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Electronic Throttle Valve Modeling Considering Nonlinearity of Electrical
and Mechanical Parameters Based on Experiments

Jin-Cheol Park “, Jun-Yeol Ryu

Abstract—In this article, the nonlinear parameters of a throttle
valve were analyzed and calculated to predict its dynamic char-
acteristics. A mathematical model considering nonlinear param-
eters is employed to improve the control performance over the
throttle valve. Electrical nonlinearity is caused by the brush and
commutator. A brush contact resistance is generated due to the
contact between the brush and commutator. The brush contact
resistance is affected by the rotor speed and the input current.
Furthermore, mechanical nonlinearity is caused by the limp-home
mode in the spring. The torque produced by the spring varies with
the valve angle. As it is difficult to estimate nonlinear parameters
accurately, electrical and mechanical parameters were calculated
experimentally. In addition, a block diagram considering the nonlin-
earity of the electrical and mechanical parameters was developed.
Finally, the test and simulation results were compared to validate
the estimated nonlinear parameters.

Index Terms—Brushed dc motor, nonlinear parameter, throttle
valve.

|. INTRODUCTION

THROTTLE valve is widely used in internal combustion engines
A and hybrid electric vehicles. The amount of air injected into the
engine cylinder can be controlled using the throttle valve, allowing the
vehicle to be accelerated or decelerated [1]. An adequate balance of
acceleration and deceleration leads to an optimal condition for vehicle
operation. To achieve stable engine operation and low gas emissions,
high control performance is required by regulating the throttle valve. In
addition, precise control of the throttle valve in next-generation vehicles
equipped with features, such as vehicle-to-vehicle autonomous driving
and cruise control, is required to ensure the efficient performance of
such vehicles [2].
For the stability and high control performance of the throttle valve,
a control design that considers the nonlinear parameters is required.
The throttle valve includes nonlinear parameters owing to complex
electrical and mechanical structures, such as brushed direct current
(dc) motors, gears, and springs. Consequently, the prediction of the
dynamic characteristics for the throttle valve becomes difficult owing to
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the nonlinear parameters. Several control techniques have been adopted
to compensate for this inaccurate performance caused by nonlinear
parameters; these techniques include sliding-mode control, adaptive
control, and fuzzy theory based on proportional-integral-derivative
(PID) control. A common method to control the throttle valve position
is the feedback method using PID control and position sensors [3].
PID control is based on an integrated mathematical model of voltage
and motion equations. Moreover, sliding mode control is commonly
used to achieve control stability [4]-[6]. Adaptive control and fuzzy
theory are used to compensate for positional changes resulting from
system nonlinearities [7]-[9]. However, most of the previous studies
have focused on control design considering mechanical nonlinearities,
such as spring and gear backlash [10], [11]. To establish an accurate
control strategy or design, it is necessary to consider both electrical and
mechanical nonlinearity.

Fig. 1 illustrates the structure of a throttle valve system. The throttle
valve is controlled by an accelerator pedal via a driver or vehicle
control. Feedback control is performed using the plate and accelerator
pedal position sensors to appropriately control the plate motion. The
amount of air supplied to the engine is adjusted according to the plate
motion. The throttle valve can be divided into electrical and mechanical
components. The electrical component includes a brushed dc motor
that converts electrical energy into mechanical energy. Nonlinearity in
the electrical parameter is caused by the brush and commutator used
to generate a constant torque. As the contact area between the brush
and commutator depends on the rotor speed and current, it is difficult
to predict brush performance [12]-[14]. Furthermore, the mechanical
components include gears, the plate, and springs. The gears transmit
the mechanical energy generated by the brushed dc motor to the plate.
The spring determines the opening and closing of the plate position.
Nonlinearity in the mechanical parameters is caused by the spring.
Two springs exhibiting different performances are used to assist the
opening and closing of the throttle valve. The section that balances the
forces by two springs of different performance is called the limp-home
[15], [16].

Most mathematical models and control designs consider only the
nonlinearity of the mechanical parameter. However, neglecting the non-
linearity of the electrical parameter can lead to inaccurate predictions
of the dynamic characteristics for the throttle valve performance.

