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Abstract

Dynamic loads of drive of suspended timbertransporting rope system with an electric motor are
investigated. Developed a dynamic model of the electromechanical drive considering the changing of
the electric motor’s moment during start-up and the resistance force moment. The changing of the
resistance force moment is expressed through the changes in tension force of the pull-bearing rope
systems in various manufacturing operations. In determining the moment of inertia of the drive
drum is accounted multi-winding of rope. Research on dynamic load of system elements are made
with the taking into account the influence of torsional stiffness of system parts and lifting capacity of
the suspended timbertransporting rope system.

Introduction

The suspended timbertransporting rope systems have a number of advan-
tages for the primary transportation of timber in mountainous areas compared
with tractor skidding. Such as: much lower amount of roads building, the use
in any weather and at any soils, waste reduction at cutting areas, the
possibility of exploration of forests in inaccessible places for other equipment,
reducing energy costs and protecting the environment (ADAMOVSKY et al. 1997,
BELAYA, PROHORENKO 1964, KORZHOV, CUDRA 2010). These systems are equip-
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Fig. 1. Schematic diagram of one-drum drive of the timbertransporting rope system: 1 — electric

motor; 2 — coupling; 3 — mechanical transmission; 4 — drive drum of power stroke; 5 — pull-hoisting

rope; 6 —load; 7 - load carriage; 8 — carrier rope; — span length of the rope system; x(¢) — coordinate of
load carriage in the span; /4 — length of the reserve rope

ped with electric motor drives or an internal combustion engine (ZANEHYN et
al. 2004). The characteristic features of the system drive’s work are variable
tension force of pull-hoisting rope by various manufacturing operations and
multi-winding of rope on the drum. The change of the pull-hoisting rope’s
tension causes the change of force resistance moment at different stages of the
system’s process (MALASHHENKO et al. 2013). The multi-winding of the drum
drive rope increases its diameter with the wound rope. It causes the changing
of the inertia moment of the drive drum. The presence of the drive electric
motor causes bigger dynamic loads on system elements when the system is
turning on (CZABAN 2008, CZABAN, Lis 2012, KHARCHENKO, SOBKOWSKI 2005).
The suspended timbertransporting rope systems are characterized by a low
level of unification schemes and constructions. Therefore, the proposed model
needs detailing of considering operational and structural features.

The objective is the mathematical modeling of dynamic processes of the
suspended timbertransporting rope system’s drive with taking into account
the changing of the electric motor’s moment during start-up and the resistance
moment during a steady-state operation mode of the system and studying the
impact of structural and operational parameters on the value of dynamic loads
in the drive.

To achieve this goal it is necessary to develop a dynamic model of the rope
system’s drive and take into account, in addition to inertial, elastic and
dissipative characteristics of parts, multi-layer winding rope and the real
nature of changes in external loads.
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Theoretical research

One-drum drive of the timbertransporting rope system is simulated as the
equivalent reduced tri-mass dynamic system with three degrees of freedom
(Fig. 2). The motor shaft is used as a section of reduction.

Differential equations of drive’s motion write down using the principle of
d’Alembert in the normal form of Cauchy:

. % o

< }_? - 61,)3 (1)
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where:

w1, We, w3 —angular velocity of corresponding reduced rotating masses, ¢ — time.

Fig. 2. Estimated diagram of the one-drum drive of the timbertransporting rope system

The notation used on Fig. 2: 1 — rotating mass of motor’s rotor and coupling; 2 — reduced rotating
mass of drive’s mechanical transmission; 3 — reduced rotating mass of drive’s drum, pull-hoisting
rope and transported load with the load carriage; My - electromagnetic moment of motor;
Mj;(¢) — resistance force moment of the drum drive with traction rope reduced to the motor shaft;
I, - inertia moment of the rotating masses of motor and coupling; I, — inertia moment of the drive’s
mechanical transmission reduced to the motor shaft; I5(¢) — inertia moment of the rotating mass is
equivalent to the masses of drive drum, pull-hoisting rope, load with the load carriage and reduced to
the motor shaft; c¢;, ¢; — reduced coefficients of torsion stiffness of elastic sections; vi, v, — reduced
coefficients of elastic sections’ viscous resistance; ¢;, ¢, @3 — generalized coordinates of drive’s
rotating masses.
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The transient electromagnetic processes in the drive asynchronous electric
motor with a shortcircuited rotor (squirrel cage motor) is described briefly
based on Park-Gorev equations (PARK 1929, PARK 1933, GOREV 1950). Elec-
tromagnetic moment of motor Mg is calculated using the formula (KHAR-
CHENKO, SOBKOWSKI 2005, JOSWIG 2014):

