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 Integrated Computational Materials EngineeringOverview

 The accelerated insertion of materials 
(AIM) initiative provides the opportunity 
to reduce the materials development 
cycle time by up to 50% and thereby 
lessen the lead time required for new 
materials and processes. The program 
was founded to revolutionize the way 
designers and materials engineers 
interact, to achieve a leap forward in 
the application of computational materi-
als science and integration with design 
engineering tools, and to create an 
environment where the design/materials 
team can learn from and build on previ-
ous developments. The centerpiece of the 
AIM system is the designer knowledge 
base, which provides a framework for 
managing experimental data, executing 
linked models describing processing, 
microstructure, properties, and pro-
ducibility, and calculating confi dence 
bounds for system predictions.
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INTRODUCTION

 New materials and processes enable, 
and often pace, developments in industry. 
This has certainly been the case for the 
gas turbine, where a new blade alloy 
or new melting process can change the 
face of modern military and commercial 
aviation. A relentless pursuit continues 
for “better, faster, cheaper,” driven by 
the market forces that are shaped by 
customer expectations for improvement. 
The reality is that materials are now 
the pacing element in achieving further 
signifi cant improvements in engine tech-
nology. Design engineers are running out 
of strategies to work around materials 
limitations, and engine programs are 
disrupted when new materials are not 
ready on time. The accelerated inser-
tion of materials (AIM) initiative was 
conceived, sponsored, and monitored 

by the U.S. Defense Advanced Research 
Projects Agency (DARPA) and the U.S. 
Air Force Research Laboratory (AFRL) 
to combat this problem. 
 The AIM initiative provides the 
opportunity to reduce the materials 
development cycle time by up to 50% 
and thereby lessen the lead time required 
for new materials and processes. This 
methodology can be used not only for 
new alloy introductions, but also for new 
part or new vendor qualifi cations, process 
modifi cations, or even material non-
conformance issues. The AIM program 
jump-started the concept of integrated 
computational materials engineering 
(ICME), being the fi rst to address the 
growing need in the aviation industry 
for a coordinated strategy of linking the 
computational materials tools already 
available to explore material chemistry 
and process design space for the optimum 
alloy composition and thermomechani-
cal processing for a given application. 
 From 2001–2004, General Electric 
(GE) Aviation conducted research under 
the AIM program in collaboration with 
academia and other partners from indus-
try. While AIM is generically extensible 
to other materials systems, the GE team 
used the nickel-based superalloy tur-
bine disk alloy René 88 DT to develop, 
validate, and demonstrate a system that 
embodies the AIM methodology.
 The program was founded upon 
bringing about three systemic changes: 
to revolutionize the way designers and 
materials engineers interact, to achieve a 
leap forward in the application of compu-
tational materials science and integration 
with design engineering tools, and to 
create an environment where the design/
materials team can learn from and build 
on previous developments. The center-
piece of the AIM system is the designer 
knowledge base (DKB), which provides 

Figure 1. The AIM designer knowledge base system incorporates commercial, proprietary, 
and emerging computational materials development tools to enable rapid exploration of 
new materials design space. 
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a framework for managing experimental 
data, executing linked models describing 
processing, microstructure, properties, 
and producibility, and calculating con-
fi dence bounds for system predictions. 
The DKB informs design engineers about 
material performance and producibility 
as well as transfers materials informa-
tion to a design engineering trade study 
tool. The GE team established models, 
uncertainty methods, and use-cases for 
integration within the DKB.

Materials Models

 Acceleration from the integrated AIM 
system depends on models with suffi cient 
fi delity and robustness to confi dently 
predict processing, microstructure, and 
mechanical properties. The GE team 
employed available and newly developed 
models to predict the effects of key 
process parameters on microstructure 
and properties. Modeling efforts have 
focused on those that capture the phys-
ics governing material-system behavior. 
Some of the commercially available 
modeling tools include Thermo-Calc 
(thermodynamics), DICTRA (kinetics), 
and DEFORM ® (large-strain deforma-
tion and heat-treat thermal modeling).

