Electolytic Capacitorless 3-Level Inverter with
Diode Front End for PMSM Drive
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Abstract—This paper proposes control of 3-level inverter with
small DC-link capacitance and grid filter inductance for high
speed motor drive system where regeneration and hold-up time
are unnecessary. The controller consists of three simultaneously
operating sub-controllers; High speed motor controller for flux
weakening and maximum torque per ampere (MTPA) control,
neutral voltage controller for DC-link voltage balancing, and
active damping controller for DC-link stabilization. They are
devised to operate in given DC-link voltage with their restricted
voltage regions, avoiding interference among them. The analysis
and design of each sub-controller and over all integration of them
is discussed. The feasibility and performance of proposed control
method is verified experimentally.

Keywords—Motor drive, Capacitorless inverter, 3-level inverter,
Active damping, Grid resonance.

1. INTRODUCTION

The current trend toward compact home appliances has
been asking the way to its utmost efficiency and small passive
components. The high efficiency benefits total system design
through reduced cooling system size and cost as well as low
running cost. The small passive components such as grid side
inductance and DC-link capacitor used in drive system
directly reduce system size but endanger system stability and
grid code satisfaction.

A way to increase system efficiency may be the adaption
of multi-level inverters, especially, 3-level T-type inverter
which is known as the best efficiency [1]. Once, the
application of the multilevel inverter to home appliance
looked like prohibitive but thanks to the reduced cost of power
semiconductors, the application of multilevel, especially T-
type, is getting feasible. The reduced switching voltage of
multi-level inverter decreases the core loss of target machine
as well as switching loss of inverter itself. Furthermore,
conduction loss of 3-level T-type inverter would be far less
compared to that of conventional neutral clamped 3-level
inverter. As mentioned, the additional burden of the cost is

getting decreased as power semiconductor price is going down.

But cost saving and performance enhancement from T-type
inverter would grow as the reduction of the cooling system
and passive elements such as DC-link capacitors and filter
inductances. Especially, when the regeneration capability and
hold-up time are unnecessary, which does in most of home
appliances, DC link capacitor be further decreased. Moreover,
small DC-link capacitor can be made of film capacitors which
can increase the life time of whole system, conspicuously,

compared to that with a bulk DC-link electrolytic capacitor [2].

978-1-4673-7151-3/15/$31.00 ©2015 IEEE

Je-Hyung Cho
Samsung Electronics Co., Ltd.

Suwon, Republic of Korea
hyung83.cho@samsung.com

Hansol Seo
Samsung Electronics Co., Ltd.
Suwon, Republic of Korea
hansol.seo@samsung.com

Hyun-Soo Park
Samsung Electronics Co., Ltd.
Suwon, Republic of Korea
greenbee@samsung.com

There are groups of previous researches related to the
control of aforementioned system. One group had dealt with
high speed flux weakening control of Internal Permanent
Magnet Synchronous Machine (IPMSM) concerning
Modulation Index (MI), Maximum Torque Per Ampere
(MTPA), and Power Factor (PF) [3-5]. The efficiency and
performance of IPMSM depend on the flux weakening control
method. Other group dealt with voltage balance control of 3-
level inverter [6-9], generally with bulky DC-link capacitor.
The floating neutral voltage of 3-level inverter can exceed the
rated voltage of switching devices of the inverter causing them
breakdown, and the possibility of breakdown becomes higher
as DC-link capacitor is getting smaller. Hence, the voltage
balancing control with extended control bandwidth is crucial
for the 3-level inverter with small DC-link capacitance. The
additional switching to address the control of neutral current
was suggested [8-9] but it revealed that switching loss and
voltage distortion due to dead time effect increased. The
adaptive gain controlled with PI controller in [9] was not fast
enough for the inverter whose current and voltage reference
changes suddenly such as load change and resonance. The
other group dealt with stabilization of DC-link voltage against
positive feedback property comes from constant power
operation of the inverter [10-15], especially for small DC-link
capacitance. To enhance the stability a passive damping
technique had been introduced in [11], while others suggested
active damping control which injected a certain high-
frequency voltage (active power) to its plant [12-15]. The
typical active damping control estimates ideal DC-link voltage
to generate its reference using sensors or observer [13-14].
However these controllers have needed grid parameters and
shown delaying and recursive problems at high frequency with
small DC-link capacitance and filter inductance. Using a high
pass filter instead of sensor and observer was suggested [15-
16] free from these issues. But the injection methods were not
optimized, and analysis to the grid resonance with small grid
filter was not presented.

This paper proposes a control method of 3-level inverter
with small passive elements, i.e., grid filter inductance and
DC-link capacitance. The previous researches had not
considered the small grid filter system and they dealt the
system as separated problems under their respective
conditions; motor drive, neutral voltage balancing, DC-link
stabilization. The controllers need to be modified for
simultaneous operation under the voltage shortage as the back
EMEF of a motor running at high speed have to occupy most of
available voltage within the hexagon boundary of PWM. The
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Table 1. The operational parameters of the motor and inverter.

