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Abstract—Model-based simulations are important in the au-
tomotive industry to study and evaluate the vehicle behavior.
In this paper, the Power-Oriented Graphs (POG) technique is
used as a tool for modeling epicyclic gear trains. A full elastic
dynamic model of the system is first derived, which can then
be reduced by neglecting the elastic contact points between the
gears while still being able to recover the time behaviors of the
spring tangential forces. The proposed modeling method is then
applied to two epicyclic gear trains, and the design of a suitable
control allowing to minimize the system dissipations is presented
and applied to the second case study.

Index Terms—Power-Oriented Graphs (POG), Epicyclic Gear
Trains, Automotive, Control Design, Simulation

I. INTRODUCTION

Epicyclic gear trains, also called planetary gear sets, are one
of the most important devices employed in Power-Split Hybrid
Electric Vehicles (HEVs). In the latter class of HEVs, see [1]-
[2], epicyclic gear trains are typically used to enable the
presence of contemporary power paths in the vehicle driveline.
Depending on the Power-Split type, the epicyclic gear train can
be located in different parts of the architecture [3], enabling
different characteristics for the resulting vehicle topology.

One of the most challenging tasks with HEVs is the devel-
opment of effective control strategies allowing to satisfy the
power requirements of the vehicle while trying to minimize the
engine fuel consumption; such issue is typically known in the
literature as the “Energy Management Problem”. Sufficiently
accurate model-based simulations need to be performed to
evaluate the effectiveness of a control strategy solution, which
need to rely upon an accurate modeling of all the elements
being present in the vehicle architecture. The modeling of
epicyclic gear trains has been addressed in the literature using
different approaches [4] - [6]. One of the most well-known and
widespread modeling solutions is the lever analogy [7], from
which the static and dynamic relations of epicyclic gear trains
can be obtained. The modeling can also be performed using
suitable graphical modeling techniques [8]. In this paper, the
systematic approach for modeling planetary gears introduced
in [9], which is based on the Power-Oriented Graphs (POG)
modeling technique [10], is applied to two case studies: a
Compound epicyclic gear train and a Coupled epicyclic gear
train. The proposed approach allows to obtain the dynamic
model of different epicyclic gear trains, which can be used
for hybrid propulsion systems simulations together with the
other physical elements models. Furthermore, the design of
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Fig. 1. POG elementary blocks: elaboration block and connection block.

TABLE I
ENERGETIC DOMAINS: PHYSICAL ELEMENTS AND POWER VARIABLES.

Electrical Mech. Tras. Mech. Rot. Hydraulic
D, Capacitor C' Mass M Inertia J Hyrd. Cap. Cy
Ve Voltage V' Velocity @ Ang. Velocity w Pressure P
Dy Inductor L Spring E Rot. Spring E/ Hydr. Ind. L;
v Current [ Force F Torque T Vol. Flow Rate @
R Resistor 1R Friction b Ang. Friction b Hydr. Res. Ry

a suitable control to be applied to the epicyclic gear train
is presented in this paper and tested in simulation, allowing
to determine the optimal direction in the reduced model state
space that gives the desired angular velocity while minimizing
the dissipated power due to the internal dissipations.

This paper is structured as follows. Sec. II deals with the
description of characteristics and basic properties of the POG
modeling technique. In Sec. III, the notations of the presented
modeling approach are given, the computation of the radius
matrix uniquely defining the system is addressed, and the
modeling of a Compound epicyclic gear train is performed.
Sec. IV shows the modeling of the second case study, that
is a Coupled epicyclic gear train, giving particular emphasis
to the design of a suitable control allowing to minimize the
internal dissipations. Finally, Sec. V gives the conclusions of
this paper.

II. THE POG MODELING TECHNIQUE

The Power-Oriented Graphs (POG) technique is a graphical
modeling technique based on the same energetic approach
employed by the Bond Graph (BG) technique, but refers to a
different graphical notation. Power-Oriented Graphs are based
on the usage of two elementary blocks, namely the elaboration
block and the connection block, as shown in Fig. 1. The first
one is used to model all the physical elements storing and/or



dissipating energy, whereas the second one is used to model all
the physical elements performing lossless energy conversion.