Uncertainty

 The design of a complex system, such 
as an aircraft engine, must account for 

uncertainty that is inherent in materials 
behavior and manufacturing processes. 
The GE AIM team has evaluated data 
and modeling uncertainty and applied 
Monte Carlo analysis to calculate the 
uncertainty that is produced by varia-
tions in processing history, microstruc-
tural features, measurement errors, and 
the inadequacy of physically based 
models.

Use Cases

 The GE team recognized early that 
models, digitization utilities, and an inte-
gration framework are necessary ingredi-
ents of an AIM system. However, purpose 
and benefi t are delivered by identifying 
important problems whose solutions both 
accelerate development and reduce risk. 
Use cases, which codify an accelerating 
methodology and describe the steps 
toward solving such problems, are the 
key to success—they provide direction 
for AIM tool development and ensure 
that the individual pieces are coordinated 
to reap a benefi t in the end. The GE team 
established use cases to aid development 
and testing of the DKB. These use cases 
included methodologies to design a heat 
treatment to better balance properties, 
identify optimum parameters for a dual 
heat-treatment process, and calculate 
heat transfer using inverse methods.
 In this article, three aspects of the AIM 
methodology will be explored. First, the 
AIM DKB architecture will be reviewed 
and an example of its optimization 
capability will be demonstrated. Next, 
the curve generator concept will be 
discussed, which describes how the DKB 
can synthesize an average and minimum 
representation for a given part using a 
physics-based model along with reduced 
experimental data input. Finally, the 
impact of the AIM methodology on the 

Figure 2. The DKB is dependent on iSIGHT to provide integration, optimization, DOE, 
sensitivity, and uncertainty analysis, with ease-of-use being a prerequisite.

Figure 3. (a) A disk design example where improved ultimate strength was achieved by 
optimizing the heat-treatment process parameters using the AIM DKB system. (b) Baseline 
and (c) improved design; only a cross section of a disk is displayed in b and c.
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concept of engine prognosis will be 
reviewed, as it applies to the current 
DARPA Prognosis program. 

THE DESIGNER 
KNOWLEDGE BASE

 During the AIM project, the GE-led 
team developed a hybrid computation-
al-experimental approach to revolu-
tionize the way in which new materials 
are developed and fl ight-qualifi ed for 
risk-mitigated use in emerging high-
performance engines. Key enablers are 
Engineous Software Inc.’s (ESI) inte-
gration and optimization software 
package (iSIGHTTM) and an object-ori-
ented database management package 
from MatrixOne Inc. (eMATRIX®). 
These commercial systems, in conjunc-
tion with new computational materials 
modules and proprietary design soft-
ware, have been combined to form a 
fl exible, collaborative, computer-based 
DKB. Major functions include:
 • Storage of critical testing data and 

related processing conditions in a 
central database such as mechani-
cal and life properties whose fi -
delity is of primordial importance 
to engine design 

 • Integration of the latest physics-
based and data-driven models to 
predict microstructure and mate-
rial properties and assess complex 
interaction among processing, 
structures, and properties

 • Automation of the generation of 
design property curves by com-
bining the usage of historical data, 
property models, and advanced 
statistical methods

 • Systematic evaluation of propaga-
tion of error resulting from pro-
cesses, material variability, and 
model accuracy 

 Given the dynamic, exploratory na-
ture of material research, the DKB sys-
tem was developed, shown schemati-
cally in Figure 1, with the salient fea-
tures being: 
 • A custom, dynamic, component-

based integration framework uti-
lizing the latest Java 2 Enterprise 
Edition standard to provide a fl ex-
ible plug-and-play environment 
that facilitates the integration of 
new data and models

 • iSIGHT as the backbone to per-
form complex integration and ex-

ecution of a variety of tools and 
modules ranging from data-driven 
response surface functions to 
complex fi nite-element codes, de-
sign of experiments (DOE), multi-
disciplinary optimization, and un-
certainty analysis, which are re-
quired throughout the material 
development process

 • An object-oriented database man-
agement system based on eMA-
TRIX to store complex test, pre-
diction, and design data

dent custom AIM-specifi c graphic user 
interface (GUI) developed using Java 
Swing application programming inter-
faces. It facilitates and guides users on 
module selection and parameter setting 
for DOE, optimization, and uncertainty 
analysis. The GUI provides a direct in-
terface to iSIGHT and the eMATRIX.

