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A Modular Multilevel Converter with a Zigzag Transformer for Bipolar MVDC
Distribution Systems

Shenghui Cui *“, Joon-Hee Lee, Jingxin Hu

Abstract—This letter presents a modular multilevel converter
(MMC) for bipolar medium-voltage direct-current (MVDC)) dis-
tribution systems. By employing a zigzag transformer as a grid
interface transformer with a dedicated operation method, the op-
eration of two dc poles of an MMC can be fully decoupled. Con-
sequently, the MMC can provide full bipolar-operation capability.
No additional component is required, and no penalty of increased
power rating is imposed on the grid interface transformer. The
scheme based on the proposed topology is competitive and cost-
effective for emerging MVDC distribution systems. Feasibility of
the proposed scheme is verified by both simulations and down-scale
experiments.

Index Terms—Bipolar dc grid, dc distribution, modular multi-
level converter (MMC), zigzag transformer.

I. INTRODUCTION

HE dc distribution is a key-enabling technology for future

decentralized power grids, which will integrate a great
amount of renewable energy and energy storage [1]. Compared
to the ac distribution, the dc distribution has higher efficiency,
higher reliability, and higher flexibility.

There are two types of dc distribution systems: the monopole
configuration and the bipolar configuration, as shown in Fig. 1(a)
and (b), respectively. Compared to the monopole configuration,
a bipolar distribution system has significant advantages of, e.g.,
providing different voltage levels similar to a three-phase ac
system and increased reliability due to the independent operation
of two poles [2].

In order to establish a bipolar dc distribution system, two ac—
dc converters e.g., two-level converters (TLC) with galvanically
isolated ac sides are required, as shown in Fig. 1(b). It increases
the system complexity, and the secondary side of the transformer
is subjected to a dc offset voltage with respect to the ground. To
address this issue, a general approach is employing an auxiliary
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Fig. 1. Conceptual configurations of dc distribution systems. (a) Monopole dc
system. (b) Bipolar dc system with two ac—dc converters. (c) Bipolar dc system
with a single ac—dc converter and a voltage balancer.
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Fig. 2. TLC with a grounding inductor for bipolar dc distribution systems.
(a) Circuit diagram. (b) Grounding inductor structure.

voltage balancer to maintain the dc pole voltage balanced in case
of a power unbalance [3]-[6], as shown in Fig. 1(c). The main
drawback of this approach is that it requires an extra power-
electronic converter as the voltage balancer.

A three-level converter with two split de-link capacitors, e.g.,
a neutral-point clamped converter or a T-type converter can
establish a bipolar dc-link voltage by controlling the dc-link
neutral-point current via manipulating the zero-sequence volt-
age reference [12]. However, the unbalanced-operation capabil-
ity of two dc-link poles is very limited due to the dependency
of the maximum available neutral-point current on the ac-side
current magnitude and phase [13], and it is not suitable for es-
tablishing a bipolar dc distribution system. Thus, it is concluded
in [3] that an auxiliary balancing leg has to be added in order to
enable a full bipolar operation capability.

A novel approach of integrating a voltage balancer into a
TLC was proposed in [7], as shown in Fig. 2(a). A three-phase
grounding inductor was connected on the ac terminal of the
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Fig. 3. MMC with an auxiliary zigzag grounding transformer for bipolar
operation capability.

TLC to provide a current path from the ac side to the dc-side
neutral so that the positive and negative poles on the dc side
can be controlled independently. A three-limb core inductor
shown in Fig. 2(b) was employed as a grounding inductor due
to the following reasons: 1) a three-limb core inductor presents
large positive- and negative-sequence impedance, which results
in low reactive-power consumption and 2) a three-limb core
inductor presents small zero-sequence impedance, which leads
to a fast response of the zero-sequence current and enables a
fast dynamic control of two dc poles.