The main contributions of this article are as follows:

1) A calculation process is presented for electrical and mechanical
parameters with nonlinearity.

2) Mathematical modeling is proposed considering the nonlinearities
in electrical and mechanical parameters.

3) The proposed model is validated through experiments.

Because the analytical calculation of the electrical and mechanical
parameters is difficult owing to the complex structure of the throttle
valve, the parameters are calculated experimentally.
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The rest of this article is organized as follows. Section II presents
the procedure for determining electrical parameters. In Section III, the
procedure for determining the mechanical parameters is described. In
Section IV, the results of the simulation considering the determined
electrical and mechanical parameters are presented. Furthermore, the
results of the conducted tests are compared with those of the simulation,
as described in Section IV. Finally, section Vconcludes this article.

Il. DETERMINATION OF ELECTRICAL PARAMETERS BASED
ON EXPERIMENTS

Generally, a brushed dc motor is used in the throttle valve owing
to its wide operating range and simple controllability. The brushed dc
motor consists of a stator, rotor, brush, and commutator, as shown in
Fig. 2. The stator is composed of permanent magnets with two poles.
The rotor is composed of an armature coil with seven slots. The brush
is composed of graphite, and the commutator is a copper structure
connected to the armature coil. The brush and commutator are in contact
with each other and deliver a constant current to the armature coil. The
combined structure of the brush and commutator is shown in Fig. 3(a).
A brush contact resistance is generated because the brush is attached
to the commutator by the spring. Fig. 3(b) shows the equivalent circuit
of the brushed dc motor. A voltage equation and motor torque can be

r/min and (b) constant.

expressed as
Vo=I,R+E,=1,(R,+ Rp) + E, (1
Tm = Iakt (2)

where V, and I, are the input voltage and current, respectively. E,
is the back electromotive force (EMF). T, and w,, are the brushed
dc motor torque and speed, respectively. The electrical parameters
R, k., and k; represent the total resistance, back EMF constant, and
torque constant, respectively. The total resistance can be divided into
the armature and brush contact resistances. R, and R, are the armature
and brush contact resistances, respectively. The brush contact resistance
is defined as a nonlinear parameter because the effective contact area
between the brush and commutator depends on the input current and
speed of rotation of the commutator. The electrical parameters that
remain unaffected by the contact status of the brush are defined as
linear parameters. These parameters include the back EMF constant,
torque constant, and armature resistance.

A. Back EMF and Torque Constant

The back EMF constant is the ratio of the back EMF to the speed.
As the back EMF constant and the torque constant are the same in the
brushed dc motor, both parameters can be calculated using the no-load
test. The test results of the magnitude and angular velocity of the back
EMF are required to calculate the back EMF constant. The equipment
used for the no-load test is shown in Fig. 4. While the brushed dc motor
is rotated by the drive motor, the back EMF and the rotating speed are
measured. The waveform of the back EMF measured at 1000 r/min is
shown in Fig. 5(a). The magnitude of the back EMF in this figure is
the average value of the measured back EMF. The angular velocity is
determined by measuring the speed of the motor shaft. The ratio of the
back EMF to the speed is calculated as the back EMF constant. The
results for the back EMF constant are shown in Fig. 5(b). The torque
constant can be calculated using the back EMF constant.

B. Armature Resistance

When the brushed dc motor is operated, the number of commutator
segments connected to the brush differs according to the rotor position.
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Accordingly, the number of coils in a parallel circuit and the armature
resistance vary with the rotor position. Fig. 6 illustrates the different
rotor positions and the armature resistances in Cases 1 and 2. Lap
winding is used as the winding method for the coil. Each rotor tooth is
wound with the same number of coil turns. The coil resistance in one
tooth is defined as

Re=p(l/9) €)

where [ and § are the length and area of the coil conductor, respectively.
p is resistivity. When two commutator segments contact the brush in
Case 1, the armature resistance consists of parallel circuits in the coil
resistances of the four series and coil resistances of the three series.
When three commutator segments contact the brush in Case 2, the
armature resistance consists of parallel circuits in the coil resistances
of the three series. Fig. 7 shows the armature resistance according to
the rotor position. The armature resistance in Case 1 is the largest,
and that in Case 2 is the smallest. In addition, depending on the rotor
position, Cases 1 and 2 are repeated for the number of commutation
segments. Thus, the armature resistance is calculated as the average of
the resistances of Cases 1 and 2.

