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Abstract—This paper states that constructing relay protections
without current transformers is a relevant undertaking. To address
this, the paper proposes using reed switches. Notably, the principles
and some protection devices based on reed switches have already
been developed, including differential protection of reed switch and
magneto resistor-based converters; these solutions use the majority
principle and functional diagnostics blocks. It should be
emphasized that such protections lack test diagnostics, which
means it cannot timely detect damaged majority elements or output
relays, resulting in false positives or failure to trigger protections.
This paper proposes a circuit for test diagnostics that, unlike other
known designs, has three to six interconnected control windings on
magneto resistors as well as button switches. The authors hereof
discuss how protections act in a variety of converter operations as
well as how to detect faults in three redundant protection Kkits, the
majority element, or the output relay. To mount magneto resistors
near the busbars of closed DC conductors, this paper proposes a
simple and convenient mount that contains an L-shaped plate and
angled fixtures. The paper further defines the applications of such
protection.

Keywords—converter; differential protection; reed
magneto resistor; reliability; majorization; diagnostics

switch;

1. INTRODUCTION

Constructing transformer-less protections, which CIGRE has
many times referred to as an unresolved issue of the global
electricity industry [1, 2], can be solved by magnetically
controlled switches or reed switches. Since the 1980s, Toraigyrov
Pavlodar State University has developed the principles [3-9] and
some [10-13] devices for current, remote, and differential
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protection based on reed switches (complex RS-based protection
are patent-pending, see [14-16]). However, there are still many
challenges to address. For instance, the developed reed switch
and magneto resistor-based differential protection for converters
[17] lacks test diagnostics, which is currently deemed strongly
recommendable [18-20] to the point of being mandatory; besides,
there are no mounts for magneto resistors, without which such
protections will not work; applications are not defined either.
This paper is an attempt to address all of this.

II. PROPOSED PROTECTION

A. Protection Circuitry

Like the one in [17], this protection uses a 2 / 3 majority
principle, features functional diagnostics, and can keep running
whenever one of the three protection kits are damaged (the
trinity provides redundancy). The protection system features test
diagnostics and [21] the instrumentation block (1), see Fig. 1,
which has a Wheatstone bridge, one leg of which is a magneto
resistor (2) fixed in the magnetic field of the DC conductor (3)
of the converter, which features the rectifier (4) and the load (5)
connected to it; other legs of the bridge of the resistors (6) to (8).
One of the diagonals of the bridge serves as the outputs (9) and
(10) of the block (1); the other one is connected to the output of
the DC source (11). Blocks (12) and (13) have the same design.
The instrumentation block (14) is contained in the magnetic field
of the AC conductor (15), which carries phase A of the
transformer (16) of the converter; this block is implemented as
the winding-free reed switches (17) to (19) and the reed switches
(20) to (22) that carry the control windings (23) to (25), the ends
of which are connected to the outputs (9) and (10) of the blocks
(1), (12), and (13). Block (14) also contains the functional
diagnostics blocks (26) and (27) that utilize the time-pulse
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Fig. 1. Functional protection circuit, pt. 1
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Fig. 2. Functional protection circuit, pt. 2

principle. The normally open contacts of the reed switches (17)
to (19) are connected to an operational DC source (not shown in
Figures 1 to 4) and to the inputs of the block (26). The normally
closed contacts of the reed switches (20) to (22) are connected to
the same current source and to the inputs of the block (27).
Instrumentation blocks (28) and (29) are contained in the

magnetic field of the conductors (30) and (31), respectively;
they have the same design as the block (14). Integrity check
block’s (32) inputs are connected to the outputs of the blocks
(1), (12), and (13). The inputs of the 2/3 majority element (33) in
Figure 2 are connected to the outputs of the logic blocks (34) to
(36), whilst its output is connected to the output relay (37). The
outputs (38) and (39) (40 and 41; 42 and 43) of the block (14)
are connected to the inputs (44) and (45) of the block (34) (35;
36). The outputs (38) and (39) (40 and 41; 42 and 43) of the
block (28) are connected to the inputs (46) and (47) of the block
(34) (35; 36). The outputs (38) and (39) (40 and 41; 42 and 43)
of the block (29) are connected to the inputs (48) and (49) of the
block (34) (35; 36).

