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Abstract — This paper discusses a double three-phrase
permanent magnet synchronous mathematic (DTP-PMSM)
mode. Two kinds of analysis methods for DTP-PMSM Direct
Torque Control theory research are provided. The first one is the
flux linkage where the direct torque control (DTC) theory is
similar to the three phrases PMSM. The second one is the flux
linkage produced by each set of winding. The function relation of
the torque and its angle can be obtained easily. Simulation shows
that the torque characteristic has been researched on one or both
set of windings. The simulation results have also shown that two
approaches may be feasible and the motor operation may be
selective in term of application occasion. The research result is a
foundation of theory and application for the DTP-PMSM control
system.

Keywords—Permanent Magnet Synchronous Motor, Direct
Torque Control, Mathematic Model, simulation analysis

I INTRODUCTION

In most cases, the propulsion motor is a polyphones
permanent-magnet synchronous motor in the vessel power
electric propulsion system. However, the Double three-phrase
permanent magnet synchronous (DTP-PMSM) mode which has
two sets of three phrases symmetrical winding has been used
largely. There is a 30 ° phrase difference in corresponding
phrase of two sets of winding in space. In each set of winding,
the sixth time-harmonic pulse torque is equal in size and
opposites in direction. This makes the total sixth time-harmonic
pulse torque vanished and Magnetic Motive Force (MMF)
curve is much smooth. Comparing the DTP- PMSM with
PMSM in the same power, the input rating voltage of the DTP-
PMSM is only half of the PMSM. That means each inverter
only bears half of the total power. In this way, there are more
selective in DTP-PMSM control. With these merits, the
proposed approach fits better in high power and current
condition such as in vessel power electric propulsion system,
aviation, and electric vehicle system. Vector control and direct
torque control are two popular control methods for a motor.
The PMSM may be controlled better in the direct torque theory
in power electric propulsion system as shown in [1]-[4]. The
following describes the control of DTP-PMSM in direct torque
theory.
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II. DTP-PMSM MATHEMATIC MODEL AND DTC
THEORY RESEARCH

The DTP-PMSM physic model is shown in Fig. 1. The
rotor flux linkage may be equivalent to a flux linkage which
the idea current source produces; there is an angle 6 between
the d-axis and 4/-axis. From control view, there are two kinds
of control methods for the DTP-PMSM; that is, the compound
flux linkage control and independence flux linkage control. In
order to give prominence to main problems, it is ignored such
as space harmonic, magnetic saturation, hysteresis, backset
and temperature when the DTP- PMSM mathematic model is
built. There is an angle of 120° between each phrase winding
in electric. So, the magnet motive force curve is a sine wave.
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Fig. 1 The DTP- PMSM physic mode

A. Research on DTC Theory under Compounding Flux
Linkage
Under static stator ABC coordinate system, the mathematic
model is built for the DTP-PMSM. The DTP-PMSM has two
sets of three-phrase winding. The center spot is independence.
There is a 30 ° phase difference of the input voltage between
the corresponding phrases of two sets winding, where u, i,
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(subscript is 41, Bl, Cl, A2,B2,C2 ) is used to show
voltage, current, and flux linkage in d-axis and g-axis for the
DTP-PMSM, where p is a differential arithmetic operator
symbol. So the DTP-PMSM voltage equation is expressed in
the following in static reference frame.

u:Al Rs 0 0 O 0 0 isAl l//sAl

Up 0 R, 0 0 0 0 |ig Vi

uSCI 0 0 R.y 0 0 0 isCl WSC]

Ugyn 0 0 0 R 0 0 |iy, Vi

u:BZ 0 0 0 0 RS 0 isBZ ‘//.VBZ
| Usc2 | L 0 0 0 0 0 R, e | (V2 |
(1

where R is each phrase stator resistance. Each phrase flux

linkage is composed of self and mutual flux linkages. If we do
not consider convex pole effect to influence motor and mutual
inductance [5]-[7], the flux linkage can be decomposed in d-
axis and g-axis. The DTP-PMSM flux linkage equation is
given as follows.