DKB/iSIGHT 

 The iSIGHT system was selected for 
AIM because it is ideally suited for 
large-scale enterprise integration and 
automation, and because of its extensive 
capabilities in formulating and solving 
complex optimization, DOE, and 
reliability problems. iSIGHT also 
provides a graphical interface for real-
time monitoring and control of the 
analysis during execution, as shown in 
Figure 2. The DKB system has adopted 
iSIGHT as a backbone engine for 
automating model execution procedures 
and for performing sensitivity studies, 
optimization, and uncertainty analysis.

eMatrix Database System

 A critical requirement of the AIM 
program is to capture and effectively 
use the existing superalloy material 
data, knowledge-based rules and 
methods, and forecasted material data, 
and to use both existing and predicted 
data in a seamless fashion with other 
codes and design tools. The DKB 
leverages the state-of-the-art database 
management system eMATRIX as the 
central repository for all test, processing, 
and design data. eMATRIX was 
originally developed for product data 
management a decade ago, but has 
become increasingly popular and 
extended to include product life-cycle 
management, supplier chain integration, 
etc. The database developed for the 
AIM program captures not only typical 
tabular data, but also complex 
mathematical expressions and graphical 
images such as disk cut-up plans and 
microstructure images. 

Application

 The AIM methodology, implemented 
in the form of the DKB system, is being 
validated and adopted to solve real-
world problems. A typical problem the 
disk designer faces is how to improve 
the current design or material system to 
meet new mission requirements. From 

 • Computational materials models 
for predicting a variety of critical 
quantities such as microstructure, 
mechanical properties, process 
parameters, etc.

DKB Integration Framework

 It is well understood that materi-
als processing (e.g., forging and heat 
treatment) directly impacts the mate-
rial’s microstructure and, ultimately, 
the resulting mechanical properties. 
Successful adoption of the AIM phi-
losophy is dependent on the system’s 
ability to effectively translate a set of 
process parameters for a new material 
into the targeted mechanical properties, 
as driven by design requirements. En-
gineering analysis tools have matured 
over several decades, while computa-
tional materials development tools are 
relatively embryonic. The ability to in-
tegrate and evolve these two worlds is 
critical to the success of AIM. To ease 
this migration, the DKB integration 
framework utilizes a standard template 
to wrap AIM modules (new and lega-
cy), along with a universal procedure to 
execute these modules in a distributed 
environment that substantially reduces 
the efforts of module integration.
 In addition, the integration frame-
work has a dynamic, platform-indepen-

Engineering analysis 
tools have matured 
over several decades, 
while computational 
materials development 
tools are relatively 
embryonic.
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a material developer’s standpoint, such 
a requirement can often be achieved by 
improving relevant material properties 
at critical locations. In order to meet 
this objective, one has to relate the 
mechanical properties back to 
microstructure and the upstream heat 
treatment process. Using the DKB that 
encompasses high-fi delity process 
modeling tools and property models, 
one can quickly assess if a desired 
property improvement can be achieved 
by optimizing key process parameters 
(e.g., optimizing the convective heat- 
transfer coeffi cients during the disk 
heat treatment process), and if it can 
increase ultimate tensile strength and 
decrease hold time fatigue crack growth 
at critical locations, as shown in Figure 
3. The optimized parameters can then 
be checked against the process 
capability of the disk supplier.

AIM: A New Paradigm

 As material developers are increas-
ingly challenged by engine designers 
to develop higher-performance or low-
er-cost material systems, in a much 
shorter development cycle time, there 
has been a critical need to revolutionize 
the traditional way to conduct new ma-
terial insertion. The concept and meth-
odology developed by the AIM team 
has introduced a new paradigm to ma-
terial developers: shorten the develop-
ment cycle through the effective use of 
existing knowledge, advanced model-
ing tools, and latest computing tech-
nologies. The DKB system employs 
such a concept and has effectively inte-
grated the existing knowledge/data 
with high-fi delity, physics-based mate-
rial models and modern computational 
tools. The benefi ts of the AIM method-
ology will become increasingly evident 
to the materials community in the fore-
seeable future through use of the DKB 
system.

