
 
 
 
 
 
 

 
 

COMPUTER APPLICATION IN HYDROSTATIC TRANSMISSION TECHNOLOGY 
 

Dušan GORDIĆ, Vanja ŠUŠTERŠIČ, Milun BABIĆ, Davor KONČALOVIĆ, Dubravka JELIĆ 
 
 
Abstract: Hydrostatic transmission technology must achieve some goals in order to ensure its continued progress and 
growth, to preserve current position in the market and to compete efficiently with other energy transfer technologies 
(mechanical and electrical). In a specific way, activities for achieving the goals imply computer application. The paper 
gives a few examples of how computers are today applied in modern hydrostatic transmission technology. They are 
used in control and data analysis, condition monitoring, design & modelling of components and complete transmission, 
and even marketing & e-commerce. 
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1. INTRODUCTION 
 
Today, it is hard to imagine any modern transport system 
or production process without hydrostatic drives. Other 
applications include earthmoving, construction, aerospace 
and agricultural machinery industries. The primary func-
tion of any hydrostatic transmission (HST) is to accept 
rotary power from a prime mover (usually an internal 
combustion engine) and to transmit that energy to a load. 
The HST generally must regulate speed, torque, power, 
or, in some cases, direction of rotation of a load.  
Compared to other forms of power transmission (me-
chanical, electrical) HSTs offer many important advan-
tages. Depending on its configuration, an HST: 

• transmits high power in a compact size,  
• operates efficiently over a wide range of torque-

to-speed ratios,  
• has low inertia,  
• maintains desired control speed (even in reverse 

direction) regardless of load, within design lim-
its,  

• maintains a preset speed accurately against driv-
ing or braking loads,  

• can remain stalled and undamaged under full 
load at low power loss, 

• can transmit power from a single prime mover to 
several locations, even if position and orientation 
of the locations changes, 

• does not creep at zero speed  
• provides more rapidly response than mechanical 

or electromechanical transmissions of compara-
ble rating, and  

• is able to provide dynamic braking. 
In present days, the HST industry has relatively substan-
tial and stable position in the world market. USA, as the 
one of the richest and the most prosperous economies in 
the world, is a global leader in manufacturing and selling 
of the products. In USA alone, the revenue of fluid power 
pump and motor industry was approximately $ 4 billion in 
2006. Over the last decades fluid power hydraulics was 

exposed to strong competition from other means of 
transmitting power. In order to retain current market posi-
tion, hydrostatic transmission technology must achieve 
some goals, in order to ensure its continued progress and 
growth, preserve current position in the market and com-
pete efficiently with other energy transfer technologies. 
These goals can be categorized in seven areas of activities 
as follows: 

• energy conservation, 
• leakage control, 
• fluid stability control, 
• proactive maintenance, 
• contamination control, 
• microcomputer control, and 
• computer aided engineering [1].  

HST technology must integrate (directly or indirectly) 
computer technology for easier achievement of all these 
goals.  
 
2. MICROCOMPUTERS IN CONTROL AND 

IN DATA ANALYSIS 
 
One of the most significant contributions of microcom-
puter's applications in HST technology is the opportunity 
that it offers to implement sophisticated control and data 
analysis algorithms on the computer. Since the latest 
1940's, fluid power researchers have tried to create a 
technology that should integrate fluid power "muscles" 
with the electronic "brain" [2]. Different control strategies 
were developed and implemented in HST systems in or-
der to achieve this task. Most of the publications related 
to the HST control are addressed to controlling the speed 
of end-user(s). And this, despite the fact that there is a 
considerable number of applications that include position 
and force control systems. Different closed-loop control 
strategies have been used in order to achieve these goals. 
Classical control approaches are very much standard prac-
tice in the industry nowadays [3], [4].  
Recent advances in the area of control theory involve 
non-linear “classical” and intelligent control techniques 