WSAI LA]AI LAIBI LAICI iLAlAZ LAIBZ LAICZ lSAl
l//s[ﬁ’l LBlAl LBlBl LBICI iLBlAZ LB]B2 LBICZ isBl
Ve |_| Lan_ Lam _Lac i Lo Lam  Lac | ke
WY/‘Z LAZ/H LAZB] LAZCI }rL/IZAZ LAZBZ LAZCZ i.sAZ
'//SBZ LBZAl LBZBI LBZCI iLB2A2 LBZBZ LBZC2 isB2
_l//.vCZ_ _LCZA] LCZBI LCZC] }LCZAZ LCZB’Z LCZCZ__i.sCZ_

[ cosf® ]

cos(6—-120%)

vy | 22501120

| cos(8-30")

cos(8—-150%)

| cos(8+90°) |

2
Ly,=L +L, +L, cos(20) ’
Lyn,=L,+L +L cos(260—-60")
Lyg =L +L,+L, cos(26-120 °)’
Lyyp, =L +L, + L, cos( 20 —180 “)’
Lojey=L,+ L, +L,cos(260+120°) ’
Leyeo =L, +L, +L, cos(260+60°) ’
L,p =L, cos(=120°)+ L, cos(260+120°) ’
Lo =L, cos(120°)+ L, cos(260-120%) ,
Ly =L, cos(120°)+ L, cos( 26) ’
Lyu»=1L,=1L,cos(30°)+ L, cos( 2’9 -30°)
Lygs=1Lgy =1L, cos(=90°)+ L, cos( 20+90°)’
Lyco=Lcyy =L, cos(1507)+ L, cos( 29—150“):

281 = Ly 4o =L, cos( 150 ")+ L, cos( 26 +90°)
s2c1 =Ly =1L, cos(=90°)+ L, cos( 26 —150 °)
papt = Lpipo =L, cos(30°)+ L, cos(20—150°),
p2c1 = Leigs = L, €0s(1507) + L, cos(26 —307)
c2c1 =Leica =L, cos(30°)+ L, cos(260+90°)
wrca =Lcyn =L, cos(120°)+ L, cos(26-180°)
taps = Lpasr = L, cos(=120°)+ L, cos( 26 +60°)
p2c2 = Leyg, =L, c05(120°) + L, cos(260—60°)

where L; is self-inductance in i = j or mutual inductance in

SIS GG

~

i#j,L, is the stator leakage inductance, L, is an invariable
of mutual inductance, and L, is a variable of mutual

inductance.

The DTP-PMSM mathematic model is very complex in
stator static coordinate system; but it may be transferred two
phrases motor model in d-g coordinate system. The mathematic
model can be predigested in orthogonal Park transform [8]. The
stator static coordinate system is transformed into rotor d-q
coordinate system through the following matrix.

c =N{ cos@®  cos(6—120°)  cos(6+120)

e —sing —sin(@~120") —sin(6+120°) 3
cos(@—30") cos(@—150") cos(@+99°)
—sin(6—30°) —sin(@—150) —sin(6+90°)}

where C3S/2,C73s/z, =E,,,s0,3N* =1,n= l/\/g then:

c _ 1| cos@ cos(6—120") cos(6+126")
W 3| —sin@ —sin(@-120°) —sin(6+120°) @
cos(0—-30°) cos(@—156") cos(@+96°)
—sin(@—-30°) —sin(@—-150°) —sin(6+90%)

Using the transformation matrix in Eq. (4), Equations (1)-
(2) may be transformed from stator ABC to d-q coordinate
system.

