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Abstract

A novel decoupling model for a six-phase permanent magnet machine is proposed in this paper. The model considers the machine as two independent
three-phase stator windings that are spatially shifted by a generic angle a. The proposed transformation considers the zero sequence and allows the
coupling between phases to be eliminated. The parameters, which define the dynamic behaviour of the model, are calculated with simulations per-
formed using the finite-element method. The decoupled model and the parameters are analyzed for two configurations of a traditional six-phase

machine. Simulation results were validated by experimental results with a simple procedure.

Keywords

Six-phase permanent magnet machine, decoupling model, parameter calculation

Introduction

In general, polyphase machines show better fault tolerance
and size reduction per phase of the converter than conven-
tional three-phase machines (Levi et al., 2016).

Among polyphase machines, the use of six-phase polyphase
machines has increased recently, owing to their advantage of
having a number of phases that is a multiple of three, which
allows the use of well-known available technologies, such as
three-phase power converters, signal adapters and control
strategies. There are different configurations for six-phase
machines, depending on the angular displacement («) between
each three-phase stator winding. For many years, asymmetric
machines (o = 30°) have been a better option, compared with
symmetric ones (o = 60°) (Barrero and Duran, 2016; Levi,
2008). This is mainly because of the advantage they show
regarding the cancellation of harmonics in torque pulsations
using six-pulse inverters. However, owing to advances in
power electronics, their high switching frequency and pulse-
width modulation strategies, they allow for both configura-
tions presented in Figure 1 to have similar performances in
relation to torque pulsations (Munim et al., 2016).

With regard to the analytical modelling of a six-phase
machine, the following models stand out among many
proposals:

®  Vector space decomposition;
e Double three-phase.

The first model, based on the decomposition of the vector
space for six-phase polyphase machines, commonly known as

vector space decomposition, presented in Zhao and Lipo
(1995), is the most widespread (Bojoi et al., 2003). It allows
the voltage and currents of the machine to be represented in
three pairs of windings. Each orthogonal sub-space is com-
monly represented as «;8,, x1x; and 0,0;.

The first sub-space, af3,, contains the fundamental and
the harmonics 12n*1, with (n = 1,2,3, ...). This sub-space is
in charge of producing the machine electromagnetic torque.
The second sub-space, x;x;, contains the harmonics 6n*1 for
(n=1,3,5,...). Unlike sub-space a;8,, it does not produce
torque. Finally, the 0,0, plane maps the zero-sequence com-
ponents of the machine, which are not taken into account
when the neutral is not connected.

Numerous works based on the vector space decomposition
model have been proposed in the literature, aiming at mini-
mizing torque pulsations. Karttunen et al. (2014), besides the
torque control performed on the sub-plane «;8,, use the
remaining degree of freedom to control the sub-plane x;x; in
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Figure |. Configurations: a) asymmetric, b) symmetric.

order to minimize the harmonic components produced by
EMF imbalances and harmonics. The same principle is
applied by Che et al. (2014), but in this case the sub-plane
x1x, is used to compensate the harmonics due to the inverter
dead-times.

The second model involves considering the machine as
two independent three-phase windings (double three-phase).
The result is two systems, «;3,0; and «,,0,, on which con-
ventional control strategies for three-phase machines can be
applied (Nelson and Krause, 1974).

Although it seems, at first sight, that the double three-
phase model is simpler, it is demonstrated in Karttunen et al.
(2012) that considering the machine as two three-phase wind-
ings causes complex couplings between them, which are diffi-
cult to compensate.

Also, Schiferl and Ong (1983) analyzed a six-phase poly-
phase machine with an arbitrary displacement angle, based on
Parks transformation. However, this model is not represented
in decoupled d-g reference frames either; thereby, a further
transformation is needed to decouple the two d-q reference
frames from each other.

Variants of the double three-phase model that allow elimi-
nation of coupling between both three-phase systems and for
an arbitrary angle are proposed by Andriollo et al. (2009),
Camillis et al. (2001) and Kallio et al. (2013). However, for
this variation, the zero sequence as well as its coupling are
not taken into account.

