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is the global leader in engineering simulation. We help the world’s most innovative 
companies deliver radically better products to their customers. By offering the best and 
broadest portfolio of engineering simulation software, we help them solve the most 
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MODEL HEALTHCARE FOR ALL

 As healthcare organizations labor 
toward profit, they embrace simulation 
tools and methodologies not just to 
speed development but to ensure 
extreme product safety and reliability 
— a goal of 100 percent efficacy. 
Computer modeling and simulation  
(in silico testing) are revolutionizing  
the field: The methodology provides 
valuable insights upfront, bringing 
earlier product launch and greater 
return on investment through reduced 
reliance on animal studies and bench 
testing. Innovative companies are now 
leveraging simulation as a gateway to 
personalized medicine. (See article on 
page 3.) 

Cardiovascular
The cardiovascular community is under 
pressure to develop minimally invasive 
products/treatments that are safer and 
cheaper than traditional ones. Computer 
models are remarkably accurate in pre-
dicting how an aortic aneurysm stent 
would perform in specific patients, proven 
by a Cardiatis investigation. Such strategic 
use of simulation amplifies development 
efforts and validates products to regula-
tory agencies, insurance companies and  
investors (page 6).
 A multiphysics approach ensures  
model fidelity by incorporating blood flow,  
cardiovascular structures and electronic/
mechanical device performance. An  
aortic valve manufacturer used simula-
tion to better understand implant forces — 
which are impossible to measure  
accurately — in treating elderly high-risk 
patients with aortic valve stenosis  
(page 10).  
 University of Sheffield clinical cardiol-
ogists investigated non-invasive modeling 
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EDITORIAL

The unacceptably high cost of healthcare calls for new technologies to make 

medicine more accessible and affordable as well as to face the challenges of an 

aging population. However, the overarching tenet remains patient safety, and 

government regulations ensure that medical products and treatments will do no 

harm despite the large human variability. But at what price? The years-long R&D/

approval cycle drives up medical costs. The good news is that the industry benefits 

significantly from global rapid technology innovation, leveraging high-tech advances 

from miniaturization to wireless to intelligent software. 

By Thierry Marchal, Global Industry Director Healthcare, ANSYS

of the pressure drop across a stenosis. The 
hospital study, which yielded a quantita- 
tive metric in deciding whether to perform 
invasive procedures or medicate patients 
with less severe conditions, reached high 
diagnostic accuracy at 97 percent (page 13).
 
Orthopedics
To innovate while minimizing patient  
risk, orthopedics — once focused solely  
on individual bones — now takes a com-
prehensive skeletal approach that includes 
behavior of motion, such as walking, as well 
as multiphysics effects of MRI on implants. 
 Simulation is even proving its worth in 
surgical planning. Biomechanical model-
ing can reduce surgery duration and patient 
risk in treating infants with skull disorders 
(page 17). Another clinical group adopted 
simulation to optimize component position-
ing based on predicted joint reaction forces. 
Results showed that at the six-month point, 
the computer-assisted surgery group had 
superior walking ability (page 19). 

Diagnostic Equipment
R&D is moving beyond mere medical  
imaging to diagnosis and even automatic 
treatment when warranted. Portable wear-
able devices track body functions and 
deliver data electronically. Fast and safe 
innovation requires multiphysics simu-
lations to evaluate performance by mod-
eling a complete system: wireless device, 
antenna and their interactions with the 
human body. Synapse engineers increased 
the range of its product by a factor of five 
while saving an estimated three months 
of development time (page 23). Devices 
with remote-charge batteries must be 
SAR-compliant, and government agencies 
accepted Medtronic’s simulation results  
as proof that the recharging system does 
not locally heat soft tissue (page 26). 

Medical and Hospital Supplies
Electronics prevail in medical supplies — 
even in hospital beds that automatically 
measure body functions. Starkey Hearing 
Technologies leveraged simulation to 
improve wireless hearing-aid performance 
while saving time and money by quickly 
iterating through design alternatives  
(page 30).  
 Artificial organs can save lives, since 
many patients die while awaiting a donor 
kidney, lung or heart. Multiphysics systems  
simulation is essential for smaller, less- 
complex artificial organ design (page 35).

Pharmaceutical
In silico modeling accelerates innovation 
for pharmaceutical and biotech companies. 
It empowered FluidDA researchers to bet-
ter visualize pulmonary functions for faster, 
less expensive clinical testing of respiratory 
drugs. The approach demonstrates drug 
effectiveness using fewer patients, with the 
potential to cut years from the development 
process and reduce costs by hundreds of 
millions of dollars (page 39). A manufac-
turer of single-use biopharmaceutical mix-
ing equipment leveraged simulation to save 
hundreds of thousands of dollars by signifi-
cantly reducing the need to build  
and test prototypes (page 45). 
 The future of healthcare is bright,  
thanks in part to multiphysics simulation 
and in silico clinical trials. Within 10 years, 
experts predict that up to 60 percent  
of testing will be conducted via computer. 
To achieve this, companies will need to 
democratize simulation use among  
engineers of varying skill levels, with the 
combined result of accelerating product 
development. It is a win–win situation: 
health care to the masses, profits to keep 
the industry in business.
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C  omputer modeling and simulation can revolutionize the 
field of medical devices, bringing innovative new treat-
ments to patients faster and more safely. The Medical 

Device Innovation Consortium (MDIC) is working to advance the 
use of validated modeling and simulation in evaluation of regu-
lated medical devices.

To provide state-of-the-art care for patients and keep pace 
with technology advancements, 21st-century medical device 

development and clinical trial design must leverage evidence 
from computer modeling and simulation.  Historically, medical 
devices were evaluated based on three pillars of evidence: bench 
testing, animal studies and clinical trials.  Computer model-
ing is now the fourth pillar of evidence, providing valuable 
insights early and often in device design and deployment. 
MDIC aims to identify and standardize modeling and simu-
lation validation requirements so that computer simulations 

SIMULATION FOR 
REGULATION

By Bill Murray, President and CEO, and Dawn Bardot, Senior Program Manager 
Medical Device Innovation Consortium, St. Louis Park, U.S.A.

The Medical Device Innovation Consortium advances the use of 
simulation in the development and regulation of medical devices.

HEALTHCARE REGULATION

Twenty-first–century medical device development and clinical trial design 
must leverage evidence from computer modeling and simulation.
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can become an integral source of evi-
dence of medical device safety, efficacy 
and performance. 

MDIC was formed in 2012 as a pub-
lic–private partnership in which indus-
try, government, nonprofit, patient 
groups and academia can come together 
to identify ways to bring medical devices 
to patients more safely, quickly and cost-
effectively. To accomplish this overarch-
ing goal, MDIC established four project 
areas that focus on initiatives directly 
related to the clinical design, trial and 
process involved in bringing medical 
devices to market. 

CURRENT ROLE OF MODELING 
AND SIMULATION

Currently, the medical device indus-
try uses modeling and simulation tools 
in the initial proof-of-concept and proto-
typing phases. By creating these mod-
els earlier than ever before, engineers 
are able to evaluate candidate designs 
before building and testing prototypes. 
They can perform virtual tests early in 
the development process rather than 
waiting for prototype creation in a later 
development phase. 

MDIC sees broad value in model-
ing and simulation. The consortium 
created the Computational Modeling & 
Simulation (CM&S) project to develop 
the tools and methods needed to extend 
the use of modeling and simulation 
throughout the total product lifecycle.  
The next big opportunity for computer 
models is at the regulatory decision 
phase of the lifecycle. MDIC builds con-
fidence in these models’ validated, pre-
dictive capabilities so that they can 
be reliably used to make regulatory 
decisions. This will bring a return on 
investment through reduced reliance 
on animal studies and bench testing.  
Predictive simulations are the gateway 
to personalized medicine.

PRIORITIES FOR INCREASING USE 
OF MODELING AND SIMULATION

The CM&S project steering commit-
tee members share a vision of foster-
ing medical innovation, assessing new 
and emerging technologies, and devel-

oping new ways of using clinical data to 
evaluate medical devices by conducting 
work in priority areas.  This is achieved 
through working groups with mem-
ber representation, including medical 
device manufacturers, the U.S. Food and 
Drug Administration (FDA), the National 

Institutes of Health (NIH), nonprofit 
groups and organizations with exper-
tise in modeling and simulation. Priority 
areas include:

• Creating a framework to augment 
some clinical trials with virtual 

MEDICAL DEVICE INNOVATION 
CONSORTIUM AND ANSYS

ansys.com/91model

The next big opportunity for computer 
models is at the regulatory decision phase 
of the lifecycle.

�Modeling and simulation evidence can be used to make regulatory decisions instead of just for proof-of-concept and 
virtual prototyping.

�Structure of MDIC repository for data and models

http://www.ansys.com/91model
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HEALTHCARE REGULATION

patients, paving the way for smaller, 
more cost-effective trials 

• Identifying opportunities for 
simulation tools to gather data 
that cannot be captured by bench 
testing, particularly in the area of 
cardiovascular device design 

• Developing models to establish 
the compatibility of implanted 
devices, such as pacemakers, with 
magnetic resonance imaging (MRI)
by developing generic, regulatory-
grade safety simulations that 
manufacturers can adapt to their 
specific needs

• Creating a simulation tool that can 
measure, quantitatively rather than 
qualitatively, the damage that can 
occur to blood cells when exposed to
a medical device 

• Constructing models of both basic 
healthy human physiology and 
diseased states to create, design and 
test new medical products to improve 
clinical outcomes 

• Archiving data and resources on 
modeling and simulation to make 
them available to the entire medical 
device community

In addition to fostering project-
specific initiatives and research, MDIC 
hosts events and gives presentations in 
national forums to build awareness of 
modeling and simulation and its impor-

tance. The organization is writing a 
white paper detailing the evolution of 
modeling and simulation in the medi-
cal device industry, current and future 
applications, barriers to using modeling 
and simulation in the regulatory proc-
ess, and next steps. Simultaneously, 
the consortium is developing mock FDA 
submissions to produce representative 

examples of the use of computational 
modeling and simulation for actual reg-
ulatory submissions. 

References

[1] MDIC mdic.org

[2] Q&A with Marc Horner 
mdic.org/spotlight-on-members-marc-horner/

�Road map for increasing the use of modeling and simulation evidence

ANSYS understands and embraces MDIC’s vision 
and has been an actively participating member of 
the consortium since its founding. Evolving from a 
product and technology tool provider to an innova-
tor in healthcare simulation looking at physiolog-
ical models, ANSYS has played an important role 
in collaborating with MDIC’s CM&S project. Thierry 
Marchal championed the participation of ANSYS in 
the MDIC.  Marc Horner, ANSYS healthcare industry 

technical lead, is a member of the Computational 
Modeling & Simulation Steering Committee and 
leads the blood damage working group. Horner is 
also a member of the RF heating and clinical trials 
working groups. The work performed in these groups 
will enable medical device developers to generate 
more groundbreaking ideas, test with greater con-
fidence at lower cost, and bring devices to patients 
more safely and quickly.

ANSYS and MDIC

Computer simulations can become an 
integral source of evidence of medical 
device safety, efficacy and performance.

http://www.ansys.com/Solutions/Solutions-by-Industry/Healthcare
http://mdic.org/
http://mdic.org/spotlight-on-members-marc-horner/


With its groundbreaking stent design, Cardiatis is poised to change the lives of 
cardiac patients worldwide. But this Belgian company is also changing the way 
employees at all levels of the organization use specialized technology that is 
traditionally associated with product-development engineering.

However, as with any groundbreaking 
technology, there are significant barriers 
to bringing the MFM to market. Since 
Cardiatis is a small startup company, it 
needs to attract investors to support con-
tinued optimization of the MFM. To win 
customers, the product’s actual users — in 
this case, cardiovascular surgeons — must 
be convinced of the benefits of the MFM 
over traditional stent designs. 

Because the MFM is a medical product, 
exhaustive product testing must be con-
ducted to ensure that the device is safe 
and effective. Government agencies 
around the world must grant regulatory 
approvals, and insurance companies need 
to formally certify the effectiveness of the 
MFM before they offer patients financial 
coverage.

In keeping with its focus on innovation, 
Cardiatis has identified a reliable solution 
for addressing every one of these needs: 
engineering simulation. 

Cardiatis is accustomed to doing things differently. 
Even though the medical community has been 
using the same basic stent design to treat aneu-
rysms for decades, traditional devices have obvi-

ous drawbacks — including a lack of permeability that inter-
feres with normal blood flows and tissue regeneration in the 

area of the aneurysm. Since 2002, Cardiatis has focused on 
developing a better solution. 

The company’s product, the Multilayer Flow Modulator (MFM®), 
represents a paradigm shift in the treatment of aortic aneurysms. 

Composed of layers of a braided cobalt alloy that form a mesh, the 
MFM is porous. It enables the turbulent blood flow that characterizes 

traditional stents to become more uniform, reducing shear wall 
stress and supporting healing of damaged tissue. 

Cardiatis focuses on making this technology available to patients 
around the world as quickly as possible, because time is critical after an 

aneurysm is detected. Without timely surgical intervention, aortic aneu-
rysms can rupture — and they kill approximately 15,000 people each year 

in the United States alone. Because Cardiatis is confident that the MFM rep-
resents the best possible treatment for aortic aneurysms, company employ-

ees are dedicated to getting this product launched into the global market-
place in a rapid manner.

By Noureddine Frid, Chief Executive Officer, Cardiatis, Isnes, Belgium
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Simulation has been an indispensable design 
tool for the product development engineering 

team at Cardiatis for years. Because the organiza-
tion is competing with larger companies that have 

greater engineering resources, the strategic use of 
simulation helps Cardiatis to keep pace by amplify-

ing the efforts of its product development team. 
Obviously, it is unfeasible to perform early-stage 

product testing on human patients, so simulation has 
been a foundational solution in modeling the MFM’s 

performance inside a virtual human body. 