C. Brush Contact Resistance

The brush contact resistance is generated owing to the contact be-
tween the brush and commutator. As the contact area between the brush
and commutator varies with the input current and rotor speed, the brush
contact resistance is affected by the load. Furthermore, calculating the
brush contact resistance using a mathematical equation is difficult, it
is indirectly estimated using the voltage, current, and speed obtained
from the load test. The voltage equation is used to calculate the brush
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Fig. 8. Results (a) load test and (b) corresponding brush contact
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Fig. 9. Model of brushed dc motor considering brush effect (a) Block
diagram and (b) Comparison between simulation and test results.

contact resistance is obtained as follows:

Va — kewm

Ry = 1.

- Ra (4)

To evaluate the brush contact resistance, a load test was performed
using the equipment shown in Fig. 4. Fig. 8(a) shows the load test results
depending on the load torque. By substituting the load test results,
the back EMF constant, and the armature resistance in (4), the brush
contact resistance is calculated. The total, armature, and brush contact
resistances according to the load torque are shown in Fig. 8(b). When
the load torque is low, the motor speed is high, and the brush resistance
increases. The armature resistance is not affected by the load. The total
resistance is expressed as the sum of the armature and brush contact
resistance.

Fig. 9 shows the difference in motor performance between the
simulation and test results according to the brush contact resistance. The
simulations and tests were conducted with the same input voltage and
temperature conditions. Fig. 9(a) shows a block diagram for predicting
the performance of a brushed dc motor. The test and simulation results
based on the brush contact resistance are shown in Fig. 9(b). If the
brush contact resistance is excluded, the error between the simulation
and test results increases according to the load torque. Therefore, the
accuracy of the mathematical model can be improved by including the
brush contact resistance.

IlI. DETERMINATION OF MECHANICAL PARAMETERS
BASED ON EXPERIMENTS

The mechanical components of the throttle valve include gears, a
plate, and springs, as shown in Fig. 1. The mechanical parameters of
the throttle valve include the friction coefficient, moment of inertia, and
spring constant. Theoretically, the mechanical parameters are difficult
to calculate because of the complex shape of the gears, motor, and
plate. Therefore, the mechanical parameters are calculated through an
experiment. First, the friction coefficient and moment of inertia are
calculated by considering the gears, motor, and plate without the spring.
Next, the spring constant is calculated without the motor, plate, or gears.
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A. Friction Coefficient

The friction torque is expressed as
Tf = Bsystemwm + Tc (5)

where Bgytem 18 the friction coefficient for throttle valve system. T is
the load torque of Coulomb friction. Fig. 10 shows the equipment used
to estimate the friction coefficient. The speed was measured using an
encoder installed on the motor shaft. The torque is indirectly measured
using the motor current instead of using a torque sensor. Fig. 11(a)
shows the measurement results of the current depending on the speed.
The torque is calculated from the current supplied to the motor by using
(2). The current at each speed is determined and converted into torque
to calculate the friction coefficient. Fig. 11(b) shows the speed—torque
curve for the case, where the current is converted into torque. The
slope of the speed-torque curve represents the friction coefficient,
and the intercept is calculated as the load torque of the Coulomb
friction.

B. Moment of Inertia

The relationship between the speed and mechanical time constant
can be formulated using the following motion equation:

szstem - 7Bsystemt/ ln (wm/wmo) (6)

where w,, is the initial speed, and ¢ is the time. Jqystem 15 the moments
of inertia of throttle valve system. The equipment used to evaluate
the moment of inertia is shown in Fig. 10. As the moment of inertia
is calculated from the transient section of the motor shaft speed, the
motion of the motor is implemented based on the motor drive. As shown
in Fig. 12, the speed of the motor shaft is measured as a function of time.
The speed in the deceleration section is determined by the moment of
inertia and the friction coefficient. Therefore, the moment of inertia is
calculated using (6), along with the time and speed of the cut-off power
in the deceleration section.
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Fig. 12.  Calculation for the moment of inertia.
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C. Spring Constant