U | _ R, 0 l:sd + p p Vi )
u,, 0 R, ||, o, -o,||V,
The flux linkage equation is rewritten for DTP-PMSM in
d-q coordinate system:

Vi L, Isq J3
{V/w}z{ 0 Lq}|:iw:|+l//r|: 0 :| ©

L,=L +3L, +3L, |,
parameters are the same as (1) - (2).

o

where L,=L +3L,-3L, other
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We can set up the compound flux linkage in M-T
coordinate system as shown in Fig. 2, where the compound flux
linkage direction is the same as M axis, the torque and torque
angle function can be expressed as:

n,

T, =
2L,L,

vy, L, sind —|y (L, - L,)sin25] )

v,

where , is the compound flux linkage. Ls and Lg are

equivalent to inductance of two sets of winding in d-axis and g-
axis, respectively. Under the compound flux linkage, the
function of the torque and torque angle is similar to the
ordinary PMSM. So, the control method of the DTP-PMSM is
also similar to the ordinary PMSM; but it is noticed that the
torque is produced by the compound magnet flux linkage.

>
d(rotor axis)

o
1s)™

Fig. 2. The stator and rotor reference axis for the PMSM

B.  Research on DTC Theory under Independent Flux
Linkage Condition

Under static coordinate system, the voltage, the current, and
the flux linkage equations of each set of winding are the same
as three phrases PMSM. Equation (2) may be rewritten in term
of its broken line in matrix.

l//sl _ lesl lesZ isl Sr91
= A ®)
WSZ LsZsl LS2$2 lsZ S92
where L, , =L 4. According to constant power orthogonal

Park transform, each sets winding (three phrases) may be
transformed into two phrases in d-g coordinate system, the
transformation matrix is:

cos @
Cigrar = \/§|:

cos(6—-120%) cos(0+120°)} )

—sin@ —sin(@—120°") —sin(@+120°)
c _\/Z cos(@—-30°) cos(@—150") cos(@+90°) (10)
22N _gin(0-30°) —sin(@-150°") —sin(6+90°)

So, the flux linkage may be transformed shown as follows.

Vo |
Vi Vi
Vsar :{_C}s_u_z:_i___q___ Va1 (1)
Var 0 G )| Van
Vi V2
[ Vsc2 ]

Using Eq. (2), the flux linkage matrix equation can be
written as a product of the inductance matrix multiplying the
current vector of double three phrases stator. Using the inverse
transformation matrix, C;,,,,,C;,,,,, , the current vector may
be transformed into two dimensional vectors in d-g coordinate
system. So, Equation (11) may be rewritten as follows.

_l//sdl

Via {szmo LmuLmz}

‘//.va'Z 0 } C3s2/2r _Ls251 } L5252

_l//qu (12)
i.vdl_

Clwar 0 i oy | Gt O [ Sa

| 0 | C 552020 || g 0 1G] Se
isq2_

Substitute Equations (9)-(10) into (12), then Equation (12)
is simplified and the flux linkage equation can be obtained in d-
q coordinate system shown below.

. 3
Vi L, 0 Ly, 0 i 5
L _ 0 Lq 0 quq2 isql "y 0 [(13)
Var Ly 0 L, 0 I ' é
y/qu 0 Lq2q1 0 Lq iqu 2
0
3 3 3 3
where -1, tolnt L L, =L, +EL”7_EL’ ’
3 A 3 A
Lyar =Lppar = ELW +L=l, ’quqz = Lqul = ELm —-L, :[q :

Suppose proper control method is adapted. We can make
an angle of ¥, in d-axis equal to one of ¥/, in d-axis. That

is 6, =0, =0 [9]-[10]. We can express it as in Eq. (14):

F, coso —sind 0 0 F.,
F, _ sind  cosd 0 0 F,, 14
F, 0 0 cosd —sino | F,,,
F, 0 0 sind  coso | Fy,
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where, “F” may denote the voltage, current, or flux linkage.
The flux linkage equations have been deduced in M-T
coordinate system.