THE GENERATION OF 
MECHANICAL PROPERTY 

CURVES

 The AIM methodology helps the 
materials engineer by allowing faster 
and less expensive assessment of mate-
rial properties. Every day, materials 
engineers make decisions concerning 
material selection, the design of new 
materials, processing modifications, 

quality control plans, and the qualifi ca-
tion of new suppliers. Mechanical prop-
erties guide these decisions with a focus 
on minimum properties, particularly for 
critical structural materials and their 
application. Acquiring this information 
can be both expensive and time consum-
ing because large data sets are needed 
to accurately quantify behavioral uncer-
tainty. Often, qualifying a metallic mate-
rial and process requires testing multiple 
lots of material from different heats 
involving several suppliers for the full 
spectrum of relevant properties. Tradi-
tionally, this test data is analyzed to 
produce minimum curves by using clas-
sical statistical methods.
 The GE AIM program undertook the 
task to create a curve generator that would 
allow faster analysis, exercise both data 
and models, permit earlier assessment 
of uncertainty compared to traditional 
methods, and automate the delivery of 
property curves to both materials and 
design engineers. The development 
approach was founded on the following 
considerations. 
 Given the current level of confi dence 
in modeling predictions and the require-
ments imposed by regulatory agencies 
and design practices, any process for 
generating minimum mechanical prop-
erty curves needs to include data for the 
foreseeable future. The curve generator 
should employ physically based models 
where possible. However, data-driven 
models or transfer functions can be 
substituted when model execution time 
is excessive or when no physically based 
model is available. Traditional statistical 
curve-generation processes succeed in 
accurately characterizing minimum 
behavior only by building diverse data-
bases that cover the full spectrum of 
variance sources. Since accurate deter-
mination of variance is the driver for cost 
and duration, the AIM curve generator 
needs to invoke methods to streamline 
the estimation of property variance.
 Given these precepts, the GE team 
built a curve-generator module and 
integrated it into the DKB. As suggested 
previously, the approach was to blend 
conventional statistical mechanical 
property analysis with complementary 
model-based methods. The overall strat-
egy is shown in simplifi ed form in the 
block diagram of Figure 4. 
 Physically based models representing 

process, microstructure, and the subject 
mechanical property are used to deter-
mine the shape of the property curve 
(e.g., the functional dependence of yield 
strength with temperature). However, 
available property data is used to calibrate 
the model thereby determining the 
curve’s location. Once the average curve 
is established, the data residuals (data 
offsets from the average curve) are ana-
lyzed using standard analysis of variance 
techniques. When the amount of data is 
limited, this variance estimate is uncer-
tain; therefore, a second variance esti-
mate is calculated using Monte Carlo 
techniques.
 The Monte Carlo method involves 
characterizing the variation of process 
parameters among production lots, the 
distribution of processing conditions 
within a part, and the error associated 
with the test method. These characterized 
sources of variation are then used to 
perturb linked models describing pro-
cessing, microstructural evolution, and 
property development. Repeating this 
process a large number of times provides 
a probability density function and vari-
ance for the predicted mechanical prop-
erty.
 This curve-generation process was 
implemented in an Excel workbook, 
which lays out the analysis via a logical 
workfl ow that steps the analyst through 
the sequence of analysis operations. The 
workbook exploits Excel as a well-known 
user interface but also stores the input 
data, plots property curve predictions, 
and employs visual basic for applications 
scripts and Excel functions to execute 
models and perform statistical calcula-
tions.
 The AIM curve generator was applied 
to analyze the tensile yield strength for 
a high-performance superalloy used for 
turbine disk applications. Models used 
during analysis included DEFORM to 
characterize quench rate throughout a 
disk forging, a physically based pre-
cipitation model developed by GE to 
determine the infl uence of thermal his-
tory upon the size distribution of the 
gamma-prime precipitates, and a yield-
strength model developed by the Uni-
versity of Michigan. The fi rst two of 
these models were incorporated within 
the curve generator as transfer functions 
derived from numerous modeling runs. 
 One of the worksheets within the curve 
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generator is shown in Figure 5. For this 
example, 66 data points were used to 
calculate minimum yield strength. The 
AIM curve generator prediction of 
minimum at the 50% and 90% confi dence 
levels bracket the historical design 
minimum despite the fact that the latter 
curve was derived from over 500 data 
points. This shows the potential for 
signifi cant reduction in the quantity of 
data required by the AIM curve-genera-
tor process.
 The AIM curve generator, once fully 
developed, offers a number of signifi cant 
benefi ts. First, by enabling automated 
estimation of minimum mechanical 
property capability with less data, the 
AIM process contributes to accelerated 
insertion by allowing earlier and more 
frequent assessments of material capabil-
ity. This acceleration allows the designer 
to confi rm the adequacy of material and 
process enhancements and thereby 
reduces insertion risk. Also, through 
automation of the process, this module 
can be linked with the design system via 
the DKB, further enhancing the design-
er’s ability and opportunity to conduct 
“what-if” sensitivity analyses and pro-
duce superior designs.