However, the aforementioned concept proposed in [7] has
several crucial drawbacks. The grounding inductor is subjected
to the transformer secondary-side voltage and two-thirds of the
rated dc-link current would flow through each winding of the
inductor. Thus, the power rating of the grounding inductor is
70%—-80% of that of the transformer. Moreover, the inductance
has to be very large in order to decrease the reactive-power con-
sumption and it would result in high conductive losses. In case
of the power unbalance at dc poles, a zero-sequence dc current
flows through the grounding inductor and induces significant
zero-sequence MMF. Due to the lack of the zero-sequence mag-
netic return path in the three-limb core inductor, the magnetic
flux returns outside the core and might result in interference to
surrounding electronic components [8]. In addition, such a con-
cept is applicable to two-/three-level VSCs and is not suitable
for medium-voltage direct-current (MVDC) distribution where
the dc voltage is in the range of dozens of kV.

In [9], an auxiliary zigzag transformer is proposed as a
grounding device for symmetric monopole modular multilevel
converter (MMC)-HVDC systems in order to provide a virtual
neutral point for grounding purpose and keep balance between
the positive- and negative-pole-to-ground voltages of the HVDC
cables. Besides the aforementioned functionalities proposed in
[9], the auxiliary zigzag grounding transformer can also be used
to establish a bipolar dc-link for a voltage-source converter, e.g.,
a TLC or an MMC, as shown in Fig. 3. Such a configuration
can enable a full bipolar operation capability, as presented in
Section IV of this letter. Unfortunately, no operation method or
control scheme on bipolar operation is discussed in [9]. One
crucial drawback of the configuration shown in Fig. 3 is that
a significant dc current flows through the zigzag transformer
winding in case of unbalanced dc-link pole powers, and its
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Fig. 4. Proposed configuration for bipolar MVDC distribution. (a) Schematic
of the MMC with the zigzag transformer. (b) Schematic of the winding connec-
tion of the zigzag transformer.

maximum root-mean-square (RMS) value is as high as two-
thirds of the rated dc-link current. Thus, the power rating of the
auxiliary zigzag grounding transformer has to be around 60%
of that of the grid interface transformer.

In this letter, an MMC with a zigzag transformer is proposed
for bipolar MVDC distribution systems. By employing a delta—
zigzag transformer for ac-grid connection with a dedicated op-
eration scheme, an MMC can provide a full bipolar operation
capability such that the positive and the negative poles on the
dc side can be independently controlled. The significant advan-
tage of the proposed scheme compared to the concepts in [7]
and [9] is that, it requires no additional component and results
in no penalty of increased current rating to the grid interface
transformer. In addition, the voltage rating of the MMC can
be increased simply by increasing the number of sub-modules
(SMs) and the flexibility of the MMC can be exploited. Thus,
the proposed scheme would be a promising solution for bipolar
MVDC distribution systems.

II. DESCRIPTION OF THE PROPOSED CONFIGURATION

The schematic of the proposed configuration based on an
MMC and a zigzag transformer is depicted in Fig. 4(a). The
MMC is connected to an ac grid via the zigzag transformer. The
neutral point of the bipolar dc distribution system is connected
to the ground, and it is also connected to the star point of the
zigzag transformer. The primary side of the transformer is delta
connected in order to provide a circulating path for the third-
order current caused by the core nonlinearity phenomena [8].
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Fig. 5. Block diagram of the transformer current controller.

On the secondary side of the transformer, the turn numbers
of two windings are identical and they are connected in such
a way that the magnetic fluxes induced by the zero-sequence
winding current are canceled out at each core. In case of the dc-
pole power unbalance, a dc current ¢ flows via the star point of
the transformer secondary side into the ground. If the winding
current is controlled such that the dc ground current i homoge-
nously distributes in three phases, then it does not result in core
flux bias of the transformer [9]. Thus, the zigzag transformer
can operate continuously without saturation even if a dc current
flows via the star point. Since the dc magnetic flux is canceled
out in the core, it would not result in the stray flux outside the
core as in a three-limb inductor. It should be also noted that
the zero-sequence impedance of the zigzag transformer is in the
same range of the leakage inductance [9], and it enables a fast
dynamic response of the zero-sequence current, which occurs
in case of the dc-pole power unbalance.