B. How the Circuitry Operates
When the converter is loaded, the induction By, generated
by the direct current /) in the control winding of each of the

reed switches (20) to (22), and the induction B, of the magnetic
field created by the current running in the conductor (15) affect
the reed switches so that they remain triggered, their contacts are
open, the block (27) receives no input, and the relay (37) is off.

A short circuit in the rectifier (4) will increase the current in
at least one of the conductors (15), (30), or (31), and reduce
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the current in the conductor (3), whereby the AC magnetic field
that is acting e.g. on the reed switches (20) to (22) with their
windings (23) to (25) will exceed the magnetic fields created by
the current in these windings in one of the AC half-waves. As a
result, the contacts of the reed switches (20) to (22) will close
and send input to the block (27). The outputs (39), (41), and (43)
of the block (14) will transmit signals to the inputs (45) of the
blocks (34) to (36), which will differentiate the short-circuit
current from the magnetizing current. Their outputs will produce
signals that will pass through the majority element (33) to the
input of the relay (37). This will trigger the relay (37), whose
closing contact (50) will close the circuit of the coil (53),
disabling the unit.

When energized or restoring the voltage after disconnecting
the external short circuit, there will be a surge of magnetizing
current. As in case of a short circuit, this will trigger the reed
switches (20) to (22). Blocks (34) to (36) will differentiate SC
current from magnetizing current and produce no output, thus
they will not trigger the unit.

Blocks (26) and (27) monitor the timeframe during which the
reed switches (17) to (22) are open or closed in order to prevent
possible misfiring of the protection system. Block (32)
diagnoses the blocks (1), (12), and (13) by comparing their
output voltages pairwise.

C. Test Diagnostics

Faults in all the redundant protection kits, the majority
element (33), and the output relay (37) are detected as follows.
Press the buttons of the switches (58), (67), and (64), Figure 3,
one by one. When holding the button of the switch (58), its
contacts (57), (71), (79), and (84) close. This will energize the
windings of the relay (52) and the slow-release relay (85), which
has a delay

Ippl =lcs Tlzan1 = 65’5'1073 ¢, (1)

where t., =t +1; +13 :15,5-10_3 ¢ is the protection trigger
offset; # =0,5- 103 ¢ is the time needed for the normally
closed contacts of the reed switches (20) and (21), blocks (14),
(28), and (29) to return to the initial position; ¢, = 11-103 ¢ is

the delay of the slow-release relay in blocks (34) and (395),
which is needed to differentiate SC current from magnetizing

current; #3 = 41073 ¢ is the time needed to trigger the output
relay (37); t,4,1 =50 - 1073 ¢ is the time buffer adjusted for the

errors these slow-release relay and the relay (37) may have.

The opening contact (51) of the relay (52) disconnects the
circuit of the coil (53), whilst the closing contact (92) of the
same relay triggers the slow-release relay (93) with a delay

tpps =1lpp1 +1ppy +1pp3 +1ppa +154,0 =06,5¢, 2
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where tpp, and tppy are the delays of the slow-release relays
(87) and (89), whereby tpp =tpp) =tppy = 65,5-107 ¢;
tppa =2:1pg T134p3 =

=231-10 3¢ is the delay of the slow-release relay (91);

t,an2 = 06c is the time buffer that allows the operator to press
and hold for 1.5-2 seconds the buttons of the switches (58), (67),

and (64) one by one; 7,,,3 =100-10 ¢ is the time buffer

adjusted for the errors of the slow-release relay in blocks (34) to
(36), the relays (37) and (89).

As the contact (81) of the relay (52) closes, the relay self-
locks for the time tpps,, after which the closing contact (98)

will close with a delay sufficient to close the relay (93),
triggering the relay (83), the opening contact (82) of which will
disconnect the circuit between the contact (81), relay (52), and
its winding, see Figure 3; the relay (52) will return to its initial
position, closing the contact (51), see Figure 2.

