 

Where: 
 ( ) ( ) ( )1a 1 1ap t v t .i t=  (7) 

 ( ) ( ) (1b 1 1b )p t v t .i t=  (8) 
The current i1a has the shape according to the waveforms 

of Fig. 3 b) and Fig. 3 e). The Fourier representation of this 
current is showed in (9). 
  (9) ( ) ( )1a k

k
i t b .sin k. .t=∑ ω

Where the Fourier term bk is presented in (10). The 
constant value Ipa is the peak current. 

 

( ) ( )

( ) ( )

5.
6

k pa
6

11.
6

7. pa
6

1b . I .sin k. .t .d .t

I .sin k. .t .d .t

π

π

π

π

⎛
= ω⎜π ⎝

⎞
− ω ω ⎟

⎠

∫

∫

ω −

 (10) 

The current i1b is obtained by (2), (4) and (9). 
 ( ) ( ) ( )1b p k

k
i t I .sin .t b .sin k. .t= ω − ω∑  (11) 

The active power P1 is the average value of instantaneous 
power p1. It is given by (12). 

 ( )
T

p p
1 1

0

V .I1P p t
T 2

= =∫  (12) 

Therefore, the active power processed by the passive 
rectifier and the active power processed by the active 
rectifier are presented in (13) and (14), respectively. 

 ( )
T

p pa
1a 1a

0

3.V .I1P p t
T

= =
π∫  (13) 

 ( ) (
T

p
1b 1b p pa

0

V1P p t . .I 2. 3.I
T 2.

= = π −
π∫ )  (14) 

The relationships between the active power processed by 
each rectifier and the input active power are obtained from 
(12), (13) and (14). They are presented in (15) and (16). 

 pa1a

1 p

IP 2. 3 .
P I

=
π

 (15) 

 
( )p pa1b

1 p

.I 2. 3.IP
P .I

π −
=

π
 (16) 

The dependency of the power processed by each rectifier 
in terms of the line peak current and peak current in the input 
of three-phase diode bridge is demonstrated in (15) and (16). 

The magnitude of the input apparent power of each 
rectifier can be related with the peak currents in a similar 
manner. The input apparent power of the rectifier is given by 
(17), where, ideally, it is the same value of the active power, 
featuring high power factor in the input. 
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 p p
1 ef ef

V .I
S V .I

2
= =  (17) 

Where: 
Vef – RMS value of input voltage; 
Ief – RMS value of input current. 
The RMS values of currents i1a and i1b are presented in 

(18) and (19), respectively. 

 ( )
T

2
efa 1a pa

0

1I i t
T 3

= =∫
2.I  (18) 

 ( )
2 2T

p p pa pa2
efb 1b

0

I 2. 3.I .I 2.I1I i t
T 2

= = − +
π∫ 3

 (19) 

Therefore, the magnitudes of apparent powers in the 
inputs of each rectifier are present in (20) and (21). 

 p pa
1a ef efa

3.V .I
S V .I

3
= =  (20) 

 
2 2

p p pa pa
1b ef efb p

I 3.I .I I
S V .I V .

4 3
= = − +

π
 (21) 

The relationships between the magnitudes of apparent 
power processed by each rectifier and the input apparent 
power are obtained from (17), (20) and (21). They are 
presented in (22) and (23). 

 pa1a

1 p

IS 2 .
S I3

=  (22) 

 

p

1

2 2
1b p p pa pa

I
S 2
S I 3.I .I I

4 3

=

− +
π

 (23) 

For the operation mode 1, where the diode bridge and the 
Boost converter supply the output rated power, the relations 
for the active powers are: 

 1a 1

1b

P P
P 0

=⎧
⎨ =⎩

 (24) 

Therefore, the value of relation between the peak currents 
can be obtained by (15) or (16). With this value, (22) and 
(23) solve the values of the magnitudes of apparent power. 
Table I summarizes these correspondent values. 

