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Experiment and analysis of high power line-start PM motor 
 
 

Abstract. This paper investigates the performance of a high power line-start permanent-magnet motor (LSPM) by experiment, which is developed 
for industrial fans, pumps and compressors to reduce the energy consumption. The no-load back-EMF is measured and compared with predicted 
result of FEM. In order to assess the line starting ability, the rotor-locked test is carried out and then the starting torque ratio is deduced which is 
lower than that of induction motor of the same power. By adjusting the load, the efficiency and power factor during all operation condition are 
obtained. It is found this proposed LSPM has not only higher power factor and efficiency, but also high overload ability. After its starting ability of 
reduced voltage is analyzed, several useful methods are pointed out for designing high power LSPM which should start with limited current. 
 
Streszczenie. Zbadano właściwości silnika wysokiej mocy LSPM w zastosowaniu przemysłowym do pomp, wentylatorów i kompresorów pod kątem 
redukcji zużycia energii. Zbadano silnik przy zablokowanym wirniku i na tej podstawie przewidywano moment startowy. Przy zmianie obciążenia 
określono współczynnik mocy i sprawność.  (Eksperyment i analiza silnika dużej mocy o rozruchu bezpośrednim typu LSPM) 
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Słowa kluczowe: silnik z magnesami trwałymi, silnik LSPM. 
 
 

Introduction 
The high power motors are widely used to drive fans, 

pumps and compressors in industry, so their efficiency is 
improved as possible for saving the energy. Compared with 
induction motor, line-start permanent-magnet motor (LSPM) 
has higher efficiency and power factor. Moreover, it can 
direct replace the existing induction motor without adding 
any equipment. Therefore, it is an attractive choice [1-3].  

From topology, the stator of LSPM is the same as that of 
a normal induction motor, and permanent magnets are 
inserted in the squirrel cage rotor. In ideal condition, its 
starting torque is produced by electromagnetic induction 
phenomenon at the rotor conductor bars, and the 
synchronously operating torque is generated by permanent 
magnets. In fact, the inserted permanent magnet not only 
decides LSPM’s performance at synchronous speed, but 
also worsens its starting ability because it produces braking 
torque and affects the magnetic field circuit. Since the start 
ability of LSPM depends on both squirrel cage rotor bars 
and the inserted permanent magnets including their shape, 
material, size and position [4-6], the suitable configuration 
of rotors are continually proposed to improve the 
performance [7].  

Normally, the low power LSPM is designed to line start 
which can makes the starting torque maximize. But it should 
be indicated high power LSPM (>100kW) is often not 
allowed to line start in normal industrial application. 
Although there are many papers on the research on the low 
power LSPM [1-9], the high power LSPM still need be 
developed in theory and application due to rigorous starting 
condition [10-12]. 

In this paper, the performance of a 4-pole 250kW LSPM 
which keeps the configuration of induction motor as much 
as possible is measured including no-load test, rotor-locked 
test and load test. By analysis these test data, it is found 
that this LSPM has not only high efficiency at synchronous 
speed, 1500r/min, but also a sufficient line starting ability 
with voltage, 380V. Since this LSPM is often asked to start 
at low voltage in industry, the starting ability of low voltage 
is analyzed. The results show this design method of only 
inserting permanent magnets to rotor is not suitable to high 
power LSPM with requirement of reduced voltage starting. 
At last, several useful designing methods are introduced to 
improve starting ability. 
 
Motor configuration 

As many low power LSPMs, this 250kW LSPM also 
keeps the configuration of induction motor as much as 
possible. Table I lists the main specifications.  

 
Table 1. Specifications of proposed LSPM 

Items Quantity 
Rated power (kW) 250 
Rated speed (rpm) 1500 
Rated  voltage (V) 380 
Rated current(A) 410 
Rated efficiency 0.97 

Rated power factor 0.96 
Winding connection Δ 
Number of pole pairs 2 

Stator outer diameter(mm) 590 
Stator inner diameter(mm) 400 

Number of turns of stator slot 10 
Number of stator slots 72 

Air gap length(mm) 1.6 
Number of rotor slots 62 

Rotor outer diameter(mm) 396.8 
Rotor inner diameter(mm) 130 
The material of rotor bar Aluminium 

Coercive force of magnet (kA/m) 987 
Remanence of NdFeB magnets (T) 1.3 

 

 
Fig.1. Cross section of half of proposed LSPM. 

