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Abstract: The hybrid excitation synchronous motor (HESM), which aim at combining 
the advantages of permanent magnet motor and wound excitation motor, have the charac-
teristics of low-speed high-torque hill climbing and wide speed range. Firstly, a new kind 
of HESM is presented in the paper, and its structure and mathematical model are illustra-
ted. Then, based on a space voltage vector control, a novel flux-weakening method for 
speed adjustment in the high speed region is presented. The unique feature of the 
proposed control method is that the HESM driving system keeps the q-axis back-EMF 
components invariable during the flux-weakening operation process. Moreover, a copper 
loss minimization algorithm is adopted to reduce the copper loss of the HESM in the 
high speed region. Lastly, the proposed method is validated by the simulation and the 
experimental results.  
Key words: hybrid excitation synchronous motor, wide speed range, vector control, flux-
weakening control, current distributor 

 
 

1. Introduction 
 
 The hybrid excitation synchronous motor (HESM) which is a wide speed-range machine 
derived from the permanent magnet synchronous motor (PMSM), contains two coexisting 
excitation sources: permanent magnet and excitation winding. The former generates the main 
air-gap magnetic flux and the latter produces the auxiliary one. Because of the excitation 
winding which can increase or reduce the flux of the air-gap magnetic field by changing the 
amplitude and direction of its current, the motor have the characteristics of low-speed high-
torque and wide speed range. So, its applications are very extensive and valuable in the 
industry and agriculture, and particularly suitable for a certain kind of machines that requires a 
wide speed-range operational capabilities, such as electric vehicles, aerospace, computer 
numerical control (CNC) machine, and so on [1-5].   
 Due to the similarities of the structural and performance between the HESM and the 
PMSM, and also based on currently developed mature control technology and products of 



                             H. Mingming, G. Xinjun, J. Ping, H. Quanzhen, L. Yuping, L. Na             Arch. Elect. Eng. 428 

PMSM, the basic principles and control methods of the PMSM can be fully absorbed for the 
HESM [6-9]. The HESM has an additional controllable excitation current which can be used 
for adjusting the air-gap magnetic field of the motor, so a reasonable allocation of the 
excitation current and the armature current must be integrally considered to achieve an optimal 
efficiency control and realize the excellent static and dynamic characteristics. The basic 
requirements of the control algorithm for the HESM are its operating performances of a larger 
starting torque and a low-speed high-torque when increasing air-gas magnetic field intensity 
(combination of the excitation current and the d-axis current for flux enhancement) under the 
rated speed, and the wide speed-range operation by reducing air-gas magnetic field intensity 
(combination of the excitation current and the d-axis current for flux-weakening) upon the 
rated speed. Currently, research papers about the HESM control system mainly include the 
followings: a fuzzy control scheme for a hybrid excitation brushless DC motor that is 
presented in [10], which regulates the d-axis current and the excitation current by a fuzzy 
controller; a dynamic vector control model based on a common coordinate system proposed 
by Shinji Shinnaka in [11] and a copper loss minimization vector control method based on 
id = 0 for a non-salient pole HESM in [12]; an excitation current self-optimization method 
based on the variable step-size search theory is proposed in [13] due to the nonlinear 
relationship between the field current and the electromagnetic torque; five different flux-
weakening control strategies are analyzed and compared in [14] to obtain the optimal control 
method; a dynamic equivalent core losses resistance is applied to estimate the core loss in the 
d- and q-equivalent circuits in [15] to optimize the excitation current and the efficiency of 
HESM, considering the effect of the core loss .  
 Considering the aforementioned papers, in order to develop a HESM driving system with 
excellent performances, the key issue is to exploit a good flux-weakening control algorithm. 
As a result, according to the flux-weakening operating characteristics of the HESM in the high 
speed region, two control methods based on maintaining the back-EMF invariable are 
proposed. One is the copper loss minimization control method; the other is based on the use of 
the excitation current for flux-weakening control independently. By comparing the above two 
methods with the non-flux-weakening control method through simulations and experiments, it can 
be validated that the copper loss minimization control method have the widest speed range. 
 In Section 2, the framework and mathematical model of the HESM are presented. Next, 
two flux-weakening control algorithms for the HESM, especially the copper loss minimization 
control algorithm, are described in Section 3. The block diagram in Section 4 illustrates the 
motor control strategy and the simulation results are presented. The effectiveness of the 
proposed control method is validated by the experiment results show in Sections 5. Finally 
some conclusions are drawn in Section 6. 
 
