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Analysis of the Transfer-Function Models of Electric Drives with
Controlled Voltage Source

Abstract. The mathematical models of the DC and AC motors are introduced and compared. The voltage control of motor without decoupling is
considered. The flux linkage generation (rotor or stator) and electromagnetic torque are analysed. Models were unified to the transfer-function form.
Mathematically proved that the transfer-function: flux linkage to the voltage in the flux axis d is always the lag element. However, the transfer-function:
electromagnetic torque to voltage in the torque axis q can be the oscillatory or lag element with the difference. The propositions of the flux and torque
control systems are introduced.

Streszczenie. Przedstawiono i porównano modele matematyczne silników prądu stałego i przemiennego. Rozważono sterowanie napięciowe silnikami
bez odsprzęgania. Analizie poddano wytwarzanie strumienia skojarzonego (wirnika lub stojana) oraz momentu elektromagnetycznego. Modele zostały
ujednolicone do postaci transmitancji. Udowodniono, że transmitancja: strumień skojarzony do napięcia w osi strumienia d jest zawsze obiektem
inercyjnym. Natomiast transmitancja: moment elektromagnetyczny do napięcia w osi momentu q może być obiektem oscylacyjnym lub inercyjnym
z różniczką. Przedstawiono propozycje układów regulacji strumienia i momentu. (Analiza transmitancyjnych modeli napędów elektrycznych ze
sterowanym źródłem napięciowym )

Keywords: transfer-function, controlled voltage source, separately excited DC motor, permanent magnet synchronous motor (PMSM), brushless DC
(BLDC) motor , induction motor, vector control.
Słowa kluczowe: transmitancja, sterowane źródło napięcia, silnik obcowzbudny prądu stałego, silnik synchroniczny z magnesami trwałymi (PMSM),
bezszczotkowy silnik prądu stałego (BLDC), silnik indukcyjny, sterowanie wektorowe.

Introduction
In modern drives the controlled voltage sources are

most often applied as the power supply of the electric mo-
tor (thyristor-controlled converter or voltage-source inverter)
[1, 2, 3, 4, 5, 6, 7].

In the aim of the synthesis of the electrical drives con-
trol system designers use the mathematical models in the
transfer-function form most frequently. The errors of the pa-
rameters identification, nonlinearities and the temperature in-
fluence (resistances of the windings) [3] are usually omitted
in these models (motor and power converter). Thus, the ad-
ditional tests of the control system robustness should be re-
alized.

In the case of AC motor signals decoupling is used,
which from one side introduces additional disadvantageous
feedbacks, and on the other side simplifies models to the first
order lag elements. [2, 4, 7, 8].

In the paper the mathematical models of the drives with-
out decoupling systems are considered.

The fundamental system of electromagnetic equations
for any electric motor is [1, 9]

uS = RSiS +
dψ

S

dt
+ jωKψ

S
(1a)

uR = RRiR +
dψ

R

dt
+ j(ωK − pbωm)ψ

R
(1b)

ψ
S
= LSiS + LμiR(1c)

ψ
R
= LRiR + LμiS .(1d)

where ωK is the angular speed of rotating coordinate system
(reference frame).

Depending on motor construction (AC or DC), the
method of the supply and the coordinate system (stationary
or rotating with the rotor or stator flux) the above mentioned
model becomes transformed to the desirable form.

The complement of above mentioned equations is me-
chanical equation (for J = const. – total inertia of motor and
load reduced to motor shaft) [1, 2, 5, 8, 10]

(2) J
dωm(t)

dt
= Me(t)−Mm(t)

where Mm is load torque and Me is electromagnetic torque,

which depends on the reference frame [7].
In the parametric optimization of the controllers the

model of the power converter is represented as [1, 2, 3, 5]:

(3) Gp(s) = Kpe
−τ0s ≈ Kp

τ0s+ 1

Separately Excited DC motor
Current in the excitation circuit has constant value Im,

which generates flux rotary linked with armature winding with
a rated value ψe. The electric drive (fig. 1) consists of the
controller, power amplifier being a thyristor converter, supply-
ing the separately excited DC motor.