At Cardiatis, a team of Ph.D. engineers is currently simu-
lating the performance of the MFM inside a range of human 

anatomies that represent actual cardiac patients. Working 
with a database of 4,000 two-dimensional CT scans — which 

are transformed into three-dimensional geometries — this 
team is ensuring that the MFM will deliver consistent results 
for all patients. This ongoing effort is an essential part of the 
company’s product development efforts.

Of course, physical testing is also required — and simu-
lation is helping to drive significant costs out of proto-
typing at Cardiatis. Engineers leverage simulation to 
pre-select the best product configuration as well as to 
optimize the physical testing to focus on key areas. 
This intelligent approach to prototyping minimizes 
the use of expensive cobalt alloy material. By minimiz-
ing material waste, Cardiatis estimates that simulation 
reduces the cost of physical testing by about 10 percent.

However, engineers are not the only people at Cardiatis who 
rely on simulation — or who use powerful simulation images 

of the MFM at work inside virtual human bodies. At Cardiatis, 
simulation is a critical tool for demonstrating and validating 
the MFM to a wide range of audiences.

From the Operating Room 
to the Boardroom 
Whatever the product or industry, resistance to change will 
always be an issue when introducing a revolutionary new 
technology. Customers like to maintain the way they have 
always done things — and they are naturally resistant to 
change. For Cardiatis, the key challenge is convincing cardiac 
surgeons to switch to an entirely new stent technology. In the 
medical industry, making even a small change can affect 
patient outcomes, so physicians need to be extremely confi-
dent in choosing a new solution.

To provide visual proof of MFM’s superiority, every member of 
the sales and marketing team at Cardiatis has simulations 
loaded onto their laptops. When meeting with surgeons, they 
can show — not merely describe — the real advantages of 
Cardiatis’s approach. This has been a powerful tool in helping 

a group of early adopters begin using the MFM in actual 
patients.

Another challenge for Cardiatis lies in attracting 
financial investors who will fund its intensive 

research and development efforts. Engineering simu-
lation has been equally effective in demonstrating the 

MFM technology to venture capital firms. Simulation takes 
a theoretical idea and makes it visual and easy to understand. 
Even people who don’t have a medical background respond 
enthusiastically when they see Cardiatis’s unique stent design  
in action.

Healthcare is one of the 
fastest-growing industries in 

the world. This rapid growth is 
fueling the development of

breakthrough
technologies.

Because the MFM is composed of a permeable 
metal mesh, it supports robust blood flows.
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Securing Critical Approvals
The Cardiatis MFM is in use today in 
Europe and South America to treat high-
risk patients who are unable to benefit 
from traditional stents. Before providing 
coverage for these patients, insurance 
companies request proof of the likely 
results from the MFM — and this proof is 
submitted in the form of patient-specific 
simulations. 

The engineering team at Cardiatis gener-
ates simulations that are based on the 
actual patient’s scans and images, then 
provides these simulations to the medi-
cal team and health insurer. In these 
high-risk cases, the patient’s physical 
geometry is often very complex, with 
multiple aneurysms or severely compro-
mised blood flows. 

Cardiatis has been pleased with the abil-
ity of simulation to represent these com-
plex geometries quickly and accurately. 
And, for those patients relying on the 
MFM for a year or two, simulation has 
proven remarkably accurate in predict-
ing how the MFM would perform.

Insurance companies have also been 
impressed with the results achieved from 
simulation. In some markets, including 
Brazil, insurance claims are not covered 
unless a simulation has been submitted 
in advance of the surgical procedure.

In other parts of the world, including the 
United States, Cardiatis is still securing 
regulatory approvals for the MFM. This is 
a complicated process that is supported 
by simulation. For example, in the U.S., 

the MFM is considered a Class 3 device, 
which means it has no “predicate,” or pre-
existing competitor. The approval process 
for Class 3 devices is long and complicated 
— typically around 50 months. 

Engineering simulation is proving to be 
very helpful in submitting proof of con-
cept. While clinical trials are still a prereq-
uisite to regulatory approval, simulation 
is helping to get to that stage faster by pro-
viding early-stage validation that the tech-
nology actually works.

Cardiatis at a Glance
→ Number of employees: 41
→ Headquarters: Isnes, Belgium
→ Industry: Healthcare

Blood flow simulation 
without MFM (left) and 

with MFM (right)

Because the MFM could represent 
the best-possible treatment for aortic 

aneurysms, Cardiatis employees 
are dedicated to getting this product 

launched into the global marketplace 
in a rapid manner.
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Taking the Pulse of the Future
More than most companies, Cardiatis has democratized  
engineering simulation by placing it in the hands of virtually 
every professional — from top-level executives to sales reps. 
Demonstrating the real-world benefits of MFM technology via 
fluid-flow simulations has become a way of life within  
the company.

But Cardiatis is just getting started in re-imagining how simula-
tion might be used outside the engineering function. Cardiatis 
envisions a day when surgeons will have tablet computers loaded 
with a consumer-level version of simulation software. In assess-
ing an aneurysm patient, a doctor could input two-dimensional 
scans such as CTs or MRIs, then see immediately how that spe-
cific patient might benefit from the MFM. The physician could 
then submit the simulation images electronically to both the sur-
gical team and the patient’s insurance provider.

As the global population ages and life expectancy increases, 
healthcare is one of the fastest-growing industries in the world. 
This rapid growth is fueling the development of breakthrough 
technologies, like the MFM, that propose new solutions to com-
mon health issues. 

To get these innovations to market quickly so patients can begin 
benefiting from them, it is essential that the healthcare industry 
begins to adopt new tools and processes. Cardiatis believes that 
simulation — once the domain of engineers — offers a number of 
advantages, especially as other healthcare businesses seek to 
validate their products to doctors, investors, regulators, insurers 
and other key audiences. Beyond its use in the medical field, 
simulation is a powerful tool for any company looking for an 
innovative, flexible means to demonstrate its products. 

ANSYS simulation demonstrates 
force on the blood vessel walls 
without MFM (left) and with 
MFM (right).

Reduce Cost: Reduce cost of physical testing by about 10%

Enable Sales: Show, not tell, product benefits

Attract Investors: Demonstrate product technology to venture capitalists

Provide Insurance Evidence: Provide proof of treatment effectiveness to obtain patient funding

Secure Regulatory Approval: Deliver early-stage validation of product technology to streamline 
approval process

About the Author

Trained as an engineer in industrial 
chemistry, Noureddine Frid started his 
career at Corvita, focusing on develop-
ing vascular prostheses for surgery. He 
also worked on first-generation covered 

aortic stents — aneurysmal excluders with no need for open sur-
gery. This innovative technique was designed for patients who 
could not undergo classic open surgery to treat their aneurysms. 
While working at  Medicorp R&D Benelux S.A., he successfully 
developed a new stent design for the treatment of carotid steno-
sis, composed of a shape-memory material that would become 
rigid at human body temperature. This device, Expander®, is 
now implanted in thousands of patients worldwide. In 2002, 
he founded Cardiatis to develop a new concept: 3-D stents 
composed of several interconnected layers. Frid is the owner of 
20 patents for his technology innovations.
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A new heart valve replacement procedure modeled 

with multiphysics simulation could eliminate the need 

for open-heart surgery.

A ortic valve stenosis, a narrowing of the aortic valve, is the most common 
type of heart valve disease. It affects about 2 percent of adults aged 65 or 
older. Symptoms of this chronic progressive disease include chest pain, 

difficulty breathing, and fainting; in some cases, congestive heart failure can 
occur if the valve is not replaced. 

Surgical aortic valve replacement, which involves open-heart surgery with a heart–
lung machine, has been the definitive treatment for aortic valve stenosis for over 40 
years. The surgical team replaces the aortic valve with either a mechanical valve or a tis-
sue valve taken from a human donor or animal. The operative mortality of aortic valve 
replacement in low-risk patients younger than 70 years is around 2 percent. Long-term 
survival following aortic valve replacement is similar to that of patients of similar age 
who do not have the condition.

By Joël Grognuz, Team Leader Multiphysics, CADFEM, Renens, Switzerland

The number of elderly patients with 
aortic valve stenosis is increasing. These 
patients are often high-risk candidates 
for traditional aortic valve replacement. 
A recent study reported an operative 
mortality rate of 24 percent for patients 
90 years and older after open-heart sur-
gery — so there is a need for a less-inva-
sive aortic valve replacement technique. 
Transcatheter aortic valve replacement 
(TAVR) (also called transcatheter aortic 
valve implantation or TAVI) is a relatively 

FLUID–MECHANICAL 
 SYSTEMS DESIGN
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Manufacturers of stents are simulating the process of 
implanting a stent and valve to better understand the 
method and estimate the forces.

new approach to traditional treatment. 
For this procedure, a tissue valve attached 
to an expandable stent is inserted into an 
artery near the groin and delivered via a 
catheter into position in the aorta. The 
stent is then expanded against the aor-
tic wall to hold the existing valve open 
and secure the replacement valve in the 
proper position. This method eliminates 
the need for open-heart surgery.

ANSWERS NEEDED TO IMPROVE 
NEW SURGICAL METHOD
TAVR has been performed only a rela-
tively small number of times, so there are 
many unanswered questions. What are 
the forces exerted by the blood and aortic 
wall on the stent, and how long will the 
stent last under these loads? Is the fric-
tion between the stent and aortic wall suf-
ficient to hold the stent and valve in the 
proper position over a long time? Answers 
to these and other questions could lead to 
the design of improved stents and help 
surgeons make more informed decisions 
on which type of surgery to use for spe-
cific patients.

There is no way to accurately mea-
sure forces on an implanted stent, so 
manufacturers of TAVR stents are sim-
ulating the process of implanting a 
stent and valve to better understand the 
method and estimate the forces on the 
implanted stent. This is a very complex 
analysis problem. The first challenge is 
modeling the highly nonlinear material 
properties of the shape-memory alloy 
(SMA) Nitinol™, which is commonly 
used for TAVR stents. Nitinol is an alloy 
of approximately 50 percent nickel and 
50 percent titanium with a high biocom-
patibility and corrosion resistance. The 
most important characteristic of this 
shape-memory alloy is its super-elastic-
ity, which allows self-expansion of the 
stent after release from a catheter.

Simulation needs to include folding 
the stent prior to surgery (crimping) as 
well as releasing the stent against the aor-
tic wall when it reaches its resting position 
in the aorta. An even greater challenge is 
the need for two-way coupled fluid–struc-
ture interaction, which shows forces on 
the stent that result from the relationship 

between flowing blood and the aortic wall. 
Mesh morphing and remeshing in the 
fluid domain is required because of large 
displacements of the replacement valve.

FIRST SUCCESSFUL TAVR 
MULTIPHYSICS SIMULATION 
CADFEM engineers overcame these chal-
lenges and produced what they believe 
to be the first successful simulation of 
a TAVR procedure that accounts for the 
impact of flowing blood on the stent after 
expansion. They used ANSYS Fluent com-
putational fluid dynamics (CFD) software 
to simulate blood flow because its remesh-
ing capabilities make it possible to accu-
rately model the large displacement of the 
heart valve during simulation. The engi-
neers employed ANSYS Mechanical to 
model the stent and heart valve because 
the software can accurately model the 
memory alloy and orthotropic properties 
of the tissue valve. The orthotropic model 
accounts for the fact that the valve is stiff 
when pulled but bends easily. Both simu-
lation tools run in the ANSYS Workbench 
environment, in which it is relatively  

� Deformation of stent due to blood flow as predicted by multiphysics 
simulation

� Fluid–structure interaction tracks displacement of the heart valve. 

http://www.ansys.com/Products/Fluids/ANSYS-Fluent
http://www.ansys.com/Products/Structures
http://www.ansys.com/Products/Platform
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simple to unite fluid and structural models in a two-way coupled 
transient simulation using system coupling. The transient fluid–
structure interaction simulation was run from 0 to 0.3 seconds.

CADFEM engineers used a constant-temperature super-elas-
tic model for the material properties of the shape-memory alloy 
because they didn’t have enough data to model the effects of tem-
perature changes. The model undergoes a phase change as it 
is crimped to its compressed state. Solid shell elements, which 
can model thin geometry more efficiently, made up the struc-
tural model. A rigid model of the aortic wall was used in this ini-
tial analysis to save modeling and computation time. Engineers 
employed a bonded contact to connect the replacement valve to 
the stent; they used frictional contacts at the interface between 
the stent and the aortic wall. They applied the non-Newtonian 
Carreau model to predict variation of blood viscosity as a func-
tion of its shear rate. The boundary condition for the fluid model 
utilized a function for the mass flow rate of blood that models 
the heart’s pumping action. Blood flow causes the valve to open 
and close.

SIMULATION USEFUL FOR SURGEONS 
AND STENT MANUFACTURERS
Simulation results showed the contact status and pressure at the 
stent–aortic wall interface. The results will be useful in evaluat-
ing the ability of proposed stent designs to lock the valve firmly in 
place. Simulation makes it possible to design the stent to avoid 
exerting too much stress on any part of the aortic wall. Von Mises 
stress–strain curves were generated for specific points on the stent 
model, and these curves could be used to predict fatigue life of the 
stent using a fatigue analysis model. The simulation also gener-
ated the time evolution of forces at joints between the valve and 
the stent. The model predicts a patient’s blood pressure following 
surgery, which is another critical factor in stent design. The systolic 
blood pressure in this case was about 175 mm Hg.