Rated power 10.5 kW Number of pole pair (pp) 3

Operational Rated torque 14 Nm Phase resistance, R, 0.1Q

Motor Rated speed 7200 r/min D-axis inductance, Ly 3~2.6mH

Parameters Rated line voltage 380 Vs Q-axis inductance, L, 5.8~4.4mH
Rated current 20 A s

Inverter Malelz?t Ef{égg; voltage 560V Each DC-link Capacitance, 2-C,,. 47 uF

Parameters Grid inductance, L, 30 ul | DC-link side filter inductance, Ly, 1 mH

Grid side Load side
Pgr‘id {é *g} *é Pmatur
_— —_—

a T’ /
- —o_{ IPMSM
¢

ths
Gy T-type 3-level
inverter

3 Phase Grid

Fig. 1. 3-level T-type inverter with small passive elements.

feasibility and performance of modified control method to the
balancing controller are verified analytically and
experimentally through this paper

II. SYSTEM DECOMPOSITION

The system under consideration is shown in Fig. 1 whose
parameters are listed at Table 1. The system has a 3-phase AC
source with grid source inductance, L, a three phase diode
rectifier, given DC-link inductance, L4, DC-link capacitor,
Cyu., a 3-level inverter, and the IPMSM. The purpose of this
system is to control the motor whose power only flows in from
grid through diode rectifier to the voltage source PWM
inverter. Unlike conventional systems with sufficient passive
elements, every variable in the system such as grid-side DC-
link current, iy, or DC-link capacitor voltage, V., changes
easily and should be kept to remain in certain range. There are
only three controllable variables, which are 3-phase inverter
output duties which are converted to synthesized output
voltages in average during a switching period, V,,, where x
can be a, b, c. The three motor-side currents, i,, ip, and i,
two series-connected DC-link capacitor voltages, Vy.zand V.,
and three grid currents, i, i, and i, are variables to be
controlled through the inverter output voltages.

The motor current has 2-dementional degree of freedom due
to 3-phase 3- wire structure which has no common mode
current. The low frequency components of voltage differences,
i.e., line to line voltages, are used to control these motor
currents with few hundreds Hz bandwidth performing speed or
torque control. The voltage offset, V,, which does not affect
line to line voltage and further to motor currents, is used for
the control of the inverter neutral point current, iy, to
balance voltage difference of DC-link capacitors, dV,., defined
as the difference between V. and V.. The bandwidth of the
balancing controller for the small DC link capacitance should
be much faster than that for the bulk capacitance system not to
break down switch elements due to overvoltage.

(D-Q Inductance has its maximum near zero current and minimum at the rated current)

Furthermore, the total DC-link voltage, V., sum of V,.;and
Vi and grid-side reveal a resonant response at a few kilo
Hertz and resulting in instability due to inverter’s positive
feedback nature comes from the constant power operation of
the inverter. The low-frequency ripple of DC-link voltage
follows 3-phase rectified grid voltage which shows harmonics
of 6™, 12", 18" and so on. The resonance between grid-side
currents and DC-link capacitor voltage should be suppressed
to satisfy grid-code, such as IEC 61000-3-12. The stabilization
against positive feedback can be accomplished with an active
damping control. The motor-side inverter drains undesired
energy from DC-link and sends it to the motor. This high-
frequency energy does not affect motor currents due to large
motor inductance. Handling high-frequency energy, the active
damping controller occupies high-frequency line voltage
components.

The system can be modeled into three subsystems based on
aforementioned system description; motor plant, DC-link
voltage difference plant, grid-side and DC-link plant. This
system decomposition is based on their different time
constants. The typical fundamental motor current frequency is
about a few hundred Hertz at most whose time constant is
about 0.4ms at least as (1), where 7, w, and f mean time
constant, angular frequency and operating frequency
respectively and subscript fund means corresponding variable
is fundamental component. The time-constant of small DC
link capacitor with a few micro-Farad capacitance would be
around 0.1us as (2), where R and C mean resistance and
capacitor respectively and subscript DC means corresponding
variable is DC-link component. The time constant of
resonance between grid inductance of 1mH and few tens of
microfarad DC-link capacitor is as (3), where L means
inductance and subscript res and g means corresponding
variable is resonance and grid-side components respectively.