Um

Im

E

ω
U

ψe

US

I

Fig. 1. Voltage control of the separately excited DC motor

From equations (1) and (2) mathematical model of
the separately excited DC motor according to [1, 11, 9]
is described by the following differential equations (Um =
uSd, U = uSq)

Um = RmIm + Lm

dIm

dt
(4a)

U = RRI + LR

dI

dt
+ kψLμf(Im)︸ ︷︷ ︸

≈ ψe

ω, E = ψeω(4b)

J
dω

dt
= Me −Mm, Me = ψeI(4c)

where f is nonlinear magnetizing curve.
The mathematical model may be presented in the func-

tional diagram form as in fig. 2, where Gp(s) is the transfer-
function of thyristor static converter.

Thus, the input-output transfer-functions are in the fol-
lowing form (U = uSq, Um = uSd, I = iSq, ψe = ψSd):
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Fig. 2. Functional diagram of the separately excited DC motor

GωU (s)
∣∣∣∣
Mm=0

=
ω(s)

U(s)
=

1
e

BTs2 +Bs+ 1
(5a)

GωM (s)
∣∣∣∣
U=0

=
ω(s)

Mm(s)
=

R

e
(Ts+ 1)

BTs2 +Bs+ 1
(5b)

GIU (s)
∣∣∣∣
Mm=0

=
I(s)

U(s)
=

B

R
s

BTs2 +Bs+ 1
(5c)

GIM (s)
∣∣∣∣
U=0

=
I(s)

Mm(s)
=

1
e

BTs2 +Bs+ 1
(5d)

Gψ(s) =
ψe(s)

Um(s)
=

kψ

Rm

Tms+ 1
(5e)

where

(5f) B = J R
2
e
, T = L

R
, Tm = Lm

Rm

are the electromechanical and electromagnetic time con-
stants.

Taking into consideration expression Me = ψeI , the
control of the torque with the constant flux ψe leads to
the control of the armature current I .

The motor torque from the functional diagram (fig. 2)
equals

(6) Me =

B

Rψe
s

BTs2 +Bs+ 1︸ ︷︷ ︸
GM (s)

U +
1

BTs2 +Bs+ 1︸ ︷︷ ︸
Gd1(s)

Mm

BLDC Motor
The BLDC motors require the uses of power electronic

inverters (the most often the Voltage Source Inverter) to aim
the proper realization of the commutation process. This
means, that inverter realizes the function of the commuta-
tor (electronic commutator) with the simultaneous control of
the average value of the voltage (PWM method).

The model derives for the observed motor before the
electronic commutator. Due to the principle of the motor
power supply, that is flow of current in every moment of con-
trol by 2 stator winding, we take the equivalent of resistance
and the inductance of the armature of the separately excited
DC motor [3]

(7) R = 2RS , L = 2(LS −M), T =
L

R

where RS , LS are resistance and inductance of one stator
winding and M is mutual inductance between stator induc-
tances.

The flux produced by the motor rotor (the equivalent of
the flux linkage of armature winding for the separately excited
motor) is determined by the torque constant kt or SEM con-
stant kE :

(8) ψe ≈ kt

√
2

3
≈ kE

√
2

3

The current I means the peak value (IN =
√

3
2INRMS

,
where INRMS

is passed on rated plate or catalogue card).