Vi | |Lyc08’ 6+L,sin® & L(L,-L,)sin28

Vn | | 1L, —L,)sin28  L,sin® §+L, cos’ &
Via | | [ycos’ 3+l,sin* 8 L(L, —L,)sin28 (15)
17 (L, -L,)sin26 L, sin’ 5+L, cos’ &
l,co8’ §+l,;sin* 6 L(l,—1,)sin26 [i,, cosd
3, =1,)sin28 1, cos’ 6+1,sin’ & | iy . 3 | -sind
Lycos® 6+L,sin* & 1(,—1,)sin26 |i,, 2" coss
1, ~1,)sin26  L,sin* §+L, cos’ 8| iy, —sind

The stator flux linkage y,,, ¥, is 0 in M-axis. So, the
current of the stator winding may be obtained in M-T:

. 1 . 2 2
igg=———"—|(L,sin" 0+L, cos O, |+
M (Ld+ld)(Lq+lq)[ ¢ a v (16)
(I, sin’ 5+1 cos’ Sy, —\/gl//r([,d +1q)c055]
1

i =—[(L —L )sindcosdy,, |+
T,y ud (17)

[(, —1,)sinScosdly,, +\/§y/, (L, +Zq)sin§]

. 1 .2 2

igyy,=——"—"—|(L,sin" 6+ L, cos e

sM2 (Ld"'ld)(Lq"'lq)[( d q 5)")”.2‘ (18)
(I, sin*> §+1, cos’ S|y, _\/gl//r(l‘d +lq)cos§]

, 1 .

i [[(Ld —Lq)s1n5cosé]‘l/[¢2‘+(l

(L, +1L, 1)
[(I, —1,)sinScos STy, | +~2w, (L, +1,)sin 5]

Where|WM|| =4 l/’fdl + Wsqu = |l/jsl | >
|l//M2| =4 V/szdz + stzqz = |l)l/s2|

Referring to the relation of torque angle and the flux
linkage shown in Fig. 2, the following equation can be
obtained:

9)

= Wq2 /|l//s2
=V /|y/s2

Sin 5 = y/ql /|l//sl

(20)
cosd = l//dl/|l//sl

Substitute Eq. (20) to Eq. (7); the torque equation in M-T
is:

T, =

e

W,a1(ia Sin 6 +ip c0s ) — (21)
i Vi (i1 €OS O + iy, SIN O)

T,=

W (i, SN0 +ip, cos 8) — (22)
PV W g2 (g, €OS O + i, SN O)

Substitute Egs. (16) - (19) to Egs. (21) - (22); then, the
torque equations are:

n,

_ 2
AL+, +)

N2y, 1, sin 8 —|y.|(1, ~1,)sin25]

[(‘/EV/,‘ L,siné—|y,

(L, - L,)sin 20)+ (23)

Vo

_ n,\W,,
2 AL+, +1)

(2,1, sin &~y |(1, ~1,)sin25]

[(\/El//qu sind —

Wol(L, —L,)sin26)+ (24)

Va

Comparing (7), (23), and (24), we find that the coefficient
in the first bracket of (23)-(24) is different from one of (7). This
is because the double three-phrase winding influences each
other. The second item of (23)-(24) is the torque part of mutual
induction. So, the DTC theory is suitable for the DTP-PMSM.
The difference between DTP-PMSM and MSM in the DTC
theory application lies in that the mutual inductance must be
considered in the DTP-PMSM. It is very important for us to
design control method.

III.  SIMULATION OF DIFFERENT RUNNING MODE
OF THE DTP-PMSM

The paper addresses on the torque control rules for the
DTP-PMSM and establishes mathematic model in term of rotor
orientation theory. The DTP-PMSM parameters are given in
Table 1.