CADFEM produced the simulation for Admedes Schuessler 
GmbH, the leading global provider of finished Nitinol self-expand-
able components to the medical device industry and a manufacturer 
of TAVR stents. This pilot study proved the feasibility of accurately 
modeling TAVR surgery. It provided results that can be used to opti-
mize stent design for patients under different conditions, such as 
various amounts of hardening of the aortic wall. The next step is 
to incorporate a flexible aorta using either the ANSYS Mechanical 
anisotropic hyperelasticity model, which models fiber reinforce-
ments in an elastomer-like matrix typical of living tissue, a user-
defined model or simply a visco-elastic model. 

Finally, these results demonstrate the potential of multiphysics 
simulation to drive improvements in stent design and surgical pro-
cedures by providing insights that otherwise could be gleaned only 
through the experience of operating on human patients. 

FLUID–MECHANICAL 
 SYSTEMS DESIGN

� Stress prediction for selected point on the stent helps determine fatigue life of stent.

� Simulation predicted the patient’s blood pressure after valve replacement. The blood
pressure reading was high because the aortic wall was modeled without flexibility. 

� Simulation predicts contact 
status and pressure between stent
and aortic wall.

THE ROLE OF NUMERICAL SIMULATION IN MEDICAL DEVICE  
NPD: PAST, PRESENT AND FUTURE
ansys.com/82heart

http://www.ansys.com/82heart
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C  oronary artery disease — which is the blockage of arter-
ies that provide blood to the heart — is the leading 
cause of death in the world today. The World Health 

Organization notes that around 30 percent of all deaths world-
wide are due to cardiovascular disease. [1] Occurrences of this 
disease are increasing both in numbers and in geographic 
range, making the development of new diagnosis and treatment 
options critical.

DECISION UNDER 

PRESSURE

By Paul D. Morris, British Heart Foundation Clinical Research Training Fellow at the University of Sheffield 
and Honorary Cardiology Registrar at Sheffield Teaching Hospitals, Sheffield, U.K.

A non-invasive computational method for determining pressure 
drop across an arterial blockage could help cardiologists make 

more-objective and accurate treatment decisions. 

CARDIOLOGY

Thirty percent of all deaths 
worldwide in 2008 were due to some 
form of cardiovascular disease.
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Clinical cardiologists and simula-
tion experts at the VIRTUheart™ proj-
ect at the University of Sheffield in the 
United Kingdom are using ANSYS com-
putational fluid dynamics (CFD) simula-
tion to improve diagnosis of the severity 
of coronary artery disease in a given 
patient. Non-invasive modeling of the 
pressure drop across a lesion (blockage) 
gives clinical cardiologists a quantita-
tive metric to help them decide whether 
to perform invasive procedures — inser-
tion of stents or cardiac bypass surgery 
— or to simply medicate those patients 
with less severe conditions.

Reducing discomfort, invasiveness 
and risk, as well as increasing successful 
treatment outcomes, is of obvious value 
to patients. The potential monetary sav-
ings involved in simplifying the proce-
dure, performing fewer stent procedures, 
and avoiding costly bypass surgeries are 
enormous to a world increasingly over-
whelmed by healthcare costs.

TO TREAT OR NOT TO TREAT? 
When a patient arrives at a cardiac 

catheterization laboratory complaining of 

chest pain, an angiogram is performed to 
get an anatomical picture of the coronary 
arteries. A constriction in an artery indi-
cates a lesion. Two questions arise: How 
bad is the constriction, and what action 
should be taken?

The decision is a subjective one, 
dependent on the experience and judg-
ment of the cardiologist. Ask several car-
diologists for their assessment of the 
same lesion and you are likely to get 
several different opinions. A decision is 
needed quickly. 

Physiological data — as opposed to 
the purely anatomical data shown in an 
angiogram — can be obtained by insert-
ing a wire outfitted with a small pressure 
sensor into the artery in question and 
measuring the pressure on both sides of 
the lesion. The pressure drop across the 
lesion reveals the severity of the block-
age. Dividing the lower pressure by the 
higher pressure yields a number between 
0 and 1 that is known as the fractional 
flow reserve (FFR). If the FFR is above 
0.80, the narrowing is unlikely to cause 
any clinical symptoms or problems. 
Values below 0.80 mean that blood flow 

can become restricted. A high FFR is good 
news for the patient, while patients with 
FFR values far below 0.80 are clear candi-
dates for either stent insertion or cardiac 
bypass surgery. The tough decisions come 
when the FFR is close to the 0.80 thresh-
old point.  

Clearly, the measured FFR value 
(mFFR) derived from this technique 
gives the cardiologist an objective value 
to help in making treatment decisions, 
placing less reliance on the doctor’s sub-
jective judgment based on experience. 
Unfortunately, the pressure measurement 
procedure to obtain the mFFR value is per-
formed in less than 10 percent of cases 
in which stents are inserted in the U.K.  
Because the procedure involves inserting a 
wire inside an artery, it adds expense and 
prolongs patient discomfort, so, although 
the pressure measurement procedure 
offers significant advantages, doctors 
around the world have not adopted this 
invasive technique in high percentages.

DETERMINING FFR VIRTUALLY
ANSYS solutions are used exten-

sively at the INSIGNEO Institute for 

�Angiogram of coronary artery and its branches (left); virtual model of branched coronary artery structure using ANSYS CFD (right). High pressures shown in red and orange; lower pressures 
in green and blue.

CARDIOLOGY

Cardiologists and simulation experts at VIRTUheart are using 
ANSYS CFD to accelerate and improve diagnosis of the severity 
of coronary artery disease in a given patient.

http://www.ansys.com/Solutions/Solutions-by-Industry/Healthcare/Cardiovascular
http://www.ansys.com/Products/Fluids
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improvement over the single-point pres-
sure drop value that the mFFR method 
yields. The distribution of pressures in 
the CFD simulation clearly shows the 
regions where pressures change the 

In Silico Medicine at the University of 
Sheffield, so it was natural to turn to 
modeling and simulation of the coro-
nary arteries to try to obtain a virtual, 
non-invasive FFR value (vFFR™). Such 
a solution, researchers hoped, would 
clear the way for higher adoption of 
this valuable measure in coronary treat-
ment decisions. The potential benefit in 
improved patient outcomes was the driv-
ing force for this investigation.

Researchers conducted a pilot study 
involving 19 patients with stable coro-
nary artery disease and a total of 35 con-
stricted arteries using ANSYS CFD. [2] 
They obtained rotational coronary angio-
grams to give a 3-D picture of the coro-
nary vessels. (Additional investigation 
following this clinical trial has been done 
to eliminate the need for rotational cor-
onary angiography, as this instrumen-
tation is less commonly available than 
standard 2-D angiography instrumen-
tation. Results of this research are not 
yet available.) The team segmented the 
angiograms to produce 3-D arterial geom-
etries. Customized software created a 
surface mesh and volumetric mesh com-
prising approximately 1.5 million cells. 
Researchers applied generic pressure and 
flow boundary conditions, as opposed to 
patient-specific ones, to the model.  They 
then imported the meshed geometry into 
ANSYS CFX for CFD simulation of the 
pressure drop across the lesions and cal-
culation of the vFFR. 

The mFFR and vFFR values obtained 
for the pilot study were in good agree-
ment. The overall diagnostic accuracy of 
vFFR was 97 percent. A plot of vFFR versus 
mFFR had a correlation coefficient of 0.84. 

ADVANTAGES OF vFFR
Having the ability to determine 

FFR virtually should eventually lead to 
greater adoption of this valuable phys-
iological parameter in determining 
the appropriate treatment for an arte-
rial lesion. The vFFR method requires 
only angiogram images and CFD simu-
lation — no invasive insertion of wires 
with pressure sensors into the patient’s 
arteries. On this basis alone, vFFR 
could have a huge positive effect on 

DIAGNOSIS AND PERSONALIZED 
MEDICINE

ansys.com/91decision

patient outcomes and monetary health-
care savings.

In addition, vFFR provides a pres-
sure profile of the complete arterial 
system being modeled, which is a great 

�Angiogram in progress

�Coronary lesion with vFFR = 0.47 is clearly a candidate for treatment (top): flow through coronary lesion (bottom)

http://www.ansys.com/Solutions/Solutions-by-Industry/Healthcare/Diagnosis-and-Personalized-Medicine
http://www.ansys.com/Products/Fluids
http://www.ansys.com/Products/Fluids/ANSYS-CFX
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most. Such comprehensive detail is not 
available from mFFR, which provides only 
a single-point pressure measurement.

In cases in which two or three lesions 
are present in a single coronary artery, 
the lesions function as part of a system. 
Cardiologists might be inclined to stent 
every lesion.  However, stenting the first 
upstream lesion may improve the pres-
sure conditions such that the downstream 
lesions do not require a stent. 

The researchers at VIRTUheart are 
currently working on extensions to the 
model that will make virtual stenting pos-
sible. For example, the cardiologist might 
eventually be able to insert stents virtu-
ally into the model and see what effect 
this stent might have on the other lesions 
and arteries in the system. Being able to 
preview a treatment in silico before trying 
it in a human patient should lead to better 
outcomes and save money by reducing the 
number of implanted stents. 

Even though the pilot study showed 
that vFFR had a very high diagnostic 
accuracy of 97 percent, there is room for 

improvement. The initial study was per-
formed with generic boundary conditions 
for blood pressure and flow. VIRTUheart 
researchers are investigating how the 
use of patient-specific boundary condi-
tions could improve diagnostic accuracy 
of vFFR even more. 

Ultimately, the decision about how 
to treat a cardiovascular lesion can be 
a determining factor in patient life-
span and quality of life. The decision to 
opt for cardiac bypass surgery, perform 
stent insertion or simply treat with med-
ication can make a big difference. If you 
are the person lying on the table in the 
cardiac catheterization laboratory, you 
want your doctor to have all the best 

data possible to make his or her treat-
ment decision. VIRTUheart and ANSYS 
are working together to help your doctor 
make the best decision for you. 
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�Meshing applied to coronary artery prior to simulation

VIRTUheart and ANSYS are working together 
to help your doctor make the best 
decision for you. 
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Sutures in the infant skull

Cut to the Bone
Simulation reduces surgery duration and patient risk 
in treating infants with skull disorders. 
By Marek Gzik, Associate Professor, and Wojciech Wolanski, Department of Applied Mechanics 
Faculty of Mechanical Engineering, Silesian University of Technology, Gliwice, Poland

Dawid Larysz, M.D., Department of Pediatric Neurosurgery, Medical University of Silesia, Katowice, Poland

Craniosynostosis is a pediatric condition in which the 
sutures between the bone plates of an infant’s skull close 
before brain growth is completed. the head is often  
misshapen, but more important is that the condition might 
lead to developmental difficulties. Craniosynostosis can 
be treated via surgery to separate the fused structures. 
Determining where to cut and how many cuts to make  
is difficult. researchers at the Silesian university of 
technology in poland are using ANSYS multiphysics  
software to reduce the number of cuts required for bone 
expansion. After 20 successful operations, neurosurgeon 
Dawid larysz of the medical university of Silesia reports 
that the approach has helped to improve patient out-
comes through reduced surgery duration.

A newborn’s brain grows and develops rapidly,  
doubling in volume in the first nine months and tripling 
within three years. the skull must expand rapidly to 
accommodate this growth. the normal infant skull  
consists of several bone plates separated by fibrous joints 
called sutures. these sutures respond to brain growth by 
stretching and producing new bone, allowing the skull  
to grow in unison with the underlying brain. In time the 
sutures close, forming a solid piece of bone.

hEALThCArE

With craniosynostosis, the sutures close too early, 
reducing expansion and new bone creation, causing the 
brain to take the path of least resistance. ultimately, 
the shape of the brain, skull and face becomes distorted. 
Severe forms of craniosynostosis may result in 
developmental delays or mental retardation. the condition 
affects one in 2,000 live births; it affects males twice as 
often as females. 

In severe cases, surgery is the recommended treat-
ment. the surgeon flattens the forehead bone to make it 
more flexible and then makes radial cuts, called oste-
otomies, in the bone to weaken it, intentionally allowing 
it to deform as the brain develops. Ideally, surgical 
correction should occur between the ages of three months 
and six months.

the challenge for 
surgeons is to perform 
the minimum number 
of osteotomies that will 
allow the brain to grow 
to its proper size with-
out deforming the skull 
or reducing its strength. 
once the osteotomies 
have been completed, 

Frontal bones

Anterior fontanelle

Sagittal suture

Posterior 
fontanelle

Occipital bone
Lambdoid suture

Parietal bones

Colonal suture

Metopic suture

A child with craniosynostosis requires frequent medical evaluations to 
ensure that the skull, facial bones and brain are developing normally. 
The least invasive type of therapy involves use of a form-fitting helmet 
or band that fits snugly on the prominent areas of the head but allows 
the recessed and flattened portions to gradually expand into the open 
areas of the helmet, molding the head as it grows.

Infant prepared for corrective surgery
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the  sku l l  shou ld 
duplicate as closely 
a s  p o s s i b l e  t h e 
mechanical proper-
ties of a normal skull. 

Neurosurgeons 
rely on knowledge 
a n d  e x p e r i e n c e  
during pre-operative 
planning. their natu-
ral tendency is to err 

on the side of safety, performing enough osteotomies to 
ensure there is optimal room for brain growth. However, a 
larger-than-necessary number of osteotomies lengthens 
surgery time, increasing risk to the infant. Another  
potential consequence is a permanently weakened skull. 

Silesian university of technology researchers have 
pioneered the use of finite element analysis to determine 
the minimum number and location of osteotomies that are 
required to enable brain growth. they use computed 
tomography (Ct) scans to generate a 3-D model of the 
infant’s skull with the use of mimics® software. this image- 
processing package, developed by materialise® NV,  
generates 3-D models from stacked medical images. the 
researchers then export the mimics model to ANSYS 
multiphysics software for analysis. 

the team determined the 
bone’s material properties by 
performing physical tests 
using skull material that had 
been removed in previous 
operations on an mtS Insight 
10 kN test stand. 