Squirrel-Cage Induction Motor - RFOC Method
The position of the rotor flux linkage is the reference

frame in RFOC (Rotor Field Oriented Control) [1, 2, 3, 4, 5,
7, 8, 12, 13]:

ψ
R
= LRiR + LμiS = LμimR,

imR =
ψ
R

Lμ

=
LR

Lμ

iR + iS
(9)

so

(10) ψ
R
= |ψ

R
| = ψR = Lμ|imR| = LμimR

the reference frame rotates with the speed

(11) ωmR =
d�R

dt
= pbωm +

iSq

TRimR

= pbωm + ω2

Currents with reference axes oriented to the rotor flux
are presented in fig. 3.

i
S
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pbωm

α

iSα
stator axis

ω1

iSβ

iSd = imR =
ψ

R

Lμ

iSq

rotor flux

axis

ωmR

�
R

δ

ξ

Fig. 3. Steady-state vector diagram for RFOC method

On the basis of the equations (1),(10) and (11) is ob-
tained [5]

uSd = RSiSd + (1− σ)LS

dimR

dt

+ σLS

(
diSd

dt
− iSqωmR

)(12a)

uSq = RSiSq + (1− σ)LSimRωmR

+ σLS

(
diSq

dt
+ iSdωmR

)
(12b)

(12c) TR

dimR

dt
+ imR = iSd

and (2) is in the form

(13) J
dωm

dt
=

Me︷ ︸︸ ︷
3
2pb(1− σ)LS︸ ︷︷ ︸

K

imRiSq −Mm

The equation (12c) and its derivative is substituted to the
equation (12a), which leads to

uSd = σLSTR

d2imR

dt2
+ (RSTR + LS)

dimR

dt

+RSimR − σLSiSqωmR

(14)
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or in the Laplace transform

(15) imR(s) =
1/RSuSd + σTS

dim︷ ︸︸ ︷
L {ωmRiSq}

σTRTSs2 + (TR + TS)s+ 1

where L is the transform.
The characteristic polynomial of the transfer-function

(15) has always real eigenvalues (2nd order lag element):

(16) � = T 2
R + T 2

S + 2TRTS − 4σTRTS > 0

This results from the fact, that typically 0.05 < σ < 0.2.
This indicates that (15) can be written in the form:

(17a) imR(s) =
1/RSuSd + σTSdim

(T1s+ 1)(T2s+ 1)

where time constants are

(17b) T1 =
2σTRTS

TR + TS −√� , T2 =
2σTRTS

TR + TS +
√�

From (17b) it results that T1 > T2.
The signal dim from equations (15) and (17a) is recog-

nised as disturbance on which control system has to be ro-
busted.

On the basis of (10) and (17a) transfer-function can be
determined

ψR(s) =

Lμ

RS

(T1s+ 1)(T2s+ 1)︸ ︷︷ ︸
Gψ

uSd

+
σLμTS

(T1s+ 1)(T2s+ 1)︸ ︷︷ ︸
Gdi

dim

(17c)

Assuming that imR = const. the equation (12b) can be
written in the Laplace transforms form

(18) iSq(s) =
1/RS(uSq − LSL {imRωmR})

σTSs+ 1

After completing the equation (18) by (11) and (13) the
mathematical model is obtained in the functional diagram (fig.
4), which can be transformed to the structure in fig. 5 and
finally to the diagram introduced in fig. 6.

The transformation of the block diagram does not require
to using any decoupling system.
COROLLARY: At constant value of the current imR or
flux ψR the control system of the electromagnetic torque
(Me) is linear.

The motor transfer-function in fig. 6 can be described by
the following relationship:

(19a) Giq =
isq(s)

usq(s)
=

1
σLS

BTs

BTs2 +Bs+ 1

where the coefficients are

(19b) B =
J(TR + TS)

TRTSi
2
mR

pbK
, T =

σTRTS

TR + TS

Transfer-function (19) is in the form of (5c) and for RFOC sys-
tem the relationship (6) is true .

uSq 1/RS

σTSs+ 1

iSq
KimR

Me

Mm

− 1

Js

ωm

pb
pbωm

ω2 =
iSq

TRimR

+

ωmRLSimR

LSimRωmR

−

Fig. 4. Control of iSq – basic model

uSq 1/RS

σTSs+ 1

iSq

LS

TR

KimR
Me

Mm

− 1

Js

ωm

pb
pbωm

LSimR

−

Fig. 5. Control of iSq – transformed model

uSq
1
RS

TR

TR+TS

σ TRTS

TR+TS
s+ 1

iSq
KimR

Me

Mm

− 1

Js

ωm

pb
pbωm

LSimR

−

Fig. 6. Control of iSq – equivalent block diagram

Squirrel-Cage Induction Motor - SFOC and DTC-SVM
Methods

The review of the most often applied methods was pre-
sented in the work [14].