T otor =—1 = ! =0.44ms (if f 4,0 =360Hz) . (1)
a)ﬁmd 2”f fund
Tpe =R,C, =107 s(if R, = 5mQ,C,, = 20uF) . )
1
T = =,/L,C, =0.155ms . 3
res 20 j.m&, 'g dc ( )

IIT. ANALYSIS AND DESIGN OF SUBSYSTEM CONTROLLERS

A. IPMSM model and torque/speed control

The IPMSM motor plant is well-known as (4)—(5) [3],
where 4, T,, pp, w,, e, j, and subscript PM mean flux, motor
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Fig. 2. Motor controller block diagram.
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Fig. 3. DC-link voltage controller block diagram.
r .y ror
ﬂdqs =(Apy + Lyige)+ ]quqS' )
r . . r . . . r
qus = Rsldqs +J wrﬂ’dqs =R lags T J @y (qu : ldqs) +eqys-
3 . ..
Te =Epp|:ﬂPMlq+(Ld—Lq)ldlq:| . (5)

torque, number of pole pair, electrical rotating speed, back-
electromagnetic force (EMF), complex unit space vector of
dg-transform, and corresponding variable are of permanent
magnet. Subscript d, ¢, and s mean corresponding variables
are d axis, q axis, and motor variables respectively.
Superscript » means corresponding variables are expressed in
synchronous reference frame.

The control action of IPMSM consists of three stages as
shown in Fig. 2; speed control, torque control, and current
control. Speed controller is a PI controller in mechanical
frame, and current controller is also a PI controller with
feedforwarding tem , V4, in the rotor reference frame. The
torque control of high speed IPMSM exploits negative d-axis
current for dual purpose, namely, utilizing reluctance torque
based on the inductance saliency known as MTPA and
suppressing back-EMF known as flux weakening control. The
MTPA control provides current reference with minimum
copper loss at a given torque reference for an efficient
operation of IMPSM. These flux weakening control and
MTPA algorithm should be considered together, because both
are subject to the voltage limitation of the inverter, so called as
hexagon boundary. The torque control calls the least amount
of d-axis current to suppress motor flux into PWM hexagon
based on (4), followed by the decision of g-axis current to
produce adequate torque based on (5). The table is usually
used to map torque and voltage (flux) to currents as shown in
Fig. 2, because the inductances of IPMSM strongly depend on
operating current. |V maxls [Adgsmax, and superscript " stands
for maximum available magnitude of output voltage of the
current controller, Vy,, for stator-side flux, A4, and for the
reference value, respectively. The maximum available voltage,
|Vigsmaxl, can be decided with the consideration of DC-link
voltage. Hence, current reference varies with |V, 1.€.,
DC-link voltage, even at same torque reference. The high-
speed IPMSM usually runs at utmost MI and about 0.9 PF for
the maximum utilization of the capability of IPMSM under

given limiting conditions. Generally the maximum available
voltage, |V g maxl, for flux weakening control is more than 95%
of the inscribed circle of PWM hexagon as (6), and often more
than 100% of the value with adequate over-modulation
methods.

Vie
|qus,max| = (modulation ratio) % . ©

In home appliance, the fundamental frequency of the output
voltage of the inverter is much lower than switching
(sampling) frequency, f;,=1/T;,, even for the high-speed
machine.

B. DC-link voltage difference model and balancing control

The time constant of DC-link voltage with small DC link
capacitance is much smaller than a switching period, whose
typical value is larger than 20 ps. This makes the sampled
capacitor voltages change in step manner in digital controller
synced to switching frequency. The DC-link capacitor voltage
difference, dV,., changes as (7) showing the voltage difference
is only a function of neutral current during the switching
period, where 4 means difference during a switching period,
superscript ~ means average value, and the other variables are
shown in

Fig. 1.

T, _ —
AdVye = AVgeyy —AVgep = ﬂ(lch —lger)
2C,, o
T, —
= P iy (during a switching period).
2Cy,

The neutral current and its average value can be calculated as
(8)-(10), where S and d means switching state and duty factor
respectively, and subscript » means corresponding variable is
regarding neutral point, and the other variables are shown in
Fig. 1.

oy = Sanlas TS5,

linvN an”as
1 NG - ®

= E (ZSan - Slm - Scn )id.v + 7 (Sbn - S )l

cn/%gs

+S i

n lbs cn’cs

=d i +d +d i

l[nvN an”as bn lbs cn'cs

. )
= %(Zdan - dbn - d(n )id.v + ? (dhn - d )l

cn/%qs

vy @_V
_ . xn
__n de_ref = 2 5 ifon >VdC ref *
Jo- VdCH Vch -
xn —
Vdc
vy LtV (10)
|4 de_ref _ 2 , otherwise
Vch Vch
VoV,
Vdc_i’cff =M’ Vxn = VXS +V5”

2

The duty factors decide average neutral current. Therefore,
the common mode voltage, V,, which affects the duty factors,
can be employed to control neutral current and balance DC-
link capacitor voltages. The balancing control of DC-link
capacitor voltages consists of two stages as shown in Fig. 3.
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First stage is the calculation of adequate neutral current from
voltage difference based on (7). The second stage calculates
common mode voltage to flow neutral current as commanded
at the first stage. The possible neutral current curve depends
on the inverter line to line voltages and phase currents at
instant, which are already decided for the motor control. After
fitting the curve, adequate common mode voltage can be
chosen. However, this reverse calculation often fails to find
out the common mode voltage which makes the desired
neutral current flow. Conventional researches uncovered the
worst amount of accumulated charge according to MI and PF,
i.e. steady AC line to line voltage and current [6]. At medium
vector (high MI) with low PF where there is no way to control
neutral current, DC-link capacitor voltage difference, dVy,
would diverse in a few switching period with the small
capacitance.