(predictive control, adaptive control, fuzzy control, neural 
nets, genetic algorithms, etc). It is expected that smarter 
and more responsive control strategy will be used more in 
the future [5].  
There are few examples of application of new-
sophisticated HST control systems. Here are briefly speci-
fied some of them: self-tuning adaptive control (a control-
ler combines parameter estimation and the technique of 
pole-placement) [6], Linear Quadratic Gaussian design 
method for a speed control of a vehicle drive HST system 
[7], nonlinear optimal control of a HST with variable-
displacement pump and motor [8], H∞ robust control to 
regulate speed of HST [9], discrete-time robust controller 
design methodology applied for the variable displacement 
hydraulic motor-driven trimmable horizontal stabilizer 
actuator in aircraft systems [10], Neural Network control 
system for precise angular position control system of the 
hydraulic rotary actuator [11] and many others. It should 
be emphasized that these artificial intelligence control 
techniques are still not robust enough to provide the re-
quired level of safety, thus there are not many implemen-
tations of these control techniques in industrial applica-
tions in which the safety is critical. 

 
 

Fig. 1. The example of measurement setup for parameter 
identification of HST [4] 

 
The use of microcomputers for data acquisition and pa-
rameter identification has been overwhelming in most 
fluid power laboratories. The major function of the mi-
crocomputer tends to be nothing but a monitor for multi-
ple sensors and a data logger. Very popular software for 
such purpose is LabView. The current trend is in extend-
ing microcomputers use to do diagnosis and troubleshoot-
ing, which are both parts of real time condition control. 
The kernel of diagnosis and troubleshooting is to have an 
inference engine, which can analyse and interpret data 
acquired from the system. Model based condition moni-
toring is a method to detect failures by using a simulation 
model. Measuring results of the system are compared to 
simulation results of undamaged system (fig. 2). If differ-
ences are found, the system determines the character of 
the failure using microcomputers [12]. It has been found 
that neural network can be used for fault detection of fluid 
power system for its proactive condition monitoring sys-
tem [13]. 

 
 

Fig. 2. The concept of model based condition monitoring 
of HST 

 
3. PERSONAL COMPUTERS IN DESIGN 
 
Two different design approaches in HST technology can 
be distinguished. The first is associated with the design of 
HST components and the second with the design of HST 
systems. Although these two design approaches are basi-
cally different they are strongly correlated. 
 

HST component design 
 

For a simple fluid power component, a designer may be 
able to accomplish component design task using a trial 
and error approach or his experience. However, if it is a 
relatively complex component, such as pump or motor, 
the task becomes more difficult. In order to tackle today's 
highly demanding applications, an engineer must have 
more powerful tools. It is totally unacceptable from a cost 
standpoint to permit the design factors of hydraulic com-
ponents to be estimated and then fabricate the components 
to see if they work. The best tool available is the personal 
computer with an effective software packages. 
 

 
 

Fig. 3. HST component design procedure 
 
A contemporary approach to computer-aided design of 
HST components should pursue procedure of 3D virtual 
prototyping shown in fig. 3. Using parameters defined in 
design goal, component designer choose design concept 
and implement fluid power design principles onto the PC, 
in order to develop appropriate numerical model for cal-
culating component dimensions. She/he writes original 
software using one of common programming languages 
(C, C++, Fortran, Visual Basic, Pascal, Java, etc.) or uses 
a design software package (like MathCAD, Maple, 
Mathematica, etc. or even spreadsheet program like Mi-
crosoft Excel). Results of numerical sizing calculations 
are often exported to external database file, with a format 
recognizable by some CAD software, such as (CATIA, 
Solid Works, Mechanical Desktop, Inventor, 



PRO/Engineer, etc.). Previously, a design engineer drew 
parametric 3D presentation of designed fluid power com-
ponent in CAD software. The software interprets data of 
numerical calculation and then generates 3D virtual proto-
type of fluid power component. It is easy to obtain com-
plete design documentation from this virtual prototype or 
even complete technological procedure for manufacturing 
segments or even whole component. Results of 3D virtual 
prototyping performed at Department of Energetic and 
process engineering Faculty of Mechanical Engineering 
Kragujevac, for several HST components are shown in 
fig. 4. Correct virtual prototype enables manufacturer to 
construct physical component prototype that can go to 
production, after the positive evaluation period through 
laboratory tests. 
 