TABLE I
PARAMETERS OF THE DTP- PMSM

Symbol Quantity Value
Py (kw) Rated power 22
Ny Efficiency 0.86
cos @ Power factor 0.88
I,(4) Current 3
L,(mH)  Inductance in g-axis 54.69
L, (mH)
Loy (mH) Inductance in d-axis 32.05
Ly (mH)
R.(Q) Stator resistance 1.3972
n Number of poles 3
»
J,, (kgm®) Rotating Inertia 0.009
y(Virls) Permanent flux link 0.712
L (mH) Leakage inductance 2.74
L, (mH) Mutual inductance 28.02
L (mH) Bulge pole inductance 6.55

During the simulation, the input value is the quality of the
single or double three phrases in the static coordinate system.
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The input is, first, transformed into the value in d-g axis
accordingly; second, it is substituted into a state equation in d-
q; and third, the state variable is resolved by Runge-Kutta
method. The input voltage is a fundamental wave or a
fundamental wave plus 5 and 7 times of harmonious wave (it is
1/5, 1/7 of the fundamental wave, respectively) or a 6 ladder
wave. The simulation is performed when DTP-PMSM is
started in load directly for double three phrases or the three
phrases. We set the voltage fundamental wave reference 311V
in each phrase, frequency is set as 20Hz, the load torque 7} is
set as 20 Nm as shown in Fig. 3-Fig. 5, and the load torque 77
is set as 10 Nm as shown in Fig. 6-Fig. 8.

It is shown in Fig. 6-Fig.8 that the harmonious wave has
great influence to motor when the input phrase voltage
contains 5 and 7 times of harmonious wave or a 6 ladder wave
in single three phrases mode. The torque and the rotate speed
produce a pulsation in stable state. At the same time, there is a
distortion greatly in stator current. However, there is no any
influence for motor in the double three phrases mode when the

Rotor speed(rpm)

- . - t(s)
0 05 1 L5 2

Phase A Stator Current(A)
o

=51 . . . t(s
0 05 1 15 2 (=)

Torque (N -m)

10 . . . us)
1 15 2

Fig. 3. The stator phrase current, the torque dynamic curves when the input

phrase voltage is a fundamental wave in the double three phrases mode.

. . . Z 150
input phrase voltage concludes 5 and 7 times of harmonious £
wave. The motor rotate speed, torque, and stator current wave g
have the same wave curve like the input phrase voltage. When g

the input phrase voltage is 6 ladder waves, the rotate speed, the

! . . - t(s)
0 05 1 1.5 2

torque pulsation and the stator current distortion is smaller
than in the single three phrases mode. % 5

When the input phrase voltage is a fundamental wave, the £ }'.. .......
simulation indicates that the stator phrase current is only half in T o [ )
compare the double three phrases mode with the single three f i
phrases mode; so total power can be raised one times in the _; s . : t(s)
double three phrases mode . =0 05 1 152

ol

From the above analysis, the DTP-PMSM may reduce 5 _ _0!
and 7 times of harmonious wave in the rotate speed, the torque £ 10
pulsation, and the stator current harmonious wave. So, the é 0"
designed structure can improve electric energy quality in g
vessel power network; can increase the reliability of 105, 05 1 15 2t(s)

propulsion motor power and the stabilization of the vessel.

IV. CONCLUSION

The paper has established DTP-PMSM mathematic model in d-
q coordinate system. In compound flux linkage, the function
relation between the torque and torque angle has been obtained,
it is similar to a common PMSM characteristics. So, the

Fig. 4. The rotate speed, the stator, a phrase current and the torque wave plus
5, and 7 time harmonious dynamic curves when the input phrase voltage is
fundamental in the double three phrases mode.

