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HEALTHCARE

Ins and Outs of Inhalers
Simulation helps optimize the performance of a 
dry powder inhaler for drug delivery.
By A.H. de Boer and P. Hagedoorn, Department of Pharmaceutical Technology and Biopharmacy, 
University of Groningen, The Netherlands 

R. Woolhouse and J. Tibbatts, ANSYS, Inc.

In recent years, there has been
growing interest in dry powder inhalers
(DPIs) as a drug delivery system 
that could significantly impact the 
treatment of diseases. The clinical app-
lications for DPIs now extend well
beyond the treatment of lung diseases,
such as asthma, chronic obstructive
pulmonary disease (COPD) — which
includes chronic bronchitis and emphy-
sema — and cystic fibrosis. Recently,
extensive media coverage has been
given to the introduction of inhaled 
diabetic insulin, and research is currently

being carried out to develop methods
for the delivery of antibiotics and 
vaccines as dry powders. A U.S. Federal
Drug Administration report indicated
that, unlike other drug products, the
dosing, performance and clinical 
efficiency of DPIs may be directly
dependent on the design of the device.

In order to develop biopharmaceu-
tical drugs, like peptides and proteins,
for delivery as a dry powder, two signifi-
cant hurdles need to be overcome.
First, the drug must be stabilized 
in a dry state as particles with an 

aerodynamic diameter in the range 
1 to 5 microns. Second, a dry powder
inhaler must be developed that will 
efficiently deliver these microscopic
drug particles to the patient. As a result
of research in this area, a team at the 
University of Groningen in the Nether-
lands has developed a disposable DPI,
The Twincer™, for the delivery of high
drug doses. Tests have shown that 
the Twincer is capable of effectively
delivering in a single inhalation a 
60-milligram dose of pure micronised
colistin sulfomethate, a drug used for
the treatment of cystic fibrosis.

The Twincer holds the drug in a 
blister in which the tiny particles have
likely joined together to form cohesive
agglomerates. In order to break up
these particle agglomerates, which are
too large to be effective, the Twincer
employs two parallel classifiers, circular
chambers that apply inertial and 
shear forces to the particles through a
carefully controlled airflow. 

To accomplish this, each classifier
has three tangential ports that generate
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a swirling flow within the classifier: One
port delivers air from the classifier
inflow; a second delivers air and
entrained drug particles from the drug
inflow; and a third port delivers air from
the bypass channel, which functions to
reduce the pressure loss of the device
and, therefore, to control the effort
required from the patient to make the
desired inhalation. After the air and
drug particles mix in the classifier
chamber, they de-agglomerate and
then exit the classifiers through
a small opening in the base,
where they join the bypass 
airflow and continue into the
mouthpiece. The performance
of the inhaler is assessed in four
ways: the consistency of delivered
dose, the delivered fine-particle frac-
tion (FPF) within the dose, the particle
retention within the device and 
the pressure drop characteristics of
the device.

During experiments using
the Twincer, researchers have
demonstrated that minute
changes in geometric details can have
a significant influence on the inhaler’s
performance. To further understand the
behavior of the inhaler and the reasons

for the design sensitivity, the team 
conducted a number of computational
fluid dynamics (CFD) simulations using
FLUENT software.

The research team took results from
the CFD simulations for pressure loss
and compared them with experimental
measurements in order to validate the

model. The results of both the CFD
analysis and experimental work showed
good agreement. Concerning the
particle trajectories, the CFD analysis
predicted that particles 10 microns in
size and larger would be retained within
the classifiers, whereas smaller particles
would exit the classifiers and flow into
the mouthpiece. The retained particles
would include larger sweeper particles,
those typically 100 to 200 microns in
diameter. These predicted particle 
trajectories also compared favorably
with experimental observation made
using a laser diffraction technique.
Finally, the team concluded that the
drug particle cut-point is typically
between 5 and 7 microns, depending
on the properties of the drug and the
flow rate. 