Once the new model is defined, it is important to determine
the fundamental parameters, stator resistance and winding
inductance, of the electric machine accurately, as they deter-
mine the dynamic behaviour of the machine.

The more precise the parameters of the machine, the better
the behaviour of the control strategies based on the model will
be, as they can affect the machine performance. In addition,
these parameters are important to predict system behaviour
during a failure situation.

There are different methods to measure inductance in elec-
tric machines. Broadly, they can be classified as offline
(Dutta and Rahman, 2006) and online (Underwood and
Husain, 2010) methods. Online methods are very effective,
since the inductances vary with different operating condi-
tions. However, the online measurements often lead to
numerical algorithms, such as the recursive least-square
method (Underwood and Husain, 2010).

From the previous considerations, in this work we propose
a novel double three-phase model that defines a new transfor-
mation Q, which allows the coupling between phases to be
eliminated. The transformation is applied on two traditional
configurations of six-phase polyphase machines, the asym-
metric and symmetric setups. In addition, this variation of
the double three-phase model includes the zero sequence,
which may be significantly useful in fault-tolerant systems
(Catuogno et al., 2016). Once the model is defined, the
machine parameters are calculated by finite-element simula-
tion and validated with an experimental offline method devel-
oped for three-phase machines that is much easier to apply.

Machine model

The six-phase polyphase machine model in phase variables
abcxyz, can be represented by

- —p7 a7 -
Vabexyz = Rslabcxyz + Ls dr Labexyz + €abcxyz (1)

where Vapey:, fabcxyz and €,y are the vectors that represent
the voltage, current and EMF of the phases abcxyz. The latter
can be defined as

with j = a, b, ¢, x,y,z, where i; are the fluxes linked by the sta-
tor, d0/dt = w is the rotor angular speed and ¢;(6) is a func-
tion that depends on the flux density distribution in the air
gap and also determines the waveform of the induced EMF.
These functions depend on the geometrical configuration of
the stator windings, as well as on the shape and location of
the magnets and the stator core. Ry and Ly are the resistance
and inductance matrix of the stator windings, respectively

0r 0 0 0 O
00 r 0 0 0
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The following considerations were made regarding the
inductance matrix Lg
Ly = Lo = Lpp = Lee = Ly = Lyy =L
Mg = My = Mpe = My = Mxy =M, = sz

M, = M, = My, = M., (5)
M2 = May = sz = Mcx
M3 =M, = My, = Mcy
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The inductances defined in equation (5) can also be repre- and
sEnted Es a function bof (th; pha(se angle a between the two L 0 0 M, M, 0
three-phase systems abc and xyz, as 0 L 0 —M, My 0
_ 0 0 L 0 0 M
Mg = M cos(27/3 = 0 ¢
M Y (@m/3) L M, -M, 0 L 0 0 (13)
1 = M cos(e) ) M, My 0 0 L' 0
M, = M cos(2m/3 + a) 0 0 M. O 0 L
M; = Mcos(4m/3 + )
where
where M is the mutual inductance of two phases if they are . _
. L, =Ly — M
aligned. :
The model proposed in this paper consists of a double Ly = Ls + 2M;
three-phase system. That is, the modelling of two three-phase M = V3 ” V3 Iy
systems independently, including, in this case, the neutral aT Ty Ty (14)
connection. With the objective of simplifying the equations 1 1

for the model proposed in equations (1) and (2), the following
transformation was carried out first

JauB010:8,0, = Ki faveyz (7

where Kj is a 6 X 6 matrix defined as

_|K 0
Ki = {0 K} ®)
where K is the power invariant Clarke Transformation
defined as
L
\%_ 2
2 3 —V3
K=4/z1 0 —/— — 9
3 2 2 ®
1 1 1
V2 V2 V2

Wheref is a generic vector that can represent current, voltage,
flux or the EMF of the stator.