The elaboration block can be static or dynamic, and is
described by the transfer function G(s) (or the transfer matrix
G(s)) of the considered physical element. A static element is
characterized by a constant transfer function G(s) = R and
describes a static relation between the input variable vy and
the output variable v, or viceversa. The dynamic elements can
be classified into across elements D., having a flow variable
vy as input and an across variable v, as output, and flow
elements D, having an across variable v, as input and a flow
variable vy as output. An across power variable v, is always
defined between two points, whereas a flow power variable
vy is defined in each point of the space. Table I provides a
compact description of the dynamic and static elements, as
well as the across and flow variables, in the four typically
considered energetic domains. The crossed circle in the upper
part of the elaboration block in Fig. 1 is a summation node,
where the black spot present on the right means that the power
variable entering from that side of the summation node has to
be subtracted.

The connection block is characterized by a coefficient K (or
a matrix K) which completely describes the energy conversion
between two different energetic domains.

One of the main characteristics of the POG modeling
technique is to maintain a direct correspondence between the
power sections in the model, highlighted by the red ellipses
in Fig. 1, and the power sections of the actual system. The
scalar product x"y of the two power variables x and y has
the physical meaning of power flowing through the considered
section. The black oriented arrows located at the top of each
power section in Fig. 1 indicate the positive direction of the
power flows through the corresponding power section.

Any physical system modeled using the POG technique can
be written in a POG state-space representation as follows:

Lx=Ax+Bu
y=Cx+Du ’

where L is the energy matrix, A is the power matrix, B is
the input matrix, C is the output matrix and D is the input-
output matrix. The energy matrix L and the power matrix A
describe the energy E stored in the system and the power Py
dissipated in the system, respectively:

x'Lx, P;=x"A,x,

where A is the symmetric part of matrix A.

When an eigenvalue of the energy matrix L tends to zero or
to infinite, the system model degenerates to a lower dimension,
and the reduced model can be obtained by applying a proper
congruent transformation x = T x;, where x is the original
full model state vector and x; is the state vector of the new
reduced model. The new matrices of the reduced model can be
directly obtained as follows: L; = T{ LTy, A; =T] ATy,
B1 = T{B, Cl = CT1 and D1 =D.

Fig. 2. Structure of the considered Compound epicyclic gear train.

III. MODELING A COMPOUND EPICYCLIC GEAR TRAIN

The modeling of the Compound epicyclic gear train of
Fig. 2 is performed in this section. Within the figure, a specific
color and a one-digit subscript “4” have been assigned to
each inertial element, that is to each rotating gear. Subscript
“;” also denotes all the parameters associated with the i-th
gear: its moment of inertia .J;, its linear friction coefficient
b;, its angular velocity w; and its input torque 7;. Similarly, a
two-digit subscript “5”” has been assigned to each tangential
spring representing the gears elastic contact points, which are
denoted in Fig. 2 by red lines (i.e. “==""). Subscript “ij” also
denotes all the parameters associated with the ¢j-th tangential
spring: its stiffness Kj;, its linear friction coefficient b;; and

the tangential force I;; it generates.
Two types of color oriented arrows are present within Fig. 2:

¢ horizontal arrows (e.g. “—"") highlighting the rotation
axes and the positive directions of angular velocities w;
and of input torques ;, for i € {c, p, s, r}.

o vertical arrows (e.g. V) highlighting the positive
directions of the tangential forces Fj;, for ij € {sp, pr}.

The dynamic equations of the considered system are de-
scribed by the following POG state-space form, see [9]- [10]:

(i efs] e-[t) o

whose graphical representation is given by the POG scheme
in Fig. 3. Within system (1), x, u = 7, y = w are the state,
input and output vectors of the system, respectively, B is the
input matrix and I is an identity matrix of proper dimension.
The energy and power matrices L and A have the following
structure:

L:{J 0

_ [-B,-R'B,R -R'
P
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Fig. 3. POG scheme of epicyclic gear trains.