In the recent case of an 
infant with trigonocephaly, a 
special type of craniosynos-
tosis that involves fusion of 
the metopic suture in the 
forehead, researchers created 3-D models of the forehead 
bone in five variants and exported them to ANSYS 
multiphysics software. these variants included intact 

bone, flattened forehead, five osteotomies, six osteotomies 
and eight osteotomies. Doctors had previously determined 
that the bone should deflect 20 mm to accommodate 
brain growth. using the simulation software, analysts 
determined the amount of load that was required to 
achieve 20 mm deformation with each variant. Analysis of 
the structural results showed that eight osteotomies 
provided the best skull correction conditions for this 
patient. Without simulation, doctors probably would have 
performed unnecessary additional osteotomies to be sure 
there was enough room for brain expansion.

the geometry of each skull is different, so researchers 
have analyzed the skulls of 20 infants with cranio-
synostosis. In each case, they were able to determine the 
minimum number of osteotomies that would provide the 
needed room for brain expansion. the simulation results 
helped the surgeon to prepare better for the operation; 
the procedure itself was much faster, and it was easier on 
the infant because of the reduced number of osteotomies. 
operations were successful on each of these patients, 
and the children are all doing well.

the results unexpectedly revealed the important 
influence of age on correction results. By the time a child is 
three months old, the skull has stiffened to the point that a 
substantially larger number of osteotomies is needed to 
accommodate brain growth. performing the operation at an 
early age reduces both the number of osteotomies needed 
and the invasiveness of the operation. 

this case exemplifies how biomechanical modeling 
can be used to support surgical procedures. n

the utilization of biomechanical and fluid flow 
modeling tools for surgical planning is growing in 
many areas beyond pediatric skull surgery, including 
orthopedic implant placement, cerebral aneurysm 
procedures and soft tissue repairs. In each of these 
situations, simulation results are helping to reduce 
surgery time and provide optimal treatment.

Type of Correction Deflection (mm) Load (N)

Intact forehead bone 20 52

Flattened forehead 20 37

Five osteotomies 20 15

Six osteotomies 20 10

eight osteotomies 20 4

Finite element model of 
forehead bone

Table of bone deflection after deformation summarizes the 
structural results.

Three-D model of skull before correction
Structural analysis results show load required to deflect bone and 
deformation of the forehead bone after deflection. 

Material properties determined by physical testing

Material Young Modulus
[MPa]

Poisson 
Ratio

Peak Load 
[N]

Bone of three-month- 
old child
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BONING
UP
Increasing numbers of patients are suffering 

from pain, stiffness or difficulty in moving due 
to osteoarthritis in their hips. Doctors typically 
recommend hip replacement surgery for patients 
with pain so severe that it limits everyday activi-

ties or reduces their range of motion. In hip replacement surgery, a damaged 
hip joint is surgically replaced with an artificial implant. The surgeon removes 
the head of the femur with a saw and then attaches a ball that is anchored by a 
shaft extending into the femur. A mating cup is attached to the pelvis. Most hip 

replacement patients, after recovering 
from surgery, experience higher levels 
of functionality and greatly reduced 
pain. 
     Even though hip replacement has 
been proven to be a safe procedure, 
failures sometimes occur. A recent 
study showed that nearly 25 percent of 
hip replacements required additional 

surgery [1]. Malpositioning of the ball and cup is believed to be one of the 
major causes of hip replacement failures. It may reduce the patient’s range of 
motion and could also lead to impingement, which refers to implant-to-implant 
contact, bone-to-bone contact or bone-to-implant contact. Impingement is one 
of the major causes of postoperative pain, dislocation and implant breakage. 
Malpositioning also may increase wear rates and the risk of dislocation of the 
implant.

Researchers at the OTH Regensburg Laboratory for Biomechanics are study-
ing computer-assisted surgery as an 
alternative to traditional hip replace-
ment surgery to reduce misalignment 
problems. The researchers are in the 
midst of a new study that compares 
computer-assisted surgery with the 

traditional approach. The investigation compares both methods using a gait 
study that measures anatomical markers while walking, as well as the reaction 
forces applied to the ground. Then musculoskeletal modeling software is used 
to extrapolate forces applied by muscles to the bones and the reaction forces at 
the hip. Finally, ANSYS Mechanical finite element analysis software is em-

1         ANSYS ADVANTAGE 

By Tim Weber, Mechanical Engineer; 
Simon Gross, Mechanical Engineer; 
and Sebastian Dendorfer, Biomedical 
Engineer, OTH Regensburg,  
Laboratory for Biomechanics,  
Regensburg, Germany

HEALTHCARE

ANSYS software  
simulates the stress 
and strain on bones of  
individual patients to 
study a new hip- 
implantation method.

“Hip replacement
    failures are common.”
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ployed to calculate stresses and strains in the pelvis and femur of the patients 
six months after the surgery to determine which method of surgery was more 
effective. 

NEW SURGICAL ALTERNATIVE
In traditional surgery, the position of the ball, shaft and cup are manually 
determined by the surgeon, who must position the implant to provide the best 
range of motion, minimize the potential for impingement and achieve stable cup 
containment. The OTH Regensburg researchers are comparing this approach with 
a new method that uses an algorithm to optimize component positioning.
 The new method begins with the insertion of the shaft into the femur. Using 
imageless motion capture techniques and patient-specific anatomy, an algorithm 
determines the position of the ball based on the shaft and then calculates an op-
timal position for the cup that addresses range of motion, impingement and con-
tainment. Reference pins are inserted into the femur and pelvis during surgery 

so that the computer-assisted surgery software can determine their positions and 
guide the surgeon to place the cup in the optimal location. After the operation, 
computed tomography (CT) scans are used to produce a 3-D reconstruction of the 
femur and pelvis. 
 The researchers are conducting the first patient- and observer-blinded, ran-
domized, controlled trial to compare the manual and computer-assisted surgery 
methods. The study is designed to determine whether or not computer-assisted 
surgery can reduce hip replacement failures by improving the range of motion, 
reducing the occurrence of impingement and providing other benefits. The trial 
consists of 60 patients, 32 of whom received conventional surgery 
and 28 who received computer-assisted surgery.

DETERMINING MUSCULOSKELETAL LOADING
The researchers set out to determine the musculoskeletal loading 
of the patients to better understand the differences in functional-
ity between the two operating methods. The traditional approach 
is to use instrumented implants to measure the reaction forces. 
This method is regarded as the gold standard, since it is the only 
way to physically measure forces; however, it has several  
disadvantages. It is highly invasive, which limits its use to very 
small sample sizes, and it provides measurements at only a few 
discrete points. 
 Instead, researchers used computer modeling to predict joint 
reaction forces [2]. Each patient in the study was instrumented with 27 reflective 
markers on anatomical landmarks. The patients then walked across a 10-meter 
walkway. Video cameras recorded the position of the markers while ground  
reaction forces were recorded with force plates. The measured ground reaction 
forces and the trajectory of the markers were used as inputs for the  
musculoskeletal model.

© 2016 ANSYS, INC.

^ Patient-specific volume meshes from CT scans (left) and patient-specific muscle forces from musculoskeletal modeling (center)
 were used as inputs to finite element analysis (right).

^Volume mesh shows grayscale coding
 used to assign material properties  

to bone.
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 The inverse dynamics software AnyBody Modeling System™ was then used 
to simulate muscle and joint forces in the entire body. A generic model of the 
human body was scaled to fit to the individual patient using advanced morph-
ing methods. In that way the patient-specific motion was coupled with the 
individual anatomy, which allows computing of the biomechanics on a very 
detailed level, including hundreds of muscle forces.

FINITE ELEMENT ANALYSIS
After computing the reaction forces and muscle forces, the researchers needed 
to determine whether or not computer-assisted surgery would provide more 
equally distributed stress at the interface of the bone and the implant. This 
information, obviously, could not be obtained from physical measurements,  
so they turned to computer simulation with ANSYS Mechanical software.

     Simpleware software (Simpleware 
Ltd., Exeter, UK) was used to convert 
CT scans performed on all patients 
at six months after surgery into an 
ANSYS Mechanical input file. Since 
the bone is a naturally grown mate-
rial, its properties vary from person 
to person. To take this into consider-

ation, researchers created 12 different material models for the cortical bone as 
well as for the cancellous bone of each subject. These materials were linked to 
certain grayscale values of the CT scans. After this step, the team exported the 
3-D models into the structural software, including the grayscale based material
properties.

AnyBody software exported muscle forces in ANSYS Mechanical format, 
which were used as boundary conditions in the FEA simulation. The model was 
fixed at the lower end of the femur. ANSYS Mechanical calculated stress and 
strain in the bones of each patient. The results revealed no significant  
difference between the stress and strain distribution in the  

“At the six-month point the walking
     ability of the computer-assisted  
surgery group was superior.”

^Computer-assisted hip replacement surgery

BONING UP (continued)

^ Muscle forces were used as boundary
    conditions.
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computer-assisted and manual surgery even though the loads were 
different. One possible explanation for this is that the bone has 
already adapted to balance the stresses and strains. The dif-
ferent load scenarios may therefore be advantageous for the 
implant system, but may not impact the bone.
 Significant improvements were seen in other param-
eters in patients who were treated with computer-assisted 
surgery. The typical hip reaction forces 12 months after 
the operation were practically the same as for a young and 
healthy adult, in contrast to 23 percent lower hip reaction 
forces for the conventional surgery group. In particular, the 
orientation of the hip reaction forces was within 10 per-
cent of optimum for the computer-assisted surgery group of 
patients at six months post-operative. Decreased asymmetries 
were also seen in the gait pattern of the computer-assisted 
surgery group relative to the control group, but there were 
no significant differences between the groups. This indicates 
that at the six-month point the walking ability of the comput-
er-assisted surgery group was superior [3]. An ongoing study 
will determine if the computer-assisted group is also superior 
in terms of wear. 
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^Von-Mises stress results. Blue indicates
 lower stress and yellow shows 

higher stress.
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ELECTRONICS

I nterest in body-worn wireless 
devices has grown in recent 
years because of actual and 
potential applications in health-
care, sports, law enforcement, 
entertainment and other areas. 

For example, the U.S. Department of 
Defense is working on a wireless device 
to be worn by soldiers that will allow 
medics to measure vital signs and col-
lect other medical information from the 
troops. Body-worn wireless devices have 
been developed to measure and record 
an athlete’s performance, such as run-
ning speed and the number of strides.

Regardless of the application, using a 
wireless device in close proximity to the 
human body creates a number of major 
design challenges. The radiated power of 
the device must be kept below levels that 
can create a health hazard. The device’s 
power consumption, size, aspect ratio and 

weight must be minimized to make it suit-
able for wearing. Yet the device must be 
designed to deliver a signal of sufficient 
power to the right location, with good 
reception by the target device — despite 
the fact that the human body may absorb 
a significant portion of the signal. 

MODELING THE SYSTEM
Synapse Product Development solves 
such difficult engineering challenges 
from concept through manufacturing 
for leading consumer electronics and life-
sciences companies. One of the compa-
ny’s specialties is developing body-worn 
wireless devices for a wide range of appli-
cations. The design of the antenna is 
often a major challenge in these devices 
because the body absorbs so much energy. 
Synapse uses the ANSYS HFSS 3-D full-
wave electromagnetic (EM) simula-
tor and the ANSYS human body model 

WEARING A WIRE
Simulation helps to optimize body-worn wireless devices for an emerging 
class of applications.

By Bert Buxton, Senior Electrical Engineer 
Synapse Product Development, Seattle, U.S.A.

ANSYS HFSS simulation output shows power absorbed by foot and ground.

Synapse uses ANSYS 
HFSS and the ANSYS 
human body model to 
evaluate performance 
of various antenna 
designs by modeling 
the complete system, 
including the 
wireless device and 
antenna and their 
interactions with 
the human body.
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to evaluate the performance of various 
antenna designs by modeling the com-
plete system, including the wireless 
device and antenna and their interac-
tions with the human body. The ability to 
evaluate designs without building phys-
ical prototypes typically helps Synapse 
engineers to increase the performance of 
the antenna by a factor of five compared 
to the original design concept.

Antenna design focuses on transfer-
ring power from transmitter to receiver. 
A dipole antenna is a well-established 
reference for performance and has the 
perfect geometry to optimize the power 
transfer of the antenna. For a 2.45 GHz 
antenna built with an FR4 printed cir-
cuit board, the wavelength is 60 mm, so 
the total length of the dipole should be 
30 mm. This is too long for most body-
worn wireless devices. So instead, elec-
trical engineers design a smaller antenna 
with properties as similar to a dipole as 
possible. For example, they attempt to 
match the antenna’s radiation resistance 
to the optimal load impedance of the 
transceiver. Radiation resistance is that 
part of an antenna’s feedpoint resistance 
that is caused by the radiation of electro-
magnetic waves from the antenna.

The complexity of the antenna geom-
etry required for body-worn wireless 
devices makes it very difficult to create an 
acceptable design in a reasonable amount 
of time using the traditional build-and-
test design process. Facing this and many 
other difficult design challenges, Synapse 
engineers evaluated a number of differ-
ent simulation products. ANSYS provides 
a solution for nearly all of their design 
challenges, including circuit, electro-
magnetic, mechanical and thermal simu-
lation. ANSYS software enables automatic 
data transfer to simultaneously optimize 
the product over multiple disciplines 
and domains. Synapse’s management 
staff concluded that purchasing all of 
its simulation tools from a single ven-
dor would deliver great benefit, such as 
a single-support contact for questions  
and training.