When the star point is floated, an arm current of an arbitrary
“x” phase of the MMC includes three components: the trans-
former current i,;, the dc-link current 74, and the circulating
current 7,.i,, respectively, and each component can be controlled
independently [10], [11]. When the star point is connected to
the dc-side neutral point, an arm current would also include the
component of the ground current. The transformer winding cur-
rent includes two components, namely, the ac current, which is a
positive-sequence component and the dc ground current, which
is a zero-sequence component as (1). The upper and lower arm
currents of “x” phase are presented by (2) and (3)

. . { ) Tde,n — fde,

Lot = lxt,ac — gg = lyt,ac — % (1
. i.:,.;: 1 1 1 il:. +7:d:,', .

lygu = 71%1( - 5 gg g % + Txcir ()
) lptac | 1 4 1 dgep +iae, )

lpl = — T210 5 : gg g % + Txcir- (3)

The block diagram of the transformer current controller is
depicted in Fig. 5, where the term vy, is the voltage component
synthesized by the MMC, which can regulate the transformer
current independently [10]. The transformer current is regulated
in the stationary reference frame by a proportional—integral—
resonant (PIR) controller. The resonant controller enables the
line-frequency ac component of the winding current tracking its
reference, which is associated with the reactive and active power
control, and the integral controller nullifies the dc differential
component in the transformer current. Thus, it is guaranteed that
the dc ground current flows homogeneously into three-phase
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Power Feed-forward

Fig. 6. Block diagram of the power unbalance feed-forward controller.

windings, and the transformer core saturation is consequently
avoided.

In case of a power unbalance on the dc side, it results in SM-
capacitor energy unbalance among upper arms and lower arms
if no countermeasure is taken. The power disturbance intro-
duced by the dc-side power unbalance can be compensated by
injecting the positive-sequence ac component of the circulating
current [10], [11]. To improve the dynamic performance of the
SM-capacitor energy regulation, the unbalanced power between
the positive and negative poles on the dc side should be utilized
for the feed-forward control. The block diagram of the feed-
forward controller is presented in Fig. 6. The power disturbance
introduced by the dc-side power unbalance is calculated directly
(depicted in the dashed block), thus the required magnitude of
the positive-sequence circulating current can be calculated in
a feed-forward manner for maintaining the SM-capacitor en-
ergy balance among upper and lower arms. The power errors
caused by e.g., power conversion losses are compensated by the
proportional—integral (PI) regulator in the arm-capacitor energy
balancing controller [11] in the steady state.

In the steady state of the dc-side power unbalance, the
positive-sequence circulating current continuously flows inside
the MMC. The sum of the powers of two dc-side poles is handled
by the transformer-side active power. In accordance with power
balance in the steady state assuming no power conversion loss,
the relationship can be described mathematically as (4), where
Vt and ft‘,ac denote the magnitudes of transformer voltage and
ac current, respectively. The difference of the powers of two dc-
side poles is handled by the injected ac circulating current. In
accordance with power balance [11] in the steady state assum-
ing no power conversion loss, the relationship can be described
mathematically as (5), where fcir denotes the magnitude of the
injected circulating current

3 5 - Vde . )
_§ : W : It,ac - % . (ch,p + ch,n) (4)

3 T Vdc . .
-2 Vz-f ' Icir = ; ' (ch,p - ch,n) . (5)

III. ANALYSIS OF VOLTAGE AND CURRENT STRESS

Regarding the application of the proposed configuration for
bipolar MVDC distribution, one of the main concerns is whether
it results in penalty of increased voltage or current stress on the
components. In this section, it is analyzed in a mathematical
way to show that no extra stress would be imposed on the
components.



IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 34, NO. 2, FEBRUARY 2019

A. Arm Current

Since the arm current directly flows through the power-
semiconductor devices of SMs, its magnitude and RMS value
would be a concern. Assuming that the MMC consumes or
provides no reactive power and the voltage across the arm in-
ductor is negligible compared to the transformer voltage, the
arm currents of “x” phase can be represented as (6) and (7) by
substituting (4) and (5) into (2) and (3)

. s Z.dc,p idc,p
lyu = lxt,ac * = ;
ldc,p + ldc,n 3
Ude . . idc,
= —— ige, o sin(w-t) + —L (6)
3V 3
= g idc,n idc,n
zl — T lxtac T .

Ude,p T Ude,n 3

Vdc idc,n

)

= STA/t “dden - sin (w - 1) + 3

From (6) and (7), it can be concluded that the arm current is

virtually linear with respect to the power of the corresponding

pole, which means that two poles can operate independently.