Using the Clarke transformation, the following six-phase
polyphase machine model in variables «;8,0; and a,3,0, can
be obtained

Vo 8,01028,0, = Ric,,0,028,05

d

+ L$iﬂ1/3101&23202 + Eﬂlﬁlolﬂzﬁzoz

(10)

WHETe Vi, 8,0,:8,0, lay,0:8,0,> ANA Ea,0,a,,0, Tepresent the
voltage, current and EMF of the stator and R and L are sta-
tor winding resistance and inductance matrices.

Such matrices are obtained as

R =K; R, K;'
L=K; L K;!

resulting in

s, 00 0 0 0

0 0 0 0 0

0 0 0 0 O
R=10 0 0 0 0 (12)

00 0 0 r O

0 0 0 0 0

My =M, — =M, — ~M
b 1 P 2 D) 3
MC=M1+M2+M3

Different inductance couplings between both of the three
phase windings systems can be observed in equation (13).
Owing to this coupling, the two three-phase windings are not
independent. This leads to a more complex control strategy
or, in the case of non-consideration, affects the performance
of the system. Therefore, in this paper it is proposed that the
couplings are evaluated and eliminated to simplify the control
design.

To do this, a diagonalization of equation (13) is proposed,
with the aim of finding a transformation P that allows a diag-
onal matrix Lp to be obtained that fulfils

Lp=P'-L.P (15)

The transformation matrix P can be built by arranging,
column by column, the eigenvectors of L (Robbiano, 2011);
hence, the elements of Lp will result in the eigenvalues of L. A
tool for symbolic computation was used to obtain the eigen-
vectors and eigenvalues, yielding

M[, Ma 0 Mh Ma 0
M, M, M, M,
Ma Mb O Mu Mb 0
M, M, M, M,
P=1 9 0 1 o 0 -1 (16)
1 0 0 1 0 0
0 1 0 0 1 0
| 0 0 1 0 0 1
where
M, = /M2 + M} (17)
Lu 0 0 0 0 0
0 Lp O 0 0 0
_ |0 0 Ls 0 0 0
Lo 0 0 0 Lgw O 0 (18)
0 0 0 0 Ly O
0 0 0 0 0 Ly
with
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Lyt = Lap = Ls — Ms + M,
Ld3 :LS +2Ms +ML.
Lgy = Lys = Ly — Ms — M,
Lgs = Lg + 2M, — M,

(19)

From equation (16), it can be observed that the inductance
matrix depends on a component that contains values Ls and
M, from one of the three-phase windings and also mutual
inductances from the remaining three-phase winding formed
by M, M, and M3. Inductances M|, M, and M; are different,
depending on the phase angle between two three-phase wind-
ings. By substituting equation (6) into the matrix P obtained
in equation (16), it is possible to obtain the transformation
matrix that depends only on the phase angle «

—cos(a) sin(w) 0 cos(w) —sin(a) 0
—sin(a) —cos(w) 0 sin(a) cos(a) O
B 0 0 10 0 -1
P= 1 0 0 1 0 o | 0
0 1 0 0 1 0
0 0 1 0 0 1
and its inverse transformation P~
[—cos(a) —sin(a) 1 i
i 2( ) ; (a) N (1) )
sin (« —cos (a
2 2 (1) 03 (1)
0 0 - 0 0 =
P! = : 2 2 (21)
cos (&) sin (&) 1
0 7 0 0
—sin(a)  cos(a) 1
2 2 01 0 2 (1)
0 0 —= 0 0 =
L 2 2]

Finally, the model of the machine in the new coordinate
system will be obtained from the transformations

(22)

= -
f].7|[’2]73p4p5]76 = Q.ﬁlbc‘xyz

where

Q=Vv2-P K (23)
where the term /2 is included to ensure that the transforma-
tion Q is power invariant and this new transformation allows
the model proposed in equation (1) to be obtained in the new
coordinate system pipapspapsps, as

d-

slp\pap3papspe + Lp almpzmmpspa

=R

eP1P2P3P4P5}76

(24)