a) 

 
b) 

 
 

Fig. 4. Examples of 3D virtual prototyping performed 
with different CAD software 

a) spool and sleeve  – CATIA, b) hydraulically balanced 
vane pump - Inventor 

 
Application of CFD (Computational Fluid Dynamics) 
method can significantly improve component design, be-
cause it creates possibilities for extensive exploration. It 
offers the effortless, but also inexpensive way of estima-
tion and examination of relevant flow performance of an 
arbitrary fluid power component. It eliminates the re-
quirement for expensive experiments that often have un-
certain results. With systematic interpretation of CFD 
results, more precise values of parameters that are used in 

component design are obtained. There are a lot of com-
mercial software for CFD on the market and the most 
predominant are Fluent, Star-CD, CFX, Phoenix, etc. Ex-
amples of CFD applications in fluid power are numerous 
and some of them can be found in references [14] – [18]. 

 
a) 

 
b) 

 
 

Fig. 5. Examples of CFD application  
a) pressure path lines over flat poppet - Fluent [14],  

b) velocity profile in hydraulic seat valves – Star-CD[15] 
 

 

HST system design 
 

Generalized HST system design process is illustrated in 
fig. 6. From design goals, a design concept to be inte-
grated into the system must be established and a system 
schematic must be developed, along with the operational 
specifications for the system [19]. Once these tasks are 
completed, a designer will enter into the component siz-
ing and selection process. The common belief is that fluid 
power technology is "simple" and, hence, one does not 
need to be a specialist in order to apply it. Thus, anyone 
with an elementary knowledge of mechanical engineering 
feels that she/he can design and build a system using off 
the shelf components selected from catalogues provided 
by manufacturers and only some elementary calculations 
of powers, flows and pressures. In most cases simple sys-
tem, designed this way, will perform in some fashion, not 
necessarily optimally. In the past, when the sizing and 
selection phase was completed, components would be 
purchased and a prototype system constructed. The sys-
tem performance was not simulated and the success of a 
particular system was mainly the result of designer’s ex-
perience and luck. Actual performance characteristics 
were evaluated through laboratory and field tests using 



the system prototype. Optimisation was a function of a 
process, which was normally called “cut and try”. 
 

 
 

Fig. 6. HST system design procedure 
 
Engineering world has long known that the analysis and 
simulation phase of fluid power system development is 
very important in producing a successful HST with mini-
mum time and cost. To tackle this, at present time, highly 
demanding phase, an engineer must have powerful tools. 
It is totally unacceptable from a cost standpoint to permit 
the design factors of HST to be estimated and then fabri-
cate the system to see if it works. The best tool available 
(one which is becoming more useful every day) is per-
sonal computer. Digital computer analysis and simulation 
of HST is now widely used and accepted as a desirable, 
and sometime essential, element of the design stage of 
major HST project. Design engineer, with access to a per-
sonal computer, may adopt one of three possible strate-
gies, when considering its application to numerical analy-
sis and simulation [20]. 
The first procedure treats mathematical equations that 
describe the behaviour of whole HST as any other system 
of differential equations (for dynamic analysis) i.e. alge-
braic equations (for stationary analysis). This system of 
equations is being numerically solved using any of the 
established numerical methods by writing the software 
code in one of the already mentioned programming lan-
guages. Although there are relatively lots of public or 
commercial libraries with FORTRAN/C codes for solving 
differential/algebraic equations, an engineer must be 
mathematical "genius" and computer expert in order to 
accomplish this task, due to high inherent nonlinearities in 
fluid power hydraulics. One more fact that goes against 
this procedure is that written computer program may be of 
limited use with respect to simulation of other HST. It 
also demands more time, but less financial resources to 
solve the problem compared to other procedures. 
The second approach considers the use of any of standard 
simulation packages, easily adaptable to hydraulic fluid 
power application. At the Fluid Power Net web site [21], 
one can find more then twenty general-purpose packages 
for modelling behaviour of fluid power components and 
systems. The most prevalent are: MATLAB with SIMU-
LINK, ASCL, VisSim, 20-Sim, BuildSim, MATRIXx, 

