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Abstract—In preparation of the Large Hadron Collider (LHC)
upgrade to High Luminosity LHC (HL-LHC), a number of new
Nb3Sn magnets, including short model and prototype magnets,
had to be electrically qualified. The process included a number
of well-established Electrical Quality Assurance (ELQA) tests,
such as electrical continuity checks of the magnet instrumentation,
High-Voltage (HV) insulation tests of the magnet and quench heater
circuits, and impedance measurements. In certain cases, in order
to fully understand the observed effects, we needed to introduce
new measurement techniques, in particular both an impedance
measurement at specific frequency and a HV insulation test of
the quench heaters during high-current quenches of the magnet.
Furthermore, in order to localize possible insulation faults, we
performed HV insulation tests using an additional multichannel
acquisition system with high sampling rate. In this contribution
we present in detail the used measurement techniques, explain the
safety aspects, and discuss the results and possible further work.

Index Terms—Circuit testing, insulation testing, large hadron
collider (LHC), superconducting magnets.

I. INTRODUCTION

THE Electrical Quality Assurance tests of superconducting
magnets and circuits are typically performed to check

the continuity of electrical connections and the quality of the
electrical insulation. Additionally, measurement of complex
impedance proves to be a useful tool to assess the health
of the superconducting magnet or the entire superconducting
circuit including busbars, current leads, and instrumentation.
Those standard tests were described in depth in [1], [2], [3],
[4], [5], [6], [7]. Some of the effects observed in new Nb3Sn
based dipole magnets required the following additional tests and
measurements:

A magnet impedance measurement during high-current
quench (see Section II) was carried out to detect possible inter-
mittent internal short-circuits, which could have appeared during
a quench.
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Fig. 1. Setup of the magnet impedance measurement during a quench.

Furthermore, a HV insulation test between the quench heaters
and the coil (see Section III) was performed during high current
quenches, in order to investigate the impact of helium-filled
voids within the insulation layer. For these tests additional
instrumentation was needed, to exclude or confirm that detected
insulation faults are located in-between the quench heater circuit
and magnet circuit.

The proposed measurement techniques were used during
magnet test campaigns carried out at CERN in 2020.

II. MAGNET IMPEDANCE MEASUREMENT DURING

HIGH-CURRENT QUENCH

A. Measurement Setup

The magnet under test was a twin-aperture 11 T Nb3Sn dipole
magnet [8], made of four coils connected in series as shown at the
bottom of Fig. 1. Details related to the quench detection, quench
protection, and test stand data acquisition system are purposely
omitted in the schematic, as they are mostly irrelevant to the
way the described impedance measurement works. Upon quench
detection, the power converter effectively puts the terminals of
the magnet in a short-circuit. The middle points of the two
apertures become then electrically the most distant points in the
magnet. Analysis of the powering events resulted in hypothesis
about the intermittent short-circuit located between the voltage
taps connected to those two points, hence this is where the
impedance was measured during the quench of the magnet.
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The main part of the measurement setup was a Pico Tech-
nology Picoscope 5444D, which combines a four-channel os-
cilloscope and an arbitrary waveform generator (AWG). The
signal from the AWG was then amplified by Newtons 4th LPA01
Laboratory Power Amplifier. The output of the amplifier was
connected to the magnet under test through two 22 Ω current
readout resistors and two DC blocking 1 µF capacitors. The
1 MΩ resistors, connected in parallel to the DC blocking capac-
itors, were installed to slowly discharge the capacitors, in case
they were charged during the measurement. The second current
readout resistor was installed to provide a redundant stimulus
current measurement by the test station data acquisition system.
The value of the current readout resistors was selected based on
expected current levels, input range of measurement devices, and
availability of the components. The oscilloscope was connected
to the tested circuit such that the difference between the first
and second channel gives the voltage across the current sensing
resistor, and the difference between the third and fourth channel
provides the voltage across the tested circuit. It must be noted
that with the setup as in Fig. 1, the impedance of fuses and wiring
is included in the measured impedance.

The generator and oscilloscope were configured such that
the one-second-long sinewave generation and the acquisition
were started simultaneously upon an external trigger generated
manually through the quench detection system. The same trigger
signal, with additional 5 ms delay, was used to fire the quench
heaters, causing a quench of the magnet. As a result, we obtained
a measurement starting approximately 5 ms before the quench
of the magnet and lasting for 1 s.

The measurement frequency can be chosen arbitrarily, as long
as it remains within the bandwidth of used components.