1 . . .o
ME = 3 DPo 1__ (lelSy - lRyle) (2)

where:

Do — the number of pairs of magnetic poles; igyis)iry,is: — the projections of
currents in the windings of the motor’s stator and rotor on the coordinate axes
x, ¥y ; T — the value, which is determined from the magnetization curve.
Subscript indicates the value of belonging to the rotor winding, a S — indicates
the value of belonging to the stator winding.

The projections of currents ig,,is,,iryis: are determined from differential
equations of the electromagnetic state of machines (CZABAN 2007, CZABAN, Lis
2012, JoswIG 2014, KHARCHENKO, SOBKOWSKI 2005), that are written down in
matrix form:

di . :

f = As(us + Qsys — Rsis)+ Bs(Qryr — Rrir)

di 3
d_tR = Ar(Qryr — Rrir) + Brlus + Qsys — Rsis)

where:

is, ig, Us — matrices column of currents and voltages; As, Bs, Ar, Br — square
matrices of communication; Qs, Qr — frequency rotation matrices; ws, wg
— matrices-column of full flows clutches; Rs, Rz — active resistance.

The reduced resistance force moment Ms(¢) determine, taking into account

the variable of tension force of pull- hoisting rope S(¢) and variable radius ry(¢)
and variable radius of the drum with wounded rope:

My(®) = % S®) - rult) 4)

where:
u — general gear ratio of drive’s mechanical transmission.
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To determine the tension force S(¢#) the technological cycle of work of
suspended timbertransporting rope system will be examined. It is divided into
the following four stages:

— selection of rope’s weaknesses (characterized by a progressive increase of
tension force of the rope to a value equal to the weight of cargo);

— lifting cargo;

— locking cargo with the load carriage;

— transferring cargo with the load carriage along the rope.

The pull-tension power of hoisting rope is determined considering the
location coordinates of load carriage, rope system’s process parameters and the
duration of each of the stages according to the steps of technological cycle
(ADAMOVSKY et al. 1997, ZANEHYN et al. 2004):

( QIL - x(to)] _ Cxov
OStSTﬁSO(t) _L—xK(to)
QL - xk(ty)] 1 (Q[L - xx(to)] )
Cx- v <t Sv “Cx + Hg| = S:1(®)
S = % (Q[L E’;K(tO)] + Hg) i< ‘% (Q[L —C-’IC{K(to)] + HG) + tc] LS, (5)
t>1 (—Q[L —xxlbo)] | HG) + tc
vl Gk —S5(2)
1 QL -xk(to)] ) L-ax(ty) | (8qr)*- (L-xk(t))? ) 8
\ t< v(—CK +Hg|+ cosﬂ+ YR e cosf|+tc
where:

So®), S1(), Sa), S3(t) — pull-tension power of hoisting rope when choosing
rope’s weaknesses, lifting cargo, locking cargo with the cargo carriage and
transporting of cargo carriage by carrier rope (ADAMOVSKY et al. 1997,
ZANEHYN et al. 2004), @ — cargo weight; xx (¢y) — coordinate of cargo carriage at
the initial time #o; Hg — height of lifting cargo; v - velocity of winding of rope on
the drum; B - angle between the span’s chord and the horizon; Cx — longitudi-
nal stiffness of pull-hoisting rope; — horizontal component of the tension force
of the rope (ADAMOVSKY et al. 1997, BELAYA, PROHORENKO 1964, ZANEHYN et al.
2004); ¢c — time of cargo’s locking (ADAMOVSKY et al. 1997); gx — mass per unit
length of the rope.