Pushing the button (58) will energize the windings (54) and
(55). This will alter the resistance of the magneto resistors (2),
see Figure 1, reducing the voltages between the outputs (9) and

(10) of the blocks (1) and (12), and therefore the current /, in

the windings (23) and (24). The contacts of the reed switches
(20) and (21), blocks (14), (28), and (29), will close; if the
blocks (34) and (35) are intact, their outputs will deliver signals.
In this case, provided that the majority element (33) and the
output relay (37) are intact, the latter will trigger and close its
closing contact (100), see Figure 4, to fire up the light (102),
showing that the majority element (33) and the output relay (37)
are indeed intact.

Once the relay (85) is untriggered after the time #pp;, its
contact (94) will trigger the relay (70) to open the contact (69),
thus deenergizing the winding (55). This will disable the signal
at the block’s (35) output; however, the output signal of the
block (34) will remain. If the element (33) issues a signal in that
case (and it should, provided that it has received two or three
signals), the relay (37) will remain triggered. As the closing
contacts (103) of the relay (70) and (106) of the relay (37) are
closed, the light (108) will switch on, indicating that the
majority element (33) is faulty. Releasing the button of the
switch (58) will switch off all the lights and deenergize the
winding (54). However, the relay (52), still self-locked, will
keep the contact (51) open.

Fig. 5. General view of the plate

Pressing and holding the button of the switch (67) will first
energize the windings (55) and (56), then, after the time ¢pg,,
only the winding (55). The circuitry operates as described above.
Pressing and holding the button of the switch (64) will first
energize the windings (54) and (56), then, after the time ¢pp3,

only the winding (56); after the time ¢pgy, it will energy the

windings (54) to (56) so as to test how the unit works when all
the three redundant protection kits are triggered simultaneously.

Lights (105) and (114) signal that the buttons of the switches
(58), (64), and (67) have been held long enough to trigger the
intermediate relays (60), (62), (70), and (75). Pushing the
buttons of all the three switches one by one will deenergize the
winding of the relay (52) after the time fpps as a result of

triggering the relay (83); this will cause the contact (51) to
disconnect the open the circuit of the coil (53) to switch the unit
off. The entire circuit returns to the initial position.

D. Mounts for Magneto Resistors Near the Busbars of Closed
DC Conductors

The design contains (see Figures 5 and 6) the L-shaped plate
(1), the cable trays (2), the lids (3) and (4), the mounting unit
implemented as the angled fixtures (5). The shorter part of the
L-shaped (1) has equidistant through holes that contain
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Fig. 6. The mount inside a closed DC conductor

Fig. 7. The mount inside a closed DC conductor (developed isometric view)

the magneto resistors (6). Both edges of the shorter part of the
plate (1) has cylindrical ledges with threaded holes that the lids
(3) and (4) are affixed into; the lids are hollow rectangular
parallelepipeds that, like the cable trays (2) on the outer sides of
the lids, have through holes coaxial with the longitudinal axes of
the magneto resistors (6); insulated cables run (7) through these
holes, see Figure 7. One end of each cable is connected to a
contact of the magneto resistors (6), whilst the other one is
connected to a terminal pad (not shown in Figures 5 to 7). At the
end of the longer part of the L-shaped plate (1), both sides carry

screw-mounted angled fixtures (5) that enable the plate (1) to be
contained in the magnetic field of the conductive bus (8) that
belongs to the closed DC conductor. The design can carry up to
nine magneto resistors at once. For the protection system under
consideration, such design coupled with the majority principle
behind its operation enables the protection to be triggered by
three magneto resistors that are closer or farther of the
conductive bus (8).

E. Applications

Applications usually depend on the sensitivity of the
protection system. Compared to conventional differential

protections  that  have the  sensitivity  coefficient
ky =1g3 yun'1c.5.» the coefficient for this system is
BK3 MUH BK3 MUH
k, = : (3)

Bc.3. ) 1,1'(3){(3 _Bgo'sa).