B. Safety

Several safety aspects had to be considered, with personnel
safety being the most important one. The entire measurement
setup remains at the magnet potential with possibly lethal volt-
ages present. No direct manipulation can be allowed once the
power converter is connected to the magnet and switched on. The
oscilloscope/generator was controlled using a laptop computer,
which during the measurement was accessed using Remote
Desktop Protocol.

Also, equipment safety had to be considered, concerning
the tested magnet as well as the measurement equipment. The
measurement system was connected to the magnet via two very
fast acting fuses Mersen MI6FA50V01 to protect the voltage tap
wires in case of a short-circuit in a measurement system. The
tripping current of those fuses is 0.1 A with voltage rating of
500 V and interrupt rating of 200 kA. The output of the amplifier
was protected using a 1.5KE33CA bipolar transient voltage
suppressor (TVS) diode against the overvoltage generated by the
magnet. The standoff voltage of the TVS is 28.2 V and the peak
pulse power dissipation is 1500 W. The measurement devices
were installed on an insulated table, covered with a Kapton sheet,
and powered using an isolation transformer to avoid unwanted
ground loops.

Particular care was taken to make sure that the AC generator
does not affect the operation of the quench detection system. This
goal was obtained by assuring that the stimulus is applied only

Fig. 2. Signal processing for the magnet impedance measurement during a
high-current quench.

after triggering the quench heater power supplies. If the mea-
surement was to be done during normal operation, the amplitude
of the stimulus should be low enough not to affect the quench
detection system or the power converter. A similar measurement
method was later proposed in [9], where this specific safety
aspect is also addressed.

C. Signal Processing

The oscilloscope was configured to acquire signals with a
sampling frequency of 2.976 MS/s. This provides a significant
oversampling. Already at the level of the oscilloscope control
application two additional math channels were defined, one of
them calculating the voltage across the Device Under Test (DUT)
from the difference of voltages at the output of the system and a
second one calculating the current flowing through the current
sensing resistor. The waveforms from those two virtual channels
are later used by the NI LabVIEW based analysis software,
which calculates the amplitude and phase of the measurement
frequency component in short segments of each waveform using
the Discrete Fourier Transform (DFT) as shown in Fig. 2. The
impedance is then calculated from the two complex waveforms
containing information about voltage and current at the stimulus
frequency. The time resolution of the impedance measurement
depends on the stimulus frequency and number of periods used
for the DFT calculation.

D. Example Measurement

The magnet was powered to 9 kA and the quench detection
system was manually triggered, resulting in firing of the quench
heaters. A stimulus with a frequency of 13 kHz and an amplitude
of 10 Vpeak was applied to the magnet. The measured complex
impedance is shown in Fig. 3. The glitch visible at 0.055 s
is the moment of quench heater firing. Then as the magnet is
quenching, one can observe an increasing impedance modulus
and decreasing phase due to increasing resistive component of
the impedance. An intermittent short circuit would manifest
itself as large temporary impedance drop – in the order of tens
of ohms. Such effect was not observed.
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Fig. 3. Example measurement result. Complex impedance between midpoints
of the two apertures at 13 kHz, magnet current before quench: 9 kA.

E. Further Work

The measurement described above is focused on the
impedance between specific voltage taps of the magnet. In order
to improve the accuracy of the impedance measurement of the
magnet itself, the stimulus should be provided to the magnet with
a separate pair of leads and a proper four-point measurement
should be implemented. The measurement is conducted only at
a single frequency, which is a limitation, that can be addressed
by applying more than one stimulus frequency at once [9].

III. HIGH-VOLTAGE QUENCH HEATER INSULATION TEST

DURING A HIGH-CURRENT MAGNET QUENCH

A. Measurement Setup

The goal of this measurement was to assess the quality of
the quench heater to coil insulation in a single aperture short
model of an 11 T Nb3Sn dipole magnet [10] under realistic
operation conditions. Such conditions assume that the magnet
is installed in the accelerator as a part of a highly inductive
magnet chain, that the quench causes evaporation of the liquid
helium in which the magnet is immersed, and that high voltages
generated by the energy extraction system and quench heater
firing are present. The tested magnet was equipped with four
quench heater circuits. During the measurement, two quench
heater circuits were used to provoke the magnet quench or
protect it in case of a spontaneous quench, one quench heater was
brought to high potential to test the insulation, and one quench
heater was excluded from tests and protection of the magnet
due to earlier insulation failure and degradation detected during
standard insulation tests in nominal operating conditions.

The magnet was grounded at the level of the negative terminal
of the power converter. The high voltage was supplied via a
resistor network from one channel of the multichannel insu-
lation tester [1], as shown in Fig. 4. The figure also shows the
configuration of the high-frequency acquisition part, realized us-
ing two interconnected oscilloscopes: Tektronix DPO5045 and
Picoscope 5444D. The sampling rate was set to 200 MS/s and
125 MS/s respectively. The combined oscilloscopes were needed
to provide the required number of measurement channels.