The expression for determining the radius of the drum with wounded rope
in the random time moment writes down as follows:

rute) = 2 4 dic - (n0) - 0,5), ®)

where:
dps — diameter of the drum without a rope, dx — rope’s diameter, n/(¢) — the
number of wound rope’s layers.
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To determine n/(t), express estimated number of wound rope’s layers
through the angular rotation velocity of the drum drive:

wps(t) - dg - t

n() = ny +
where:
n(t) — angular velocity of the drum drive with rope; ny — the number of wound
rope’s layers at the initial time moment ¢,; Lgs — length of the working surface
of the drum. To get the value of n/(¢) round the value of n(¢) to the upper whole
number.

To determine the value of ng is used known dependency for the length of
wound rope on the drum (GOROKHOVSKI, LIVSHITS 1991):

L
lo=ﬂ‘d—f‘no‘[d33+0ydK'(no_]—)] (8)

where:
C, — the ratio of wound rope’s density.

The length of wound rope at the initial time moment is determined because
total capacity of the rope of the drum drive and coordinate’s placement of cargo
carriage in flight are set. Taking into account the rope’s sagging by a parabola
(ADAMOVSKY et al. 1997, BELAYA, PROHORENKO 1964) and the available rope’s
reserve (GOROKHOVSKI, LIVSHITS 1991, KORZHOV, CUDRA, 2010) this length is
equal to:

_ xx(to) = q% - xx(to)?
lo =14 + cosp + SATT cosf 9)

Equating (8) and (9), we obtain an expression for determining the number of
wound rope’s layers at the initial time ¢,:

2
CydK - dB3 + '\/ (dBS — CydK)z + 4CydK lO
o= 7 Les (10)

20, dx

Thus, the radius of the drum with wounded rope at a random moment of
time is calculated by the relation (6) using (7) — (10).
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To determine the variable reduced moment of I5(f)specified stages of the
rope system’s cycle of work must be taken into account. The inertia moment of
of the drive drum, the mass of cargo and area of rolling rope are forming
factors for I3(¢) at the stage of lifting and locking loads. The expression for
determining the reduced moment of inertia at this stage is:

| =

L — xx(2o) + q% - (L - xx(t))?
cosf 24 H?

Q

cosf| ra (@) + Er%{(t)

(11)

L) =

(IBS(t) + qu(

Do

u

where:
u — general gear ratio of drive’s transmissions; Iz; — inertia moment of the drive
of the drum.

To determine the reduced moment I5(¢) the moving mass of cargo carriage
is taken to account at the stage of displacement:

|~

L - xK(to) + q% - (L - xK(tO))S

L@ = cosf 24 H?

cosB| rit) + r(t)

(12)

[

(133<t> + &

Q+G
3 g

u

where:
G — weight of cargo carriage.

The drive drum’s moment of inertia depends on the drum’s weight with the
wound rope and the distribution of mass in the drum (ADAMOVSKY et al. 1997,
MALASHHENKO et al. 2013):

IB3(t) = kM . [m33 + lT(t) N qK] . I'%I(t), (13)

where:
kar — coefficient of mass distribution in the drum (k3 = 0,7); mp — mass of drive
drum without a rope; mg(t), I7(¢) - mass and length of wound rope.

The length of wound rope at the initial time moment is is determined by
taking into account (7):

= . Les wp3(t) dr - t
lT(t) =T No + 27Z'LB3

“|dps + Cy - di - |no + oml dxt 1)]
dx

2nLps
(14)
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Taking into account (13), (14) the expression (11), (12) can calculate
a reduced moment of inertia I3(¢).

Results and discussion

Since all the drum’s elements are fixed at the time of motor’s start-up, all the
angles of rotation ¢; and angular velocity w; of reduced masses are equal to zero.

The value of the currents in the windings of the motor at the initial start-up
time are equal to zero, and therefore the projection of these currents on the
coordinate axes are also equal to zero. Thus, there are zero initial conditions at
the initial time #,:

to =0, is:(t0) = 0,ig,(to) = 0, ir.(to) = 0, iry(to) = 0, p:(to) = 0, Pa(to) = 0, @3(te) = 0,
i (to) = 0, ax(ty) = 0, ws(ty) = 0.