In the operation mode 2, each rectifier processes a half of 
the output power, thus the relations for the active powers are: 

 

1
1a

1
1b

P
P

2
P

P
2

⎧ =⎪⎪
⎨
⎪ =
⎪⎩

 (25) 

Table I also presents the values of relation between the 
peak currents and the magnitudes of apparent power for the 
operation mode 2. 

The curves presented in Fig. 4 show the behavior of the 
active power processed for each rectifier for different 
operation modes. The parameter α represents the variation of 
peak current Ipa in (15) and (16), for the same value of input 
peak current Ip. Notice that the curves are parameterized by 
the input active power P1. 

 
 

TABLE I 
The values of relations between the peak currents and the 

magnitudes of apparent power 
Operation Mode 

 
1 2 

pa pI I  0.91 0.45 

1a 1S S  1.05 0.52 

1b 1S S  0.31 0.52 
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Fig. 4. Curves for the active power processed by each rectifier. 

It is interesting observe that, in the operation mode where 
paI Ip= , the PWM rectifier acts as a load for the passive 

rectifier. In fact, in this case the active power P1b is negative 
and the relation obtained is . This situation 
does not have any experimental interesting and it must be 
avoided. 

1b 1P 0.103= − P

The results presented in Table I for operation modes 1 and 
2 can also be verified in Fig. 4. 

In a similar manner, the magnitudes of apparent power 
processed by each rectifier, presented in (22) and (23), can be 
plotted for every operation mode. Notice that the curves are 
parameterized by the magnitude of input apparent power S1. 

Figure 5 shows the curves for the magnitudes of apparent 
power processed by each rectifier. The region of operation 
where 0.75α ≥  is interesting for the PWM rectifier 
operation, because his apparent power processed is 
minimized. 

The curves presented in Fig. 4 and Fig. 5 shows a region 
of operation with improved performance. The region among 
the interval 0.75 0.91≤ α ≤  minimizes the active power and 
the apparent power processed by PWM rectifier and 
maximizes the active power processed by diode bridge 
rectifier. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0

S 1
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S    (  )1aαS    (  )1bα

S1

2

 
Fig. 5. Curves for the magnitudes of apparent power processed by 

each rectifier.
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Fig. 6. The control scheme. 

V. CONTROL SCHEME 

The control scheme of the hybrid rectifier is showed in 
Fig. 6. It is composed by four current control loops and a 
voltage control loop. 

The voltage control loop provides DC output voltage 
regulation and the references for the current control loops. 

The Boost converter current control loop provides the 
peak current regulation for input currents i1a,2a,3a. Thus, the 
active power processed by the three-phase diode bridge and 
the Boost converter is set up. 

The currents i1b,2b,3b are controlled indirectly by the 
sensing and control of input currents. In this case, it is an 
interesting approach because it is easier provides sinusoidal 
references than the references with the shape of currents 
i1b,2b,3b. 

The control can be implemented by analog commercial 
integrated circuits for power factor correction or by a digital 
signal processor [3]. 

VI. SIMULATION RESULTS 

A closed-loop numerical simulation was realized 
according to simulation parameters from Table II. The 
operation mode 1 is selected to present the simulation results. 

The input currents i1,2,3 are showed in Fig. 7. Figure 8 
shows the input voltage and the input current in phase 1, 
where the input current is multiplied by a factor 2. The power 
factor correction is achieved. 

Figure 9 shows the input current i1, the current i1a and the 
current i1b. 

TABLE II 
Simulation parameters 

 
The output voltage is presented in Fig. 10. 

VII. CONCLUSIONS 

This paper presents a new bidirectional hybrid three-phase 
rectifier suitable for high power application. The rectifier 
employs a three-phase diode bridge rectifier and a Boost-type 
three-phase PWM rectifier. 