VP1P2P3P4P5P6

where the transformation Q is responsible for the elimination
of the coupling effects in equations (4) and (13) and can take
different values, depending on the phase angle @ between the
two three-phase windings in equation (25)

[—cos(a) —cos(a—23m) —cos(a—43m) 1 1 17
3 3 "6 6
sin () sin(a—23m) sin(a—43m) 0 Vi 3
3 3 3 6 6
V2 V2 V2 V2 V2 V2
_ 6 6 6 6 6 6
Q N \/5 cos (0) cos(a—23m) cos(a—43m) 1 1 1
3 3 3 376 6
—sin(@ —sin(a—237)  —sin(a—437) 0 V3 3
3 3 3 6 6
_V2 _ V2 _V2 V2 V2 V2
L 6 6 6 6 6 6
(25)

From the new transformation Q found in equation (25),
the power equation can be written as a function of the new
coordinate system p;prp3papspe as

_ 1 T ~-1
p= (Q '1P1[72P3P4P5176) Q7 Voipapspapspe (26)

By considering, the transformation defined in (25), the fol-
lowing term yields the identity matrix

-N\T -1 _
Q") Q7" =TIsxs (27)
and therefore the power is
D = pVp, T ipVp, T Vs Tt p,Vp, T ipsVps gV (28)

which demonstrates, that the transformation is power invar-
iant. The developed methodology simplifies the analysis of the
six-phase polyphase machine generator by converting the six-
phase equations described in equation (1) into two decoupled
three-phase systems.

Study cases

In this section, we analyze the configurations presented in
Figure 1, to find the matrix Q that allows the diagonal matrix
to be obtained for each of them. In subsequent sections, the
parameters for these configurations will be obtained.

Asymmetric machine

This is perhaps the most widespread configuration within six-
phase machines; its angle « is

a=30° (29)

Substituting equation (29) into equations (20) and (21), the
transformation matrices P and P~! are obtained

[ Vv3 o1 V3]
2 2 2 2
P=1 9 0O 1 0 0 -1 (30)
1 0O 0 1 0 0
0 1 0 0 1 0
L0 o 1 0 0 1|
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RYE) 1 1 1 and the new transformation matrix is Q = v/2 - P~! - K;
- == 0 - 00
4 4 2
1 V3 1 1 1 1 17
i 4 0 0350 6 6 3 3 6 6
1 1
0 0 - 0 0 = ﬁ _é 0 0 é _ﬁ
P! = 2 2 (31) 6 6 6 6
V3 1 V2V2 V2 V2 V22
3 g0 % 6 6 6 6 6
1 V3 1 Q=v3| 7§ 1 o111 (36)
3 4 0 0350 6 6 33 6 6
1 1
0 0 -—= 0 0 = _é ﬁ 0 0 ﬁ _ﬁ
- 2 2- 6 6 6 6
and the new transformation matrix is Q = v/2 - P™1 - K; _ ? _ g _ g \/?E \/?E g

[ V3 0 N 1 1
6 6 3 6 6

L £ R E
6 3 6 6 6
V2 V2 V2 V2 V2 V2

_ 6 6 6 6 6 6
Q\/§\/§ ) o 1 1 (32)

6 6 3 6 6

L B O I
6 3 6 6 6
V2 V2 V2 V2 V2 V2

L 6 6 6 6 6 6 J

Symmetric machine

In this case, the symmetric configuration presents a phase
angle a between three-phase windings equal to

a = 60° (33)

Substituting equation (33) into equations (20) and (21), the
transformation matrices P and P! are obtained

SRR I
2 2 2 2
\@10\/§1 0

_ |72 72 2 2

P o o1 0 0 -1 (34)
1 0 0 1 o0 o0
o 1 0 0 1 0
Lo o 1 0 o0 1
5 1 )
31 4 oLy
4 i 2

] 0 0 5 00

pl= 35
Lov3 5 Ly )
4\;/_4 2
31 1
% 3 0105‘1’

0 0 -5 00

Interpreting the new transformation
matrix Q

The transformation matrix Q was defined in the previous sec-
tions in equation (25) and applied to two configurations of
six-phase machines in equations (32) and (36). Besides elimi-
nating couplings between phases, these transformations pro-
duce a new reference system pp,p3papsps, as can be seen in
Figure 2.