The maximum dose that can be
delivered by the Twincer depends on
the flow split — the percentage of the
total flow rate that passes through the
drug inflow — and the patient’s lung
capacity, which may potentially be
impaired. Since the design goal of the
inhaler is to deliver high drug doses,
the flow split within the device is of 
key importance. The CFD simulations
showed that only 16 percent of the

total airflow passed through the drug
inflow and that 60 percent of the
airflow bypassed the classifiers
completely. These flow splits
remained roughly constant over
the expected operating range of
the device. 
To try to improve the flow split,

researchers carried out an additional
CFD simulation in which a blockage
was introduced into the bypass chan-

nel initially using a porous media.
The team discovered that by 
partially blocking the bypass
channel, the total airflow was
reduced without affecting the

mass flow available to mobilize the
drug and to generate swirl within the
two classifiers. From this observation,
the researchers inferred that such a
design change is unlikely to affect the

CFD simulation showing particle trajectories for 
1-micron (top) and 10-micron (bottom) particles

Sweeper particle retention within classifier chambers (approximately 175 micron particles)
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rate of entrainment of the drug from
the blister or the rate of particle
agglomerate breakup in the classifier.
However, such a design change may
reduce the particle exit velocity from
the inhaler’s mouthpiece, a condition
that increases delivery of drug parti-
cles to the deep lung.

Using CFD analyses, the research
team also learned that the port from
the bypass channel to the classifier
did not carry any flow, or was a “dead
flow channel.” Previously unexplained
experimental observations had
shown that an accumulation of
particles often occurred in these flow
channels. The team carried out an
additional CFD simulation with these
flow channels removed. As expected,
the simulation showed that the
removal of these flow channels had
no significant impact on the perform-
ance of the device.

Dead flow region within inhaler device
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CFD analysis compared with experimental data.
Experimental data and CFD simulation of total air 
flow vs. pressure drop are in close agreement.
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The use of CFD in the develop-
ment of the Twincer allowed detailed
assessment of the flow behavior within
the inhaler. The results from the CFD
analyses showed good agreement
with experimental results and obser-
vations. Researchers have used the
information gained from the CFD 

simulations to guide design modifi-
cations of both the classifier inlet
channels and the bypass flow chan-
nel. Following redesign of the inhaler
prototypes, researchers again plan
to use CFD simulation alongside an
experimental program to further
optimize the Twincer DPI. ■
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Supporting the 
Oil and Gas Industry
Longevity and safety of drilling derricks and 
substructures are increased through stress analysis.
By Luis M. Peñalver, General Manager, Consultora de Ingeniería Peñalver, C.A. (CIPCA), 
Puerto Ordaz, Venezuela

The oil and gas industry faces 
challenges associated with age-related
equipment deterioration. In these 
scenarios, companies must ask them-
selves what to do with the equipment;
more specifically, should they maintain
the equipment as it ages, or retire it
and purchase new equipment? In
some cases, the most cost-effective
solution involves repairing the equip-
ment in order to extend its useful
lifespan. One specific challenge is the
repair and recertification of oil derricks
used in the drilling process.

There are several types of derricks.
The structure of each is suitable for the
type of activity, which could be drilling,
reconditioning or well cleaning. The
most common type is a rigid design

that has four legs secured to the 
corners of a metallic substructure.

Oil derrick design specifications
require that the structure is able to sup-
port the load of vertical tubes used for
the drilling operation; the derrick also
must resist wind loads that may have
velocities up to 160 kilometers per hour.
In addition, during the extraction of the
drill pipe, the pipe could get stuck in the
well due to irregularities or obstructions
in the hole. In these cases, the derrick
must resist, within reasonable limits, the
force required to release the drill pipe
from the hole.

After years of service and perhaps
poor operating practices, derricks and
substructures involved in drilling oper-
ations may begin to exhibit damage
such as deformation, fatigue, break-
age or misalignment of their structural 
elements. These problems can be 
corrected through structural repairs,
but the equipment then needs to be
recertified for use.