THE DESIGN PROCESS
The design process typically begins with 
the industrial designer providing a con-
cept that incorporates the electronics and 
antenna. Synapse electrical engineers 
then use ANSYS HFSS to optimize the 
wireless antenna design. The engineer 

starts the modeling process by import-
ing the geometry of the initial design 
from a SAT file. The next step is defining 
the electrical properties of the materials, 
such as permittivity and dielectric loss 
tangent, permeability and magnetic loss 
tangent, bulk electrical conductivity, and 
magnetic saturation.

Optimizing the performance of the 
antenna requires close attention to the 
way in which the human body affects 
antenna performance — thus the need 
for a systems approach to analysis. The 
ANSYS software’s human body model 
enables users to set the dielectric constant 
for different parts of the body. Typically, 
Synapse engineers vary skin thickness 
from 0.4 mm to 2.6 mm and assign it a 
dielectric constant of 38. The thickness 
of the fat layer is chosen to account for 
all impedance-matched effects, typically 
half of the wavelength, with a dielectric 
constant of 5.3. The muscle serves as a 
termination to the model with a thick-
ness of approximately 20 mm and a 
dielectric constant of 53.

HFSS automatically specifies the field 
behavior on object interfaces and defines 
a geometrically conforming tetrahedral 
mesh. Adaptive meshing refines the 
mesh automatically in regions in which 
field accuracy needs to be improved. The 
software computes the full electromag-
netic field pattern inside the solution 
domain. The next step is computing the 

Smith chart helps engineers to match impedance of antenna and transmitter.

generalized S-matrix from fields calcu-
lated in the solution volume. The result-
ing S-matrix allows the magnitude of 
transmitted and reflected signals to be 
computed directly from a given set of 
input signals, reducing the full 3-D electro-
magnetic behavior of a structure to a set 
of high-frequency circuit parameters.

The HFSS simulation shows the 
power absorbed by the body and the gain 
of the antenna in the form of a color map 
incorporating both the body and sur-
rounding airspace. In the typical case, 
simulation results show that the areas 
of the body closer to the antenna absorb 
more power. In the case of a device worn 
in a shoe, for example, the results will 
identify the amount of power absorbed 
by the ground as well, which sometimes 
turns out to be even larger than the 
energy absorbed by the foot. Based on 
these results, electrical engineers pro-
vide feedback to the industrial design-
ers and system engineers, including 
information about the geometry of the 
antenna as well as how close and where 
on the body it can be positioned.

INCREASING RANGE 
WHILE SAVING TIME
The antenna performance information 
provided by simulation plays an impor-
tant role in the system design of a body-
worn wireless product. The antenna gain 
results are critical in link analysis, which 
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Power absorption of a product worn specifically on the wrist 

3-D gain of product worn on the wrist

Guided by 
simulation, 
electrical 
engineers 
typically can 
increase the 
range of the 
product by a 
factor of five 
while saving 
an estimated 
three months 
of development 
time.

determines the range and throughput. 
The antenna gain also helps to determine 
how much transmit power is required, 
which, in turn, impacts battery life. In 
the typical case in which more than one 
device is worn on the body, the antennas 
of all devices are optimized simultane-
ously to align the gain between them and 
to minimize battery power consumption.

In addition, simulation is used to 
make the antenna smaller to meet indus-
trial design and mechanical design objec-
tives while achieving the required level of 
performance. As the size of the antenna 
is reduced, it works over a narrower band-
width of frequencies. Simulation predicts 
not only in-band performance but also 
out-of-band performance, and it helps to 
avoid radiating at frequencies that would 
interfere with other devices. Guided by 
simulation, electrical engineers typically 
can increase the range of the product 
by a factor of five, relative to the initial 
concept, while saving an estimated three 
months out of a traditional 12-month 
development cycle. 

ELECTRONICS
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N eurostimulators that are placed under the patient’s 
skin deliver mild electrical signals to provide pain 
relief by blocking pain messages before they reach 

the brain. Unlike oral medications that circulate through the 
patient’s body, the neurostimulator targets the precise area 
where pain is experienced. Patients can try a neurostimula-
tor to see if it relieves their pain before committing to long-
term therapy; the device can be surgically removed later if 
the patient decides to pursue a different treatment. The bat-
teries of rechargeable neurostimulators are recharged by 

WEARABLE DEVICES

By Venkat Gaddam, Senior Electrical Engineer, Medtronic, Minneapolis, U.S.A.

Medtronic ensures the safety of recharging 
subcutaneous medical devices through simulation.

�Diagram of recharger and neurostimulator 

�Typical Medtronic 
neurostimulator
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low-frequency inductive energy trans-
fer using a recharger that is attached to 
the patient’s belt. The recharger emits 
a non-radiating magnetic field rang-
ing from 3 kHz to 300 kHz that pene-
trates human tissue and the implanted 
device’s sealed metal enclosure for com-
munication and recharging.

Depending upon the operating 
configuration, wireless power trans-
fer devices operating at frequencies 
above 9 kHz are subject to Part 15 and/
or Part 18 of Federal Communications 
Commission (FCC) rules. Medical device 
manufacturers routinely file Office of 
Engineering and Technology Laboratory 
Division Knowledge Database (KDB) 
inquiries with the FCC to obtain fur-
ther guidance for wireless power trans-
fer compliance evaluations.  As a result 
of one such inquiry, Medtronic ― the 
world’s largest medical technology com-
pany ― was asked to demonstrate radio 
frequency (RF) exposure compliance for 
a wireless power transmitter. 

The cost and time required to 
build a test rig capable of measuring 
specific absorption rate (SAR) ― the 
rate at which energy is absorbed by 
the human body when exposed to an 
RF electromagnetic field ― from the 
recharger is quite high. Medtronic was 
able to avoid these costs and delays 
in developing its neurostimulators 

by using ANSYS Maxwell electromag-
netic field simulation software to sim-
ulate the operation of the recharger 
and predict SAR in local body tissues. 
Simulation showed that SAR generated 
by the recharger was far below existing 
FCC limits; the FCC accepted the sim-
ulation results for certification of the 
neurostimulator recharger.

TRANSCUTANEOUS RECHARGE 
INDUCED SAR

The existing FCC RF exposure require-
ment prescribed by §2.1093(d)(2) requires 
a SAR exposure limit of 0.08 W/kg as aver-
aged over the whole body, and a spatial 

peak SAR not exceeding 1.6 W/kg as aver-
aged over any 1 gram of cube-shaped tis-
sue. SAR is the variable typically used to 
quantify the effects on tissue exposure 
to RF signals (defined as the time deriva-
tive of the incremental energy absorbed 
by an incremental mass contained in a 
volume of given density). Spatial peak 
SAR is determined by calculating the 
SAR values in the neighborhood of the 
electromagnetic source. The domain is 
then divided into cubes of a given size, 
and the average SAR value in each cube 
is evaluated. The peak spatial-averaged 
SAR is determined by the cube with the 
highest average SAR value.

Medtronic engineers were confident 
that their recharging system produced 
low levels of exposure but needed to 
measure these levels to obtain approval 
for a new product. There are a number 

MEDTRONIC AND ANSYS

ansys.com/91charged

�10-gram tissue model in ANSYS Maxwell with recharger coil

Medtronic was able to avoid costs and 
delays in developing its neurostimulators 
by using ANSYS Maxwell to simulate the 
operation of the recharger and predict SAR 
in local body tissues.

http://www.ansys.com/91charged
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WEARABLE DEVICES

of FCC-certified testing organizations 
that perform SAR measurements on a 
contract basis, but Medtronic engineers  
soon learned that these organizations 
were not set up to run tests at frequen-
cies as low as those used by the neuro-
stimulator recharger. 

ESTIMATING SAR WITH 
ANSYS MAXWELL

Medtronic engineers used ANSYS 
Maxwell to estimate the SAR values gener-
ated by the recharger coil, with the expec-
tation that the FCC would accept accurate, 
validated simulation results in lieu of 
physical testing. They selected Maxwell 
because the tool makes it easy to set up 
the model and mesh, and solution times 
are relatively short. Medtronic engineers 
employed human tissue models that are 
available with Maxwell, including muscle 
sectioned into 10-gram cubes and mus-
cle sectioned into 1-gram cubes. They 
also used a section tissue model con-
taining skin, fat, fascia and muscle lay-
ers. The engineers specified the strength 
and geometry of the magnetic field gen-
erated by the charger. Maxwell adaptively 

�Coil positioning in ANSYS human body model

Engineers were confident that the recharging system produced levels  
of exposure far below the limit specified in the regulation but needed 
to measure these levels to submit a new product.

�SAR values based on the simulation results

Muscle

Muscle

Muscle (swept cube)

Model Type

10

1

1

9.953

15.63

15.68

24.877

24.965

25.09

Mass for
averaging (g)

Peak spatial 
averaged SAR 
(mW/kg)

Peak local SAR
(no averaging)
(mW/kg)

http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
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generated an appropriate mesh for solv-
ing the problem and used the finite ele-
ment method to calculate the quasi-static 
electromagnetic field throughout the solu-
tion domain. 

Medtronic engineers worked with 
ANSYS support engineers to create a sim-
ple Visual Basic script that calculated SAR 
values based on the results of the simu-
lation. To calculate the peak spatially 
averaged SAR, the script calculated the 
SAR at every element in a 0.25-meter by 
0.19-meter by 0.04-meter tissue section. 
Each 10-gram cube had 2.15-centimeter 
edges. The peak SAR values as predicted 
by Maxwell simulation were much lower 
than the current FCC limits.

VALIDATING THE SIMULATION
Medtronic engineers used three differ-

ent methods to validate the accuracy of 
Maxwell’s predictions. First, they created 
a very simple model and hand-calculated 
the magnetic field with the Biot–Savart 
equation ― which relates the magnetic 
field to the magnitude, direction, length 
and proximity of the electric current ― 
and at the same time performed the cal-
culation with Maxwell software. Second, 
they set up a simple physical test using 
a NARDA Safety Test Solutions® elec-
tric and magnetic field probe analyzer to 
measure the magnetic fields generated by 
the recharger, and then compared these 
measurements to a Maxwell simulation. 
Finally, engineers used ANSYS HFSS 3-D 
full-wave electromagnetic field simulator 
to simulate peak 10-gram–averaged and 
peak 1-gram–averaged SAR values. The 
Maxwell simulations generated results 
within a few percent of those produced by 
each of the validation methods.

Medtronic included the Maxwell sim-
ulations as part of its new product sub-
mission to the FCC. Medtronic engineers 
were further able to demonstrate that the 
SAR value would not have been any larger 
if the tissue geometry in the model had 
been divided into a different set of cubes. 
This was addressed by moving a cube 
around the tissue geometry in discrete 
step sizes and calculating the average SAR 
value at each possible position for the 
cube. Sweeping the cubic volume deter-
mined the average SAR value of every pos-
sible cube within the tissue volume of 
interest. The results showed that the max-
imum possible peak average SAR value 
for a 1-gram cube is 15.68 mW/kg, less 

than 1 percent higher than the value in 
the model that was arbitrarily partitioned.

Medtronic determined that ANSYS 
Maxwell provides a fast and relatively sim-
ple method of measuring 10-gram and 
1-gram peak spatially averaged SAR as

required to comply with FCC regulations 
for recharging devices. The FCC accepted 
the simulation results, saving the company 
a considerable amount of time and money 
that would have been required to obtain 
the same data using physical testing. 

Engineers used three different methods to 
validate the accuracy of Maxwell’s predictions.

�Validating the model against analytical and physical testing results

�1-gram muscle tissue Maxwell model

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell


        ANSYS ADVANTAGE   Best of Healthcare   2016        30© 2015 ANSYS, INC.

T  oday, we usually think of smart watches and fitness 
devices as the premier wearable electronics, but hear-
ing aids are wearable electronic devices that have long 

improved quality of life for millions (if not billions) worldwide. 
The hearing aid market has rapidly evolved recently with the 
introduction of wireless hearing aids that incorporate settings 
that can be changed while being worn; the aids also can com-
municate with electronic devices such as smartphones. Design 
of these products is complex because the antenna and other 
wireless components must be integrated inside a tiny package. 
Conforming the antenna to fit these constraints can degrade 
antenna performance and creates the potential for near-field 
coupling effects with other electronic components. Starkey 

Hearing Technologies RF engineers overcame these challenges 
by using an ANSYS HFSS simulation tool to optimize antenna 
design while considering the effects of other components and 
the wearer’s body. The result is substantial improvement in 
hearing aid performance combined with reductions in product 
development time and expenses.

DESIGN CHALLENGES
With the advent of Starkey Hearing Technologies’ 900 MHz 

wireless hearing aid technology, hearing aid wearers have 
new options to wirelessly connect with multimedia devices 
and easily change hearing aid settings. Accessories connect-
ing hearing aids to electronic devices such as televisions and 

I HEAR 
YOU

By Casey Murray, Senior Radio Frequency Design Engineer, Starkey Hearing Technologies, Eden Prairie, U.S.A.

Simulation improves hearing aid performance 
while saving time and money by quickly 

iterating through design alternatives.

HEARING AIDS

Manufacturers are adding wireless technology while hearing aids are 
becoming smaller than ever. This creates major design challenges.

�Starkey Hearing Technologies’ Halo™, a made-for-iPhone® hearing aid

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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smartphones are a few examples. These 
hearing aid products also utilize wireless 
accessories that enable users or medical 
professionals to make adjustments to the 
hearing aid without having to remove it 
from the ear. Beyond accessory commu-
nication capabilities, 900 MHz signals 
are used for communication between the 
hearing aids (ear-to-ear communication). 
This technology allows user controls on 
the left and right hearing aids to be con-
figured for different operations (e.g., left 
is for volume, right is for memory) since 
the hearing aids will remain synced via 
ear-to-ear commands. 