To understand the effects of the transformation Q on the
phase variables abcxyz, it was applied to the electromotive
force of the machines considered in the previous sections.
As the transformed variables resulting from the two config-
urations analyzed in this paper are identical, only those
from the asymmetric configuration are presented next. The
waveform shown in Figure 3 was built out of the measured
electromotive force from the available asymmetric machine
over one period. In this figure, the EMF in abcxyz coordi-
nates is presented, where the two three-phase systems with a
30° phase angle between them can be clearly observed. Each
three-phase system consists of three 120° out-of-phase
components.

The second coordinate system, «;8;0,a28,0,, shown in
Figure 4, which is obtained from applying the transformation
matrix Ky, is composed of two three-phase systems with a 30°
phase angle between them, as in the previous system, except
that in this particular case, each system presents two orthogo-
nal components plus the zero-sequence component (Clarke
transformation on each three-phase system).

Finally, when the transformation P~ is applied, the coor-
dinate system p;pyp3papsps is obtained, which is composed of
two systems with a 90° phase angle between them. As with the
coordinate system «3;0,a28,0,, each system is composed of
two orthogonal components plus the zero-sequence compo-
nent (Figure 5).

Measurement of parameters

With a machine model now defined, the next step is to s the
parameters for the model. These are obtained by using
experimental tests and finite-element simulations as
described next.
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ﬁlbcxyz

(Fig. 3)

falﬁl 0,2,,0,

(Fig. 4)

K,

Clarke

\ transformation

f P1P2P3P4Ps5Pe
p- 1 (Fig. 5)
Eigenvectors
matrix

rd

Q transformation

Figure 2. Transformation diagram.
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Figure 3. EMF in coordinates abc (solid lines) and xyz (dashed lines).

) I I I I I I I I I
0 0.005 0.01 0.015 0.02 0.025[s0.03 0.035 0.04 0.045 0.05

Figure 5. EMF in coordinates p p;p3 (solid lines) and p4psps (dashed
lines).

Experimental tests

Regarding the AC standstill method proposed by Dutta and
Rahman (2006) for three-phase machines, this involves mea-
suring induced voltages for the different rotor positions or dif-
ferent current values.

Two six-phase polyphase machines are available in the
laboratory, one of them presents an asymmetric configura-
tion, and the other a symmetric configuration. The corre-
sponding parameters are shown in Table 1. In Figure 6 the
diagrams of the winding configurations of the two machines
are presented.

The connection scheme for the test carried out on a six-
phase star connected machine with accessible neutral is shown
in Figure 7. One of the phase windings is excited by a single
phase supply. The line current and the voltage induced in the
remaining windings are measured for the proposed test. The
self and mutual inductances can be estimated as

Figure 4. EMF in coordinates ;3,0 (solid lines) and «»3,0, (dashed
lines).

Table I. SAsymmetric and symmetric machine parameters.

Parameter Value Parameter Value
Phase shift (asymmetric) 30° Magnets Ferrite
Phase shift (symmetric) 60° Winding Series
Phases 6 Wire AWI18
Poles 4 Wires per coil 60
Slots 36 Wires per slot 120
2
Va 2
L (E> f 37
ST o
M, = d with  i=b,¢,x,y,z (38)

Qaf)l.”

where R is the stator resistance, ¥V, and f are the voltage and
frequency of the power supply and 7, and V.. are the mea-
sured current and voltages, respectively.

In Figure 8 the experimental prototype is displayed.

Simulation test

Two magnetostatic 2D models of the six-phase machine were
developed for the configurations analyzed in this work.
Dimensions and material data from the experimental
machines available in the laboratory were used for modelling
in the software FEMM 4.2 (Meeker, 2009). The model devel-
oped in FEMM and the front view of the open experimental
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(b)

Figure 6. Winding configurations for (a) asymmetric and (b) symmetric machines.

machine are presented in Figure 9 for the case of the asym-
metric configuration.