 

2. The structure and mathematical model of the HESM 
 
 The motor of the proposed HESM control system is a claw-pole asymmetric interlaced 
HESM, as shown in Figure 1, which is the dual stator structure and the outer stator is similar 
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to an ordinary PMSM’s stator. Three-phase armature windings are installed inside; a chute 
structure is used to reduce cogging torque. The inner stator has a coil with an iron core, 
namely the excitation winding which fixed at the end cap of the HESM. The rotor appears in a 
claw-pole shape, the magnetically conductive irons (namely the iron-core pole) and the per-
manent magnets (namely the permanent magnet pole) on the adjacent claw-pole are placed in 
staggered arrangement. Inside of the HESM, the air-gas magnetic flux generated by the 
permanent magnet pole is almost unchanged during the running process. The air-gas magnetic 
flux generated by all currents components follows the direction of minor reluctance, in such 
a way that, their magnetic flux path is almost the same with the permanent magnet. The dif-
ference between the two magnetic sources is mainly based on the fact that the majority of the 
magnetic flux generated by the currents component is bypassed by the high magnetic conduc-
tivity material (iron core) which is paralleled with the permanent magnet, thus it won’t pass 
through the permanent magnet and won’t cause permanent damage to it. Based on the HESM 
topology, which has the iron-core poles, the excitation ability of the field winding is improved. 
Consequently, it can provide the high enhanced torque in the constant torque region and also 
widely extend speed range in flux-weakening operation.   
 
                                                    a)                                                        b) 

              

c) 

 
Fig. 1. The photo of HESM: a) the outer stator, b) the inner stator, c) the rotor 

 
 

 In summary, the paths of magnetic flux generated by the permanent magnets, the excita-
tion current and the d-axis current are substantially identical. As a result, the air-gas magnetic 
flux produced by different magnetic sources can be almost linearly superimposed, and can 
also be effectively adjusted by changing the amplitude and direction of the excitation current 
and the d-axis current. 
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 To simplify the analysis process, the effects of the harmonic components, temperature 
change, iron loss, stray loss, and magnetic saturation are ignored when the mathematical 
model and the driving system model are developed according to the aforementioned structure 
of the HESM. Several basic equations of the mathematical model of the HESM can be ob-
tained as follows:  
 The circuit equation: 
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The flux linkage equation: 
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The torque equation: 
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 In the formula (1)-(3), the symbol meanings are as the following: ud – d-axis voltage com-
ponent, uq – q-axis voltage component, id – d-axis current component, iq – q-axis current 
component, ψd – d-axis flux linkage, ψq – q-axis flux linkage, ψpm – the flux linkage generated 
by permanent magnet , uf  – excitation voltage, if  – excitation current, Rs – armature resistance, 
Rf  – excitation winding resistance, Ld – d-axis inductance, Lq  – q-axis inductance, Msf  – mu-
tual inductance between armature winding and excitation winding, ωe – electrical angular 
velocity, p  – number of pole pairs of the motor, Te  – electromagnetic torque. 
 
 

3. Flux-weakening control algorithms for the HESM 
 
 The HESM enters into the high-speed operation mode when its speed nr exceeds the flux-
weakening base speed nBdec, while the back-EMF is approaching to the voltage of power sup-
ply. If further to elevate the speed, a certain flux-weakening control method must be used. The 
amplitude regulation of the armature current and excitation current is restricted to the voltage 
limit ring, which is similar to the PMSM flux-weakening control method in the constant power 
region. When the HESM operates in steady-state, the magnitude of voltage vector has to meet 
the following as 
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  2 2 2 2
lims d qu u u U= + ≤ .                          (4) 

where, Ulim is the maximum value of the voltage vector, its value depends on the bus voltage 
of the drive circuit Udc. Generally, the value of uq is approaching to us when the motor 
operates in steady-state in the high-speed region, and simultaneously it is determined by the  
q-axis component of the back EMF (Eq). According to the above analysis, a flux weakening 
control method based on keeping the back EMF invariable is obtained 

  baseqE E= ,                              (5) 

where, Ebase is the value of the back-EMF in the no-load condition when nr reaches nBdec, it can 
be obtained by 

  base Bdec pm / 30E pn ψ π=
                     (6) 