New equipment can be repaired
and certified by the original manu-
facturer. However, much of the equip-
ment currently used in the oil industry
has been in operation for more than 10
years. The original derrick manufacturer
may no longer exist, therefore, these
derricks are considered unidentified
equipment. Evaluation made by manual
calculation is a long, slow process that
does not reach the accuracy level
required by industry standards for recer-
tification. In addition, physical variables
such as fatigue and remaining life calcu-
lations for these large structures are
extremely complicated.

A drilling derrick raised for testing
Courtesy AKERE ENERGY, C.A.

Von Mises stress simulation showing distributed stress
along all elements of a derrick 
Courtesy AKERE ENERGY, C.A.
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According to the American Petro-
leum Institute standard API-4G
(Recommended Practice for Main-
tenance and Use of Drilling and Well
Servicing Structures), load rating for 
a well servicing or drilling structure 
of unknown manufacture may be 
determined by a process including
inspection and engineering practices
such as simulation. This process may
include structural analysis in accor-
dance with API-4F (Specification for
Drilling and Well Servicing Structures),
which states that the accuracy of stan-
dard design ratings of each structure
shall be tested by proof loading or by a
computer model, such as finite element
analysis (FEA), to verify the structure for
the design loads.

In order to fulfill these international
specifications and to maintain the 
reliability and structural integrity of
equipment during operation, Consultora
de Ingeniería Peñalver, C.A. (CIPCA) in
Venezuela uses FEA software from
ANSYS to examine various clients’
drilling structures. CIPCA employs sim-
ulation to determine maximum load
capacity, stress distribution on the
structure, regions prone to failure (criti-
cal regions), potential life cycle, fatigue
effects and load rating. The ability to
determine stress in a structure with
more than 20 years’ service and for
which the manufacturer no longer exists

gives oil and gas companies the ability
to comply with international specifica-
tions and to rescue equipment that
would otherwise need to be retired.

CIPCA applied this approach to
equipment owned by COMANPA,
C.A., an oil and gas drilling company
also located in Venezuela. The derrick
for the oil rig named COMANPA 27
was built in 1971 and was designed
with a maximum lift capacity of
180,000 pounds. After years of 
service, the derrick showed general
deformation in its primary and second-
ary structural elements and was
tagged unusable for drilling service
after failing inspection. In order to 
evaluate the derrick under the API
specifications, CIPCA began by mod-
eling the geometry of the existing
derrick, including deformed parts, with
ANSYS DesignModeler software. Shell
elements were used to model the
major structural members. This saved
computational time in comparison 
to using solid elements to mesh these
relatively thin parts. In addition, better
accuracy could be obtained for the
same number of degrees of freedom
by utilizing shell theory for thin geom-
etries. Also, joints were modeled with
edge-to-edge contact elements that
were automatically detected between
the structural members through
ANSYS Workbench simulation. 

By using ANSYS contact technology
to deal with interactions between parts,
mesh densities could be adjusted 
appropriately without the mesh of one
part influencing the mesh density of the
adjacent part. The FEA simulation, which
included fatigue effects, was performed
using ANSYS Mechanical software within
the ANSYS Workbench environment.

From the results, CIPCA concluded
that the derrick could not operate at its
original design specifications; however,
it was determined that the derrick 
could operate safely with a modified lift
capacity of 100,000 pounds. Following
analysis, the derrick was able to 
complete scheduled drilling for an addi-
tional two years. 

Having a drill out of service can 
significantly impact costs and, therefore,
the bottom line, according to AKERE
ENERGY, C.A., another company that
specializes in oil and gas exploration,
drilling and operation based in
Venezuela. It is very important for such
companies to meet their annual drilling
schedule, as these companies maintain
contracts to drill a specified number of
holes in a region. Derricks that are out of
service for certification can only be
replaced by equipment that has been
previously contracted and certified. If
equipment is not available, then produc-
tion goals are not met, resulting in loss 
of profit. ■

Derrick substructure at the yard for maintenance
Courtesy AKERE ENERGY, C.A.