The differential equations (1) and (3) with given initial conditions form
a closed system that describes the dynamic state of the electromechanical
drive. It is solved by Euler’s numerical method with recalculation. At each step,
common numerical integration of differential equations (1) and (3) determine
the drive’s variables:

— electromagnetic moment of the motor Mg;

— reduced moment of the force resistance on the drive drum M;s(?);

— increasing of the dynamic moment due to increasing the moment
d[I;®)]

dt

The solution of systems of differential equations (1) and (3) allows deter-
mining the parameters of the motion of drive’s mechanical part such as
rotating angles and angular velocities of reduced rotating masses. In addition
to the motion parameters of the mechanical part, you can also define the
electromagnetic moment and angular velocity of the motor’s rotor. The time
dependencies of reduced dynamic moments in the parts of drive’s dynamic
model can be build using determined motion parameters.

The reduced dynamic moments in the drive’s coupling and mechanical
transmissions are calculated as follows:

— the reduced dynamic moments in the drive’s coupling:

of inertia of the drum drive

Ma = cilor — @2] + vilon — ;] (15)
— the reduced dynamic moments in the drive’s mechanical transmissions:

Mgz = colgo — @3] + vilws — ws] (16)
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Fig. 3. The time dependence of the angular velocity drive’s shaft (a) of the electric motor’s moment (b)
and reduced dynamic moment in drive’s transmissions (c).

The example of calculating the angular velocity and dynamic moments in
one-drum drive equipped with an electric motor and elastic coupling shown in
Fig. 3-4 in graphs. The calculation is performed using the following inputs:

Technical Sciences 19(3) 2016
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electric motor 4A180M4 (Rs = 0,134 Om; Rz = 0,117 Om; Lg = %8 " 1°H;
Lp = 0,82 -10°H; L,, = 4,9 - 10%H; U,, = 310,56 W; oy = 4,714 - 102 Wb/A;
o = -2,094 - 10° Wb/A3; oz = 6,003 - 10° Wb/AS5; i,,, = 15,0 A; w, = 157 rad/s;
po = 2); J1 = 23,5 kg/m? J, = 0,02 kg/m% c¢; = 35%10°N*m/rad;
¢, = 40%*10°N*m/rad; v; = 15N*m*s/rad; v» = 2,96*10°*N*m*s/rad; L = 400m;
xx(t) =80m; @ = 16 kH; G = 240 N; u = 20; H; = 4 m; mps = 30 kg; Lz = 0,6 m;
dps = 0,3 m; dg = 9,7 - 1073 m; ﬁ = 30°.

The analysis of graphs has shown that acceleration of drive system is less
than 0.2 s (Fig. 3a). The initial phase of acceleration accompanied by intense
electromagnetic fluctuations of the electric motor (800) with a frequency of
power line 50 Hz (Fig. 3b). This small acceleration time due to the lack of
technological load at the time of start and a gradual linear increase of tension
force of pull- hoisting rope at the initial of the technological cycle from zero to
a value of . The amplitude and intensity fluctuations of reduced dynamic
moment in transferring (Fig 3c) during start-up is much lower (up to 40N*m).
Low values of amplitude and intensity fluctuations of dynamic moments in
transmissions drive during acceleration is also due to the linear nature of the
increasing process of load and reducing the influence of fluctuations of the
electric motor to the transmission due to the elastic properties of the coupling.

During the separation of load bearing surface (5.5-6.5 second of work) and
docking with the cargo load carriage (9.5 seconds of work) observed syn-
chronous oscillation of angular velocities of the drive shaft of the electric motor
and the drive drum (Fig. 3a). The amplitude of oscillation of the angular
velocity of the motor shaft is higher than during start-up. The dynamic
moment in the line of drive’s transmissions (Fig. 3b) also reaches maximum
values (up to 230) during the separation of load bearing surface and with
locking the cargo freight carriage.

Therefore, the start-up and acceleration stage of transmissions drive are
less dangerous compared to locking cargo and cargo separation from the
bearing surface.

To evaluate the dynamic loads of the drive the coefficient of dynamics %, is
used:

ka = Z‘% 17
where:
M. — maximum value of reduced dynamic moment in mechanical trans-
missions drive, calculated by the formula (16); M, — elevated moment at the
nominal load. The value of cargo is used as the nominal load. Reduced to the
motor shaft moment from the nominal load is calculated as follows:

Technical Sciences 19(3) 2016
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M, = Q ry® (18)
u

where:

ry#) — radius of the drive drum with wound rope at the time of action of

maximum dynamic load in the transmissions drive.