To calculate the inductance, different methods are avail-
able in the literature. According to Bianchi (2005), inductance
can be obtained in three ways:

e (Calculating L from magnetic energy;
Calculating L from flux linkage;
Calculating L from airgap flux density.

The second method was chosen for this work. First, the
flux linkage was computed using the finite-element method;
then the self and mutual inductances are calculated using the
same procedure as for the experimental calculation, that is,
by supplying current to the windings of one phase and then
computing the flux linkage in the remaining windings. Then,
only a single winding will carry current i = [,, and the induc-
tances can be calculated as (Bianchi, 2005)

Laa = M (39)
1,
Mai ll/ll(e) s Wlth i= b; C, X, Y,z (40)
Results
Experimental

Two different tests were carried out for the asymmetric and
symmetric machines. The first one, E1, involved measuring
the inductance for a fixed current and different rotor posi-
tions. The second one, E2 involved measuring the inductance
for a fixed rotor position and different values of current.

Figure 10 presents results of test £1 for the asymmetric
machine. The inductances L, and M,; calculated according to
equations (37) and (38) are displayed as a function of the
rotor position every 5°. It is possible to observe how induc-
tance varies depending on position; this is due to the geome-
try and the characteristics of the machine.

Figure 11 presents the results of test £2 for a fixed rotor
position (0 = 0°) and different values of current (measured at

Figure 7. Connection circuit for AC standstill method (Dutta and
Rahman, 2006).

every 100 mA). This test allows saturation effects to be
analyzed.

The same tests were carried out for the symmetric machine.
In Figure 12, the variations of the inductance are presented as
function of the rotor position, and in Figure 13, the variations
of the inductances are shown as a function of the current.

Finite-element simulation

Finite-element simulations were performed for the two mod-
elled machines (asymmetric and symmetric). The inductances
were calculated by applying equations (39) and (40) to the flux
data obtained from the FEMM software.

Only the results of test E2 are presented, since it allows us
to know the dependence of the inductance with respect to the
current of the machine. Variations with respect to the rotor
position are negligible, owing to the geometry of the stator
and rotor.

Figures 14 and 15 show the inductances for different cur-
rent values for the asymmetric and symmetric machines,
respectively. It can be observed from these curves that the 2D
model corresponds to the experimental results (Figures 11
and 13, respectively).

From the tests of Figures 10, 11 and 14 for the asymmetric
machine (o« = 30°), substituting this angle in equation (6), we
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measurements

Figure 8. Experimental setup.
SPPM: six-phase polyphase machine.

Figure 9. FE model and experimental setup of asymmetric machine.
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Figure 10. El-asymmetric. Inductance as a function of position (experimental).

obtain that M, = 0.5M, M, = M, = (+/3/2)M and M; =0,

which corresponds to the results obtained.

In the same way, from the tests of Figures 12, 13 and 15
for the symmetric machine (@ = 60°), substituting this angle
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Figure 11. E2-asymmetric. Inductance as a function of current (experimental).
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Figure 12. El-symmetric. Inductance as a function of position (experimental).
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Figure 13. E2-symmetric. Inductance as a function of current (experimental).
0.03 T T
T 0025) NTa—ILs ” —
$ oozt Max = M1 May = M2 ]
<
S o015 &=e o—r——n A
E Mab = Ms Mac = Ms
< 001} .
S —_
™ 0.005[- b i
az =
ol_e— o o y 3 . + + " .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Current[A]

Figure 14. E2-asymmetric. Inductance as a function of current (finite-element simulation).
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Figure 15. E2-symmetric. Inductance as a function of current (finite-element simulation).

Table 2. Summary of model reviews.