Von Mises stress contours on the substructure 
Courtesy AKERE ENERGY, C.A.
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At Modine Manufacturing Company in 
Wisconsin, U.S.A., designing charge air coolers
and exhaust gas recirculation (EGR) coolers
is largely driven by emerging emission
standards in the United
States and Europe. These
new emission standards
equate to higher thermal
loads and more rigorous
durability requirements for
automotive engine and
exhaust components. With
the surge in demand for
engine components that meet the new emission standards,
it was apparent to Modine that it needed to conduct a
greater number of concurrent engineering design projects
without significantly impacting engineering headcount or
physical test facility capital investment. Physical testing is
expensive, and test capacity limitations make it nearly
impossible to turn around a design project quickly and 
efficiently through testing alone. Given these factors, the
need for leveraging the virtual environment was clear. 

In order to deliver a
quality product that
would fully satisfy its
customers, Modine
deemed they would

need to restructure their
development process while also pur-

suing customized analysis tools tailored to this
process. Ideally, these tools would be readily usable
by product design staff as well as the traditional
analysis staff. Equipping design engineers with

straightforward, customized analysis tools would allow
more virtual analyses to be executed without the need

to increase the number of analysis engineers.
To help modify the process, Modine’s management

decided to co-locate all analysis engineers in one physical
location in the middle of each of the product line groups,
forming the Virtual Technology Group. By co-locating 
analysts from all product lines, this new team could share
technology processes and create best practices for 
rolling out simulation technologies to engineers in different
divisions. Modine selected tools to equip the Virtual 

Integrated Analysis Achieves 
State-of-the-Art Workflow
A collaborative process and better tools help Modine engineers leverage
the virtual environment to meet emission standard design changes.
By Allan Wang, Manager Virtual Technology Group, Modine Manufacturing Company, Wisconsin, U.S.A.

Shane Moeykens, Strategic Partnerships Manager, ANSYS, Inc. 

CAD rendering of an exhaust gas recirculation
cooler in Pro/ENGINEER
Image courtesy Modine.

Modine designs and manufactures thermal
management solutions for a variety of
applications, including light, medium and
heavy-duty vehicles; HVAC equipment; fuel
cells; and electronics.
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Technology Group — including Pro/ENGINEER® 3-D 
computer-aided design (CAD) from Parametric Technology
Corporation (PTC) and FloWizard software from ANSYS for
analyzing fluid dynamics; these tools have been integrated
by ANSYS to allow for seamless geometry transfer.

Disseminating analysis tools in a usable form through-
out an organization is one approach for increasing
productivity. However, traditional analysis tools can come
with a substantial learning curve. In contrast, the integrated
Pro/ENGINEER FloWizard configuration offers a significant
level of automation and was appropriately customized to
specific design activities at Modine, enabling these tools to
be readily used by product designers. For example, a
design engineer working with liquid-cooled charge air 
coolers could rely upon software customization unique to
this application for greater efficiency and ease of use. 

Describing Modine’s new process, Dr. Jonathan 
Wattelet, global director of research, said, “Everything is
going toward simulation to improve product development
processes. We expect the number of engineers we employ
to remain relatively constant. We need to use tools such as
Pro/ENGINEER and FloWizard software to make our 
engineers more efficient. By 2010, we’d like one-half of 
our engineers to be using tools like the integrated
Pro/ENGINEER FloWizard solution.”

The process changes Modine implemented had an
immediate impact on the design of their products. In one
example, Dan Raduenz, an application engineer from the
Engine Product Group, used Pro/ENGINEER and the
FloWizard product to optimize the flow and pressure drop in
a liquid-cooled charge air cooler. Raduenz set up five
Pro/ENGINEER versions of his design and in 20 minutes
had created his CFD cases using FloWizard. He then
processed his CFD solutions overnight and, by the next
morning, was able to determine the best path for design
and manufacturing. Raduenz estimated that this design
would have cost a minimum of $10,000 for just two itera-
tions using traditional methods and tools, not to mention the 
significant additional queue time and setup time needed to
perform physical testing in lieu of these virtual simulations. 