Eq can be expressed as 
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Obviously, there is a linear relationship between Eq and nr if let id = if = 0. Therefore, when 
adopting the conventional vector control, the maximum speed nmax, which is obtained in no-
load and no field current condition, is also linear with Udc. Furthermore, nBdec is limited by nmax 
which is obtained by experiments based on using the vector control with id = if = 0 and in the 
no-load condition. Then, the relationships between nBdec, nmax and Udc can be derived by 
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where, according to the experimental prototype, the coefficient kv = 5.69, the offset value N0= !13. 
To ensure the utilization rate of the DC bus voltage and the HESM’s efficiency in the flux-
weakening operation state, the coefficient kb is set at a range between 0.7 and 0.9 (in this 
paper, kb = 0.75). Such, when we let Udc = 300 V, the value of nBdec can be obtained, namely 
nBdec = 1270 rpm. 
 Therefore, in order to maintain the back EMF in a higher value and unchanged in the flux-
weakening operation state, by combining the Equations (5-7), the following equation can be 
derived 
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 There are two variables in (9), in order to get the unique solutions of id and if, we have to 
build another equation. Considering optimizing the efficiency of the HESM, a copper loss 
minimization control algorithm is adopted. To simplify the computation, the q-axis current is 
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directly determined by the speed controller. Such, the simplified copper loss equation without 
considering the q-axis current as follows 

  
2 2

cu
3
2 d s f fP i R i R= + .

                   
 (10) 

To get the reference currents, based on the copper loss minimization algorithm, let id = idref 
and if = ifref and combining (9-10), the Lagrange multiplier method is adopted  
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To solve partial derivative of idref, ifref and 8 for Equation (11), respectively 

  

dref
dref

fref
fref

pm Bdec
dref fref

3

2

( )
( )

s d

f sf

r
d sf

r

L i R L
i

L i R M
i

n nL L i M i
n

λ

λ

ψ
λ

∂⎧ = +⎪∂⎪
⎪ ∂⎪ = +⎨ ∂⎪
⎪ −∂

= + −⎪
∂⎪⎩

,

             

(12) 

where, assuming 
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the reference currents are obtained as the following  
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 In summary, two current allocation algorithms can be used in the flux-weakening control 
for the HESM. 
 Algorithm 1, adopting the flux-weakening control based on the copper loss minimization 
algorithm, the reference values for each current component are the following as 
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where, Teref is obtained directly by the speed controller as shown in Figure 2. 
 Algorithm 2, using only the excitation current for the flux-weakening control, namely 
based on the vector control with idref = 0 to adjust speed, from the Equation (9), the reference 
values of current component can be obtained by 
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4. Modeling and simulation 
 
 In order to verify the effectiveness of the flux-weakening control method, the driving 
system model of HESM is developed by using MATLAB/SIMULINK, shown in Figure 2.  
 

 
Fig. 2. HESM control system model 

 
The main function modules include a HESM sub-module, a Clarke sub-module, a Park sub-
module, an Ipark sub-module, a Speed PID sub-module, a Current Distributor sub-module, an 
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Id PID sub-module, an Iq PID sub-module, a SVPWM sub-module, an If PWM sub-module, an 
Armature Driver sub-module and an If Driver sub-module. Comparing with the traditional 
PMSM vector control system, the HESM control system adds 3 functional sub-modules, 
which are the If PWM sub-module, the If Driver sub-module and the Current Distributor sub-
module, respectively. The If PWM sub-module outputs control signals to control the If Driver, 
and its control principle is shown in Figure 3. The If Driver sub-module is a single-phase 
bridge inverter circuit which is applied for producing the excitation current. The Current Dis-
tributor sub-module is used for current regulating, and it divides the whole speed-operation 
range into two regions, which are the low speed region and the high speed region, respec-
tively, as shown in Figure 4. 

 

 

Fig. 3. Control signal generating module for If PWM 
 

 

Fig. 4. Current allocation module 
 

Table 1. Characteristic parameters of the prototype 

Parameters Value Parameters Value Parameters Value

PN (W) 700 Udc (V) 300 Ψpm (Wb) 0.243 

nN (rpm) 500 Rs (Ω) 2.7 p 4 

TN (Nm) 13 Rs (Ω) 33.0 Msf (mH) 76 

IN (A) 5 Lq(mH) 27 Ld (mH) 38 

IfN (A) 1.0 Lf (H) 0.57   
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Notes: PN , nN, TN, IN, IfN are rated output power, rated speed, rated torque, rated armature 
current, rated excitation current respectively. 
 According to the control system model shown in Figure 2, the following simulation ana-
lysis is carried out in detail. The simulation results of three different control methods are com-
pared, which include the non-flux-weakening control method, with only the excitation current 
for the flux-weakening control method and the copper loss minimization control method 
which utilizes the d-axis current and the excitation current together for flux weakening. The 
simulation parameters of the HESM are set up according to the actual parameters of the pro-
totype, as shown in Table 1. 
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Fig. 5. Simulation curves for HESM 