Additional voltage distortion can occur during switching
period as neutral currents flows in and out even proper
common mode voltage is chosen to flow zero neutral current
in average. The dead time effect distorts duty factors from
intended values and this also affects neutral current and causes
voltage unbalance. The sampling delay and PWM synthesis
delay shifts neutral current from commanded value to another.
The resonance between grid and DC-link changes DC-link
voltage and the fitting curve to find common mode voltage in
that delay. This problem becomes worse with the small grid
filter inductance as resonance frequency becomes higher.
Although voltage unbalance from these reasons is inevitable,
balancing control can keep the unbalance within certain range.

C. Grid current and DC-link voltage model and active
damping control

The 3-phase grid-side and DC-link can be simplified to DC
circuit with equivalent voltage source which describes
rectified 3-phase grid voltage as shown in Fig. 4. The diode
rectifier switch patterns are automatically decided according to
comparison among grid voltages and DC-link voltage. The
grid currents are a function of grid-side DC-link current, iy,
with the diode rectifiers’ switching patterns. Hence, grid-side
currents control for satisfaction of grid-code is equivalent to
DC-link voltage, V., and grid-side DC-link current, iy.g,
control with given 3-phase grid voltage, i.e., diode rectified
grid voltage, Vg, shown in Fig. 4. The diode rectified DC-
link voltage has six peaks and valleys for every period of grid
voltage (16.67ms for 60Hz) due to small DC-link capacitor. At
the valley, the voltage is 87% of the peak and the average
voltage in a period is about 95% of the peak. The equivalent
resistance, R,.,, and inductance, L, ,, can be deduced as (11)
[15], where subscript g,ac and g,dc means corresponding
variables are regarding AC-side and DC-link side respectively.
The last term right side of (11) is for voltage drop due to
overlap angle of the commutation.

R, =2R,_+R 3ng“‘

g.eq g.ac g,dc T . (1 1)

weg = 2Ly o0t Ly g

The DC-link capacitor voltages are assumed be balanced in

550V

VNNV i v Ly
8.dc T Ve
£ | ¥ li
2, ¢ dcH
53 ; J <Z<. Vie ﬂ'%}
EE : V
S | J g.eq i
; | i invN
! ! - "deL
0 390 0006 O oms - i
Time [s] " Yo

i

invL

Fig. 4. Equivalent grid and DC-link circuit.

this model whose time constant is much slower than
aforementioned balancing control. This is that neutral current
is seen as zero and circuit equations are derived as (12)-(13).

d
Vg,eq :Rgeq gdc+Lgeqd gdc+V (12)
d .
lg de :Cdc ZVdc_lian . (13)

Small signal equation for the stability with constant inverter
power consumption, P;,,, results in (14), where subscript 0 and
superscript ~ means corresponding variables are regarding
base value of small signal analysis and high frequency
component respectively.
J (14)
V dc0

7‘1‘ %jd(gd‘ Vch+VdCJ /Cdc{gd‘

dt gdc ﬁ’g, (= Vdc gquda) . (15)

The last term of right side of (14) is a positive feedback term
which can cause instability issue. This positive feedback
comes from constant power consumption through the inverter
regardless of DC-link voltage. On the other hand, the grid
current behaves to stabilize DC-link capacitor against
inverter’s positive feedback properties. The passive stability
criterion from (14) and (15) can be found out as (16) which
cannot be satisfied with small capacitance in DC link.

Cdc > Lgaeq

Pinv Rg,equcO

= 20ﬂ . (16)
kw

This instability from the positive feedback can be covered
with an active damping control, which flows additional high
frequency inverter current, iy, tO remove positive
feedback term of (17) [13]. This additional inverter current
shapes stability criterion to be always satisfied regardless of
capacitance as (18) when the control variable, ky,,, is greater
than or equal to unity.