Dave Janke, supervisor of the Virtual Technology Group,
estimated that each preliminary internal flow analysis of the
liquid-cooled charge air cooler using the current processes
costs Modine $400 and approximately one day of time,
compared with several days using the conventional high-
end CFD tools. The end result of the organizational and
process change is that the new designs consistently meet
and/or exceed Modine customers’ requirements for 
performance, quality, cost and delivery. “This is a clear case
of cutting-edge simulation. FloWizard software’s auto-
mation and its interoperability with Pro/ENGINEER were
critical for this labor reduction,” stated Scott Wollenberg,
managing director of the Global Engine Product group. 

Modine’s senior management has made the commitment
to provide their organization with the right environment 
and tools to enhance communication and productivity. Dr.
Anthony C. De Vuono, vice president and chief technology
officer, commented, “I am thrilled with the way the organ-
ization has embraced the environment. Managing directors of
Modine’s product line groups are positive and are reporting
exceptional productivity all around. Computer simulation and
analysis allows us to use our physical test facilities more
wisely, facilitating these productivity gains.” ■

CAD rendering of a charge air cooler assembly created in Pro/ENGINEER

A CFD model of airflow through the charge air cooler in FloWizard software with
pathlines colored by velocity

      



From CAD
to CAE
FLUENT software now offers 
support for Autodesk Inventor.
By Shane Moeykens, Strategic Partnerships Manager, ANSYS, Inc.

A seamless flow from computer-aided design (CAD) to
computer-aided engineering (CAE) has long been an impor-
tant goal for engineering design teams seeking to increase
productivity and reduce costs. Now, companies who use
Autodesk® InventorTM have streamlined access to selected
CAE software from ANSYS. The new Fluent Inventor 
Connection provides users with the ability to automatically
launch FloWizard or GAMBIT software from the Inventor
environment. With a single click, users can load a geometry
model directly into FloWizard or GAMBIT to set up a compu-
tational fluid dynamics (CFD) analysis and solve for the flow
in or around the geometry. The Fluent Inventor Connection 
provides seamless connectivity between design and analysis
processes.

As a consultant and longtime user of ANSYS software,
Brad Stevens of Kx Simulation Technologies sees benefits 
customers can reap from the tight integration of design-
level analysis tools. “We are certain that the addition of even
tighter integration between the ANSYS design-level CFD
tool, FloWizard, to Autodesk Inventor will bring increased
productivity and value to Inventor users,” Stevens said. Kx,
a Cincinnati, Ohio-based engineering consulting firm, 
delivers customized solutions backed by more than 15
years of engineering experience.

Prototyping can account for as much as 25 percent of
the entire development cycle. “Digital prototyping offers an
efficient and cost-effective alternative to fabricating costly
prototypes. Virtual testing and analysis allow a company to
validate basic design properties in the early phases of the
drafting and development process, providing further devel-
opment cycle and cost benefits,” said Robert “Buzz” Kross,
vice president of Autodesk Manufacturing Solutions.
Autodesk has had a formal relationship with ANSYS, Inc.
since 2005, through the joint solution for stress and strain
analysis powered by ANSYS DesignSpace technology.
“We’re very excited to expand this relationship to other
areas of multiphysics, such as the CFD capability enabled
by the Fluent Inventor Connection and FloWizard 3.0,”
Kross added.

The Fluent Connection software also provides 
interfaces with UGS NX™, Pro/ENGINEER® Wildfire® and
SolidWorks®. Integrating core CAE technologies with 
independent design tools has been a key part of the 
ANSYS strategy for nearly a decade. ■

Autodesk Inventor geometry model of a tab mixer, a device typically used in
process industries such as power and petrochemical

FloWizard simulation results showing contours of temperature distribution within
the tab mixer

FloWizard results showing static pressure displayed across a temperature 
isosurface within the tab mixer
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TIPS AND TRICKS

One problem faced in the design of structures is buckling,

in which structural members collapse under compressive

loads greater than the material can withstand. Examples

include the local failure of a box girder of a bridge or an 

aluminum beverage can crinkling when compressed. Figure 1

shows a plastic bottle deforming in this manner under an

internal pressure.