 
 Figure 5 shows the comparison results of simulation curves of the three different kinds of 
control strategies, which adopt the vector control with idref = ifref = 0, idref = 0, and the copper 
loss minimization (if and id co-action), respectively. The load is set to 1Nm and the reference 
speed is set to 6000 rpm. Figure 5 a) is the speed curves produced by the three different 

a) 

b) 

c) 

d) 
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control methods. Adopting the non-flux-weakening control algorithm, the maximum speed is 
1650 rpm; adopting with only if for the flux-weakening control algorithm, the maximum speed 
is 2350 rpm; adopting the copper loss minimization control algorithm for the flux-weakening 
control, the maximum speed is more than 4600 rpm. Figure 5 b) is the back-EMF curves of the 
three different control methods. It is obviously that the back-EMF curve produced by the non-
flux-weakening control method increased to the peak fastest, and the back EMF curve pro-
duced by the copper loss minimization control method increased slowest. Finally, all of them 
rose to 160 V~170 V as the HESM entered into the steady-state. Figure 5 c) is the electro-
magnetic torque Te curves produced by the three different control methods. Figure 5 d) is the iq 
curves produced by the three different control methods.  
 
 

5. Experimental results 
 
 According to the proposed HESM control methods and the simulation results, a HESM 
controller based on TMS320F2812 + AT89C55WD architecture is set up, and the driving 
experiments are carried out correspondingly. 
 Figure 6 shows the experimental photo of the HESM driving system. The rated DC bus 
voltage for the experimental prototype is 300 V. The motor torque characteristics testing adopt 
a TS-7700 Torque Station Pro with MT-6425 torque detectors. This set of equipment can be 
used to measure the motor speed, torque, input and output power and efficiency. The proto-
type of the HESM is an asymmetric staggered construct and has an incremental optical 
encoder disk, TAMAGAWA OIH48-2500, which is built in the motor. The controller includes 
four circuit boards: the first is a dashboard; the second is the control circuit board which is 
based on TMS320F2812 + AT89C55WD; the third and fourth are two driving boards which 
are used for producing the armature current and the excitation current, respectively. 
 

 
Fig. 6. The HESM experiment setup 

 
 Figure 7 shows the current waveforms of the HESM during starting process. The load is 
1 Nm; the given speed is 2800 rpm which is greater than the flux-weakening base speed 
(1270 rpm) of the HESM. In order to improve the starting torque of the motor, considering the 
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excitation winding’s inductance is larger, a rated positive excitation current is applied to the 
excitation winding before 0.5 s to switch on the armature current. As the motor speed increas-
ing, the excitation current decreases gradually. When speed reaches nBdec, the stage of the flux-
weakening control for the speed adjusting begins, and if and id continually decrease as the 
speed rise. 

 

 

Fig. 7. Current waveforms in the starting process 
 
 Figure 8 shows steady current waveforms of the HESM in the flux-weakening operation 
with the copper loss minimization method. The given speed is 2800 rpm, the load torque is 
1 Nm, and the excitation current if is !0.8 A, which remains basically a constant. The ampli-
tude of the sine-wave phase current which is smooth, low harmonics is 4 A. 
 

 
Fig. 8. Steady-state current waveforms in flux-weakening operation 

 
 Figure 9 shows the curves of the maximum output power vs. speed by the three different 
control methods. Adopting the non-flux-weakening (id = if = 0) control method, the constant 
power speed range is approximately from 700 rpm to 1300 rpm. Adopting the method that 
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applies only the excitation current if (id = 0) for the speed adjustment, it generates a constant 
power speed range between 450 rpm and 1600 rpm. When adopting the copper loss minimi-
zation algorithm for the flux-weakening control method, the constant power speed range 
extends from 450 rpm to 2000 rpm; when the speed exceeds 2000 rpm, although the output 
power cannot be constant, it decreases slowly and the output power drops to about 200 W as 
the speed rises to 4000 rpm. The experimental results show that applying the copper loss 
minimization algorithm for the flux-weakening control can extend the speed range of HESM 
effectively. 