The two oscilloscope channels connected to the terminals
of the tested quench heater via DC blocking capacitors were
monitoring the difference in arrival time of the voltage wave
generated by the insulation breakdown, as described in [11],

Fig. 4. Set-up of the HV test of a quench heater insulation during a high-current
magnet quench.

therefore providing information about the location of the iso-
lation fault along the quench heater circuit. The use of external
capacitors instead of the AC coupling feature of the oscilloscope,
provides reduced DC loading of the insulation tester, which is
important when measured leakage currents are in the range of a
few nA.

The two oscilloscope channels connected to the magnet cur-
rent leads are part of the new development, with respect to
the previously used techniques [11]. If the insulation between
magnet circuit and quench heater circuit fails, the charge is
transferred to the magnet circuit and the voltage recorded by the
oscilloscope during the breakdown has a positive value. If any
other part of the insulation fails, then the voltage-to-ground on
the magnet terminals will drop below zero due to capacitive cou-
pling between the tested quench heater and magnet coil, while
the quench heater voltage-to-ground is being rapidly discharged.

The remaining two oscilloscope channels connected to the
insulation tester output via the DC blocking capacitor and to
one of the active quench heaters via differential probe are for
monitoring purposes.

The magnet developed significant internal voltages-to-ground
when quenching. These voltages, and their location in the
magnet coil with respect to the tested quench heater must be
accounted for when setting the target voltage of the HV tester.
The insulation measurement was conducted as follows:
� The magnet was powered up to the target current – from

3 kA to 11.85 kA.
� The high voltage was applied to the tested quench heater

circuit, up to a total quench heater to coil voltage of 1.6 kV
including the voltage generated by the quench in the range
of 66 to 250 V, depending on the quench heater.

� The high voltage was kept for about one minute in order to
let the leakage current stabilize.
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Fig. 5. Readout of the insulation tester during a quench heater circuit to
magnet circuit insulation breakdown at 1.3 kV after a magnet quench at
11.85 kA. The three peaks in the leakage current from left to right are related
respectively to: electro-magnetic disturbance caused by the quench heater firing,
electro-magnetic disturbance related to the energy extraction switch opening,
and breakdown of the insulation.

Fig. 6. Readout of the oscilloscopes during a quench heater circuit to magnet
circuit insulation breakdown at 1.3 kV after magnet quench at 11.85 kA.

� The two active quench heaters were manually fired.
� The high voltage was still applied for another two minutes

after the quench.

B. Safety

The standard safety measures for the HV insulation tests were
applied regarding the personnel safety: the test area was fenced
and proper signage was used. Additionally, all test equipment
was operated remotely from the same control room, where
standard quench tests are conducted.

The equipment safety was ensured by setting 1 mA current
trip on the insulation tester and connecting the tested circuit
via a resistor network as shown in Fig. 4. Particular attention
was put on selecting the oscilloscope probes with voltage rating
adequate to the HV measurement.

C. Example Measurements

A number of combinations of applied voltage and magnet
current level were applied to all three available quench heater
circuits in order to analyze the observed breakdowns. An ex-
ample of a measurement which gives a very good insight on
the functioning of the test is shown in Figs. 5 and 6. The mea-
surement was conducted by powering the magnet to 11.85 kA
and applying 1.3 kV to the quench heater. One can see that
a breakdown occurs about 7 seconds after the quench. At this
moment there is no current in the magnet. This effect may be

Fig. 7. Oscilloscope readout of a different quench heater insulation failure
demonstrating insulation fault to a component other than magnet circuit. Mea-
surement was performed without current in the magnet.

explained by the existence of a liquid helium filled void in the in-
sulation, providing sufficient electrical insulation. Also, during
the quench when the void is filled with high pressure gaseous
helium, the insulation is still sufficient. Only later, once the
gas pressure drops, the insulation fails. The positive voltage on
the ungrounded magnet terminal indicates an insulation failure
between the quench heater circuit and magnet circuit.

An example of the voltage readout from the magnet leads
during HV test of a different quench heater in the same magnet
is shown in Fig. 7. In this case the voltage-to-ground on the
magnet leads becomes negative, indicating that the insulation
is failing in a different location than between the tested quench
heater circuit and magnet circuit.