The analysis presented show the region of operation 
which improves the operation of the rectifier by the active 
power processed for each rectifier. The region among the 
interval 0.75 0.91≤ α ≤  minimizes the active power and the 
apparent power processed by PWM rectifier and maximizes 
the active power processed by diode bridge rectifier. 

The advantages and the expected advantages of the 
rectifier are the increase of efficiency, increase of the 
reliability, all passive components are designed in high 
frequency and decrease of EMI generation. 

The increase of component count does not affect strongly 
the volume of the converter because the components are 
designed for lower currents rates. 
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Fig. 7. The input currents i1,2,3. 
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Fig. 8. Input voltage and input current in phase 1. 
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Fig. 9. Input current i1, current i1a and current i1b. 
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Fig. 10. Output voltage. 

The disadvantage of the system appears in the control 
scheme, by the use of an extra current sensor and an 
additional current control loop. 

As may be seen from the simulation results, the hybrid 
rectifier presents high power factor and DC voltage 
regulation. 

Future works are the assembling of the prototype and the 
experimental results of this conception. 

ACKNOWLEDGEMENT 

The authors would like to thank CNPq (National Council 
of Scientific and Technological Development) for their 

contribution to this work in the form of a grant provided to 
Carlos Henrique Illa Font. 

REFERENCES 

[1] B. Singh, B. N. Singh, A. Chandra, et al. “A Review of 
Three-phase Improved Power Quality AC-DC 
Converters”. IEEE Transactions on Industrial 
Electronics, vol. 51, no. 3, pp. 641-659, June 2004. 

[2] L. C. G. Freitas, M. G. Simões, C. A. Canesin, et al. “A 
Novel Programmable PFC Based Hybrid Rectifier for 
Ultra Clean Power Application”. In Proc. of PESC 2004 
– The 35th Annual IEEE Power Electronics Specialists 
Conference, pp. 2172-2177, 2004. 

[3] F. A. B. Batista, C. H. Illa Font, R. L. Alves, et al. 
“Comparison of Control Techniques Applied to Boost-
Type Bidirectional Three-phase PWM Rectifier”. In 
Proc. of VI INDUSCON – VI Conferência Internacional 
de Aplicações Industriais, pp. 937-942, 2004. 

[4] Y. Sato, K. Kawamura, H. Morimoto, et al. “Hybrid 
PWM Rectifiers to Reduce Electromagnetic 
Interference”. In Proc. of 37th IAS Annual Meeting – 
Industry Applications Conference, vol. 3, pp. 2141-2146, 
2002. 

[5] M. Malinowski. Sensorless Control Strategies for Three-
Phase PWM Rectifiers. Ph. D. Thesis. Institute of 
Control and Industrial Electronics, Faculty of Electrical 
Engineering, Warsaw University of Technology. 
Warsaw, Poland, 2001. 

[6] Madhav D. Manjrekar, Peter K. Steimer, Thomas A. 
Lipo. “Hybrid Multilevel Power Conversion System: A 
Competitive Solution for High-Power Applications”. 
IEEE Transactions on Industry Applications, vol. 36, no. 
3, pp. 834-840, May/June 2000. 

[7] J. W. Kolar, H. Ertl. “Status of the Techniques of Three-
Phase Rectifier Systems with Low Effects on the 
Mains”. In Proc. of INTELEC 2001 – International 
Telecommunications Energy Conference, pp. 16, 1999. 

[8] G. Spiazzi, F. C. Lee. “Implementation of Single-Phase 
Boost Power-factor-correction Circuits in Three-Phase 
Applications”. IEEE Transactions on Industrial 
Electronics, vol. 44, no. 3, pp. 365-371, June 1997. 

8th Brazilian Power Electronics Conference - COBEP 2005

24


	INTRODUCTION
	THE PROPOSED RECTIFIER
	PRINCIPLE OF OPERATION
	ANALYSIS OF THE HYBRID RECTIFIER
	CONTROL SCHEME
	SIMULATION RESULTS
	CONCLUSIONS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