. Py
linvH ,damp = _kdamp znvz Vie - (17)
Vdc0O
C (1-k)L
—de 5 0>— 84 (if f>]) . (18)
Pinv Rg,equCO

Although the positive feedback term is canceled out with
the active damping and small signal stability is acquired, still
there remains resonance problem between grid current and
capacitor voltage as (19). The resistance, Ry, is a kind of
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Vu.ulump = ([umpg‘id‘ | .‘nv(Vdﬁ-Jd =)
dgs

Vs S o Vgsdamp.
SRR o SO U
i

Current reference frame

Fig. 5. Active damping controller block diagram

stray components which are generally not enough to damp the
resonant out. The grid resonance frequency, f.,, 1S given by

(20)
. Vdc %jd g, dc-
(19)
dt gdc ﬁ’geq( Vdc gqudc)~ ﬁ‘ eq Vdc
1
= —_— 20
Jres 27 \/ Ly eq Cae 20)

This resonance problem can be subdued with the inverter
damping current. The transfer function from inverter damping
current, i damp, t0 DC-link voltage can be derived as (21)
from (19). This transfer function shows no phase delay at
resonance frequency. Hence, voltage oscillation of resonance
frequency can be suppressed with a proper damping current
whose phase is same to the DC-link resonance voltage.

vV L s+R

de  _ 8.eq g.eq

i LCs+RL +1

invH 'g.eq g.eq g, eq

Lg qu+R /q

Rg eng eq Rgsfq
Conventional active damping control using actual DC-link
voltage in the damping current calculation cannot generate
proper damping current due to recursive and non-linear
transfer function between base voltage, V., and actual DC-
link voltage. The problem comes from the need of base
voltage estimation and its delay. As the resonance frequency
becomes higher with smaller grid filter inductance, phase
relative delay due to estimation becomes larger. The proposed
active damping control generates damping current reference as
(22) without estimation. The first term of damping current,
Linvi,damp> 15 t0 cancel out positive feedback term and the last
term to suppress the resonance. The 1% voltage reference,
Vicresr, 1s set as average DC-link voltage and ond voltage
reference V. ., is set as desired DC-link voltage, for example,
ideal diode-rectified grid voltage in Fig. 4.

21

(near f,,.).

P.
Lz (Vdc,refZ - Vdc )
de,ref'1

P -
== mvz Vie +(1— kdamp) 2 (Vdc,refZ —Vae)-
Vdc0 de,ref 1
The transfer function from desired DC-link voltage
reference, Vi, to DC-link voltage is derived as (23). At
resonance frequency, phase delay is zero but the magnitude of

linvH Jdamp = _kdamp

(22)

the transfer function is quite lower than unity. The unity
transfer only can be achieved with large kg, because
equivalent inverter resister, R;,,, is not a control variable which
depends on inverter power consumption and average DC-link
voltage.

~ Vdc L (1 - k[lam]y )

VdL‘ —_ iinv Rinv IR = I/dc,ref]

I;dc /. (1 - kdﬂmp) — 1 ' " Pinv
iinv Rinv

Vdc,rng
Koy =1)
— (Lg"’qs + Rg-ﬂi) o Rmv
- K gy =1
(LyeyCoe S+ Ry LyoyS+D+ (L, 5+ Rg,eq)( damp )Rm
]7 (kdamp _%
iny (23)

= (at f.,,)-
jO.7+ j7 Kanp %

Flowing the active damping current can be achieved with
high frequency power flow control from DC-link to the
inverter. The low frequency power flow is already used for
motor drive and the resonance frequency is higher than motor
fundamental frequency. High frequency power flow control is
achieved through adequate injection of high frequency
voltage, Vigagmp as (24), because current controller of that
frequency is hard to be achieved. Moreover, motor current can
be assumed to be constant in viewpoint of high frequency
voltage, because the variation of the motor current in
fundamental components is much slower than that of injected
voltage. The injected voltage vector has the same direction to
current vector for the least injected voltage magnitude as (25)
[13], which is shown in Fig. 5, where R(*), 6, superscript
mean rotational vector, angle, and corresponding variable is at
the current reference frame. Larger k,,,, for the unity gain and
null phase delay of the transfer function, (23), means larger
injection voltage and energy for the active damping control.

3

Vdcidamp,ian = Pdamp = Equs,damp 'idqs (24)
; 2V

I/ds,uiamp = damp 3| : | inv(Vdc_ref _Vdc) (25)
dqv

IV. OVERALL CONTROLLER DESIGN

A. Controller intergration with voltage sharing

The 3-level inverter with small passive elements for high-
speed IPMSM drive needs aforementioned three controllers
simultaneously operating. The overall integration of the sub-
controllers should be done properly under the consideration of
the operation of each sub-controller. The overall structure of
the controller is depicted in shown in Fig. 6. The controllers
output voltages and their sum is shown in Fig. 7. The motor
controller output voltage, V4, and the active damping
controller output voltage, ¥V 4aump» are in synchronously
rotating d-q frame. The motor control voltage could be
considered as constant in the steady state, while active
damping voltage, whose direction is same to motor current
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Fig. 7. Controllers voltage vector summation diagram

Table 2. The integrated controller design parameters

|V dgs max|min 170V (0.87 PF) | dViema 150V
‘qus,memax 300V (0.9 PF) Vde.res,max 30V
|V g, maxde,min 260V Kaamp 3
V dgs. maxldes 265V (0.9PF) | Viowortim 300v

and frequency is the difference between resonance frequency,
Jres» and motor’s electrical frequency, f,, is varying. The output
of DC-link voltage balance controller is V, in zero sequence
(n axis). The voltage, V'4,, which is the total sum of the
output of three sub-controllers, are synthesized by the inverter.