APPLICATION OF AIM TO 
ENGINE PROGNOSIS

 The vision of prognosis (or prognos-
tics) is the real-time management of fl eet 
assets. In an engine sense this means 
avoiding mishaps through safety 
improvements, saving costs through 
achieving full-life entitlement of life-
limited parts, and increasing readiness 
through increased time on wing. Prog-
nosis entails making a future prediction 
based on expected usage as well as 
accurately defi ning the current state of 
an asset or subcomponent. To do this, 
accurate mechanistic models are required 

that can predict outside of the current 
state knowledge. The key to all of this 
is in reducing uncertainty about the 
remaining life. Current methods predict 
the life of parts based upon fl eet-wide 
statistics with a hard life limit. Once the 
hard limit has been met, all parts are 
retired. Figure 6 shows that parts will be 
retired with signifi cant remaining life. 
It has been determined that the two 
greatest sources of uncertainty are the 
use environment and material property 
variation. The use environment piece 
translates to accurately knowing the 
temperatures and stresses on an indi-
vidual engine/part basis. To achieve this 
information, work is progressing on 
improved real-time temperature mea-
surements and a parts life tracking system 
that will download every mission point 
from every engine in the fl eet and predict 
life based on actual usage. The materials 

property uncertainty is best addressed 
using AIM-type material models. 
Examples of these models include grain-
size predictive process-property models 
for rotating parts such as turbine disks. 
This effect is shown in Figure 7a for 
typical nickel-based superalloys at con-
stant alternating stress levels and tem-
perature. Typically, processing condi-
tions will result in fi ner grains toward 
the rim and coarser grains toward the 
bore. This can result in signifi cant mate-
rial property variation throughout a 
component. Another example would be 
the alignment and dendrite arm spacing 
in single-crystal airfoil materials. Figure 
7b shows this effect for a typical single-
crystal nickel-based superalloy at con-
stant alternating stress levels and tem-
perature. 

AIM IMPLEMENTATION 
STATUS AND FUTURE 

WORK

 GE Aviation is committed to using 
AIM across its Materials and Process 
Engineering Department (MPED) and 
throughout its engineering division. 
Despite the lack of full maturity for some 
models within the AIM DKB, a core 
group of engineers has learned to use 
the system, identifi ed further use cases, 
and begun to implement some of the 
modules within the technology program 
and the design process. Accelerated 

Figure 4. The process 
used by the AIM curve 
generator.

Figure 5. The results obtained from the AIM curve generator for a turbine disk alloy.



2006 November • JOM 41

100X

10X

1X

1X 100X
Grain Size

LC
F 

C
yc

le
s 

to
 F

ai
lu

re

100X

10X

1X

1X
Single Crystal Structure
(PDAS, Carbides, etc.)