Using ANSYS Workbench Simulation functionality 

provides many tools to aid users in solving geometric 

instability problems, ranging from linear (eigenvalue) 

buckling to nonlinear, post-buckling analyses. Eigenvalue

buckling analysis is a good approximation technique that,

although less precise than nonlinear buckling analysis, is a

relatively quick and easy way to determine, for example,

critical loads that induce buckling and possible buckling

modes (that is, the different ways the structural member

can deform). The solution time for eigenvalue buckling 

typically is significantly faster than a nonlinear buckling

analysis, meaning that a great amount of useful information

comes at a relatively cheap computational price.

Performing Basic Linear Buckling Analysis
ANSYS Workbench Simulation allows users to easily set

up linear buckling analyses. First, a user must set up the

loads and boundary conditions under a Static Structural

Analyzing Buckling
in ANSYS Workbench
Simulation
Simulation shows how parts catastrophically 
deform under compressive loads that 
exceed the structure’s material strength.
By Sheldon Imaoka, Technical Support Engineer, ANSYS, Inc.

Figure 1. Buckling of plastic bottle in which sides collapse
from a negative internal pressure. The geometry is from 
a sample Autodesk Inventor part.
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Figure 2. Plate in this buckling example is simply supported at one end (A) and guided
on the other (B) with a compressive load (C).
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Figure 3. Plot of displacements in out-of-plane direction

Simulation using a Commands object with the UPGEOM

ANSYS command.

All result files are contained in the Simulation Files folder

under subdirectories, such as Linear Buckling. To use a 

buckled mode shape to perturb the geometry, first determine

the buckled mode shape as well as the maximum amplitude.

In the nonlinear static analysis branch, insert a Commands

object with the following Advanced Parametric Design 

Language (APDL) commands:

/PREP7

UPGEOM,factor,1,mode,’..\Linear 

Buckling\file’,rst

/SOLU

Note that in this command, factor will be multiplied to

the buckled shape mode and the nodes will be moved to

new locations. For example, a user may want to perturb the

mesh using the first buckled mode shape, which may have

a maximum amplitude of 0.5. Using information such as

manufacturing tolerances or a given percentage of the

thickness of the part, the user may wish to include an 

imperfection with a maximum value of 0.002. The user 

then could use the following commands to include the first

buckled mode shape:

/PREP7

UPGEOM,0.004,1,1,’..\Linear

Buckling\file’,rst

/SOLU

analysis branch. Then the user must add a second analysis

branch, Linear Buckling. In this step, the Initial Conditions

branch references the Static Structural branch, so that

loads, boundary conditions and the stress state of the 

system can be obtained.

Under the Analysis Settings branch, the user can

request any number of buckling modes. While the default is

to solve the first buckling mode, the author recommends

solving for three or more buckling modes in order to verify

whether or not there may be multiple buckling modes that

could be triggered.

After solution, the buckling mode shapes and load 

multipliers can be reviewed. The magnitude of all of the loads

defined in the Static Structural branch multiplied times the

load multiplier provides an estimate of the critical load.

Including Initial Imperfections
If a user considers symmetric geometry, even a non-

linear buckling analysis may predict too high a critical load.

Consider a simple plate simply supported at one end (A) and

guided on the other (B) with a compressive load (C), as

shown in Figure 2. Although a user may assume that buckling

should occur in the out-of-plane direction, this may not occur

if the geometry is modeled perfectly.

To correct for this, use a buckled mode shape calculated

from a linear buckling analysis to create a small imperfection

or perturbation in the mesh for use in nonlinear buckling

analyses. This can be accomplished in ANSYS Workbench

No Imperfection

With Slight Imperfection
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Figure 4. Tubular system loaded in compression in which post-buckling behavior is
captured with nonlinear stabilization active

When using commands in ANSYS Workbench Simula-

tion, note that the system of units should not be changed.