The velocity vector w, the input vector u = 7, the inertial
matrix J and the inertial friction matrix B ; are defined as:

we T J0 00 b 0 0 0
P O S R A lob,00
@=l o™= nl =00 0B oo 0] @

w, . 000.J 0000,

The force vector F, the stiffness matrix K and stiffness friction
matrix Bg are defined as:

Ky 0 [bep 0
O Kpr:|7 BK_|: 0 pr N (4)

From (3), it can be noticed that the position of angular
velocities w; within vector w completely defines the position
of input torques 7; within vector T and of parameters .J; and
b; within matrices J and B, respectively. From (4), it can
be noticed that the position of tangential forces Fj; within
vector F' completely defines the position of parameters K
and b;; within matrices K and By, respectively. The only
matrix uniquely defining system (1) is the radius matrix
R. With reference to the Compound epicyclic gear train of
Fig. 2, and applying the procedure described in Sec. III-A,
matrix R assumes the following form:

F:[Eep Fpr]Ta K:|:

c P s T
sp Te T T 0

R = c pl s (5)
pr re Tp2 0 =7,

The green coefficients along the rows and the columns of
matrix R in (5) denote the subscripts of the state space
variables w; and I7;, respectively.

A. Computation of the radius matrix R.

Let 7;;,; denote the generic coefficient of matrix R = [r; ;]
in (5), linking the tangential force F;; to the angular velocity
@;. Coefficient 7;;; can be expressed as:

Tiji = SF,; Sw,; Ti

where 7, Sg,; and S, are:

1) r; is the effective radius of angular velocity &;. Two
different cases can occur: a) velocity &J; directly affecting
the force vector ﬁij, see Fig. 4.a, in which case the
effective radius r; coincides with the radius of the gear

associated with velocity J;; b) velocity J; affecting the

a) Direct contact

ﬁjil

b) Indirect contact
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Fig. 4. Effective radius r;: a) Direct contact; b) Indirect contact.
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force vector ﬁij through an intermediate gear ““j”, see
Fig. 4.b, in which case the effective radius r; coincides
with the distance between the rotation axes of the two
angular velocities ¢J; and ;.

2) SF,; is the sign of the positive orientation of vector F}j:

g, — 1 if ﬁ” is oriented from gear ¢ to gear j
Fig —1 if F}; is oriented from gear j to gear i
3) S, is related to the sign of the velocity vector ;:

g _ 1 if Fy; is on the left of vector &;
Vi —1 if F;; is on the right of vector &;

The left and right sides of vector &J; are determined by
moving in the positive direction along vector &;.
B. Calculation of the reduced rigid model.

When all K;; — oo in matrix K, from model (1) it results:

TplWp — TeWe +Tsws =0

Ru=0 < { ,  (6)

TeWe +Tpowp —rpwyp =0

meaning that vector w can be expressed as a function of two
angular velocities. Choosing x; = [ws wC]T, it results:

We 0 1
Ts Tec
w| _ | Qi |ws Wpl | rer Tp1 Ws
F 0] |w.|’ W 1 0 We
~~ \/—/\,_/ _ Tp2Ts Telpl+Telp2 | Ne~=~
X T X1 Wr Tp1Tr Tp1Tr X1
w
Q
By applying the congruent transformation x = T;x; to

system (1), see [10], one obtains the following reduced rigid
state-space model:

Lix; = Ajx; + Byu, (7
where matrices L, A; and B; have the following structure:

L; =TILT; =QiJQ
A =TIAT, = -QiB,;Q, 8)
B, —T'B=Q!

For the considered Compound epicyclic gear train system it
is: Ly € R?*2, A; € R?*? and B; = Q} € R**4.



TABLE II
COMPOUND EPICYCLIC GEAR TRAIN: SIMULATION PARAMETERS.
Tp1 = 9 cm Tp2 = 6 cm
rs = 12 cm re = 21 cm

J. = 357423.3 kg mm?
Js = 91462.3 kg mm?
b, = 0.4 Nm/rpm

bs = 0.4 Nm/rpm

Kyp = 5-10° N/mm
dsp = 0.8 N s/cm
wop=[0000 |rpm
7=[100 0 0 0 | Nm

ry =27 cm

Jp = 156754.2 kg mm?
J = 2344077.9 kg mm?
bp = 0.4 Nm/rpm

br = 0.4 Nm/rpm

Kpr =5 -10° N/mm
dpr = 0.8 N s/cm
Fo=[00]N

C. Calculation of the vector force F.

It can be proven, see [9], that vector F' can be obtained from
the reduced rigid system (7) as follows:

F = (RRT)IR(T — JQIXI — B]lel). (9)

Eq. (9) gives the tangential forces Fj; at the gears contact
points as a function of the input vector 7, the state vector x;
of the reduced rigid model (7) and its first derivative x;.