The spring inserted into the plate is shown in Fig. 1. Two springs
are installed on the plate to assist with the opening or closing of the
plate. The two springs located in the throttle valve have different rolling
directions and numbers of turns. The balance of the forces generated by
the two springs is the limp-home. The spring torque is evaluated using
a device that can measure the torque according to the plate position.
The measurements of the actual spring torque are presented in Fig. 13.
Sections I and II indicate the angle range in the closing direction, and
Sections Il and IV indicate the angle range in the opening direction. The
characteristics of the torque differ depending on the section. Therefore,
the spring constant and the load torque of the spring are divided into
four sections and calculated as

(9) _ { k19 + T1 if Section 1, k‘zg + Tz if Section?2 } (7)

T " | k30 + T3if Section3, k40 + T,if Section 4

sp
where k;—k, represent the spring constants, and 7,7, represent the
load torques of the spring for each section. The load torque of the
spring is determined using the y-intercept generated in each section.

IV. VERIFICATION OF SIMULATION AND EXPERIMENT

Fig. 14 shows the block diagram considering nonlinear parameters.
The simulation results were compared with the test results to verify
the constructed block diagram. Fig. 15 shows the equipment used to
compare the simulation and test results. First, simulations and tests
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A. Dynamic Characteristic Without PID Controller

Fig. 16 shows the simulation and test results for the plate motion of
the throttle valve when a step voltage is applied without PID control.
In particular, the simulation was performed by throttle valve modeling
according to the brush contact resistance as a nonlinearity parameter,
as shown in Fig. 16(a). The plate motion was determined based on the
electrical and mechanical parameters. Therefore, by applying a step
voltage, the estimated electrical and mechanical parameters could be
verified through errors between the simulation and test results. The
error was calculated to the difference between the plate angles of
the simulation and test, as shown in Fig. 16(b). When brush contact
resistance was not considered in the simulation, the maximum error
between the simulation and test results was 11.8°. However, when the
brush contact resistance was considered, the maximum error between
the simulation and test results was 2.7°. These results suggest that
the brush contact resistance needs to be considered in throttle valve
modeling.

B. Dynamic Characteristic With PID Controller

Fig. 17 presents the simulation and test results obtained when con-
sidering PID control. The PID gain was appropriately selected such
that the target performance of the throttle valve was achieved. When
the reference voltage is applied from the controller, the plate motion of
the throttle valve and the applied current of the motor are determined by
the PID gain and parameters. Fig. 17(a) shows the simulation and test

results of the plate motion. The error was calculated as the difference
between the plate angles obtained from the simulation and the test. As
shown in Fig. 17(b), the maximum error between the simulation and test
results is 6.4°. Under a constant PID gain, the errors can increase owing
to the nonlinear parameters in the transient section of the plate motion.
The plate motion was evaluated using response time, overshoot, and
steady-state error. A comparison of the simulation and test results is
presented in Table 1. Fig. 17(c) shows that the shapes of the average
current and current waveforms in the steady-state are similar for the
simulation and test results.

V. CONCLUSION

A parameter calculation method that considers not only the electrical
nonlinearity, but also the mechanical nonlinearity was proposed in
this article. In addition, throttle valve modeling using a mathematical
block diagram was proposed considering the electrical and mechani-
cal nonlinearities. Finally, the dynamic characteristics of the throttle
valve with the PID control were confirmed as maximum overshoot,
steady-state error, and response time. The proposed throttle valve
modeling and calculated parameters were verified by comparing the
simulation and test results in detail. In conclusion, the accuracy of
throttle valve modeling was improved by considering both electrical and
mechanical nonlinearity parameters. In future work, it will be necessary
to study a control strategy that considers electrical as well as mechanical
nonlinearity parameters based on PID control.

Authorized licensed use limited to: Hanyang University. Downloaded on October 21,2022 at 01:06:47 UTC from IEEE Xplore. Restrictions apply.