 
Fig.2. Rotor photo of proposed LSPM. 
 
Fig.1 shows the cross sections and Fig.2 shows photo of 

its rotor. Its stator is almost same to that of induction motor 
with same power. The only difference is that the stator slots 
are skewed by one rotor slot pitch in order to reduce the 
cogging torque. To rotor, squirrel cage and axis are same 
and the interior permanent magnets are inserted in rotor 
yoke without any vents. In addition, its air gap is larger than 



PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 2/2012                                              275 

that of induction motor. There are three pieces of 
permanent magnets of one pole, one is large and radial 
magnetized, and other two are small and circumferential 
magnetized. Two air holes between permanent magnets 
have functions of the flux barrier and vents. 

 

Motor experiments 
The test platform is shown in Fig.3 including test LSPM, 

transducer, DC motor, temperature tester, resistance tester 
and digital testing system. The test LSPM is connected with 
a DC motor by a torque-speed transducer. The DC motor 
acts as motor to drive the LSPM at no-load, while acts as 
generator at load. By this test platform, the steady 
performance and transient starting performance can be 
obtained by adjusting operation condition. 

 
Fig.3. The test platform of LSPM. 
 
A. No-load back-EMF 

When DC motor drives the LSPM to rated speed, 
1500r/min, the no-load back-EMF is measured. Fig.4 shows 
its fundamental wave component of measurement and 
predicted results by FEM. As it can be seen, the 
measurement is equal to rated line voltage, 380V, and is a 
little bigger than that of FEM, 365V. The error is mainly 
caused by two reasons, one is performance of permanent 
magnet is better than calculation value and the other is 
actual air-gap length exists certain error. That is to say, the 
prototype is a little overexcitation. Although it improves the 
stability performance and pull-in torque, it also worsens the 
start ability.  If the line voltage improves to 400V, the start 
ability becomes better in line start condition. 
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Fig.4. Fundamental component of Back-EMF. 

 
B. Starting torque 

Due to the line-start current is much bigger than that of 
power limitation, it can’t be direct measured. Therefore, this 
paper adopted rotor-locked test to measure starting torques 
at serial low voltages. Based on these data, the short-circuit 
impedance is calculated, and then the line-start current and 
torque are calculated. Fig.5 shows the measurements. The 
line-start current is 2650A and the line-start torque is 
2683.1N.m. Compared with rated value, the starting current 

ratio is 6.46 and the starting torque ratio is 1.69. They are 
lower than that of induction motor due to reducing magnetic 
field circuit. Apparently, it can start smoothly at full line 
voltage with pump load. 
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(a) The curve between locked current and voltage 
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(b) The curve between locked torque and voltage 

Fig.5. The rotor-locked measurements of LSPM. 
 

C. Load Performance 
Due to the limited of power supply, this LSPM can’t 

realize line-start function in this platform. In this experiment, 
the DC motor is adopted to help the start of this LSPM. 
There are three steps in this experiment. First, this LSPM 
without power supply is driven close to synchronous speed. 
Secondly, this LSPM is connected with power supply when 
the back-EMF and line voltage have same phase angle 
measured by rotating-lamp method. Finally, this LSPM can 
be measured at different load by adjusting excitation current 
of DC motor. At line voltage 380V, the measured rating 
power factor and efficiency are 0.964, 0.966 respectively, 
which accord with the design requirement.  

Since the back-EMF is equal 380V, the line voltage 
class can be increased to 400V in order to improving the 
start ability. The steady performance of different load is 
shown in fig.6. At rating output power, the power factor and 
efficiency are 0.932, 0.969 respectively. At output power, 
315kW, the power factor and efficiency are 0.93, 0.968 
respectively. As it can be seen, the efficiency keeps almost 
constant and power factor is lowered along with voltage 
improving, which is still higher than that of induction motor. 
Provided that line start is allowed, the voltage class of this 
LSPM prefers 400V to 380V. 