Model Decoupled Arbitrary o Zero sequence Reference

Vector space decomposition Yes Yes Yes Zhao and Lipo (1995)

Vector space decomposition Yes No Yes Bojoi et al. (2003)

Double three-phase Yes Yes No Nelson and Krause (1974)

Double three-phase No Yes Yes Schiferl and Ong (1983)

Double three-phase Yes Yes No Camillis et al. (2001)

Double three-phase Yes Yes No Andriollo et al. (2009)

Double three-phase No Yes No Karttunen et al. (2012)

Double three-phase Yes Yes No Kallio et al. (2013)

Double three-phase Yes Yes Yes Proposed in this paper

Table 3. Inductances, (mH).

Parameter Asymmetric Asymmetric Symmetric Symmetric
(experiment) (finite-element) (experiment) (finite-element)

Lai 40.8 39.6 37.8 37.9

Ls 40.8 39.6 37.8 379

Lg 75.0 743 68.5 70.9

Lga 9.32 9.36 12.2 1.1

Lgs 9.32 9.36 12.2 1.1

Lae 1.3 8.0l 11.8 1.4

in equation (6) yields Ms= M; = M; =0.5M, while work, great importance is given to the connection of the neu-

M, = 1M, which validates the results obtained.

Summary of models and analysis of parameters

From the review carried out in the introduction, we conclude
that there are two types of model, with different approaches;
the vector space decomposition model that has been exten-
sively studied and the double three-phase model that is treated
in this work. Table 2 presents the characteristics of each of the
analyzed models.

From Table 2, it is possible to observe that among the
works proposing double three-phase models none other
includes the zero sequence and decoupling at the same time,
as the neutral is generally not connected. However, in this

tral, since it is very useful for fault-tolerant strategies.

Six-phase machines can have two isolated neutrals, one
for each three-phase system, where it is possible to use fault-
tolerant strategies for four-wire systems (Catuogno et al.,
2015; Meinguet et al., 2008) or a single neutral where fault-
tolerant strategies can be used for seven-wire systems
(Catuogno et al., 2016).

An analysis of the experimental and simulation results is
presented in Table 3, were the values of inductance are calcu-
lated using equation (19). Table 3 shows inductance values of
the diagonal matrix that correspond to the machine’s rated
current.

It can be concluded that the experimental and simulation
results are very close for both machines. These procedures
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allow the inductance matrix to be determined for the new
model proposed in this work.

Conclusions

A novel model is proposed in this work for permanent mag-
net six-phase machines. In this model, the machine is consid-
ered as two three-phase systems with an arbitrary phase angle
a between them and proposes an alternative to the commonly
used vector space decomposition model.

The transformation Q allows couplings in the inductance
matrix to be eliminated and can be used for any angle «. This
is an important point, since it simplifies the design of the con-
trol strategies. Moreover, the transformation Q also includes
the zero sequence, which is of relevance for fault-tolerant stra-
tegies and is the main contribution of this work.

To obtain the parameters of the model, simulations were
performed using the finite-element method, which have been
validated with experimental results. The experimental results
were performed with a six-phase extension of a simple offline
method that is used for three-phase machines.

As study cases, two traditional machines (asymmetric and
symmetric) were proposed, for which the transformation
matrix Q and its characteristic parameters were obtained.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This work was supported by the National Scientific
and Technical Research Council (CONICET) and the
National University of San Luis (UNSL).

References

Andriollo M, Bettanini G, Martinelli G, et al. (2009) Analysis of
double-star permanent-magnet synchronous generators by a gen-
eral decoupled d-¢q model. IEEE Transactions on Industry Applica-
tions 45(4): 1416-1424.

Barrero F and Duran MJ (2016) Recent advances in the design, mod-
eling, and control of multiphase machines — Part 1. JEEE Transac-
tions on Industrial Electronics 63(1): 449-458.

Bianchi N (2005) Electrical Machine Analysis Using Finite Elements.
Boca Raton, FL: CRC Taylor & Frances.

Bojoi R, Lazzari M, Profumo F, et al. (2003) Digital field-oriented
control for dual three-phase induction motor drives. IEEE Trans-
actions on Industry Applications 39(3): 752-760.