The method DTC-SVM (Direct Torque Control-Space
Vector Modulation) was proposed in [15] and developed e.g.
in the works [2, 8, 16, 17, 18], where the aim of the mathe-
matical model simplification a decoupling system is applied.
Another approach [19, 20, 21] is the approximation of induc-
tion motor model to the transfer-function form.

SFOC (Stator Field Oriented Control) and DTC-SVM
methods are realized for stator flux reference frame (ωK =
ωmS ):

(20) ψ
S
= ψSd + jψSq︸ ︷︷ ︸

=0

= |ψ
S
| = ψS

and the mechanical equation is described in the following
form

(21) J
dωm

dt
=

3

2
pbψSiSq︸ ︷︷ ︸

Me

−Mm

Currents, voltage and fluxes with reference axes ori-
ented to the stator flux are presented in fig. 7.
Substitution (20) to (1) leads to [19, 20, 21]:

RRLSuSd + σLSLR

duSd

dt
= RRRSψS

+ σLSLR︸ ︷︷ ︸
LSLR−L2

μ

d2ψS

dt2
+ (RRLS +RSLR)

dψS

dt

+ (ωmS − pbωm)σLSLRiSq

(22)

and after applying the Laplace transform transfer-function of
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Fig. 7. Steady-state vector diagram for SFOC and DTC-SVM meth-
ods

the stator flux circuit is obtained in the following equation
(23a)

ψS =
TS(σTRs+ 1)uSd − σTSTR

dim︷ ︸︸ ︷
L {(ωmS − pbωm)iSq}

σTRTSs2 + (TR + TS)s+ 1

Relationship (23a) has characteristic polynomial identical as
(15), and can be described in similar form.

ψS(s) =
TS(σTRs+ 1)

(T1s+ 1)(T2s+ 1)︸ ︷︷ ︸
Gψ

uSd

− σTSTR

(T1s+ 1)(T2s+ 1)︸ ︷︷ ︸
Gdi

dim

(23b)

To determine relationship which describes electromag-
netic torque the equation (1) is transformed to the following
form [19, 20, 21]:

(RRLS +RSLR)iSq + σLSLR

diSq

dt
= LRuSq

− pbωmψSLR + (pbωm − ωmS)σLSLRiSd

(24)

where authors assumed that

(25) (pbωm − ωmS)σLSLRiSd ≈ 0, Mm = 0

and obtained transfer-function, which gives very good results
for motor starting and braking without load torque. In the
aim of the classical robust control [22, 23, 24] the influence
of Mm and (pbωm − ωmS)iSd should be assigned in motor
torque. Thus, the equation (24) after substituting (21) and
applying the Laplace transform is described by the following
relationship

(RRLS +RSLR)iSq + σLSLRiSq s = LRuSq

− 3

2

p2
b
LRψ

2
S

J

1

s
iSq +

pbLRψS

J

1

s
Mm

+ σLSLRL {(pbωm − ωmS)iSd}
(26)

After multiplication of the equation (26) by s and 2
3

J

p2
b
LRψ2

S

transfer-function form is obtained

isq =

2
3

J

p2
b
ψ2

S

s

BTs2 +Bs+ 1︸ ︷︷ ︸
Giq(s)

uSq +

2
3

1
pbψS

BTs2 +Bs+ 1︸ ︷︷ ︸
Gd1(s)