 

D. Temperature 
Compared with induction motor, the LSPM have lower 

steady-state current and high efficiency, therefore, the 
temperature is certainly lower than that of induction motor 
without changing the stator. When this LSPM operates in 
steady temperature condition, the measured temperature 
rise of winding is only 43.7K. In addition, the measured 
temperatures of stator iron, bearing and shell are 55.7℃, 
47.7℃ and 37.7℃. Apparently, the steady temperature is 
much lower than that of insulation class. Therefore, the 
output power can be improved to 315kW without any 
problem. 

By experimental investigation, this LSPM meets the 
design requirement including high steady performance at 
rating power and sufficient line-start ability. Moreover, it can 
improve its power class to 315kW due to low temperature 
rise. 

 LSPM Transducer

DC motor

Temperature tester 
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(a) Stator current 
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(b) Power factor and efficiency 

Fig.6.  Measured results of LSPM at voltage, 400V. 
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(b) Current 

Fig.7. The transient starting speed and current of LSPM at no load 
with current limitation, 1000A. 

 
By transient model of FEM, the starting ability of 

different voltage is investigated. The results are shown in 
Fig.7 and Fig.8. Apparently, Fig.7 shows this LSPM can't 
start at no load with current limitation, 1000A. In order to 
start this LSPM at no load, the minimum voltage is 257V. 
The corresponding starting current is approximate 1792A 
and starting torque is about 1227N.m. The braking torque is 
so big that the start process becomes difficult. On this point, 
the permanent magnet is overused in order to guarantee 
high rated power factor. Therefore, the design value of 

rating power factor should be lowered for improving the 
start ability of reduced voltage. 
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Fig. 8.  Transient starting speed of different voltage. 

 
Method of improving starting ability 

When the LSPM starts, the starting torque includes 
asynchronous driving torque produced by rotor bars and 
synchronous braking torque produced by permanent 
magnets. The former one is mainly decided by voltage and 
rotor resistance, while the latter one depends on slip, back-
EMF, stator resistance and synchronous reactance.  At line 
start, the former one arrives to maximum value so it is much 
bigger than the latter one. It can start without question with 
pump load, only the starting time is longer than that of 
induction motor. Moreover, the speed of LSPM increases 
not so smoothly as that of induction motor, especially at 
lower speed.  

To low power LSPM, the starting is no problem since the 
line-start is allowed. Except this, its power factor and 
efficiency can be improved much since that of 
corresponding induction motor are not so high. That is to 
say, this design of low power LSPM is relatively easy. 
Sometimes, the amending method is only inserting the 
permanent magnet to available rotor.  

Unlike low power LSPM, the high power LSPM is often 
asked to start of reduced voltage due to the limitation of 
power system. Its starting ability worsens rapidly because 
the former one decreases along with the square of voltage 
and the latter one almost keeps constant. Therefore, the 
improving starting ability of reduced voltage should be 
carried out on two hands. One is improving asynchronous 
driving torque as possible, and the other is decreasing the 
synchronous braking torque properly. Of course, the design 
should make sure the steady performance of LSPM is 
better than that of induction motor at first. Since the high 
power of induction motor has high power factor and 
efficiency, the rated power factor of LSPM can’t be asked 
improving so much as that of low power LSPM. To the high 
power LSPM of reduced voltage starting, the amending 
method of only inserting permanent magnets to rotor as that 
lower power LSPM can’t be adopted any more in order to 
improving the starting ability and high rated performance. In 
general, the main amending methods are follows: 

(1) The rated power factor of designed LSPM should 
adopt suitable value. Then the volume of permanent 
magnets can be controlled to let LSPM operate in 
underexcitation condition. 

(2) Both rotor and stator of iron core are optimized in 
order to enlarge the rotor room as possible. 

(3) Rotor slots are shortened and shaped for large 
starting ability. The starting torque ratio prefers to three 
times more. 