3314

IEEE/ASME TRANSACTIONS ON MECHATRONICS, VOL. 27, NO. 5, OCTOBER 2022

(1]

(2]

(3]

(4]

(3]

(6]

(71

(8]

REFERENCES

D. Kim, H. Peng, S. Bai, and J. M. Maguire, “Control of integrated
powertrain with electronic throttle and automatic transmission,” /IEEE
Trans. Control Syst. Technol., vol. 15, no. 3, pp. 474482, May 2007.

Y. Pan, U. Ozguner, and O. H. Dagci, “Trends and future perspectives
of electronic throttle control system in a park ignition engine,” Ann. Rev
Control, vol. 44, pp. 97-115, May 2017.

Z. Quyang and W. Junli, “Nonlinear PID control of electronic throt-
tle valve,” in Proc. IEEE Conf. Electron. Control Eng., Sep. 2011,
pp. 722-724.

J. Zheng, H. Wang, Z. Man, J. Jin, and M. Fu, “Robust motion control of
a linear motor positioner using fast nonsingular terminal sliding mode,”
IEEE/ASME Trans. Mechatron., vol. 20, no. 4, pp. 1743-1752, Aug. 2015.
Y. Li, B. Yang, T. Zheng, Y. Li, M. Cui, and S. Peeta, “Extended-state-
observer-base double-loop integral sliding-mode control of electronic
throttle valve,” IEEE Trans. Int. Trans. Syst., vol. 16, no. 5, pp. 2501-2510,
Oct. 2015.

H. Wang et al., “Adaptive integral terminal sliding mode control for
automobile electronic throttle via an uncertainty observer and experimental
validation,” IEEE Trans. Veh. Technol., vol. 67, no. 9, pp. 8129-8143,
Sep. 2018.

Y. Pan, U. Ozguner, and O. H. Dagci, “Variable-structure control of
electronic throttle valve,” IEEE Trans. Ind. Electron., vol. 55, no. 11,
pp. 3899-3907, Nov. 2008.

C. Wang and D. Huang, “A new intelligent fuzzy controller for nonlinear
hysteretic electronic throttle in modern intelligent automobiles,” IEEE
Trans. Ind. Electron., vol. 60, no. 6, pp. 2332-2345, Jun. 2013.

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

X. Jiao, J. Zhang, and T. Shen, “An adaptive servo control strategy for
automotive electronic throttle and experimental validation,” IEEE Trans.
Ind. Electron., vol. 61, no. 11, pp. 6275-6284, Nov. 2014.

R. Grepl and B. Lee, “Modeling, parameter calculation and nonlinear
control of automotive electronic throttle using a rapid-control prototyp-
ing technique,” Int. J. Autom. Technol., vol. 11, no. 4, pp. 601-610,
Aug. 2010.

M. Mcharek, T. Azib, M. Hammadi, C. Larouci, and J. Y. Choley, “Mul-
tiphysical design approach for automotive electronic throttle body,” IEEE
Trans. Ind. Electron., vol. 67, no. 8, pp. 6752-6761, Aug. 2020.

G. Sincero, J. Cros, and P. Viarouge, “Arc models for simulation of brush
motor commutations,” IEEE Trans. Magn., vol. 44, no. 6, pp. 1518-1521,
Jun. 2008.

G. Mirzaeva, R. E. Betz, and T. J. Summers, “Evaluation of current
density in DC motor brushes for mining machines based on air-gap field
measurement,” I[EEE Trans. Ind. Appl., vol. 46, no. 4, pp. 1255-1263,
Jul. 2010.

A. Di Gerlando and R. Perini, “Model of the commutation phenomena in a
universal motor,” IEEE Trans. Energy Convers., vol. 21, no. 1, pp. 27-33,
Mar. 2006.

J. Deur, D. Pavkovic, N. Peric, M. Jansz, and D. Hrovat, “An elec-
tronic throttle control strategy including compensation of friction and
limp-home effects,” IEEE Trans. Ind. Appl., vol. 40, no. 3, pp. 821-834,
May/Jun. 2004.

M. Ye and H. Wang, “A robust adaptive chattering-free sliding mode
control strategy for automotive electronic throttle system via genetic
algorithm,” IEEE Access, vol. 8, pp. 68-80, 2020.

Authorized licensed use limited to: Hanyang University. Downloaded on October 21,2022 at 01:06:47 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