Mm

+

2
3
σLSJ

p2
b
ψ2

S

s

BTs2 +Bs+ 1︸ ︷︷ ︸
Gd2(s)

L {(pbωm − ωmS)iSd}

(27a)

where

(27b) B =
2

3

J(TR + TS)Rs

p2
b
ψ2
S
TR

, T =
σTRTS

TR + TS

The transfer-function (27) refers to SFOC method [1, 5,
10]. And for DTC-SVM, according to (21): iSq = 2

3
1

pbψS
Me,

the relationship in the following form is obtained

Me =

J

pbψS
s

BTs2 +Bs+ 1︸ ︷︷ ︸
GMq(s)

uSq +
1

BTs2 +Bs+ 1︸ ︷︷ ︸
Gd1(s)

Mm

+

σLSJ

pbψS
s

BTs2 +Bs+ 1︸ ︷︷ ︸
Gd2(s)

L {(pbωm − ωmS)iSd}︸ ︷︷ ︸
dωi

(28)

The transfer-function (28) is the extension of (6) and sig-
nal dωi indicates that motor torque model is nonlinear.

PMSM
Rotor reference frame ωK = pbωm is predominantly

used for PMSM control and from equations (1) the following
equations are obtained [1, 2, 5, 12, 25, 26]:

uSd = RSiSd +
dψSd

dt
− pbωmψSq(29a)

uSq = RSiSq +
dψSq

dt
+ pbωmψSd(29b)

ψSd = LdiSd + ψf(29c)

ψSq = LqiSq(29d)

Me =
3

2
pb (ψSdiSq − ψSqiSd)(29e)

where Ld i Lq are direct and quadrature axis stator self-
inductances in rotor reference frames.

The vector position ψ
f

is identical to rotor d axis and

hence |ψ
f
| = ψf .

Usually iSd = 0 (system without field-weakening) , i.e.
ψSd = ψf , and equations (29) are described in the following
form:

uSq = RSiSq +
dψSq

dt
+ pbωmψf(30)

ψSq = LqiSq(31)

J
dωm

dt
=

3

2
pbψf iSq −Mm,(32)

After substitution (31) to (30) stator equation is obtained

(33) uSq = RSiSq + Lq

diSq

dt
+ pbωmψf , ω = pbωm

From (33) it results that induced emf equals

(34) E = ωψf = pbωmψf
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On the basis of equations (32),(33),(34) block diagram of

PMSM can be realized as in fig. 8, where TS =
Lq

RS

is the

electromagnetic time constant of stator in q axis.

uSq 1/Rs

TSs+ 1

iSq 3

2
pbψf

Me

�M

1

Js

ωm

pbψf

−

E

Mm

− 1

s

αm

Fig. 8. Equivalent block diagram of PMSM (iSd = 0)

From fig. 8 it can be noticed that electromagnetic torque
is in the form (6).

Mathematical models analysis
Flux circuit

Transfer-functions (5e), (17) and (23b) are similar and
they are always lag elements, which are subjected to distur-
bance dim. Dynamics (transfer-function denominator) of the
induction motor flux control circuit do not depend on refer-
ence frame (RFOC or SFOC).

The control system of the flux linkage ψS or ψR is pre-
sented in fig. 9.

ψref εψ
GRψ(s)

uSd Gψ(s)

Gdi(s)

dim

+ ψ

−

Fig. 9. Flux control system

The torque current iSq influences magnetising current
imR in RFOC system which is presented in fig. 10, where PI
controller approaches zero of the control error.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
−200

0

200

ω
m

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

0.2

0.4

0.6

i m
R

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
−4

−2

0

2

i S
q

ωm
ωmref

imR

imRref

Fig. 10. Current iSq influence imR in RFOC

From relationship σTRTS < TR + TS models Gψ can
be approximated to first order lag element [27]. Thus, math-
ematical model of the motors with electromagnetic excitation
is identical to (5e).