Although each controller operates as designed in stand-alone
mode, integrated controller could fail to accomplish whole
control purposes of the three controllers; motor torque and
speed control, DC-link voltage balancing, and grid current
control for grid code. This happens when the voltage sum is
distorted by PWM limiter whose hexagonal range depends on
DC-link voltage at the instant of PWM and this may frequently
happen due to the high speed operation of IMPSM. To secure
all purposes of controllers, the total output voltage, V.., which
is equivalent to V7, in the rotor reference frame should be
remained in PWM voltage range for every PWM instant. That
is, available voltage region for motor control should be reduced
adequately to keep the total output voltages, V", inside of the
limiter given by the hexagon boundary. This regulation is
performed with reduced maximum available voltage of motor
controller, |V g mal, related to flux weakening for steady state
and an additional limiter named as ‘Motor control voltage
limiter’ whose limited voltage is v, ;, for consideration of the
transient state. The other voltage region is assigned to the other

two controllers, and their sharing ratio is determined by k.
The voltage sharing of three sub-controllers causes trade-off
among the controllers, meaning that better performance of a
certain controller results in degraded performance of other
controllers inherently.

B. Design for steady state voltage sharing

The steady state operation of the system means that motor
runs at the rated motor speed and torque, suppressed DC-link
voltage difference within a safe operation region of switches,
and regulation of grid current satisfying grid code, for example,
IEC-61000-3-12 to this system. For the system and controller
design, minimum and maximum motor voltage to operate
motor at rated torque/speed, |Vagsmaxlmins AN | Vags max|mar, and
PF at the moment, allowable voltage difference, and allowable
resonance DC-link voltage should be set.

Minimum motor voltage can be derived from the capability
curve of IPMSM and inverter based on (4)-(5). The maximum
voltage should be inside hexagon. The conventional over-
modulation which utilizes corners of hexagon is hard to be
applied, because there is no voltage margin for active damping
controller near sides and corners of the hexagon. The pulsating
DC-link voltage shapes size of hexagon with frequency of 6
times of grid frequency. Hence, maximum voltage should be
smaller than average DC-link voltage as (26).

_1.average0f Vie ~0093 Vie, peak .

N 5

Allowable voltage difference, dVy. ... can be calculated as (27),
where Vy,, nar and Vi, i, 1S the larger and the smaller switching
voltages at the maximum voltage difference, respectively, and
Viemax 18 the maximum DC-link voltage. Allowable resonance
DC-link voltage, Ve esmax» can be calculated, for example, as
(28), where Igidcoderes means permitted grid current at the
resonance frequency.

|qus,max (26)

dVDCmax = sz,max - sz,min @7)
= sz,max - (Vdc,max - sz,max) = ZVSW,max - Vdc,max‘

L
_ g.eq
Vdc,res,max - C I gridcode,res * (28)
dc

Now let’s select desired maximum available motor voltage,
|Vigsmax] and kg, These values should be decided to leave
enough voltage margin for the DC-link voltage balancing
controller. The sum of output voltage of the motor controller
and the active damping controller can be calculated as (29) and
(30) with the values in Table 2.

* * * .
‘ Va{qs,damp |:| Vc:’qs,damp ‘:‘ V;qu(ar - 91) + les,damp ‘
ok H
= Va',qs |R(6,—6;)+ les,damp‘ =298V (at peak). (29)

R(6, —6.) = PF + jN1- PF? (lagging).
Viis.damp =12k gamy, =36V (at peak) . (30)

With the MI and PF of this voltage, the worst neutral current at
a side of hexagon is calculated as 14A through (8)-(10) and it
causes voltage difference to be about 14V at a sampling period
as with (7) under the assumption of the balanced grid voltage.
This value could shift with duty factors according to the
pulsating DC-link voltage, V., and voltage difference, dVy,.
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For more than several sampling periods (10 periods for this
case), voltage difference remains in permitted value and
voltage and current vector rotates about 65 degree as (31),
reaching next side of hexagon, where neutral current has
oppose sign.

60° < (sampling periods)Tsamp _ 360

10 =65° . (31)

T fiuna 20000

When |Viysmal 1s larger than minimum DC-link voltage,
|V idgs,maxlac,min, due to small capacitance, over-modulatoin of 6
times of grid frequency (360Hz for 60Hz grid) happens
regardless of the motor operating frequency. This causes motor
current beating along with that frequency even at steady state,
and torque (speed), MI, and PF also beat. Additionally, active
damping and DC-link voltage balancing controllers’ output
voltage beat again because their algorithms uses motor MI and
PF. This can be avoided by setting |V 4 mq Smaller than the
minimum DC-link pulsating voltage.