The reduced coefficient of torsion stiffness is an important generalized
indicator that considers both the geometric dimensions and mechanical char-
acteristics of the material of the drive parts and kinematic characteristics (the
gear ratio of drive mechanical transmission). Therefore, the limits for the
selection of values of reduced torsion stiffness coefficient, when the dynamic
load factor will be of the smallest values are substantiated in the article. The
calculation of dynamic coefficient performed for different values of cargo
weight and reduced torsion stiffness coefficients of drive’s units (Fig. 4).
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Fig. 4. Graphs of the dependence of dynamic coefficient on reduced coefficient of torsion stiffness
transmissions of the one-drum drive of the timbertransporting rope system.

Conclusions

1. Studies have shown the most potentially dangerous operating modes of
timbertransporting rope system are periods of separation of cargo’s bearing
surface and locking of cargo with cargo carriage. At higher values of cargo
weight (Q = 32..64 kN) the more dangerous mode is a time of separation of
cargo from bearing surface, and at lower values of cargo weight (Q = 8..16 kN)
— the process of locking cargo with cargo carriage.

2. The dynamic load is minimal and close to a constant value in the
range of reduced coefficients of the torsion stiffness of transmissions of
100 ... 125 N*m/rad. Therefore, geometric and kinematic parameters of
mechanical transmissions and shaft drive of timbertransporting rope systems
are recommended to have its reduced torsional stiffness transmissions coeffi-
cient between indicated limits.

Technical Sciences 19(3) 2016



256 Lidiya Dzyuba, Vasyl Baryliak

References

ApAMOVSKY M., MARTYNTSIV M., BADERA J. 1997. Suspended cable timbertransporting plants, IZMN,
Kyiv.

BarvLiak V. 2015. Justification of the parameters of the drives of timber transporting rope systems.
Dissertation for the degree of the Candidate of engineering science (comparable to the academic
degree of Ph.D.), Lviv.

BeLava N., PROHORENKO A. 1964. Cable timbertransporting plants, Forest Industry, Moscow.

CzaBaN A. 2007. Mathematical modeling of processes oscillating electromechanical systems, T. Soroki,
Lviv.

CzaBaN A., Lis M. 2012. Mathematical modelling of transient states in a drive system with a long
elastic element. Electrical Review. R. 88, nr 12b, (pp. 167-170), Sigma-Not, Warsaw.

GOREV A.A. 1950. The transient processes of synchronous machine. Moscow.

GorokHovskI K., LivsHits N. 1991. Machines and equipment for logging and forest storage works.
Ecology, Moscow.

Joswia Fr. 2014. The electro-mechanical coupling as the cause of torsional oscillations and their effects
on shafting. Dissertation for the academic degree Doctor of Engineering. Dortmund.

KHARCHENKO YE., SOBKOWSKI S. 2005. Mathematical modelling of transients in drives of building
elevating devices , Diagnostyka. Quarterly published by the Polish Society of Technical Diagnos-
tics. Vol. 35, (pp. 37-42), Warsaw.

Korzuov V., Cubra V. 2010. Constructive-technological features of mobile cable timbertransporting
plants of built up type. Industrial hydraulics and automation. Vol. 3.29, (pp. 18-20). Lviv.

MALASHHENKO V., MARTYNCIV M., BARYLIAK V. 2013. Research of work of cable timber transporting
plants drives with regard multilayer winding rope. Lifting and conveying equipment. 2,
(pp. 29-38), Dnipropetrovsk.

Park R.H. 1929. Two-reaction theory of synchronous machines generalized method of analysis-part I.
Transactions of the American Institute of Electrical Engineers. Vol. 48, (pp. 716-727), (republished
NAPS, University of Waterloo, Canada. 2000), Waterloo.

Park R.H. 1933. Two-reaction theory of synchronous machines -part II. Transactions of the American
Institute of Electrical Engineers. Vol. 52, (pp. 352-354).

ZANEHYN L., VoskoBOINIKOV I., YEREMEEV N. 2004. Machines and Mechanisms for cable logging.
MHUL, Moscow.

Technical Sciences 19(3) 2016




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 (None)
  /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 <>
    /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.)
    /POL <>
  >>
  /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 [612.000 850.394]
>> setpagedevice