The rotor flux of permanent magnet motors is generated
without any lag element (constant torque range – iSd = 0)

Electromagnetic torque circuit
Functional diagrams in fig. 2, 6 and 8 are similar to one

another and one can derive closely to (5) formulas. Whereas,

SFOC and DTC-SVM methods (28) the additional distur-
bance are included dωi(s) = L {(pbωm − ωmS)iSd}. From
the transfer-function Gd2 (s operator in numerator) it can be
noticed that in steady-state signal dωi does not have any in-
fluence on the electromagnetic torque.

In the case of the model, which describes signal Me,
dynamics depends on the relation between constants B and
T :

• B ≥ 4T second order lag element,
• B < 4T oscillatory element.

Fig. 11 shows the influence of various values of the mo-
ment of inertia J (3kW squirrel-cage induction motor) to poles
location of the transfer-function GM .

−200−100 0
−200

0

200

Im

Re

J = 0.007kgm2

−200−100 0
−200

0

200

Im

Re

J = 0.021kgm2

−200−100 0
−200

0

200

Im

Re

J = 0.063kgm2

Fig. 11. Poles location of GM (s) – ’o’ RFOC, ’∗’ SFOC (DTC-SVM)

Differences between the eigenvalues of the systems can
result from the errors of mathematical model for SFOC. Os-
cillations in the step responses of the systems decrease to-
gether with increasing J or decreasing value of the flux ψR

or ψS (relation based on the electromechanical time constant
formula B). This means that regardless the reference frame
(ωK ) the mathematical model of the induction motor has sim-
ilar eigenvalues.

The electromagnetic torque control system, which is
based on the model (28) is shown in fig. 12. For remaining
cases presented system does not include transfer-function
Gd2(s).

Meref εM
GRM (s)

uSq
GM (s)

Gd1(s)

Mm

+

Gd2(s)

dωi

+ Me

−

Fig. 12. Motor torque control system

From the locus of eigenvalues for any transfer-function
GM (s) results that the standard simplification of the model
to the lag element (neglecting the emf E) is not always
proper. The results of such approximation and application
of the modulus criterion are introduced in [28] and they show
large divergences between real and desired responses.

Conclusion
The generalizations of the mathematical models of vari-

ous motors and the reference frames were introduced in the
article. In spite of the construction differences of respec-
tive electric motors, the mathematical models which were de-
scribed determine the large similarity:

• The flux circuits are always non-oscillatory elements
which one can reduce through approximation to the first
order lag element.

• The voltage-electromagnetic torque relationship is the
second order transfer-function and electromagnetic T
and electromechanical B time constants can be de-
fined. On the basis of relationship among these con-
stants one can specify if the motor is:
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– B ≥ 4T second-order lag with derivative element,
– B < 4T oscillatory with derivative element.

• Field (flux) weakening, that is the decreasing flux link-
age (ψR, ψS or ψe) leads to electromechanical time
constant B increases (5f), (19b) or (27b). Thanks to
what, the damping of the system increases and the
transfer-function GM (s) changes the location of poles.

• The dynamics of the induction motor does not depend
on considered reference frame (ωK = ωmR or ωK =
ωmS).

The modulus criterion [1, 2] can be applied to parametric op-
timization of the PI flux controller. Whereas modulus criterion
is also useful in optimization of the motor torque (one should
predict the errors) or to apply the general-purpose, indepen-
dent method of the model poles location [28, 29].

When controllers are designed one should test systems
robustness on disturbance signals (Mm, dim, dωi) and here
can be taken the advantage of robust control theory [22, 23].

It is advisable to check robustness of the control systems
considering identification errors and parameters changes of
mathematical models. One of the possibilities is applying the
Kharitonov interval polynomials [30, 31].
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[1] M. P. Kaźmierkowski and H. Tunia. Automatic Control of

Converter-Fed Drives. Amsterdam, ELSEVIER, 1994.
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255 PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 7a/2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 true
  /GrayImageMinResolution 300
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