C. Design for transient state voltage sharing

Unlike to the steady state case, the output of the motor
controller would rapidly increase to the outside of |V 45 ma, for
example, when load torque changes suddenly. This could cause
a malfunctioning of other controllers. To prevent this the
‘Motor control voltage limiter’ cuts the output and leaves
voltage margin to other controllers, especially for DC-link
voltage balancing controller. This is because the grid side
current regulation is only for steady state. Therefore the limit
radius, Vo im» €an be set as Vg, 4ump in the steady state, using
voltage to the side of hexagon, leaving no voltage to the active
damping controller when DC-link voltage is shrunk.

V. EXPERIMENTAL RESULT AND SYSTEM DESIGN

[ A=

.

Fig. 8 Experiméntal setup

A. Experimental Setup

To wverify the stability and performance of proposed
controller for the 3-level inverter with small passive elements
system, experiment with variety of control parameters has
been proceeded. Experimental setup is shown in Fig. 8, whose
block diagram, controllers, and their parameters are shown in
Fig. 1, 2, 3, 5, and 6, and Table 1 and 2. There are no
additional protection circuits at all and a load machine is
connected to the IPMSM under test.

B. System purformence with variety of parameters

The control parameters should be chosen properly according
to the experimental conditions due to disturbance and

distortions such as dead time, actual grid resonance condition,
motor harmonics, inductance non-linearity, etc. The efficiency
and grid code satisfaction with these small passive elements
should be evaluated in the experiments.

Fig. 9 shows grid phase current, DC-link voltage, upper side
DC-link voltage, and motor current for several different
operating conditions and two different systems. From Fig. 9
(a) it can be seen that the desired performance can be obtained,
and (b) shows the performance of 2-level inverter system
which has same grid filter but the DC-link electrolytic
capacitor is 1.1mF. In Fig 9 (c) the test result with different
kgamp to (@) are shown. . The Total Harmonic Distortion (THD),
Partially Weighted Harmonic Distortion (PWHD), and
efficiency of inverter, motor, system are listed in Table 3. The
grid code test result of Fig. 9 (a) is in Fig. 10, and shows 5"
and 7" due to diode commutation and 11™ only with minimum
R,.. of 316, satisfying grid cord for the system, IEC 61000-3-
12. The DC-link voltage of Fig. 9 (a) reveals six pulse and 11"
harmonics whose magnitude is about 30V as intended.
Maximum DC-link voltage difference is about 50V. Motor
current shows 5" and 7" harmonics which originates from
motor back EMF harmonics in both inverters. The efficiency
of 3-level T-type inverter, (a) case, with grid filter is 97.5%,
that of motor is 97%, and total system is 94.5%. The 3-level
inverter has better grid current harmonics than 2-level inverter,
thank to small filter inductance and active damping controller.
2-level inverter needs more inductance to satisfy grid code.
The 3-level inverter efficiency is 1.2% higher comparted to 2-
level system while motor efficiency is almost same. This is
because decreased motor iron loss due to reduced motor flux
compensates the increased motor copper loss as with increased
flux weakening current. Fig. 9 (¢) shows uncontrolled grid
current with unity K., failing grid code test due to 11" and
13™ harmonic violation. This confirms the analysis of (19)-
(23) in III. That is, the test results in Fig. 9 (c) reveal that unity
k4amp can damp inverter positive feedback only and cannot
damp the grid resonance

Fig. 11 shows motor speed, DC-link voltage, upper side
DC-link voltage and load torque. Load torque is proportional
to square of motor speed and 14N at rated 7200r/min like
pump load. During acceleration DC-link voltage and upper
side DC-link voltage are regulated as designed. Fig. 12 shows
motor speed, DC-link voltage, upper side DC-link voltage and
torque reference. The half rated load torque is applied with a
slope of 4 pu/s. It can be seen that the speed deviation is less
than 200r/min and DC-link voltage and upper side DC-link
voltage are regulated as designed.

Table 3. Experimental results with variety of systems

System THD/PWHD Efﬁciency [%]
[%] (inv./motor/sys.)
3-level 31.4/43.7 97.4/97.0/94.5
2-level, f;,=8kHz 43.0/48.9(Fail) 96.2/97.1/93.3
3-level, Kyamp=1 41.0/41.7(Fail) 97.2/97.0/94.2
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Fig. 10. Test result of grid code satisfaction (Pass; Ry, = 316) of 3-
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2s

Fig. 11. Experimental result of speed control with pump load.
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Fig. 12. Experimental result of speed control with load torque
variation.