This is logical because Bgs .,y is induced by Ig3 4,y
which is the minimum short-circuit current at the output of the

rectifier (4). Inducing B, , =L1- (BJI,G —Bgogg) is essentially the

protection trigger. Here, B;G is the induction of the magnetic
field generated in case of a short circuit by the direct current
is the

induction required for the normally closed contacts of the reed
switches (20) to (22) to return to their initial position; 1.1 is the
adjustment factor.

I J[,G in the control winding of the reed switch; B,

. . . K3 .
Calculating the induction values Bgs3 ., and B~ is

detailed in [7, 11, 22]. For instance, consider a converter that
feeds a DC motor with the load current /., =5KkA [23]. The

motor is fed through a dual-winding transformer that has a
capacity 6,3MB- A and a rated primary-winding voltage of 10
kV. When wusing MKC-14104 reed switches (
Beosa =0,4-107° Tn ) and FP 17L 200E magneto resistors

placed at safe distances #; =0,12M and A, =0,05M off the AC

and  DC  busbars,  Bgjz ., =1Ll 103 Tn, , and

BJ{G :5,2~10_3 Tn. Then, according to (3) k, =2,1. Similar
calculations using the data from [23] show that the proposed
protection system will be sufficiently sensitive ( k, > 2) for use
in converters with a transformer capacity 6,3+160MB-A
(primary-winding voltage 10+110 kV) that feed electrolysis

units, DC motors, and vacuum arc furnaces.
III. CONCLUSIONS

The idea to use control windings put on magneto resistors to
transmit test signals was the concept that developed into a
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differential protection system for converters that, unlike the
known alternative, features a relatively simple test diagnostics
tool. This tool can detect a fault in any of the three redundant
protection blocks in 5 to 7 seconds in addition to detecting faulty
majority elements and output relays. The design allows mounting
magneto resistors near closed DC conductors. The protection was
found to be sensitive enough for use in converters with a
transformer capacity 6,3+160MB-A .

ACKNOWLEDGMENT

The paper was prepared with the support of the World Bank
(grant No. 00722 “Commercialization of the Manufacture of
Structures for Fastening the Reed Switches of Current Protection
of Open and Closed Current Conductors”) and the Ministry of
Education and Science of the Republic of Kazakhstan (grant
No.AP05131351 “Creation of a Globally Competitive Resource-
Saving Relay Protection of Power Supply Systems”).

REFERENCES

[1] A. FE. Dyakov, V. Kh. Ishkin, L. G. Mamikonyants, and V. A. Semenov,
“Global power industry in the early XXI century (according to the
materials of the 39th session of CIGRE, Paris),” Energy Abroad, no. 4-5, p.
176, 2004.

[2] L. A. Kozhovich and M. T. Bishop, “Modern relay protection with current
sensors on the basis of Rogovsky Coil,” Modern Development of Relay
Protection and Power System Automation Systems. Materials of
International Scientific and Technical Conf., Pp. 39-48, 2009.

[3] M. Ya. Kletsel, “Design principles and models of reed relay base energy
facility differential protections,” Elektrotekhnika, no. 10, pp. 47-50, 1991.

[4] M. Ya. Kletsel, V. V. Musin, Zh. R. Alishev, and A. V. Manukovskij, “The
properties of hermetically sealed reed relays used in relay protection,”
Elektrichestvo, no. 9, pp. 18-21, 1993.

[5] M. Ya. Kletsel and M. A. Zhulamanov, “Choice of the shunt resistance for
cascade current transformers,” Elektrotekhnika, no. 7, pp. 13-18, 1999.

[6] M. Kletsel, A. Barukin, and O. Talipov, “About the Biot-Savart-Laplace
law and its use for calculations in high-voltage AC installations,” Przeglad
Elektrotechniczny, vol. 93, no. 11, pp. 129-132, 2017.

[71 M. Kletsel, V. Borodenko, A. Barukin, A. Kaltayev, and R. Mashrapova,
“Constructive features of resource-saving reed relay protection and
measurement devices,” Rev Roumaine des Sciences Techniques-Series
Electrotechnique et Energetique. vol. 64, no. 4, pp. 309-315, 2019.