D. Compound epicyclic gear train: simulation results.

The full model (1) and the reduced model (7) of the
Compound epicyclic gear train have been simulated using the
parameters and initial conditions given in Tab. II. Note that
any power section (w;, 7;), fori € {c, p, s, r}, can potentially
be either an input or an output, depending on the powertrain
configuration on which the considered epicyclic gear train is
mounted. In the considered case, since the objective of the
simulation is simply to show the effectiveness of the reduced
model compared to the full one, an input motive torque is
applied to the power section characterized by subscript “c”,
see vector 7 in Tab. II, whereas the inertial elements corre-
sponding to the remaining power sections are disconnected.

The obtained simulation results are shown in Fig. 5. The
left subplot of Fig. 5 shows the angular velocities w;, for
i € {c, p, s, r}, whereas the right subplot of Fig. 5 shows the
time behavior of the tangential forces F;;, for ij € {sp, pr}.
For both subplots, the colored characteristics refer to the
simulation performed on the full elastic model (1), whereas the
red dashed characteristics refer to the simulation performed
on the reduced model (7). As for the latter, the red dashed
characteristics of tangential forces F;; have been computed
using Eq. (9). From Fig. 5, it is possible to appreciate the
good matching of the results given by the full and reduced
models. Furthermore, a comparison in terms of simulation
time has been made, by performing ten simulations of the
full and reduced models of the Compound epicyclic gear
train with the same ode45 variable-step size solver, using the
parameters and initial conditions given in Tab. II. The resulting
average simulation time for the full and reduced models are
0.161s and 0.140s, respectively, leading to a reduction in
terms of simulation time of the reduced model with respect
to the full model of 12.5%. This reduction is mainly due
to two factors: 1) Eq. (9) can be implemented offline; 2)

Angular velocities w; Tangential Forces F};
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Fig. 5. Simulation of the Compound epicyclic gear train: angular velocities
w; (left subplot) and tangential forces F;; (right subplot).

The reduced rigid model (7) does not contain any tangential
spring. Note that as the number of gears contact points, and
thus of tangential springs, present within the system increases,
i.e. when considering more complex epicyclic gear trains, the
simulation time of the full model is expected to increase.
Similarly, if the springs stiffness coefficients increase, that is
if the full model becomes more rigid, the simulation time of
the full model is expected to increase as well, as shorter step
sizes are required to accurately simulate fast dynamics.

IV. MODELING A COUPLED EPICYCLIC GEAR TRAIN

The modeling of the Coupled epicyclic gear train of Fig. 6
is performed in this section. The full and reduced models of
the system can still be described by (1) and (7), and the new
system matrices and vectors are defined in the following.

The velocity vector w, the input vector u = 7, the inertial
matrix J and the inertial friction matrix B are defined as:

W T J,00000 b 0000 0
We T 07,0000 0b.0000
el |ml . 00,000 “loob,000
@=lol Tl o000 0B =0 0 06, 0 0
W ™ 0000.J,0 0000b0
w, ™ 00000.J, 00000b,

The force vector F, the stiffness matrix K and stiffness friction
matrix By are defined as:

F, Ky 0 0 0 bps 00 0
AE. o |0 K, 0 0 06,0 0
F= Fy, K= 0 0 Ky O » Bre= 0 0 by O

Fyq 0 0 0 Kp 0 0 0 by,

Applying the rules given in Sec. III-A, matrix R results:

ps 0 7. —rp, —rs1 0O 0

pr R— 0 Te Tp 0 0 —Tr1 (10)
br 0 0 0 T2 Ty, —Tr2

ba -r, 0 0 rsg  —ry 0
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Fig. 6. Structure of the considered Coupled epicyclic gear train.