Thus, the MMC can operate in a bipolar manner without result-
ing in increased arm current stress.

B. SM-Capacitor Voltage

The SM-capacitor voltage may be another concern since it is
directly imposed on the power-semiconductor devices. The dy-
namic of the SM-capacitor energy of the upper and lower arms
can be modeled as (8) and (9), which lead to SM-capacitor volt-
age ripples. Since the arm output voltage v,,, and v, are almost
identical over different operating points and the arm current is
linear with respect to the corresponding dc-pole power, no in-
creased voltage stress results from the dc-pole power unbalance

dr,, .

dt = Ugulyu ®)
dE, .

dt : = VUzllzl- (9)

C. Transformer Winding Current

Regarding the manufacturing of the transformer, the RMS
value of the winding current is one of the key influencing
factors on costs. The RMS value of the winding current can
be calculated analytically by (10). The winding RMS cur-
rent is contributed by one-third of the dc ground current and
the ac active current. The dc ground current is proportional
to the power difference between two poles, and the ac ac-
tive current is proportional to the total power of two poles,
as shown by (10). It is interesting to note that if the powers
of dc poles are unbalanced, the dc ground current increases
but the ac active current decreases compared to the balanced
situation due to the reduced total dc-link power. From (10),
it can be concluded mathematically that the maximum of the
winding RMS current occurs when %4, = 1pu, ig.,, = 1 pu
Orige, = —1pu, ige,n, = —1 pu, which corresponds to the full-
power situations when dc-pole powers are balanced. It means
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TABLE I
PARAMETERS OF THE SIMULATED SYSTEM

Transformer
Transformer secondary-side voltage 10 kV
Transformer power rating 20 MVA
MMC converter
Rated power 20 MW
Rated dc-link voltage +10kV
Rated dc-link current 1 kA

Number of SMs per arm 20

Rated sub-module capacitor voltage 1.0 kV
Capacitance of sub-module capacitor 9 mF
Inductance of arm inductor 1 mH
Controller sampling frequency 10 kHz

that the current rating of the zigzag transformer just needs to be
designed as large as that of the grid interface transformer which
is used in the case of monopole dc link

I t,ac

_ <idc,p - idc.,n >2 + (Udc (idc,p + Z.dc,n,)>2
3 3-v2-V,

(10)

It,rms =

The manufacturing cost of the zigzag transformer would be
higher than that of the normal wye- or delta-connected grid in-
terface transformer with the same voltage and current ratings
due to its more complicated winding connection. However, it
can enable a full bipolar operation capability of a single MMC
without increasing the transformer current rating and can sig-
nificantly enhance the flexibility of dc grids. Moreover, it does
not require an auxiliary electronic or magnetic device with a
considerably high power rating, as the schemes in Figs. 1(c), 2,
and 3.

In summary, a power unbalance of two poles on the dc side
does not result in any extra voltage or current stress on the
components. Thus, by connecting the transformer secondary
side in a zigzag structure, as shown in Fig. 4(b), and employing
the dedicated operation scheme, an MMC can establish a bipolar
dc distribution system without any extra cost.

IV. SIMULATION AND EXPERIMENAL RESULTS
A. Simulation Results

To verify the validity of the proposed configuration, a com-
puter simulation has been performed based on PLECS. The sim-
ulation parameters are listed in Table I. Saturable core model is
used in the simulation of the zigzag transformer.

In Fig. 7(a), simulation results are shown while the dc-pole
power (Pdc.p,Pde,n) changes from (1 pu, 1 pu) to (1 pu, 0 pu)
when ¢t = 1.5 s and changes from (1 pu, O pu) to (1 pu, —1 pu)
when ¢ = 1.6 s. In Fig. 7(b), simulation results are shown while
the dc-pole power (pdc,p, Pdc,») changes from (—1 pu, —1 pu)
to (—1 pu, O pu) when t = 2.5 s and changes from (—1 pu, 0 pu)
to (—1 pu, 1 pu) when 7 = 2.6 s. In simulation results shown in
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Fig.7. Simulation results of the proposed configuration in different operation
conditions. (a) Negative-pole power changes from 1 pu to —1 pu and the positive-
pole power remains constant at 1 pu. (b) Negative-pole power changes from
—1 pu to 1 pu and the positive-pole power remains constant at —1 pu.

both Fig. 7(a) and (b), the positive-pole power is kept constant
while the negative-pole power varies. The upper arm current
is kept constant, while the lower arm current varies linearly in
accordance with the negative-pole power.