MathModelica, etc. These packages are very flexible, 
relatively simple and they do not demand big time con-
sumption for model development. Many of these pack-
ages have optional (commercial and non-commercial) 
fluid power oriented toolboxes, like Hydraulic Block Set 
Toolbox for MATLAB [22] and HyLib for Modelica [23]. 
In addition, these packages have the ability to simulate 
operation of artificial intelligence (AI) controls like fuzzy 
logic, neural nets, etc., and can be used in hardware-in-
loop applications. A very important feature of some of 
these packages (like VisSim) is that we can develop a 
control system by simulation, and after translating the 
code into C++ language embed it on a chip [5]. 
The third procedure involves the use of general hydraulic 
simulation packages. More then thirty general hydraulic 
simulation packages can be found at the market such as: 
BathFP, DSHPlus, AMESim, HyPneu, Flowmaster, Hop-
san, HydroAnalyst, ITI Sym,  etc [21]. The foundation of 
the analysis approach used in the most of these packages 
is visual modelling that relies upon the fact that all com-
ponents consist of several basic elements (e.g., mass, 
damper, spring, friction, orifices, etc.). These software 
packages include a large number of the, so-called, generic 
components, stored in component libraries for the use in 
any number of HSTs. The component library in program 
contains all of basic design elements in the form of icons, 
models and data sheets. Special components, which are 
manufactured for unique applications, can be modelled 
and put into the component library, but there is no such 
flexibility as in general-purpose packages. The user sim-
ply joins the correct icons together, so as to form a com-
plete system. A HST is composed of interacting elements 
and components. Therefore, once the element and com-
ponent models are developed, the system model becomes 
a mathematical description of the way these elements and 
components interact. These software packages do not 
require high mathematical and computer knowledge from 
design engineers to be applied in HST system design. 
They are also relatively expensive and require many years 
and effort in their development.  
 

 
 

Fig. 7. An example of HST system modelling in Automa-
tion Studio [24] 

 
Some of the software applications like Automation Studio 
give more opportunities beside system modelling and 



design. This software is innovative solution for design, 
simulation and documentation of fluid power and auto-
mated systems and therefore HST systems [24]. It has a 
module that enables users to extract project data, in order 
to create complete project documentation and save a sig-
nificant amount of time. Automation Studio can also inte-
grate the whole product life cycle, from deign to training 
and maintenance. 
 
4. COMPUTERS IN MARKETING AND E-

COMMERCE 
 
The basic aim of every manufacturer is to give the proper 
and useful information to the potential customer about his 
products, in order to incite him to buy his goods. The 
Internet, that evolved into global business application, is 
ideal medium for such an action. It provides a direct link 
from the end user to the manufacturer, with access to im-
portant product information 24 hours a day, 365 days a 
year, worldwide. 
Almost every significant world manufacturer of HST 
components and systems has its own web site with con-
tact addresses, downloadable digitalized versions of the 
product catalogues and even various software packages 
that provide sizing calculations of a required product. 
However, static web sites that act as billboards of infor-
mation are not the only way of presentation. Development 
of dynamic web cites and web oriented programming 
tools (DHTML, JAVA, PhP, ASP, SQL, VBNet, etc.), 
has brought about revolutionary concept for conducting 
global business, popularly known as e-commerce. Interac-
tive web sites that configure products and produce the 
product geometry parametrically, create product drawings 
and printouts, and enable downloading the files for inser-
tion into CAD design systems. Electronic RFQ (request 
for quote) automatically sends the product model number, 
configuration information and product drawings directly 
to the manufacturer and duplicates all information to the 
appropriate distributor. This opens the door for increased 
sales by providing design engineers important time saving 
information, product configuration for their application, 
drawing files and a products availability, which reduce 
cost and shipping time [25].  
 