 

 
Fig. 9. The maximum output power at different speeds 

 
 

6. Summary 
 
 In this paper, the structure and mathematical model of a novel HESM is presented. With 
the additional field winding, the HESM has excellent air-gas magnetic field adjustment capa-
bility. Based on the vector control technique and the copper loss minimization algorithm, 
a new flux-weakening control method is proposed. The proposed method adopts the way of 
regulating the armature and the excitation current in the high speed region by keeping the  
q-axis back EMF invariable. To validate the proposed control method, simulations and experi-
ments were carried out, and three different control methods, including the non-flux-weakening 
control, with just if for the flux-weakening control, and the copper loss minimization control 
have been compared. The results show that adopting the copper loss minimization algorithm 
for the flux-weakening control has the widest speed-range operation. 

Acknowledgment 
This work was supported by Scientific and technological project of Henan Science and Technology 
Agency(142102210403). Project Supported by the National Natural Science Foundation of China 
(61403123), Project Supported by the Doctoral Fund of Henan Institute of Engineering(D2014012). 
 
 
References 
 [1] May H., Palka R., Paplicki P. et al., Modified concept of permanent magnet excited synchronous 

machines with improved high-speed features. Archives of Electrical Engineering 60(4): 531-540 
(2011).  



Vol.  64 (2015)                           Flux-weakening control methods for HESM    439 

 [2] Di B.P., Mognaschi M.E., Palka R. et al., Design optimization of a permanent-magnet excited 
synchronous machine for electrical automobiles. International Journal of Applied Electromagnetics 
and Mechanics 39(1): 889-895 (2012).  

 [3] Yang C.F., Lin H.Y., Guo J., Zhu Z.Q., Design and analysis of a novel hybrid excitation synchro-
nous machine with asymmetrically stagger permanent magnet. IEEE Transactions on Magnetics 
44(11): 4353-4356 (2008). 

 [4] Chan C.C., Chau K.T., Jiang J.Z. et al., Novel permanent magnet motor drives for electric vehicles. 
IEEE Transactions on Industrial Electronics 43(2): 331-339 (1996). 

 [5] Liu X.P., Chen D., Yi L. Zhang C., Wang M., Comparison and analysis of magnetic-geared per-
manent magnet electrical machine at no-load. Archives of Electrical Engineering 63(4): 683-692 
(2014). 

 [6] Chen J.J., Chin K.P., Minimum copper loss flux weakening control of surface mounted permanent 
magnet synchronous motors. IEEE Transactions on Power Electronics 18(4): 929-936 (2003). 

 [7] Lawler J.S., Bailey J., McKeever J., Minimum current magnitude control of surface PM synchro-
nous machines during constant power operation. IEEE Power Electronics Letters 3(2): 53-56 
(2005). 

 [8] Fuchs E.F., Myat M.H., Speed and torque range increases of electric drives through compensation 
of flux weakening. International Symposium on Power Electronics, Electrical Drives, Automation 
and Motion, Pisa, Italy, SPEEDAM: 1569-1574 (2010).  

 [9] Chen J.J., Chin K.P., Automatic flux-weakening control of permanent magnet synchronous motors 
using a reduced-order controller. IEEE Transactions on Power Electronics 15(5): 881-890 (2000).  

[10] Chan C.C., Zhang R., Chau K.T., Optimal efficiency control of PM hybrid motor drives for electri-
cal vehicles. Power Electronics Specialists Conference, St. Louis, USA, pp. 363-368 (1997). 

[11] Shinnaka S., New dynamic mathematical model and new dynamic vector simulators of hybrid-field 
synchronous motors. IEEE International Conference on Electric Machines and Drives, San Antonio, 
TX, USA, pp. 882-889 (2005). 

[12] Shinnaka S., New optimal current control methods for energy-efficient and wide speed-range opera-
tion of hybrid-field synchronous motor. IEEE transactions on industrial electronics 54(5): 2443-2450 
(2007). 

[13] Wang W.J., Zhang Z.R., Maximum torque control of hybrid excitation synchronous machine drives 
based on field current self-optimizing method. IECON Proceedings: 2977-2982 (2013). 

[14] Capponi, F.G., Borocci G., Donato D., Caricchi, F. Flux Regulation Strategies for Hybrid Excitation 
Synchronous Machines. Energy Conversion Congress and Exposition (ECCE), 2014 IEEE: 4858-
4865 (2014). 

[15] Kong L., Wen X.H., Fan T., A New Method to Plan the Optimal Field Excitation Current Trajectory 
in a Hybrid Excitation Machine. 2011 International Conference on Electrical Machines and Sys-
tems: 1-4 (2011).  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