150+

Rotor speed(rpm)

o
compound flux linkage control method may be applied in the | . . - s)
DTP-PMSM. When the flux linkage of each set winding is © 05 ! 13 2
considered respectively, the function relation between the z5
torque and torque angle is also obtained, respectively. We find g .
that the DTC theory is also suitable to the independence flux T o AR *
linkage method. Because the influence between two sets of J,,i’ i
winding affects each other, it must be considered carefully. The 2 - - «(s)
simulation result indicates that the mathematic model is =00 05 ! s 2
correct. The DTP-PMSM performance is superior to the single 20
three phrases PMSM. This research provides a foundation of T 101
theory and application for the DTP-PMSM control system. f; ol

'2—]0‘ ! . - - ts)

(0] 05 1 1.5 2

Fig. 5. The rotate speed, the stator, a phrase current and the torque dynamic
curves when the input phrase voltage is 6 ladder wave in the double three
phrases mode.
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150: |

Rotor speed(rpm)

Phase A Stator Current(A)
o

Torque (N -m)
<

a0 )
0 05 1

15

2

t(s)

Fig. 6. The rotate speed, the stator, a phrase current and the torque dynamic
curves when the input phrase voltage is fundamental wave in the single three

phrases mode.

’é‘ A
E 1504 [IA
= J
2
g
c% v
0! . . t(s)
0 05 1 15 2
<
g 4
¢l
§ 0 l i |‘

P |
£ 4 . . t(s)
0 05 1 15 2

z 10'%
g3 0
E‘ \
o §
=10
. : t(s)
0 05 1 15 2

Fig. 7. The rotate speed, the stator, a phrase current and the torque dynamic
curves when the input phrase voltage is fundamental wave plus 5, 7 times

harmonious wave the single three phrases mode.
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Rotor speed(rpm)

0 05 I L5 2 U(s)

Phase A Stator Current|
4

-4 t(s)
0 05 1 15 2
5
H A
z 0
°
Ey
S :
=5
. t(s)
0 05 1 15 2

Fig. 8. The rotate speed, the stator, a phrase current and the torque dynamic
curves when the input phrase voltage is 6 ladder wave in the single three
phrases mode.

ACKNOWLEDGMENT

The paper is Supported by Leading Academic Discipline Project of Shanghai

Municipal Education Commission (Project Number : J50602) and Supported

by Science & Technology Program of Shanghai Maritime University (Project
Number : 2008087).

(1

[3]

[4]

[3]

(6]

(7
[8]

]

[10]

REFERENCES

M. P. Kazmierkowski, R. Krishnan, and F. Blaabjerg, “Control in power
electronics.” San Diego, CA: Academic, 2002.

B. K. Bose, “Modern power electronics and AC drives”. Englewood
Cliffx, NJ: Prentice-Hall, 2001.

M. P. Kazmierkowski and T. Orlowska-Kowalska, “ANN based
estimation and control in converter-fed induction motor drives”. In Soft
computing in Industrial Electronics, S.J.Ovaska and L.Sztandera, Eds.
Heidelberg, Germany: Physica Verlag, 2002, pp. 45-94.

P. Vas, “Artificial-intelligence-based electrical machines and drives”.
New York: Oxford Univ.Press, 1999.

Yixin Liu, Shousun Chen, and Baolin Zhang, “The theory and analysis
of dynamic power system”. Beijing: tsinghua university press, 2002, pp.
357-360.

Jinde Gao, Xiangyan Wang, and Fahai Li, “System Analysis of AC
motor (second edition)”. Beijing: Tsinghua University press, 2005, pp.
33-36.

Bimal K. Bose, “Modern Power Electronics and AC Drivers”. Prentice
Hall, 2002, pp. 83-85.

Baishi Chen, “Power electric drive automatic control system. ----motion
control systems (third edition),” Beijing: Mechanical Industry Press,
2003, pp. 265-270.

K. Gopakumar, V. T. Ranganathan, and S. R. B. Hat, “Split-phase
induction motor operation from PWM voltage source inverter”, IEEE
Trans. Ind. App., Sep. /Oct, vol.29, 1993 (5), pp. 927-932.

K. Hatua, “Direct torque control schemes for split-phase induction
machine”. M.Sc. (Eng.) Thesis, Elect. Eng. Dept., Indian Inst. Sci.,
Bangalore, India, 2003.




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo 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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