5. CONCLUSION 
 
In order to prevail over existing concurrency from other 
technologies for power transfer, HST technology must 
make full use of its specific advantages and to utilize 
other technologies that can improve its characteristics. 
One of this is computer technology. This paper gives the 
insight in a few different aspects of present computer ap-
plications in HST technology: for control, data acquisition 
and condition monitoring, design & modelling, marketing 
& e-commerce). Enhancement of computer literacy in the 
world of fluid power engineers, associated with further 
improvement in computer technology, will improve cur-
rent applications and promote new ones. With different 
computer applications, the stable market position of HST 
technology can be sustained long in the future.  
 
 

REFERENCES 
 
[1] Fitch E. C., Tessmann Richard, Hong T., Fluid 

Power Goals and Trends for the 1990's, FES/BAR 
Dyne Technology Transfer Publication #3, Copy-
right © BarDyne, Inc., 2001.  

[2] Kokernak R., Fluid Power Technology, Second Edi-
tion, Prentice-Hall, 1999. 

[3] Lovrec D., Speed controlled drives in the field of 
metal forming machines, The 20th International 
Conference on Hydraulics and Pneumatics, Prague, 
September 29 – October 1, 2008, pp. 41-48. 

[4] Ossyra J-C., Development of a control concept for a 
hydrostatic drive with optimized primary power 
consumption, Proceedings of the 2nd International 
FPNI PhD Symposium on FLUID POWER, 
Modena, Italy, July 3-5 2002, (CD-ROM)  

[5] Stecki J., Fluid Power – a Way Forward, Develop-
ments in Fluid Power Control of Machinery and 
Manipulators, 2nd International Scientific Forum, 
Cracow, Poland, July 2000, pp 37-66. 

[6] Lee C. B., Wu H. W., Self-tuning adaptive speed 
control for hydrostatic transmission systems. Int. J. 
Comput. Appl. Technol. 9, 1996, pp. 18-33.  

[7] Lennevi J., Palmberg J. O., Application and imple-
mentation of LQ design method for the velocity con-
trol of hydrostatic transmissions. Proc. Inst. Mech. 
Eng., J. Syst. Control Eng. 209, 1995, pp. 255-268. 

[8] Re del L., Goransson A., Astolfi A., Enhancing Hy-
drostatic Gear Efficiency Through Nonlinear Opti-
mal Control Strategies, ASME Journal of Dynamic 
Systems, Measurement, and Control, vol. 118, 
1996., pp. 727-732,  

[9] Njabeleke I. A., Pannett R. F., Chawdry P. K., Bur-
rows C. R., Modeling and Control of a High Speed 
Hydrostatic Transmission, presented at International 
Mechanical Engineering Congress & Exposition: 
The Fluid Power and Systems Technology Division, 
Anaheim, CA, 1998., pp.1-10 

[10] Biedermann O., Digital robust control of throttled 
variable displacement hydraulic motors in aircraft 
power drive units, Proceedings of the 1st FPNI PhD 
Symposium, Hamburg, Germany, September 20–22, 
2000, pp. 271-289. 

[11] Katoh H., Nishiumi T., Improvement of position 
control performance for a hydraulic rotary actuator 
system using state feedback neural network control-
ler with dither signals, Proceedings of the 4th FPNI - 
PhD Symposium, volume 2, Sarasota, Florida, USA, 
June 13–17, 2006, pp. 475-484. 

[12] Rusanen H., Rinkinen J., Model oriented condition 
monitoring of hydrostatic transmission, Proceedings 
of the 3rd FPNI - PhD Symposium on Fluid Power, 
Terrassa, Spain, June 30 - July 2, 2004, pp. 489-499 

[13] Krogerus  T., Vilenius J.,  Liimatainen J., Koskinen 
K. T., Applying self-organizing maps to condition 
monitoring of fluid power systems, Proceedings of 
the 4th FPNI - PhD Symposium, Sarasota, Florida, 
USA, June 13–17, 2006, pp. 311-323. 

[14] Huguet, D.  Codina E.,  CFD Analysis of Flow 
Forces on Direct Acting Relief Minivalves, Proceed-
ings of the 1st International Conference on Compu-



tational Method in Fluid Power Technology, Mel-
bourne, Australia, November 2003, pp. 201-210. 