(4) Due to line start capability of the high power LSPM is 
limited by large staring current, so high voltage is better 
choice to obtain good performance. 
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Conclusions 

This paper investigates the performance of a high power 
LSPM which keeps the configuration as much as that of 
induction motor. Its no-load back-EMF, starting torque and 
steady-state performances at different loads are measured 
by a test platform. Compared with design requirement, this 
LSPM not only has higher efficiency and power factor, 
moreover keeps sufficient line-start ability at pump load. But 
it can’t start considering current limitation, 1000A. As a 
result, the amending method of only inserting permanent 
magnets into the rotor isn’t suitable to high power LSPM 
with reduced voltage starting. Finally, corresponding useful 
methods are introduced. In the future, the new LSPM with 
starting ability of reduced voltage will be developed. 
 
The authors acknowledge the financial support of the 
National Natural Science Foundation of China (NSFC 
51077115 ) and and Zhejiang Provincial Natural Science 
Foundation of China (R1110033). 
 

REFERENCES 
 [1] R.Y. Tang, Modern Permanent Magnet machines- theory and 

design, Beijing: Machine Industry press, 1997(In Chinese). 
[2] K. Kurihara and M. A. Rahman, “High-efficiency line-start 

interior permanent-magnet synchronous motors,” IEEE Trans. 
Ind. Appl.,vol.40, no.3, pp.789-796, 2004. 

[3] G.H. Kang, J. Hur, H. Nam, J.P. Hong and G.T. Kim, “Analysis 
of irreversible magnet demagnetization in line-start motors 
based on the finite-element method,” IEEE Trans. Magn.,vol.39, 
no.3, pp.1488-1491, 2003. 

[4] C.K. Lee, B.I. Kwon, B.T. Kim, K.I. Woo and M.G. Han, 
“Analysis of magnetization of magnet in the rotor of line start 
permanent magnet motor,” IEEE Trans. Magn.,vol.39, no.3, 
pp.1499-1502, 2003 

[5] F. Libert, J. Soulard, and J. Engstrom, “Design of a 4-pole line 
start permanent magnet synchronous motor,” In Proc. ICEM 
2002, Brugge, Belgium, Aug. 25–28, 2002 

[6] D. Rodger, H.C. Lai, R.J. Hill-cottingham, P.C. Coles and F. 
Robinson, “A new high efficiency line start motor with high 
starting torque, In Proc. IET 2006, Mar.,2006, pp.551-555 

[7] W. Fei, P. C. K. Luk, J. Ma, J. X. Shen and G. Yang, “A High-
performance line-Start permanent magnet synchronous motor 
amended from a small industrial three-phase induction motor”, 
IEEE Trans. Magn.,vol.45, no.10, pp.4724-4727, 2009. 

[8] A.M. Knight and C. Mcclay, “The design of high-efficiency line-
start motors,” IEEE Trans. Ind. Appl., vol.36, no.6, pp.1555-
1562, 2004. 

[9] D. Stoia, M. Antonozie, D. Ilea and M. Cernat, “Design of line-
start PM motors with high power factor,” In Proc. Powereng 
2007, Portugal, Apr. 2007, pp.342-346. 

[10] M. A. Rahman and A. M. Osheiba, “Performance of a large 
line-start permanent magnet synchronous motor,” IEEE Trans. 
Energy Convers., vol. 5, Mar. 1990,pp. 211–217. 

[11] Q. Zhao, X. Wang, S. Yu, D. Zhang, Z. An and R. Tang, “Study 
and design for large line-start permanent magnet synchronous 
motor,” In Proc. ICEMS 2003, vol.1, Beijing, 2003, pp.132-133. 

[12] Qinfen Lu and Yunyue Ye, “Design and analysis of high power 
line-start Permanent-Magnet motor”, IEEE Trans. Magn.,vol.44, 
no.11, pp.4417-4420, 2008. 

[13] C. K. Lee and B.I. Kwon, “Design of post-assembly 
magnetization system of line start permanent-magnet motors 
using FEM,” IEEE Trans. Magn.,vol.41, no.5, 2005, pp.1928-
1928 

 
Authors 
Associate professor Qinfen Lu works in college of Electrical 
Engineering, Zhejiang Unversity, P.R.China, 310027 Dr. Xiaoyan 
Huang works in college of Electrical Engineering, Zhejiang 
Unversity, P.R.China, 310027, Email:eezxh@zju.edu.cn. 

 
  
 
 
 

 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