When all K;; — oo in matrix K, from model (1) it results:

TeWe —TpWp — Ts1 Ws =
TeWe +TpWp — Tr1 Wy =
Rw=0 (11)

TpWp — Tra Wr + Ts2 Ws =

TsagWs —TpWp — TqWgq =

. T .
Choosing x1 = [wa wr] as reduced state vector, one obtains:

[we] [ 1 0 T
w TaTsl — 2Tr1Ts2+Tr2Ts1
c 4r.rgo 4Arersa
_ TaTs1 2Tp1Ts2—TraTs1
|:w _ Ql Wa Wp _ 4Arprso Arprso Wa
F ’ Tq Tr2
0 Wy Ws T T Wy
XV w_/\,—/ w _ Ta Tro v
T X1 b 27y 27y, X1
lwr] L O 1 ]
~——
i Q1
(12)

where the structure of the reduced rigid model is the same as
the one given in (7) and (8).

A. Coupled epicyclic gear train: control design

Let us refer to the reduced rigid model (7) obtained using
(12). Let us use the two velocities w,, and w, in order to obtain
a desired value @, for the angular velocity w,.. From (12), it
follows that:

_ We
De=qQwa+@u-= | QQ][W}:Q{X1 (13)
(—

T
q; x1

where:
TaTs1 o 27”7”17132 + rrars1

47"0 T's2

Q= (14)

= q2
47"(;7"52 ’

All the solutions x; of the linear system (13) can be expressed
as follows:
(15)

X] =W V] +a vy,

500
g
E o
~
3
-500 :;j/, / |
-500 0 500
W [rpm]

Fig. 7. Optimal condition X1 minimizing the dissipated power P.

where v is any particular solution of equation 1 = qj v1, V2
is any particular vector such that vy € ker(q]), and o € R.
Possible values for vectors vy and vy are:

a2

1 0
vi= ||, vi= LSS .
0 q% —q1

The dissipated power P, of the POG reduced rigid model (7)
along the solutions (15) can be expressed as follows:

Pd = X{Alxl = ((Dcvl + OéVQ)TAl(U_)cvl + OéVQ) (16)

Since matrix A; in (7) is symmetric, the partial derivative of
the dissipated power P; with respect to « is:
0Py
O

The optimal solution in (15) minimizing the dissipated power
P, can be obtained from (17) as follows:

=2ViA | (@W.vy + avs) (17

an _ vEAlvl
% _9 = I ——— 18
da @ w V5A1V2 ( )
Substituting o* in (15) one obtains:
_ T A
%= | =@ (v 22y ) —@u % (19)
Wy VA 1vy

One can easily prove that vector X;. does not depend on the
particular choice of parameter w. and of vectors v; and vs.
Vector x; = X; is the solution of equation (13) for which
the power P, dissipated in the system is minimum. This
optimal condition is shown in Fig. 7: the blue lines are the
contour ellipses associated with the dissipated power P, in
(16) when the parameters reported in Tab. III are used, the
magenta straight line x; is the set (15) of all the solutions of
equation (13), vector X; is the optimal solution minimizing the
dissipated power Py, the red ellipse is the contour line where
the dissipated power P, is minimum with respect to the all
possible solutions x; .



TABLE III
COUPLED EPICYCLIC GEAR TRAIN: SIMULATION PARAMETERS.

rq = 10.5 cm

rp =9 cm

re = 18.6 cm

rso = 18 cm

Jo = 58081.3 kg mm?
Jp = 26527.6 kg mm?
Jp, = 11630 kg mm?
ba = 0.3 Nm/rpm

by = 0.28 Nm/rpm

by = 0.51 Nm/rpm
Ky, = 20 N/mm

Kpr = 20 N/mm

dp, = 1.8 N s/cm

dpr = 1.8 N s/lcm

r, = 7.5 cm

rs1 = 9.6 cm

rr1 = 27.6 cm

rro = 25.5 cm

Je = 2199669.9 kg mm?
Js = 501613.4 kg mm?
J = 3199361.6 kg mm?
be. = 0.18 Nm/rpm

bs = 0.14 Nm/rpm

br = 0.12 Nm/rpm

Kps = 20 N/mm

Ky, = 20 N/mm

dps = 1.8 N s/cm

dp- = 1.8 N s/cm

The reduced system L;x; = A1x; +Bju in (7) controlled
. . T . .
using the input vector u = [Ta 000O0 Tr} simplifies as
follows:
Lix; = Aixy + 71,

T = (20)

r

One can easily verify that using the following control law:

T = —A1x1 + Ll[il - K (il - Xl)] (21)
system (20) simplifies as follows:
X — % =K (X —x1) (22)

where K = diag([k1 k2]) is a proper constant matrix to be
designed. From (22), it is easy to see that the two parameters
k; and ko of matrix K are equal to the two eigenvalues \;
and Ao of system (22): k1 = A1, ko = Ao.