It is clearly shown in the simulation results that the arm
current and the SM-capacitor voltage over the whole operation
range does not exceed the values of the symmetric rated power
operation. The maximum transformer RMS current occurs while
two dc poles operate at the rated power in a symmetric manner.
This verifies that by employing a 20-MVA zigzag transformer
as a grid interface transformer, it is possible to operate a 20-MW
MMC in a bipolar manner such that both dc poles can operate
fully independently at a power rating of 10 MW. The MMC is
well controlled, and the zigzag transformer does not saturate
even if a dc current flows through the windings.

An identical MMC with a delta—wye transformer as a grid
interface transformer and a zigzag transformer as a grounding
device, as shown in Fig. 3, is simulated with the same scenar-
ios for comparison. The dedicated operation method proposed
in this letter is performed to the MMC, and the simulation re-
sults are shown in Fig. 8. The arm current and the SM-capacitor
voltage of the MMC are identical to the case of the proposed
configuration shown in Fig. 7. The maximum RMS current of
the grid interface transformer occurs while two dc poles operate
at the rated power in a symmetric manner, and the maximum
RMS current of the auxiliary zigzag grounding transformer oc-
curs while two dc poles operate at the rated power but with
opposite direction. Thus, in order to enable a bipolar operation
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Fig.8.  Simulation results of the configuration with an auxiliary zigzag ground-
ing transformer in different operation conditions. (a) Negative-pole power
changes from 1 pu to —1 pu and the positive-pole power remains constant at
1 pu. (b) Negative-pole power changes from —1 pu to 1 pu and the positive-pole
power remains constant at —1 pu.

@) " (b)

Fig. 9. Experimental setup. (a) MMC prototype. (b) Employed zigzag
transformer.

capability, a 20-MW MMC requires a 20-MVA grid interface
transformer and an 11.5-MVA zigzag grounding transformer
additionally. On the contrary, the grid interface transformer and
the zigzag grounding transformer are fully integrated to a single
20-MVA delta—zigzag grid interface transformer in the proposed
configuration.

B. Experimental Results

A scaled-down laboratory MMC prototype shown in Fig. 9(a)
with a zigzag transformer shown in Fig. 9(b) has been built up
and tested. The circuit parameters are listed in Table II.

Experimental results when the dc-pole power is (1 pu, 1 pu),
(1 pu, 0 pu), (1 pu, —1 pu), and (—1 pu, 1 pu) are shown
in Fig. 10(a)—(d), respectively. Coinciding with the simulation
results, the arm current and the SM-capacitor voltage do not
exceed the limits at the symmetric rated power. The maximum
transformer RMS current occurs when two dc poles operate at
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TABLE II
PARAMETERS OF THE EXPERIMENTAL SETUP

MMC converter
Transformer secondary-side voltage 135V
Rated dc-link voltage +150V
Rated dc-link current 10 A

Number of SMs per arm 6
Rated sub-module capacitor voltage 50V
Capacitance of sub-module capacitor 5.4 mF
Inductance of arm inductor 4 mH
Controller sampling frequency 10 kHz
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Fig. 10. Experimental results in different operating conditions of dc-pole
power. (a) (1 pu, 1 pu). (b) (1 pu, 0 pu). (¢) (1 pu, —1 pu). (d) (=1 pu, 1 pu).

the rated power symmetrically. Due to the zero-sequence flux
cancellation, the transformer is not saturated even if a significant
dc current flows in the windings.

It is interesting to note that the ac component of the trans-
former current is almost zero when the dc-pole power is (1 pu,
—1 pu) or (—1 pu, 1 pu) in both simulation and experiment
results, and the transformer current includes a dc component,
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which results from the ground current due to asymmetric dc-
pole powers. It means that the active power of the transformer is
zero, and a power circulates between the positive and the nega-
tive poles of the MMC. One might argue that it results in extra
losses. However, it should be noted that, in a bipolar distribu-
tion system, a circulating power is inevitable in case of a dc-pole
power unbalance even if the distribution system is established
based on the power balancer shown in Fig. 1(c) or two indepen-
dent ac—dc converters, as shown in Fig. 1(b). Thus, the circulat-
ing power is not the problem of the proposed configuration, but
it comes from the nature of an unbalanced dc power itself.