In addition to Starkey Hearing 
Technologies’ 900 MHz products, Halo™, a 
made-for-iPhone® 2.4 GHz wireless prod-
uct, was recently introduced to the mar-
ket. Halo communicates directly with an 
iPhone using Bluetooth® wireless technol-
ogy, so users can stream telephone calls 
and music to their hearing aids and con-
trol their experiences through an app on 
their phones. 

Manufacturers are adding wireless 
technology and other features while hear-
ing aids are becoming smaller than ever. 
This creates major design challenges. 
The hearing aid consists of many compo-
nents, including microphones, a flexible 
printed circuit board, a battery, a receiver, 
an antenna and, in many cases, a telecoil. 
The flexible printed circuit board incorpo-
rates more than 60 different components 
and integrated circuits. The RF designer 
must manage all these components in a 
constrained space where the potential for 
the performance of the antenna to degrade 
is very high. Traditionally, antennas were 
designed based on textbooks and litera-
ture, but that approach addresses only 
very simple geometries and does not con-
sider potential interactions generated by 
other components in the hearing aid and 
the wearer’s body. The toughest challenge 
involves hearing aids that are designed to 
fit inside the ear because of their excep-
tionally small size. The outer package for 
these products is custom-designed to fit 

the wearer’s ear. This means that the elec-
tronics must be small enough to fit into 
the smallest ear size that the hearing aid 
is designed to accommodate.

SIMULATION PROCESS
Starkey Hearing Technologies RF 

designers address these design challenges 
by using ANSYS HFSS to simulate a wide 
range of design alternatives that take 
into account the actual geometry of the 
antenna, components within the hearing 
aid, and the user’s body. Engineers must 
generate concept designs for the antenna 
to fit within the packaging constraints. 
The greatest modeling obstacle is mesh-
ing large features, such as the human 
head, in conjunction with small features, 
such as hearing aid circuitry. Starkey 
Hearing Technologies engineers worked 
closely with ANSYS application engineers 
to develop a process that creates consis-
tently meshable models. The Starkey 
Hearing Technologies team has also devel-
oped scripts for pre-processing, running 
simulations and post-processing that 
ensure simulation results are comparable 
across different designers and projects.

The simulation sequence normally 
begins with modeling the antenna alone 
as a subsystem, and then modeling the 
antenna with other hearing aid compo-
nents. Finally, the antenna and hearing 
aid are simulated in place on the wear-
er’s head as a full system to understand 
how the absorption of power by the wear-
er’s body affects antenna performance. 
Engineers evaluate the ability of proposed 
designs to meet performance require-
ments despite variations in the wearer’s 
head size, ear shape and position in which 
the hearing aid is worn. Simulation lets 
engineers explore the design’s sensitiv-
ity to parameters such as antenna topol-
ogy, the line width of the copper that 
makes up the antenna, and antenna exci-
tation locations. Engineers can easily add 
and remove components of the hearing 
aid from the model to understand their 
impact on antenna performance.

STARKEY HEARING TECHNOLOGIES 
AND ANSYS

ansys.com/91hear

�For hearing aids worn in the ear, all the components 
must fit within a package that accommodates the smallest 
ear size.

�Starkey Hearing Technologies’ SurfLink® Mobile 
accessory device communicates with a hearing aid.

�Hearing aid components

Starkey Hearing Technologies increased  
the use of HPC licenses to reduce simulation 
time by over 90 percent.
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HEARING AIDS

ITERATING TO AN  
OPTIMIZED DESIGN

The antenna design process typi-
cally starts with developing a link bud-
get from which hearing aid performance 
requirements are derived. These are 
defined by two key metrics: total radi-
ated power (TRP) (for hearing-aid-to-

accessory communication) and receive 
sensitivity (for accessory-to-hearing-aid 
communication). With an understanding 
of the radio performance connected to the 
antenna, requirements are derived from 
these two metrics. Engineers use HFSS to 
calculate the radiation efficiency of the 
antenna, which is added to the power 

sent into the antenna to yield the TRP. 
There are other key antenna parameters 
that the designer needs to consider to 
understand antenna radiation properties. 
One example is effective isotropic radi-
ated power (EIRP), which is the amount 
of power radiated at a single angle. This 
quantity is usually quoted in the direc-
tion of maximum antenna gain. The 
designer can obtain the hearing aid’s pre-
dicted EIRP by using peak realized gain 
from HFSS and adding the power incident 
at the antenna. HFSS enables the designer 
to make comparisons between different 
antenna designs regardless of type, size 
or form based on these key metrics.

Simulation is also used to diagnose 
the performance of a proposed design and 
gain insight into how it can be improved. 
For example:

• Impedance plots predict the imped-
ance of the antenna across a range 
of frequencies and are used to match 
the load impedance (antenna imped-
ance) to source impedance to achieve 
maximum power transfer. 

• Radiation patterns are used to tune 
the direction in which the antenna 
power is radiated to minimize power 
wasted by radiating into the body and 
maximize power directed toward the 
accessory or smartphone. 

• Current density plots show the 
potential for interaction between 
each of the hearing aid components
and the antenna. 

Simulation results are verified by
testing in an anechoic chamber (a room 

�Typical simulation sequence (from left to right): antenna only, antenna with some hearing aid components, antenna with some hearing aid components on head

�Impedance plot

�Radiation  patterns

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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with walls that completely absorb elec-
tromagnetic radiation), isolating the 
device under test from outside sources of 
energy. Measured results correlate well 
with simulation predictions, typically 
within 1 dB to 3 dB.

In the past, HFSS simulations were 
performed on high-performance comput-
ing (HPC) towers with 8 to 16 cores each 
taking about 11.5 hours to complete. 
Starkey Hearing Technologies recently 
transitioned to an HPC cluster that can 
be accessed easily by all the company’s 
designers and provides efficient use 

of ANSYS HPC licenses. The HPC clus-
ter hardware includes one virtual node 
for scheduling and three computational 
nodes, each with 48 cores and 192 GB of 
RAM. The HPC cluster uses 48 cores to 
reduce simulation time to less than one 
hour. This greater-than 90 percent reduc-
tion in simulation time enables Starkey 
Hearing Technologies designers to iter-
ate through more design variations in a 
project time frame, ultimately resulting 
in a more robust product for the end user. 

With the growing use of wireless 
technology in today’s hearing aids, elec-

tromagnetic performance is becoming 
more and more critical to hearing aid 
performance and reliability. Simulation 
makes it possible to consider the impact 
of various antenna designs and compo-
nent placement strategies in the early 
stages of the design process. Simulation 
also enables engineers to consider the 
effects of different head geometries and 
wearing positions on the performance 
of proposed designs prior to the proto-
typing phase. Simulation saves months 
of testing time and tens of thousands 
of dollars in resources for each design 
project by refining antenna options 
through virtual prototypes rather than 
physical prototypes. Using engineer-
ing simulation also reduces the risk 
of expensive mechanical tool itera-
tions. Starkey Hearing Technologies 
has plans to increase its deployment 
of simulation by using a wider range 
of head models and incorporating full-
body simulations. 

�Testing on a human in an anechoic chamber

Simulation saves months of testing time and 
tens of thousands of dollars in resources for 
each design project.

http://www.ansys.com/Products/Platform/ANSYS-High-Performance-Computing
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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HEALTHCARE

Heart to 
Heart
Multiphysics systems 
simulation leads to better 
understanding of a smaller 
artificial heart design.

By Mark Goodin, CFD Consulting Engineer, SimuTech Group, Cleveland, U.S.A. 
and Michael Yaksh, MultiPhysics Consulting Engineer, Lilburn, U.S.A

http://www.ansys.com/Products/Simulation+Technology/Systems+&+Multiphysics
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A new continuous-flow total arti-
ficial heart (CFTAH) is smaller 
and less complex than other 

artificial heart designs. It features a sin-
gle moving part, the rotor, which is sus-
pended by a combination of magnetic 
and fluid forces. This new heart is mov-
ing into animal testing, which is expen-
sive and time-consuming, so the cost of 
failure at this stage is high. To minimize 
the risk and number of expensive design 
changes, engineering consultants from 
the SimuTech Group are performing mul-
tiphysics simulation that incorporates 
electromagnetic simulation coupled with 
fluid flow to fully explore the CFTAH’s 
operation. To date, simulation has been 
used to calculate the pump’s hydrau-
lic performance, static pressures on 
pump surfaces, rotor torque, rotor axial 
forces, and other key parameters — all 
as part of the process of ensuring prod-
uct design robustness before testing with 
live animals.

POTENTIALLY LIFE-SAVING 
DESIGN
More than 300,000 Americans die from 
heart failure each year, and of these, up 
to 20 percent die while waiting for a heart 
donor. Artificial hearts have the potential 
to save many of these people. But exist-
ing FDA-approved devices are complex, 
bulky and so large that they fit only 20 
percent of women and 50 percent of men. 
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The CFTAH is a more compact and simpler artificial heart that fits 
most adults and many teenagers. The device is intended for use 
as a bridge to a transplant as well as for permanent use to com-
pletely replace a failing human heart. 

The CFTAH’s unique design delivers both simplicity and effi-
ciency. A single motor and single power cable drive the organ’s 
rotating pump assembly. Impellers supporting left and right cir-
culation are mounted on opposing ends of the rotor. The rotor 
is radially suspended by a blood-lubricated hydrodynamic jour-
nal bearing designed to minimize blood shear while maintaining  
stable operation. During operation, the rotating assembly 
reaches a radial position in which the fluid-generated hydraulic-
bearing forces are balanced by electromagnetic forces exerted by 
the pump motor.

During normal operation, the rotor is free to move axially, 
and its axial position is determined by the magnet’s axial restor-
ing force and opposite-acting left and right pump side pressures. 
When the right pump pressure is higher than the left pump pres-
sure, the rotating assembly is shifted by hydraulic forces to the 
left. This leftward shift increases the size of the right pump aper-
ture, which increases the right pump’s output pressure and flow 

� 3-D flow simulation of rotor speed contours� Electromagnetics model of the motor. The rotor is shifted both axially and 
radially to determine the force system acting on the rotor for arbitrary rotor 
position. Severe localized saturation occurs at the overhanging rotor end.

Rotor speed

rate. The increase in right pump performance raises the pressure 
and flow rate entering the left pump, which increases the left 
pump pressure and causes the rotating assembly to shift back 
rightwards. This self-regulation process automatically corrects 
any imbalances between the right and left side pumps. If there 
is a sudden change in pump pressure, the motor’s axial restoring 
force limits the overall axial travel of the rotating assembly. This 
innovative design eliminates the need for components that have 
complicated other artificial heart designs, such as valves, sensors 
and actuation mechanisms.

ROLE OF ELECTROMAGNETICS SIMULATION
Researchers are currently working to validate the CFTAH design 
in preparation for in vivo testing in animals. Simulation is 
needed to capture data that cannot be collected during physical 
testing as well as to evaluate design alternatives in less time and 
at a lower cost than could be accomplished with physical testing. 
Multiphysics simulation was required because of the importance 
of both electromagnetic forces and fluid flow in determining 
pump performance. SimuTech engineers began by developing 
a three-dimensional electromagnetic model in ANSYS software 
to predict the magnetic radial and axial forces and torques act-
ing on the rotor for different axial and radial offset positions of 
the rotor with respect to the stator. The final electromagnetic 
model contained 780,000 hexahedral elements, and the team 
performed a mesh sensitivity study to validate its accuracy. 

HEALTHCARE

A more-compact artificial heart design 
will fit adults and teenagers, and it is 
less complex than other designs.
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Angular Position Around Pump (deg)

� CFTAH prototype connected to in vitro test loop

� Multiphysics simulation vs. physical testing: Surface static pressures show good correlation.

Electromagnetics simulation was used 
to determine the radial and axial forces 
generated by the magnet that moves the 
rotor toward the centerline position as a 
function of the offset from the center. The 
design depends on restoring forces to help 
control and limit the position of the rotor. 
The simulation showed that the magnet 
produces a linear radial restoring force of 
approximately 1,500 Newtons per inch of 
offset from the centerline of the bearing. 

MODELING FLUID FLOW
Engineers used the results of the electro-
magnetic simulation to create a magnetic 
force table that they incorporated into an 
ANSYS CFX computational fluid dynamics 
(CFD) simulation as a user-defined func-
tion. The team then used CFD to model 
the fluid flow through only the journal 
bearing region of the pump to calculate 
the rotor radial position at various rotor 
speeds. As 95 percent of the radial forces 
are generated in the bearing region, this 
approach provided accurate position-
ing results without the need to model 
the entire pump assembly. Two differ-
ent hex meshes of the bearing region 
were used to ensure that the results 
were independent of mesh density. The 
finer mesh had 528,000 elements, and 
the gap between the rotor and housing 
was 11 elements thick, while the coarser 
mesh had 216,000 elements and an  
8-element-thick gap. The fluid was 
defined as a water/glycerin mixture with
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The SimuTech Group is performing multiphysics 
simulation that incorporates electromagnetics 
simulation coupled with fluid flow to fully 
explore the operation of the artificial heart.

� Multiphysics simulation vs. physical testing: Surface static rotor torque, right pump aperture size and rotor axial forces show good correlation.

ROTOR TORQUE RIGHT PUMP APERTURE SIZE ROTOR AXIAL FORCES

Rotor Speed 
(rpm) Q - AoP - PAP CFD 

(oz* in)
Test

(oz* in) Diff. % CFD (in) Test (in) Diff (in) Hydraulic
(N)

Magnetic
(N)

Imbalance
(N)

Imbalance ∆p 
(mmHg)

2200 3 - 70 - 20 1.71 1.60 7.0 0.027 0.035 -0.008 -0.33 0.089 -0.24 -2.9

2800 6 - 90 - 20 2.89 2.65 9.0 0.037 0.046 -0.009 -0.35 0.014 -0.33 -4.1

2800 6 - 90 - 30 2.87 2.65 8.2 0.045 0.048 -0.003 -0.32 0.023 -0.30 -3.6

2800 6 - 90 - 40 2.85 2.68 6.4 0.055 0.061 -0.006 -0.57 0.092 -0.48 -5.8

3400 9 - 110 - 30 4.37 4.37 0.0 0.053 0.062 -0.009 -0.22 0.089 -0.13 -1.6

density equal to blood to match the in vitro test conditions. The 
model was evaluated at three different rotor speeds.