The ANSYS result files will be based on the active units

when the Linear Buckling analysis was performed. Also,

because the mesh is being modified directly by the ANSYS

mechanical solver, ANSYS Workbench Simulation will not

display the updated nodal position; this should not pose a

significant problem in post-processing.

The aforementioned simply supported plate was loaded

in-plane with and without an imperfection, based on the 

first buckled mode from the eigenvalue buckling analysis.

Figure 3 shows the plot of displacements in the out-of-plane

direction. Note that without any imperfection, no buckling

occurs. With the small imperfection, buckling occurs at

approximately 85 percent of the applied load.

Capturing Post-Buckling Behavior
In situations such as failure analysis, post-buckling

behavior must be studied. Techniques such as solving the

system as a transient analysis or using the arc-length

method have been available in mechanical simulation 

solutions from ANSYS for a very long time. A relatively new

method introduced in ANSYS 11.0 technology is the 

nonlinear stabilization technique. This method is controlled

with the STABILIZE command and is easy to implement

through ANSYS Workbench Simulation.

Conceptually, nonlinear stabilization can be thought of

as adding artificial dampers to all of the nodes in the 

system. Before the critical load is reached, the system 

typically may have low displacements over a given time

step. This can be thought of as a low pseudo velocity that

would not generate much resistive force from the artificial

dampers. On the other hand, when buckling occurs, larger

displacements occur over a small time step; as a result, the

pseudo velocity becomes large and the artificial dampers

generate a large resistive force.

Nonlinear stabilization can be specified either by 

entering a damping factor or energy dissipation ratio. The

ratio typically ranges from zero to 1 and can be thought of

as the ratio of work done by the damping forces to the

potential energy. When this method is used, the effective

damping factor is printed for reference purposes in the

Solution Information solver output as follows:

*** DAMPING FACTOR FOR NONLINEAR 

STABILIZATION = 0.1840E-01

Because of the easier interpretation of the energy 

dissipation ratio value, it is recommended that users first

select values closer to 0, reflecting less damping. Other

controls with nonlinear stabilization include using constant

values, or ramping the stabilization forces to zero at the

end of the load step, as well as selecting at which point

nonlinear stabilization is activated.

To use nonlinear stabilization, a user simply needs to

insert a Commands object under the Static Structural

branch with the STABILIZE command and relevant argu-

ments. For example, to use 0.01 percent constant energy

dissipation ratio, one can use the following command:

STABILIZE,CONSTANT,ENERGY,1e-4

Note that because nonlinear stabilization can be

turned off or used only for certain load steps, a user may

wish to separate the load history in multiple steps via the

Analysis Settings branch; following that step, the user

then activates nonlinear stabilization only when needed

through the Details view of the Commands object. 

Figure 4 shows a tubular system loaded in compression 

in which post-buckling behavior is captured using non-

linear stabilization. ■

Contact the author at sheldon.imaoka@ansys.com for the complete
paper from which this column is excerpted.

                           



ANALYSIS TOOLS

Parametric Design
Analysis for Evaluating 
a Range of Variables
Tools help to study engineering trade-offs in 
Simulation Driven Product Development.
By Pierre Thieffry, Product Manager, ANSYS, Inc.

A major challenge in product 
development is balancing competing
engineering requirements. Components
often must be lightweight yet strong
enough for maximum durability, for
example. Users are thus faced with the
tedious and time-consuming task of
running multiple simulations to find a
solution that satisfies most of the
requirements.

Fortunately, tools are available to
help designers perform parametric
analyses in which simulation software
automatically solves for entire ranges of
specified variables and generates dis-
plays that enable users to readily spot
trends and identify an optimal design.
By clearly showing the relationship of
multiple variables and their effect 
on performance, parametric analysis 
can guide the product development
process to a design configuration that
might not have been considered with
pure point–solution simulation or 
that would have proved too time-
consuming if individual analyses were
manually performed.