V. CONCLUSION

Two new measurement techniques, suitable for superconduct-
ing magnet testing and failure diagnostics, were successfully
and safely employed during the test campaign of the 11 T
Nb3Sn dipoles at CERN. The impedance measurement of the
powered magnet with a similar setup to the one described here,
was later proposed as a quench detection method by authors
of [9]. The HV test of a quench heater insulation during a
high-current quench contributed to our understanding of the
effect of gaseous helium filled voids in the insulation layer
on the voltage withstand levels during a quench. Additionally,
monitoring of the voltage-to-ground on a magnet coil during a
HV test of the quench heater to coil insulation greatly improves
the possibility of fault localization, in particular when the lim-
itations are imposed by external factors, like the test stand or
cabling.

ACKNOWLEDGMENT

The authors would like to thank Franco Julio Mangiarotti,
Felix Rodriguez Mateos, Emmanuele Ravaioli, Andrzej Siemko,
Salvador Ferradas Troitiño, Arjan Verweij, and Gerard Willering
for their help and support in implementation of the described
measurement techniques.



LUDWIN et al.: NEW MEASUREMENT TECHNIQUES USED FOR THE ELQA OF HL-LHC SUPERCONDUCTING MAGNETS 9001205

REFERENCES

[1] D. Bozzini et al., “Automatic system for the DC high voltage qualification
of the superconducting electrical circuits of the LHC machine,” in Proc.
Eur. Part. Accel. Conf., 2008, pp. 2416–2418.

[2] A. Kotarba et al., “Automatic measurement system for electrical verifica-
tion of the LHC superconducting circuits,” in Proc. Int. Part. Accel. Conf.,
2011, pp. 1756–1758.

[3] M. Bednarek and J. Ludwin, “Software tools for the electrical quality
assurance in the LHC,” in Proc. 8th Int. Conf. Accel. Large Exp. Phys.
Control Syst., 2011, pp. 993–995.

[4] R. Kulaga, “Hardware and software upgrade of the High Voltage Crate for
the ELQA, TE-MPE-TM meeting,” Feb. 2013. Accessed: Oct. 1, 2020.
[Online]. Available: https://indico.cern.ch/event/238924/

[5] J. Ludwin and P. Jurkiewicz, “Upgrade of the automatic measurement
system for the electrical verification of the LHC superconducting circuits,”
IEEE Trans. Appl. Supercond., vol. 26, no. 3, Apr. 2016, Art. no. 0600803,
doi: 10.1109/TASC.2016.2520094.

[6] M. Bednarski, P. Jurkiewicz, J. Ludwin, D. Wojas, M. Bednarek, and
G. D’Angelo, “Upgrade of the arc interconnection verification system
for the large hadron collider,” in Proc. 26th Int. Conf. Mixed Des. Integr.
Circuits Syst., 2019, pp. 106–110, doi: 10.23919/MIXDES.2019.8787158.

[7] J. Ludwin et al., “Preparation and execution of the electrical quality
assurance program on the LHC superconducting circuits during the second
long shutdown,” IEEE Trans. Appl. Supercond., vol. 31, no. 5, Aug. 2021,
Art. no. 4002404, doi: 10.1109/TASC.2021.3065978.

[8] B. Bordini et al., “Nb3Sn 11 T dipole for the high luminosity LHC
(CERN),” in Nb3Sn Accelerator Magnets. Particle Acceleration and De-
tection, D. Schoerling and A. Zlobin, Eds. Berlin, Germany: Springer,
2019, pp. 223–258, doi: 10.1007/978-3-030-16118-7_9.

[9] M. B. B. Christensen et al., “Enabling real-time impedance measurements
of operational superconducting circuits of accelerator magnets,” presented
at the MT28 Conf., Aix-en-Provence, France, Sep. 10-15, 2023, Paper
4PoM03-14.

[10] A. V. Zlobin et al., “Design and fabrication of a single-aperture 11 T Nb3Sn
dipole model for LHC upgrades,” IEEE Trans. Appl. Supercond., vol. 22,
no. 3, Jun. 2012, Art. no. 4001705, doi: 10.1109/TASC.2011.2177619.

[11] D. Bozzini et al., “Detection and location of electrical insulation faults
on the LHC superconducting circuits during hardware commissioning,” in
Proc. Eur. Part. Accel. Conf., 2008, pp. 2413–2415. [Online]. Available:
https://accelconf.web.cern.ch/e08/papers/wepd007.pdf

https://indico.cern.ch/event/238924/
https://dx.doi.org/10.1109/TASC.2016.2520094
https://dx.doi.org/10.23919/MIXDES.2019.8787158
https://dx.doi.org/10.1109/TASC.2021.3065978
https://dx.doi.org/10.1007/978-3-030-16118-7_9
https://dx.doi.org/10.1109/TASC.2011.2177619
https://accelconf.web.cern.ch/e08/papers/wepd007.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