Deformation of the domain as the rotor moves radially was 
accomplished by using a moving mesh approach in which dis-
placements relative to the initial mesh were specified with a 
user-defined function. A diffusion equation representing rotor 
displacement was included to determine mesh displacements 
throughout the remaining volume of the mesh. The magnetic 
restoring forces due to rotor movement were compared with  
hydraulic forces predicted with CFD to determine the force- 
balanced rotating assembly position. 

RESULTS MATCH PHYSICAL TESTING
For the next step, the team modeled the complete CFTAH pump 
assembly and compared its performance to physical test results. 
The full three-dimensional pump model consisted of approxi-
mately 15 million elements, including tetrahedral, prism and 
hexahedral elements. Engineers ran the simulation on a 12-node 
high-performance computing platform. Due to symmetry and 
blade clearance in the volute regions, researchers used a frozen- 
rotor multi-frame-of-reference model and fixed the rotating 
assembly in one blade orientation — that is, the flow was modeled 
under steady-state conditions. They used the same water/glycerin 
mixture as the fluid and employed the k-omega shear stress trans-
port turbulence model. The model was evaluated at three differ-
ent volumetric flow rates and three different rotational speeds 
spanning the intended range of use. Engineers positioned the 
rotating assembly at the force-balanced radial location calculated 

earlier and moved the assembly iteratively to an axial location 
that yielded a right pump outlet pressure matching the in vitro  
test data. 

Multiphysics simulations predicted hydraulic perfor-
mance, surface static pressures throughout the pump, and 
rotor torque within 5 percent to 10 percent of the proto-
type’s measurements. Radially, the rotating assembly hydrau-
lic forces balanced with the magnetic loads within 5 percent. 
The axial position of the rotating assembly predicted by simu-
lation matched experimental measurements within 0.25 mm. 
An axial force imbalance of 0.1 N to 0.5 N toward the left pump 
was found across the pump’s operating range. This force corre-
sponds to a static pressure difference of 2 mm Hg to 6 mm Hg. 
The reasons for this imbalance will be examined further in future 
simulations. Overall, these results are quite good and well within 
the expected level of agreement for this phase of the program. 

In a more sophisticated simulation model under develop-
ment, the team defines the rotor as a moving mesh and uses 
electromagnetic and hydraulic forces to move the rotor into a 
force-balanced position during the simulation (instead of setting 
the initial radial and axial positions). This model will use blood 
as the fluid, enabling examination of the shear forces exerted on 
the blood by the pump’s surfaces. Shear forces need to be closely 
controlled; if they are too high, the blood cells may be damaged. 
On the other hand, if shear forces are too low, the blood may clot. 
The more-sophisticated simulation model will play an important 
role in finalizing the design of the CFTAH as it moves into animal 
testing and toward eventual human use. 

HEALTHCARE
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Taming the Cost  
of Respiratory  
Drug Development 
Computer modeling and simulation help researchers  
to better visualize pulmonary functions for faster, less  
expensive clinical testing of innovative respiratory drugs.
By Jan De Backer, CEO, FluidDA nv, Kontich, Belgium

Thierry Marchal, Healthcare Industry Director, ANSYS, Inc.

The cost of developing a new inhalation therapy drug for 
respiratory diseases such as asthma, emphysema and  
cystic fibrosis is estimated at more than $1 billion — the 
highest in the pharmaceutical industry. This figure is  
considerably more than for developing medications to 
treat cancer or neurological disorders.[1]

The main cause of this extremely high cost is that  
current testing methods of evaluating respiratory drug 
effectiveness are only coarse measures of patient long-
term outcome. Even so, such methods are extremely 
time-consuming and expensive, as many patients must 
be tested over a long period of time. Researchers are 
addressing these issues with the emerging field of in silico 
modeling, which uses computer simulation to speed up 
medical studies and to provide greater detail than is  
otherwise practical with extensive lab work and wide-
scale clinical trials. In particular, many in silico respiratory 
studies are based on fluid dynamics 
simulation to generate accurate 
images of pulmonary functions, such 
as airway volume and resistance for 
individual patients. The technique 
already has been used in studying the 
respiratory structures of animals and 
— because the same functional 
parameters can be measured in 
humans — enables researchers to 
proceed more efficiently from pre- 
clinical to clinical trials. By accurately 
quantifying these relatively small 
changes in pulmonary functions, the 
approach can demonstrate respiratory 
drug effectiveness more quickly using 
fewer patients. This has the potential to 

cut years from the development process and reduce costs 
by hundreds of millions of dollars.

The current gold standard for testing airway diseases 
is FEV1, the volume of air exhaled during the first second 
of a forced expiratory maneuver started from the level of 
total lung capacity. Another approach in widespread use 
for assessing patients with pulmonary disorders is the 
Saint George Respiratory Questionnaire (SGRQ), a set of  
questions aimed at comparative measurements of patient 
health.

These methods were developed primarily to measure 
long-term survival, but they lack the sensitivity to correlate 
with subtle differences in breathing that are more difficult 
to identify and quantify. Because of the uncertainty of 
these parameters and discrepancies between them, 
researchers must spend considerable time and expense 
gathering data on drug effectiveness and averaging results 

Potential cost and time reduction in respiratory drug development through 
patient-specific functional imaging and computer simulation Based on [1]
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across large groups of participants over extended periods 
of time.

The time frame for respiratory drug development is 
staggering. Preclinical animal studies typically take two to 
four years, then additional time is needed to transition 
from animal studies to human clinical trials due to the lack 
of correlation and common denominators between the 
different species. Subsequent clinical trials last five to 
seven years and can involve thousands of patients. 
Regulatory agencies take up to three years to interpret 
and verify the clinical trial findings. The total time adds up 
to nine to 14 years before registration of the drug occurs 
and the medicine is available by prescription from  
healthcare professionals.

This leaves pharmaceutical companies with only a few 
years to recoup development costs before the 15-year 
patent limit expires. Lengthy development drives up the 
retail price of respiratory drugs, severely delaying their 
availability to patients. The process often discourages 
pharmaceutical companies from risking considerable 
amounts of resources for an uncertain ROI (return on 
investment).

By quantifying a new class of functional parameters 
linked more closely to pulmonary changes, computer 
modeling and simulation have the potential to significantly 
lower the time and cost of respiratory drug development. 
Resulting patient-specific functional-imaging data is  
an important component of this emerging field, called  
translational medicine. Researchers in this discipline  
continually search for parameters that can facilitate the 
transition of drugs from preclinical to clinical stages. Such 
methods already have been used to represent animal 

Assessment of changes in airway volume and resistance through  
functional imaging using computational fluid dynamics[2]

The Medical Value of in Silico Analyses
With the rapidly increasing computational power of 
standard PCs and the refinement of biomaterial  
models, clinicians are showing a growing interest in 
the routine use of simulation. Clinicians do not have 
the luxury of learning advanced user interfaces,  
however, so they need seamless interfaces between 
medical imaging and engineering simulation software. 
Furthermore, a fully integrated workflow must be 
developed for large-scale deployment of this  
technology in local hospitals.

Several successful attempts to make numerical 
modeling accessible and useful to the clinical  
world involve ANSYS tools. The @neuFuSE toolchain  
(www.aneurIST.org) allows physicians to access more 
information about the risk of cerebral aneurysm  
rupture, for example. During one recent @neurIST 
workshop, 90 percent of attending neurosurgeons 
confirmed the clear added value brought by this  
solution and indicated high interest in gaining access 

to the technology for future work. Likewise, the  
Grid-Enabled Medical Simulation System (GEMSS) 
project aims to make biomedical vertical applications 
available from the web with encouraging successes 
in applications such as stent interfaces.

Ongoing projects such as the Virtual Physiological 
Human Osteoporosis Project (VPHOP), RT3S and 
ANGIOVISION multiply the opportunities to assist 
the medical world in lengthening life expectancy  
and increasing quality of life through more effective  
orthopedic, stent and endovascular treatments, 
respectively. The upcoming decade will undoubtedly 
see the development of computer-assisted surgery 
(CAS) and the rapid penetration of in silico tech- 
nology throughout the medical world, including in  
facilities close to home.

Thierry Marchal 
Healthcare Industry Director 
ANSYS, Inc.

© 2010 Ansys, Inc.       ANSYS ADVANTAGE   Best of Healthcare   2016        40



respiratory structures in studying inhalation profiles and 
deposition patterns for different respiratory devices. In 
these studies, the common parameters of airway volume 
and resistance determined through functional imaging 
provide for a more efficient transition from preclinical to 
clinical trials.

By changing the slope of the cost curve in a graph of 
development cost versus time, this translational approach 
could alter the cost slope from preclinical to clinical trials 
and significantly reduce expenses over the entire cycle. 
Furthermore, the approach could compress development 
time, moving registration forward much sooner and thus 
increasing the time for the pharmaceutical company  
to market products under patent protection. Indeed, 
patient-specific imaging and simulation coupled with 

inhaler selection and modeling has the potential to shorten 
the development time from patent filing to registration  
by years and to save hundreds of millions of dollars if  
the approach is used throughout the entire process of 
bringing a single drug to market.

The impact of such savings could be stunning. When 
costs for the development of new compounds are 
reduced, the prices of these products could be lowered 
without affecting profit margins, thus allowing for  
continuous research and development of innovative  
new compounds in the pharmaceutical industry. 
ultimately, the process could facilitate more sustainable 
healthcare systems.

Such savings are entirely possible in the foreseeable 
future, given the tremendous strides made in previous 

Segmentation of Sprague Dawley rat respiratory system[4] illustrates modeling of 
the airway structures and corresponding lobar volumes derived from CT scans.
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Computer-based functional imaging facilitates the translational approach in respiratory drug development 
through the use of common parameters in moving from preclinical studies to clinical trials.

Transitional

HealtHcare

Preclinical
Animal Studies, Particle Deposition Modeling,  

Device Design

Phase I
25–50 Healthy 

Volunteers

Safety

Phase II
20–300 Patients

Safety & Efficacy

Phase III
300–5000 Patients

Efficacy

Phase IV
Post-Registration  

Trials

© 2010 Ansys, Inc.         ANSYS ADVANTAGE   Best of Healthcare   2016        41



HealtHcare

studies and ongoing work in computer-based modeling 
and simulation. Promising work already is pushing the 
envelope of functional imaging technology. Recent  
developments in the field of computational fluid dynamics 
and structural simulations have made it possible to  
simulate pulmonary airflow behavior in the pulmonary  
airways as well as to characterize surrounding tissue. The 
research is based on geometries extracted directly from 
high-resolution computed tomography (HRCT) scans.

Based on this work, computer-based technologies 
have the potential for researchers to perform modeling 
and simulations to derive functional parameters such as 
airway resistance as a biomarker on individual patients. A 
number of published trials — including FluidDA’s studies 
— make use of these patient-specific HRCT-based  
models that were able to describe the distinct flow  
patterns in the respiratory system. Certain of these  
studies focused on the effect of inhalation medication and 
assessment of subsequent changes in airway volume  
and resistance through functional imaging using ANSYS 
FLuENT fluid dynamics software.[2]

Correlation studies indicate good agreement with  
clinical parameters. Similar methods can be used to 
assess animal respiratory structures in preclinical research 

and inhalation devices. Successes in this body of work 
demonstrate the value of functional imaging in both  
preclinical and clinical development stages as well as the 
tremendous potential of the approach in revolutionizing 
the development of new inhalation compounds for  
combating respiratory disease and improving the quality 
of life for patients worldwide. n
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PUNCHING OUT  
A BETTER TABLET
Analysis helps to prevent dietary supplements from being too big to swallow.

Since the establishment of the 
Japanese brewing industry, 
the Asahi name has been asso-
ciated with delivering innova-
tive beverage products to the 
ever-expanding tastes of its 

customers both at home and internation-
ally. Among the company’s products, its 
pre-eminent brand, ASAHI SUPER DRY, 
recently won the Champion Beer Award 
(top prize, keg lager division) at the 2011 
Brewing Industry International Awards 
held in London, known as the world’s  
oldest international beer competition.

LEVERAGING TECHNOLOGY 
To maintain customer satisfaction and  
to develop a basis for further growth,  
the group is making larger investments 
into food science. Asahi’s research organ-
ization has gained a highly regarded  
technical background from developing 
fermentation technologies for specialty 
beer production, and now the company is 
leveraging that position in the develop-
ment of dietary supplement products. In 
this industry, researchers need to con-
sider a number of factors, including the 
product’s safety, effectiveness of the active 
ingredient and manufacturing efficiency. 
Beyond those factors, though, is the prod-
uct’s usability: Because dietary supple-
ments are usually consumed in tablet 
form, they must be easy to swallow. 
 Compared to pharmaceutical tablets — 
whose volume often contains only a tiny 
fraction of active ingredients, so they 
can be smaller in size — food dietary 
supplements are made of edible constit-
uents and tend to be bigger, which can 
make them more difficult to swallow.  
To receive the full benefit of the supple-
ment, an adult must take several of 
these tablets per day. Customers simply 
will not use larger tablets on a regular 

basis if the tablets get stuck during 
swallowing, or if they cause excessive 
throat strain or irritation.
 A supplement tablet’s shape is mostly 
determined by diameter, thickness and 
radius of curvature. Evaluation ratings 
from human test subjects indicate that, 
in general, the smaller the radius of 
curvature — that is, the more round a 
tablet becomes — the easier it is to swal-
low. However, a smaller radius of curva-
ture also means that the hardness of 
the tablet (based on a measurement of 
how much pressure will cause it to 
crack) will be decreased, and that tablet 
punching equipment will deteriorate 
more quickly. The punch machine oper-
ates by compressing powder material in 
a special die under an extremely high 
mechanical pressure load. Repetitive 
high stress levels on the equipment 
sometimes cause mechanical failure in 
any situation. Additionally, reducing the 
radius of curvature to obtain a tablet that 
is easier to swallow requires the punch- 
head shape to be sharper at the edges. 
This reduces punch-head durability. 