Geometric Parameters: A Key to 
Design Variations

A wide variety of parameters, such
as material properties, can be varied to
study the impact of those changes on
the design, but a major source of 
variation is the geometry itself. While
parametric computer-aided design
(CAD) models have existed for

decades, very few simulation tools
allow them to be used effectively. Some
tools, such as the ANSYS Parametric
Design Language (ADPL), allow users
to create parametric geometries,
though the time required to set up such
a model increases significantly with the
complexity of the geometry.

Typically, one of the most efficient
ways of dealing with geometric 
parameters is provided by the ANSYS

Workbench platform, which enables
parameters of the CAD model to be
driven directly from simulation. The
ANSYS interface for major CAD 
systems not only reads in the geom-
etry data but also imports the
geometric parameters, along with
attributes or material data in some
cases. In this respect, the ANSYS
Workbench environment provides 
an easy solution for defining and 

Response surfaces, like this one, enable users to clearly visualize the complex relationship between
multiple input and output parameters in parametric analysis studies.
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ANALYSIS TOOLS

performing parametric analyses. The
additional amount of work required to
move from a single point simulation to
a full parametric analysis is no more
than a dozen mouse clicks.

Benefits of Parametric Design Analysis
Parametric analysis is an excellent

way to get accurate information about
the influence of all parameters on the
design objectives, such as system per-
formance with respect to stress, heat
flow, mass flow and other variables.
With this information, the design team
can make informed decisions through-
out product development, especially in
the early conceptual stage. As a con-
sequence of the parametric analysis,
the design team also can react quickly
to any modification due to external 
constraints (for example, manufac-
turing) and can easily answer any
“what if” questions.

Data Representation
Data representation is crucial in

order to maximize the benefit of a
parametric analysis. Tools such as
ANSYS DesignXplorer software are
based on response surface methods
(RSMs) that help allow users to readily
visualize and evaluate performance
variations over the entire design space.
Such approaches can be applied to
any simulated physics applications
including structural, computational
fluid dynamics and multiphysics 
analyses. These methods are efficient
in terms of computation time, since
they use a limited sampling of the
parametric space to build the response
surfaces, which depict the mathe-
matical relationship between input and
output parameters. These 3-D color-
coded contours readily convey large
amounts of data that would otherwise
be overwhelming to decision-makers,
who will more easily be able to inter-
pret a simple curve or plot than a list 
of numbers.

Among other graphical representa-
tions, the trade-off plot is probably the
first to be considered. It represents 
the feasibility of a given design: A 
large sampling (10,000+ points) is 

In this trade-off plot, the red-dotted contour shows the boundaries of the design space.
All feasible designs are within this boundary.

Key parameters in this sensitivity chart are readily identified by the importance of their effect
on the performance. In this example, thickness and depth have the biggest influence on the
safety factor.

performed on a response surface and 
performances of design variables are
plotted. The accompanying trade-off
plot indicates, for example, that for the
product under analysis to be designed
with a safety factor of 1.0, product
mass will be in the range of 0.6 and 1.2
kilograms. If the product requirements
specify a mass of 0.5 kilograms, there-
fore, one can see that there are no
design solutions that can maintain a
safety factor of at least 1.0 at that
mass and with that specified design. 
A new design would have to be gener-
ated. On the other hand, if the product
requirements specified a mass of 1.0
kilograms, the engineer knows that
there is at least one solution. Other

tools then exist to help users find the
right specific solutions.

Simple 2-D plots (single or multi-
variate) are the easiest graphs to
understand and convey information
about the variation of performance
with respect to the design variables.
Sensitivity charts (bar or pie charts)
also provide immediate information
about the weight of each of the design
variables on the product performance.
They enable the engineer to identify
the key parameters and know where
the focus should be. This type of
approach helps to reduce and 
eliminate time or money wasted on
variables that do not influence 
the design. ■
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