V. CONCLUSION

In this letter, a bipolar dc distribution system based on MMC
with a zigzag transformer has been proposed. By connecting
a zigzag transformer as a grid interface transformer with the
dedicated operation method, the MMC can operate in a fully
bipolar manner without penalty of increased voltage or current
stress on components even under severely unbalanced dc power
in positive and negative poles. The power rating of the proposed
system, including the transformer, is identical to the conven-
tional MMC-based monopole distribution system. Validity of
the proposed concept has been verified by both simulations and
experiments.

REFERENCES

[1] R. W. De Doncker, “Power electronic technologies for flexible dc distri-
bution grids,” in Proc. IEEE Int. Power Electron. Conf., Hiroshima, Japan,
2014, pp. 736-743.

[2] P. Salonen, T. Kaipia, P. Nuutinen, P. Peltoniemi, and J. Partanen, “An
LVDC distribution system concept,” in Proc. Nordic Workshop Power
Ind. Electron., 2008, pp. A3-1-A3-16.

[3] S.Rivera, B. Wu, S. Kouro, V. Yaramasu, and J. Wang, “Electric vehicle
charging station using a neutral point clamped converter with bipolar dc
bus,” IEEE Trans. Ind. Electron., vol. 62, no. 4, pp. 1999-2009, Apr. 2015.

[4] H.Kakigano, Y. Miura, and T. Ise, “Low-voltage bipolar-type dc microgrid
for super high quality distribution,” IEEE Trans. Power Electron., vol. 25,
no. 12, pp. 3066-3075, Dec. 2010.

[5] J.Lago, J. Moia, and M. L. Heldwein, “Evaluation of power converters to
implement bipolar dc active distribution networks—DC-DC converters,”
in Proc. IEEE Energy Conversion Congr. Expo., 2011, pp. 985-990.

[6] Y.Gu, W. Li, and X. He, “Analysis and control of bipolar LVDC grid with
dc symmetrical component method,” IEEE Trans. Power Syst., vol. 31,
no. 1, pp. 685-694, Jan. 2016.

[7]1 Y. Li, A. Junyent-Ferré, and J. Rodriguez-Bernuz, “A three-phase active
rectifier topology for bipolar dc distribution,” IEEE Trans. Power Elec-
tron., vol. 33, no. 2, pp. 1063-1074, Feb. 2018.

[8] J. H. Harlow, Electric Power Transformer Engineering. Boca Raton, FL,
USA: CRC Press, 2012.

[9]1 H. Wang, G. Tang, Z. He, and J. Yang, “Efficient grounding for modular
multilevel HVDC converters (MMC) on the ac side,” IEEE Trans. Power
Del., vol. 29, no. 3, pp. 1262-1272, Jun. 2014.

[10] S. Cui, S. Kim, J. J. Jung, and S. K. Sul, “A comprehensive cell capacitor
energy control strategy of a modular multilevel converter (MMC) without
a stiff dc bus voltage source,” in Proc. IEEE Appl. Power Electron. Conf.
Expo, 2014, pp. 602—609.

[11] S.CuiandS. K. Sul, “A comprehensive dc short-circuit fault ride through
strategy of hybrid modular multilevel converters (MMCs) for overhead line
transmission,” IEEE Trans. Power Electron., vol. 31, no. 11, pp. 7780-
7796, Nov. 2016.

[12] Y. Park, S. K. Sul, C. H. Lim, W. C. Kim, and S. H. Lee, “Asymmetric
control of dc-link voltages for separate MPPTs in three-level inverers,”
IEEE Trans. Power Electron., vol. 28, no. 6, pp. 2760-2769, Jun. 2013.

[13] C. Wang and Y. Li, “Analysis and calculation of zero-sequence voltage
considering neutral-point potential balancing in three-level NPC convert-
ers,” IEEE Trans. Ind. Electron., vol. 57, no. 7, pp. 2262-2271, Jul. 2010.




<<
  /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 false
  /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 false
  /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 false
  /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