B. Coupled epicyclic gear train: simulation results

The Coupled epicyclic gear train shown in Fig. 6 has
been simulated using the reduced rigid system (7), the pa-
rameters shown in Tab. III, the initial conditions wqg =
[000000 Jrpm, Fo =000 0]N, the control law given in
(21), the design parameters k1 = A\ = —10, ks = Ay = —10
and the desired angular velocity w. = 300 rpm. According to
the definition of vector 7 in (20), which is employed in the
control law in (21), one can notice that the two torques applied
to the power sections characterized by subscripts “a” and
“r” are those employed as control inputs for the considered
case study, whereas the inertial elements corresponding to
the remaining power sections are disconnected. The numeric
values of matrices L; are A, are the following:

0.119 0.238 ~5.42 5.85
L1 = 10238 5.401| " 5.85 —20.84

A=

Vector q; in (13) is characterized by the following parameters:
g1 = 0.0753 and g2 = 0.9247. The obtained simulations
results are shown in Fig. 8: the angular velocities w; are
reported on the left subplot and the tangential forces F;; are
reported on the right subplot. The tangential forces F;; have
been computed using Eq. (9). From Fig. 8, one can appreciate

Angular velocities w;

Tangential Forces Fj;

1000

500

g Z
-500
£ & ]
-1000 Fpe
— k.
-1500 Fy,
Fya
- -2000
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Time [s] Time [s]

Fig. 8. Simulation of the Coupled epicyclic gear train: angular velocities w;
(left subplot) and tangential forces Fj; (right subplot).

the good control of the desired angular velocity w. = 300 rpm
obtained using the control law (21). Note that the transient is
aperiodic and the settling time T ~ % ~ (.34 is congruent
with the choice of the two coincident real eigenvalues in
A1 =X = —10.

V. CONCLUSION

In this paper, the Power-Oriented Graphs modeling tech-
nique has been exploited as a tool for modeling epicyclic gear
trains. Thanks to the proposed approach, a full dynamic model
including the gears interaction and a reduced dynamic model
could be obtained. When deriving the reduced model, the user
can choose which angular velocities are going to compose the
reduced state vector, and the time behavior of the tangential
forces can still be obtained. The modeling and simulation
of two epicyclic gear trains of interest in the automotive
industry have been addressed, showing the effectiveness of
the procedure. Finally, the design of a suitable control law
allowing to achieve the desired velocity while minimizing the
system dissipations has been presented.

REFERENCES

[1] J. Liu and H. Peng, “Modeling and control of a power-split hybrid
vehicle”, IEEE Trans. Control Syst. Technol., vol. 16, no. 6, pp. 1242-
1251, Nov. 2008.

[2] D. Tebaldi and R. Zanasi, “Modeling and control of a power-split hybrid
propulsion system”, JECON, Lisbon, Portugal, Oct. 14-17, 2019.

[3] J. M. Miller, “Hybrid electric vehicle propulsion system architectures of
the e-CVT type”, IEEE Trans. Power Electron., vol. 21, no. 3, pp. 756-
767, May 2006.

[4] H.Jingnan, W. Shaohong, M. Chao, “Nonlinear dynamic analysis of 2K-H
planetary gear transmission system”, JICEMI, Yangzhou, China, Oct.2017.

[5] Q. Tao, J. Zhou, W. Sun, J. Kang, “Study on the Inherent Characteristics
of Planetary Gear Transmissions”, ICAC, Glasgow, UK, Sept. 2015.

[6] X. Zhang, H. Peng, J. Sun, S. Li, “Automated Modeling and Mode
Screening for Exhaustive Search of Double-Planetary-Gear Power Split
Hybrid Powertrains”, ASME Dynamic Systems and Control Conference,
San Antonio, Texas, Oct 22-24, 2014.

[7] H. L. Benford and M. B. Leising, “The level analogy: a new tool in
transmission an alysis”, SAE Trans., vol. 90, no. 1, pp. 429-437, 1981.