[8] M. Kletsel, R. Mashrapova, and B. Mashrapov, “Methods for the
construction of protection with magnetosensitive elements for the parallel
circuits with single end supply,” Proc. of 2020 International Conference on
Industrial Engineering, Applications and Manufacturing (ICIEAM), May
2020.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

A. Kaltayev, B. Mashrapov, and O. Talipov, “Designs for Mounting Reed
Switches in Closed Complete Current Conductors and on Cable Lines,”
Proc. of 2020 International Conference on Industrial Engineering,
Applications and Manufacturing (ICIEAM), May 2020.

M. Ya. Kletsel and M. A. Zhulamanov, “Impedance relay with
hermetically sealed contacts,” Elektrotekhnika, no. 5, pp. 38-44, 2004.

M. Ya. Kletsel and P. N. Maishev, “Specific features of the development of
differential-phase transformer protection systems on the basis of magnetic
reed switches,” Russian Electrical Engineering, vol. 78, no. 12, pp. 629-
634,2007.

M. Kletsel, A. Kaltayev, and B. Mashrapov, “Resource-saving protection
electric motors,” Przeglad Elektrotechniczny, vol. 93, no. 5, pp. 40-43,
2017.

M. Kletsel, A. Zhantlesova, P. Mayshev, B. Mashrapov, and D. Issabekov,
“New filters for symmetrical current components,” International Journal of
Electrical Power and Energy Systems, vol. 101, pp. 85-91, 2018.

A. V. Bogdan, M. Ya. Kletsel ', and K. 1. Nikitin, “Adaptive back-up
overcurrent protection for tapped lines with single-end fud,”
Elektrichestvo, no. 2, pp. 51-54, 1991.

M. Ya. Kletsel 'and K. 1. Nikitin, “Analysis of the sensitivity of back-up
protections for distribution networks in power systems,” Elektrichestvo, no.
2, pp. 19-23, 1992.

M. Ya. Kletsel and K. I Nikitin, “Back-up line protection that responding
to the difference in magnitudes of the phase currents and their increment,”
Elektrichestvo, no. 10, pp. 23-26, 1993.

A. Barukin, A. Kaltayev, and Y. Lenkov, “Majority voting schemes of
differential protections without current transformers with functional
diagnostics for converting units and electric motors,” Proc. of 2020
International Conference on Industrial Engineering, Applications and
Manufacturing (ICIEAM), May 2020.

A. N. Novozhilov, E. V. Kryukova, and T. A. Novozhilov, “A method of
diagnostics of induction-motor rotor eccentricity,” Russian Electrical
Engineering, vol. 85, no. 7, pp. 457-459, 2014.

A. Novozhilov, Y. Kryukova, O. Andreyeva, and T. Novozhilov,
“Diagnostic system induction motor rotor eccentricity by phase current,”
Przeglad Elektrotechniczny, vol. 90, no. 9, pp. 157-159, 2014.

A. Novozhilov, Y. Kryukova, A. Kislov, O. Andreyeva, and T.
Novozhilov, “Using artificial neural network for the diagnosis of an
asynchronous motor rotor eccentricity,” Life Science Journal, vol. 11, no,
8s, pp. 116-119, 2014.

M. Ya. Kletsel, Y. A. Lenkov, A. S. Barukin, D. A. Amirbek, and Zh. S.
Okassova, “Device for differential protection of converter units on reed
switches and magnetoresistors,” KZ Patent 2019 / 0390.1, 2020.

A.S. Barukin, “Increasing the sensitivity and reliability of differential
protection of converting installations on reed switches and
magnetoresistor”: Author's abstract ... dis. Doctor of Philosophy (PhD). -
Pavlodar: 2018 .-- 21 p.

Ya.L. Fishler, RN. Urmanov, L.M. Pestryaeva, “Transformer equipment
for converting installations”, M.: Energoatomizdat, 1989, 320 p.

978-1-7281-6951-4/20/$31.00 © 2020 IEEE

Authorized licensed use limited to: Mark Kletsel. Downloaded on June 28,2021 at 11:22:21 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