LC
F 

C
yc

le
s 

to
 F

ai
lu

re

4X

a

b

Figure 7. (a) The grain size effect on low-
cycle fatigue (LCF) life and (b) the effect 
of single-crystal dendrite arm spacing 
on LCF life.

insertion of materials complements both 
GE’s corporate commitment to Six 
Sigma methods and extensive efforts to 
digitize engineering processes. In addi-
tion, DKB software was transitioned to 
a major forging supplier and AIM pro-
gram team member, Ladish Company, 
Inc., of Cudahy, Wisconsin. There, it 
was used by the company’s engineers 
during validation exercises to predict the 
microstructure and mechanical proper-
ties following training by the GE Global 
Research Center’s AIM developers. 
Future implementation of the DKB 
system will focus on using the ESI Fed-
erated Intelligent Product Environment 
system, the successor to iSIGHT, for its 
ease of new model integration, back 
compatibility with iSIGHT modules, and 
business-to-business web capabilities. 
The AIM curve generator was demon-
strated within MPED’s Material Behav-
ior Section, which is adapting the module 
approach to streamline and automate 
present methods to produce design 
minimum curves.
 The Trade Study Tool (TST) has been 
reviewed with the GE Aviation Engineer-
ing Department leadership, design 
practice owners, and the department’s 
chief engineer. It has been approved for 
regular use by designers and is the pre-
ferred tool for conducting disk burst 
analyses. The TST has also been applied 
in a NASA-funded contract to carry out 

a trade study for an advanced, dual-heat-
treated disk. In a separate AFRL-funded 
effort, GE has adapted the AIM pre-
cipitation and creep models to the René 
104 advanced disk alloy to support design 
analysis of an elevated-temperature spin 
pit test. 
 Overall, programs adopting the AIM 
approach include DARPA’s Prognosis 
program, follow-on AFRL AIM pro-
grams, and the Air Force Offi ce of 
Scientifi c Research Materials Engineer-
ing for Affordable New Systems pro-
gram. Internally, GE is pursuing the 
application of AIM methodology to new 
niobium silicide materials, airfoil super-
alloys and coatings systems, titanium 
alloys, and composite systems.
 While further work is required to 
realize the full potential of the AIM 
system and its methodologies, the GE 
team has demonstrated a process for 
integrating materials, design, and sup-
plier efforts. The team has created a 
fi rst-generation AIM process and DKB 
that incorporates the models, integration 
utilities, and analysis tools necessary to 
carry out meaningful analyses. Using 
these capabilities, the engine develop-
ment team can produce design data 
curves and material-design trade studies 
earlier than possible with conventional 
data-driven methods. Also, the team can 
apply the DKB to execute use cases that 
optimize processing and properties, and 

improve design applications of both new 
and existing materials.
 GE Aviation has begun to implement 
AIM methodologies and is committed 
to exploiting modeling across materials 
and engine components. These method-
ologies have paved the way for a major 
upswing of materials analysis and digi-
tization that can only lead to greater 
exploitation of materials technology 
throughout the product with greater sav-
ings of cost and time. Once the AIM 
revolution is complete, the designer will 
be able to deploy materials with greater 
confi dence knowing that both data and 
theory jointly combine to validate the 
developments. This fi rst example of 
“integrated computational materials 
engineering” will allow a new generation 
of materials, mechanical, and manufac-
turing engineers to use less time and 
resources to continue to push the limits 
of gas turbine technology.

Daniel G. Backman is with Worcester Polytechnic 
Institute in Worcester, Massachusetts. Daniel Y. 
Wei is with GE Aviation in Lynn, Massachusetts. 
Deborah D. Whitis and Matthew B. Buczek are 
with GE Aviation in Evendale, Ohio. Peter M. 
Finnigan and  Dongming Gao are with GE Global 
Research Center in Niskayuna, New York.

For more information, contact Deborah D. Whitis, 
GE Aviation, Materials Behavior Section, 1 
Neumann Way MD H85, Evendale, OH 45215; (513) 
243-9781; e-mail deb.whitis@ae.ge.com.

Figure 6. Current asset management practice.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 212
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.25
    /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 212
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.25
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /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

  /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 (IPC Print Services, Inc. Please use these settings with Acrobat 7. These settings should work well for every type of job; B/W, Color or Spot Color. We will be happy to customize settings for your needs - please contact Pre-press Helpdesk at \(888\) 563 3220 or prepress_helpdesk@ipcjci.com)
  >>
  /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 [792.000 1224.000]
>> setpagedevice