[8] R. Zanasi, G. H. Geitner, A. Bouscayrol, and W. Lhomme,"Different
energetic techniques for modelling traction drives”, ELECTRIMACS,
Québec, Canada, Jun. 8-11, 2008.

[9] R. Zanasi and D. Tebaldi, “Planetary gear modeling using the power-
oriented graphs technique”, ECC, Naples, Italy, Jun. 25-28, 2019.

[10] R. Zanasi, “The power-oriented graphs technique: system modeling and
basic properties”, VPPC, Lille, France, Sep. 1-3, 2010.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Arimo
    /Arimo-Bold
    /Arimo-BoldItalic
    /Arimo-Italic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Dcsl10
    /Dcsltt10
    /Dcss10
    /Dcssbx10
    /Dcssi10
    /Dctcsc10
    /Dcti10
    /Dctt10
    /Dcu10
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /DejaVuSans-Oblique
    /DejaVuSerif
    /DejaVuSerif-Bold
    /DejaVuSerif-BoldItalic
    /DejaVuSerifCondensed
    /DejaVuSerifCondensed-Bold
    /DejaVuSerifCondensed-BoldItalic
    /DejaVuSerifCondensed-Italic
    /DejaVuSerif-Italic
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /Euex10
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /Eufb10
    /EUFB10
    /Eufb5
    /EUFB5
    /Eufb7
    /EUFB7
    /Eufm10
    /EUFM10
    /Eufm5
    /EUFM5
    /Eufm7
    /EUFM7
    /Eurb10
    /EURB10
    /Eurb5
    /EURB5
    /Eurb7
    /EURB7
    /Eurm10
    /EURM10
    /Eurm5
    /EURM5
    /Eurm7
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /Eusb10
    /EUSB10
    /Eusb5
    /EUSB5
    /Eusb7
    /EUSB7
    /Eusm10
    /EUSM10
    /Eusm5
    /EUSM5
    /Eusm7
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /Gabriola
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GentiumBasic
    /GentiumBasic-Bold
    /GentiumBasic-BoldItalic
    /GentiumBasic-Italic
    /GentiumBookBasic
    /GentiumBookBasic-Bold
    /GentiumBookBasic-BoldItalic
    /GentiumBookBasic-Italic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Lasy10
    /Lasy5
    /Lasy6
    /Lasy7
    /Lasy8
    /Lasy9
    /Lasyb10
    /Latha
    /LatinWide
    /Lcircle10
    /Lcirclew10
    /Lcmss8
    /Lcmssb8
    /Lcmssi8
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Line10
    /Linew10
    /Lithos-Black
    /Lithos-Regular
    /Logo10
    /Logo8
    /Logo9
    /Logobf10
    /Logosl10
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /Msam10
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /Msbm10
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /rblmi
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /STIXGeneral-Bold
    /STIXGeneral-BoldItalic
    /STIXGeneral-Italic
    /STIXGeneral-Regular
    /STIXIntegralsD-Bold
    /STIXIntegralsD-Regular
    /STIXIntegralsSm-Bold
    /STIXIntegralsSm-Regular
    /STIXIntegralsUp-Bold
    /STIXIntegralsUpD-Bold
    /STIXIntegralsUpD-Regular
    /STIXIntegralsUp-Regular
    /STIXIntegralsUpSm-Bold
    /STIXIntegralsUpSm-Regular
    /STIXNonUnicode-Bold
    /STIXNonUnicode-BoldItalic
    /STIXNonUnicode-Italic
    /STIXNonUnicode-Regular
    /STIXSizeFiveSym-Regular
    /STIXSizeFourSym-Bold
    /STIXSizeFourSym-Regular
    /STIXSizeOneSym-Bold
    /STIXSizeOneSym-Regular
    /STIXSizeThreeSym-Bold
    /STIXSizeThreeSym-Regular
    /STIXSizeTwoSym-Bold
    /STIXSizeTwoSym-Regular
    /STIXVariants-Bold
    /STIXVariants-Regular
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Umb10
    /Umbx10
    /Umbxsl10
    /Umbxti10
    /Umitt10
    /Umr10
    /Umsltt10
    /Umti10
    /Umtt10
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 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 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 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 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