VI. CONCLUSION

This paper introduced an integrated control method for the
3-level inverter for high speed motor drive with small passive
elements, i.e., a small grid filter inductance and DC-link
capacitance. The controller has three sub-controllers; motor
speed and torque controller, DC-link voltage balancing
controller, and active damping controller. These controllers
were designed to operate with the small passive elements and
the interference between controllers under the limited PWM
output voltage was handled through careful controller

integration. The analysis and design for sub-controller and
overall integrated controller were included and the extensive
experimental results with variety of control parameters and
systems verified the stability and reasonable performance at
both steady state and transient state. This system would
improve system efficiency by 1.2% and reduce size and weight
of grid filter, DC-link capacitor, and cooling system keeping
grid code, compared to 2-level bulk inverter.

REFERENCES

[1] M. Schweizer, J. W. Kolar, “Design and Implementation of a Highly Efficient Three-
Level T-Type Converter for Low-Voltage Applications,” IEEE Trans. Power
Electron., vol. 28, no. 2, Feb. 2004.

[2] Afioz M. Imam, "Condition Monitoring of Electrolytic Capacitors for Power
Electronics Applications,” Ph. D. Dissertation, Georgia Institute of Technology, 2007.

[3] S.-K. Sul, “Control of Electric Machine Drive Systems,” Wiley, New Jersey, 2011

[4]  J.-M. Kim, “Speed Control of Interior Permanent Magnet Synchronous Motor Drive
for the Flux Weakening Operation,” IEEE Trans. Ind. Appl. Vol. 33, no. 1, Jan./Feb.
2008.

[5] T-S. Kwon, “Novel Flux-Weakening Control of an IPMSM for Quasi-Six-Step
Operation,” IEEE Trans. Ind. Appl. Vol. 44, no. 6, Nov./Dec. 2008.

[6] J. Zaragoza, J. Pou, S. Ceballos, E. Robles, P. Ibaez, and J. L. Villate, “A
comprehensive study of a hybrid modulation technique for the neutral-point-clamped
converter,” IEEE Trans. Ind. Electron., vol. 56, no. 2, pp. 294-304, Feb. 2009.

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

[8] S. Busquets-Monge, J. Bordonau, D. Boroyevich, and S. Somavilla, “The nearest
three virtual space vector PWM—A modulation for the comprehensive neutral-point
balancing in the three-level NPC inverter,” IEEE Power Electron. Lett., vol. 2, no. 1,
pp. 11-15, Mar. 2004.

[9] R. Maheshwari, S. Munk-Nielsen, S. Busquets-Monge, “Design of Neutral-Point

Voltage Controller of a Three-Level NPC Inverter With Small DC-Link Capacitors,”

IEEE Trans. Ind. Electron., vol. 60, no. 5, May 2013.

S. D. Sudhoff; K. A. Corzine, S. F. Glover, H. J. Hegner, and H. N. Robey, “DC link

stabilized field oriented control of electric propulsion systems,” IEEE Trans. Energy

Convers., vol. 13, no. 1, pp. 27-33, Mar. 1998.

Z. Bing and J. Sun, “Line-frequency rectifier dc-bus voltage instability analysis and

mitigation,” in Proc. 12th Workshop COMPEL, 2010, pp. 1-5.

A. Emadi, A. Khaligh, C. H. Rivetta, and G. A. Williamson, ‘‘Constant power loads

and negative impedance instability in automotive systems: Definition, modeling,

stability, and control of power electronic converters and motor drives,” IEEE Trans.

Veh. Technol., vol. 55, no. 4, pp. 1112-1125, Jul. 2006.

W.-J. Lee and S.-K. Sul, “DC-link voltage stabilization for reduced dc-link capacitor

inverter,” in Proc. Energy Convers. Congr. Expo., Sep. 2009, pp. 1740-1744.

Y. A-R. I Mohamed, A. A. A. Radwan, and T. K. Lee, “Decoupled reference-

voltage-based active DC-link stabilization for PMSM drives with tight-speed

regulation,” [EEE Trans. Ind. Electron., vol. 59, no.12, pp. 4523-4536, Dec. 2012.

K. Pietilainen, L. Hamefors, A. Petersson, and H. P. Nee, “DC-link stabilization and

voltage sag ride-through of inverter drives,” IEEE Trans. Ind. Electron., vol. 53, no. 4,

pp- 1261-1268, Aug. 2006.

R. Maheshwari, S. Munk-Nielsen, K. Lu, “An Active Damping Technique for Small

DC-Link Capacitor Based Drive System,” IEEE Trans. Ind. Informat., vol. 9, no. 2,

May 2013.

[10]

(1]

(12]

[13]

[14]

[13]

[16]

1610



	MAIN MENU
	Help
	Search
	Print
	Author Index
	Table of Contents


<<
  /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 /Error
  /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 true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move down by 9.00 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150619150348
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Down
     9.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     7
     8
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 3.60 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     3.6000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