Camillis LD, Matuonto M, Monti A, et al. (2001) Optimizing current
control performance in double winding asynchronous motors in
large power inverter drives. IEEE Transactions on Power Electro-
nics 16(5): 676-685.

Catuogno GR, Garcia GO and Leidhold R (2015) Fault-tolerant
inverter for power flow control in variable-speed four-wire

permanent-magnet generators. IEEE Transactions on Industry
Electronics 62(11): 6727-6736.

Catuogno GR, Garcia GO and Leidhold R (2016) Fault tolerant con-
trol in six-phase PMSM under four open-circuits fault conditions.
In: TECON 2016 — 42nd annual conference of the IEEE Industrial
Electronics Society, Florence, Italy, 23-26 October 2016, pp.
5754-5759. Piscataway, NJ: IEEE.

Che HS, Levi E, Jones M, et al. (2014) Current control methods for
an asymmetrical six-phase induction motor drive. IEEE Transac-
tions on Power Electronics 29(1): 407-417.

Dutta R and Rahman MF (2006) A comparative analysis of two test
methods of measuring d- and g-axes inductances of interior
permanent-magnet machine. /EEE Transactions on Magnetics
42(11): 3712-3718.

Kallio S, Andriollo M, Tortella A, et al. (2013) Decoupled d-¢ model
of double-star interior permanent magnet synchronous machines.
IEEE Transactions on Industrial Electronics 60(6): 2486-2494.

Karttunen J, Kallio S, Peltoniemi P, et al. (2012) Dual three-phase
permanent magnet synchronous machine supplied by two inde-
pendent voltage source inverters. In: International symposium on
power electronics, electrical drives, automation and motion (SPEE-
DAM), Sorrento, Italy, 20-22 June 2012, pp. 741-747. Piscat-
away, NJ: IEEE.

Karttunen J, Kallio S, Peltoniemi P, et al. (2014) Decoupled vector
control scheme for dual three-phase permanent magnet synchro-
nous machines. IEEE Transactions on Industrial Electronics 61(5):
2185-2196.

Levi E (2008) Multiphase electric machines for variable-speed appli-
cations. [EEE Transactions on Industrial Electronics 55(5):
1893-1909.

Levi E, Barrero F and Duran M (2016) Multiphase machines and
drives — revisited. IEEE Transactions on Industrial Electronics
63(1): 429-432.

Meeker DC (2009) Finite Element Method Magnetics. Available at:
http://www.femm.info/wiki/HomePage (accessed 25 October
2015)

Meinguet F, Semail E and Gyselinck J, (2008) Enhanced control of a
PMSM supplied by a four-leg voltage source inverter using the
homopolar torque. In: I8th international conference on electrical
machines, Vilamoura, Portugal, 6-9 September 2008. Piscataway,
NIJ: IEEE.

Munim WNWA, Duran M, Che HS, et al. (2016) A unified analysis
of the fault tolerance capability in six-phase induction
motor drive. IEEE Transactions on Power Electronics 32(10):
7824-7836.

Nelson R and Krause P (1974) Induction machine analysis for arbi-
trary displacement between multiple winding sets. /EEE Transac-
tions on Power Apparatus and Systems PAS-93(3): 841-848.

Robbiano L (2011) Endomorphisms and diagonalization. In: Rob-
biano L Linear Algebra: for Everyone. Milan: Springer, pp:169—
191.

Schiferl R and Ong C (1983) Six phase synchronous machine with AC
and DC stator connections, Part I. Equivalent circuit representa-
tion and steady-state analysis. I[EEE Transactions on Power Appa-
ratus and Systems PAS-102(8): 2685-2693.

Underwood SJ and Husain 1 (2010) Online parameter estimation
and adaptive control of permanent-magnet synchronous
machines. IEEE Transactions on Industrial Electronics 57(7):
2435-2443.

Zhao Y and Lipo T (1995) Space vector PWM control of dual three-
phase induction machine using vector space decomposition. IEEE
Transactions on Industry Applications 31(5): 1100-1109.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /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
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /Freestylescript
    /FreestyleScript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /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
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