[15] Andersen T. O., Hansen M. R. Sorensen H. L.,  Con-
rad, F. Using CFD to Establish a Correlation be-
tween Design Parameters and Performance Charac-
teristics for Seat Valves, Proceedings of the 1st In-
ternational Conference on Computational Method in 
Fluid Power Technology, Melbourne, Australia, No-
vember 2003, pp. 447-459. 

[16] Priyatosh B., Computational Fluid Dynamics (CFD) 
Analysis and Optimization of Hydraulic Control 
Valves, Presented at the International Exposition for 
Power Transmission and Technical Conference 
USA, 4-6 April 2000, I00-3.2 

[17] O'Shea K., CFDesign: A Cost-Effective Alternative 
to Physical Testing, Presented at the International 
Exposition for Power Transmission and Technical 
Conference, USA, 4-6 April 2000, I00-11.4  

[18] Wojnarowski J., Mirota K., CFD Method as an 
Analysis Tool Of Fluid Power Devices, Develop-
ments in Fluid Power Control of Machinery and 
Manipulators, 2nd International Scientific Forum, 
Cracow, Poland, July 2000. pp 183-186. 

 [19] Hong T., Tessmann R., Computerized Design 
Analysis of Machine Tool Hydraulic System Dy-
namic, FES/BAR Dyne Technolgy Transfer Publica-
tion #11, Copyright © BarDyne, Inc., 1998. 

[20] Watton J., Fluid Power System: Modelling, Simula-
tion, Analog and Microcomputer Control, Prentice-
Hall, New York, 1989. 

[21] http://fluid.power.net/fpn/docs/software.php3  
[22] Modelling and Simulation of Fluid Power Systems 

with MATLAB/Simulink®, International Journal of 
Fluid Power, Vol. 2, No. 3, November 2001. 

[23] Beater P., Modelling and Digital Simulation of Hy-
draulic Systems in Design and Engineering Educa-
tion Using Modelica and HyLib, presented at Mode-
lica Workshop 2000, Lund, Sweden, October 23 – 
24, 2000. 

[24] Firanescu C., Innovative solution for the design, 
simulation, and documentation of fluid power and 
automated systems, Proceedings of The 19th Inter-
national Conference on Hydraulics and Pneumatics, 
Prague, May 30 – 31, 2006, pp. 292-295. 

[25] Wolfe J. W., Electronic Commerce for the Fluid 
Power Industry: Product Configuration, CAD Draw-
ing Generation, In Real Time, On-Line, Presented at 
the International Exposition for Power Transmission 
and Technical Conference, USA, 4-6 April 2000, 
I00-11.5 

 
 
 
 
 
 
 
CORRESPONDENCE 
 

 

Dušan GORDIĆ, Asoc. Prof., 
University of Kragujevac, Faculty of  
Mechanical Engineering Kragujevac, 
Department of Energy and Process  
Enginering 
Sestre Janjic 6, 34000 Kragujevac, 
Serbia 
gordic@kg.ac.rs 
Vanja ŠUŠTERŠIČ, Asis. Prof., 
University of Kragujevac, Faculty of  
Mechanical Engineering Kragujevac,  
Department of Energy and Process  
Enginering 
Sestre Janjic 6, 34000 Kragujevac, 
Serbia 
vanjas@kg.ac.rs 
Milun BABIĆ, Prof., 
University of Kragujevac, Faculty of  
Mechanical Engineering Kragujevac, 
Department of Energy and Process  
Enginering 
Sestre Janjic 6, 34000 Kragujevac, 
Serbia 
nastasija@kg.ac.rs  
Davor KONČALOVIĆ, PhD Student, 
University of Kragujevac, Faculty of  
Mechanical Engineering Kragujevac, 
Department of Energy and Process  
Enginering 
Sestre Janjic 6, 34000 Kragujevac, 
Serbia 
davor@ept.kg.ac.rs 
Dubravka JELIĆ, PhD Student, 
University of Kragujevac, Faculty of 
Mechanical Engineering Kragujevac 
Department of Energy and Process  
Enginering 
Sestre Janjic 6, 34000 Kragujevac, 
Serbia 
dubravka@ept.kg.ac.rs  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