USING SIMULATION 
When developing a new supplement 
product, Asahi staff needed to answer the 
question of how all of these characteris-
tics — ease of swallowing, tablet hardness 
and machine durability — can coexist in 
reasonable balance. At its Research 
Laboratories for Fundamental Tech- 
nology of Food, one scientist incorporated 
ANSYS structural simulation software to 
further that goal. Previously, Asahi had 
conducted repetitive experiments to 
make such evaluations, though research-
ers realized the limitations of this 
approach in quantifying all of the com-
plexities. In Asahi’s view, engineering 
simulation represented a powerful 

solution, and the organization selected 
ANSYS Mechanical software to be a part 
of its computational toolbox.
 The most challenging part of the struc-
tural analysis was how to specify the 
Young’s modulus of the tablet. The Asahi 
researcher understood that the reaction 
force over the area of the punch head 
should be equal to the tablet’s Young’s 
modulus. ANSYS Mechanical simulation 
of the punch’s strength allowed a calcu-
lation of this reaction force. Initial 

By Hideaki Sato, Assistant Section Manager, Research Laboratories  
for Fundamental Technology of Food, Asahi Group Holdings, Ltd., Moriya, Japan

The process of tablet formation begins 
when powdered raw material is fed 
into the punch hole from below. The 
punch presses down into the hole and 
compacts powder into the cavity, under 
pressure, to harden it into a tablet.  
After depressurization, the punch head 
lifts up, and the device ejects the tablet.

Pharmaceutical and food industries define 
tablet hardness as the load from one  
direction that is required to break a tablet.  

FOOD & BEVERAGE
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PUNCHING OUT 
A BETTER TABLET
Analysis helps to prevent dietary supplements from being too big to swallow.

communicate study achievements, not 
only within the research laboratories 
but across the larger umbrella of the 
Asahi Group and beyond.
 The final results showed a good associ-
ation between simulation predictions and 
experimental data related to a tablet’s 
hardness, which has given Asahi confi-
dence in the process for future tablet 
design. Experimentally characterizing  
the hardness of each and every tablet 
shape would have been impractical, as 
that would have required evaluating an  
extremely large number of variations.  
At a cost of approximately $400 (¥30,000) 
for each mortar and punch set, simulation 
could save the company hundreds of 
thousands of dollars (tens of millions  
of yen) in material costs alone.
 The Asahi Group is encouraged that 
cutting-edge simulation from ANSYS 
enables visualization of more and more 
phenomena that once were a complete 
mystery to its product designers. 
Representing the relationship between 
the reaction force on the punch and the 
tablet’s hardness as an approximated 
curve was a breakthrough; it allowed 
Asahi to conclude that the curve is an 
accurate representation of the properties 
of a powder material. Computer-aided 
engineering (CAE) is not the company’s 
focus, but through cooperation with  
simulation providers at ANSYS, and with 
support from specialists at Cybernet 
Systems, Asahi now believes in the high 
potential of CAE. Organizations with 
sharp insight into the needs of their cus-
tomers see much value in using the full 
pantheon of CAE technology to make  
new discoveries, allowing them to carry  
forward the promise of their products, 
which Asahi has seen as an indispens-
able benefit.  

assumptions of a uniform Young’s modu-
lus throughout the tablet, however, were 
not valid, as evidenced by a wide gap 
between experimental values and simu-
lation results. Asahi then determined 
that the best way forward was to divide 
the punch head and tablet structures 
into sections and compute the reaction 
force on the punch head at each section. 
In this way, the researcher derived the  
reaction force for each punch section 
and, therefore, a realistic variable 
Young’s modulus for the corresponding 
tablet sections. 
 After a series of simulations to deter-
mine the optimal number of tablet and 
punch-head sections, the researcher con-
cluded that dividing the tablet and punch 
head into four sections gave predictions 
that were most consistent with experi-
mental values. To characterize the load 
capacity of the punch required a non- 
linear analysis, as the load on the punch 
and the resulting stress inside it did not 
display a proportional relationship. Obser- 
vations of the punch head slipping over 
the tablet during powder compression  
led the researcher to define boundary 
conditions to account for frictionless slid-
ing. Asahi finally determined the load 
capacity by repeatedly computing the 
stress inside the punch until it reached 
an allowable stress value.

STREAMLINING THE PROCESS 
With this background, Asahi’s researcher 
had established a process through 
which the company could analyze the 
strength of a particular tablet shape by 
first calculating the reaction force on 
the punch head and then determining 
the tablet’s variable Young’s modulus. 
However, in seeking to evaluate many 
such tablet shapes, Asahi turned to  
Cybernet Systems, the ANSYS channel 
partner in Japan, to build a simulation 
solution using ANSYS Mechanical APDL 
that would automate the process by 
simply defining the size of a tablet.   
 Streamlining computational tasks in 
this way enabled the researcher to con-
centrate efforts on studying the results 
from the overall analysis. For example, 
he discovered that tablet hardness was 
not evenly distributed. This character-
ization could not be visually determined, 
but the ANSYS post-processing fea- 
tures represented the stress distribu-
tions in  a contour plot. These graphical  
displays provided a powerful method to 

Structural model of representative tablet 
shape with a constant Young’s modulus 
(top); tablet that has been divided into 
four sections (bottom), in which the  
variable Young’s modulus is transcribed  
for each section by computed reaction force 
on the punch head. Both models employ 
symmetry to speed up calculations.

Contour plots showing maximum principal 
stress on tablet when load is imposed at 
lower right edge (blue and green colors): 
model with one section (top), two sections 
(center) and four sections (bottom)

A 2-D axisymmetric model shows 
contours of equivalent stress on punch 
head during contact with tablet. The 
red area at lower edge corresponds well 
with experimental results indicating the 
location where the punch head is most 
likely to break down. 
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B  iopharmaceutical manufacturers continually need to 
scale up production as they move from small pilot stud-
ies to progressively larger clinical trials, then finally 

into large-scale production as the drug reaches the market. As 
a provider of single-use systems and bioprocess equipment 
utilized in biopharmaceutical manufacturing, ASI regularly 
faces the challenge of providing different sizes of its products 
for these various stages of the therapeutic development proc-
ess. Until recently, biopharmaceutical manufacturing facilities 
relied solely on hard-piped systems, such as stainless steel bio-
reactors, tanks and piping. ASI has pioneered development of 
single-use equipment, designed to be employed once and then 
disposed of. These systems drastically reduce the need for harsh 
and lengthy cleaning requirements while improving production 
speed due to quick changeover between batches.

ASI is a leading global provider of advanced single-use sys-
tems for the healthcare and life sciences industries. The com-
pany’s imPULSE single-use mixing series is a unique system 
that consists of a stainless steel hexagonal mixing vessel and 
a matching single-use mixing bag. Together, the system can be 

THE RIGHT 
MIX

By Rudolf Pavlik, Director, Product Development, ASI, Millersburg, U.S.A. 
Szymon Buhajczuk, Principal CFD Engineer (Canada), and 

Mark Goodin, CFD Consulting Engineer (U.S.A.), SimuTech Group Inc., Toronto, Canada

CFD simulation saves time and money by 
validating the ability of a single-use mixer 

design to scale to 5,000 liters.

PHARMACEUTICAL

�imPULSE single-use mixer

ASI faces the challenge of providing 
different sizes of its products for 
various stages of the therapeutic 
development process.
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configured for a variety of end-user mix-
ing applications. The disposable poly-
mer mixing bag is engineered with an 
integrated mixing disc that consists of 
multiple slots and film flaps. The flaps 
open and close as the mixing disc moves 
up and down within the mixing bag. 
On the downstroke, the flaps close, and 
energy is directed to the bottom of the 
mixing bag and up the sidewalls. On the 
upstroke, the flaps open, allowing the 
fluid to flow through the slots, thus pro-
ducing one-way flow and very effective 
mixing. Simulation with ANSYS Fluent 
helped ASI to eliminate the cost and lead 
time of prototyping, demonstrating that 
ASI’s design could be scaled up to an 

industry-leading 5,000-liter size while 
providing the same mixing performance 
as smaller mixers.

ASI first developed the imPULSE 
design in a 250-liter (L) size and 
expanded the portfolio to include sizes 
from 30 L to 1,500 L. As customers fur-
ther scaled up their batch sizes, they 
demanded larger mixers. Although it 
was not difficult to scale up the mixer, it 
was a challenge to maintain mixing effi-
ciencies and patterns. The time required 
to achieve a certain level of homogene-
ity is critical to the efficiency of biophar-
maceutical manufacturing. To sell the 
larger mixers, ASI needed to prove that 
mixing time would be consistent in both 

larger and smaller mixers. The lead time 
and cost required to build a prototype 
of the new 5,000-liter mixer was quite 
high. So ASI investigated the potential 
for using computational fluid dynam-
ics (CFD) simulation to validate the 
design of the larger mixer. Besides being 
faster and less expensive than building 
and testing a prototype mixer, CFD pro-
vides more diagnostic information, such 
as flow velocities throughout the tank 
along with shear rate, all of which are 
useful in diagnosing and improving a 
mixer design.

ASI contracted with consultants from 
ANSYS channel partner SimuTech Group, 
a supplier of engineering simulation soft-
ware, support, training, consulting and 
testing services. The team used ANSYS 
Fluent to simulate the motion of the mixer 
discs. Fluent’s dynamic layering method 

CUTTING DESIGN COSTS: HOW 
INDUSTRY LEADERS BENEFIT FROM 
FAST AND RELIABLE CFD

ansys.com/91right

PHARMACEUTICAL

Besides being faster and less expensive 
than building and testing a prototype mixer, 
CFD provides more diagnostic information.

�Reusable mixing bag

Vortex ring  
that persists after  

previous mixer  
head downstroke

Downward  
motion of fluid

Upward motion  
of mixing disc

�Velocity vectors show mixing motion.

�Flow during mixing downstroke �Flow during mixing upstroke

http://www.ansys.com/Products/Fluids/ANSYS-Fluent
http://www.ansys.com/91right
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adds or removes layers of cells adja-
cent to a moving boundary based on the 
height of the layer bordering the mov-
ing surface, which enables simulation 
of devices with complex moving parts. 
The dynamic layering method allows 
users to specify an ideal layer height 
on each moving boundary. The layer of 
cells neighboring the moving boundary 
is split or merged with the layer of cells 
next to it based on the height of cells in 
the adjacent layer. This unique approach 
to simulating a moving boundary elim-
inates accuracy problems, which are 
caused by cell shape deformation. 

SimuTech engineers simulated per-
formance of the bag in mixing two dif-
ferent particles: salt and bovine serum 
albumin (BSA). The software enabled 
engineers to customize material proper-
ties to model the properties of each parti-
cle type. The simulation showed that the 
flow traveled up along the outer walls, 
crossed over at the top of the tank, and 
returned in a downward moving col-
umn. This was expected since the mixing 

disc, located in the center of the bag, was 
designed to push the fluid on the down-
stroke, but not on the upstroke due to the 
opening of the membrane film flaps. The 
result is that during the downstroke bulk 
flow is accelerated, but on the upstroke a 
more complicated local mixing flow pat-
tern is formed around the mixing disc. A 
complicated local mixing flow pattern is 
evidence of the random and aggressive 
mixing patterns this disc creates. The 
aggressive behavior creates a turbulence 
that generates random patterns, which 
provide additional paths for the solutions 
and bulk flow to conjoin. 

The simulation showed that local-
ized flow near the mixing disc changes 
significantly depending on its position 
in the stroke cycle. On the downstroke, 
with the membranes closed, the flow is 
pushed outward toward the tank walls 
at a high velocity. A vortex ring forms 
around the periphery of the mixing disc, 
which is beneficial to mixing and persists 
even after the mixing disc starts to move 
up again. The vortex generally follows 

�Flow circulation patterns for different tank sizes

250 L

1,500 L

5,000 L

CFD simulation saved hundreds of thousands of 
dollars, providing characterizations that apply 
to the overall scalability of ASI’s products and 
significantly reducing the need for building and 
testing prototypes.

Probe point at:
25% of tank height
75 % of tank radius

�BSA volume fraction versus time for different tank size
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the bulk flow, so the circulation pattern 
migrates toward the walls. When the mix-
ing disc is moving up, the bulk of the fluid 
in the center column continues to move 
down, but now the mixing disc opposes 
this motion. With the membranes/holes 
open, the flow is free to bypass the mix-
ing disc by moving through these holes, 
which further agitates flow. The localized 
vortices illustrated in the CFD results gen-
erate turbulence with the ability to mix 

even difficult powder/liquid solutions at 
a rate that will enhance conjoining the 
bulk fluid and powder/liquid product 
solution. The localized vortices near the 
disc show that air is not being entrained 
or pulled in; only unmixed product is 
pulled in through the submerged disc.

To compare and predict scalability 
across various sizes, SimuTech engineers 
compared flow patterns of three differ-
ent-sized mixers ― 250 liters, 1,500 liters 

and 5,000 liters ― to determine whether 
or not the tanks behave similarly. The 
results showed that flow patterns were 
largely unchanged in the larger devices 
as compared to the 250-liter baseline. 
Within a few seconds, all the tanks estab-
lish the pattern of flow moving up along 
the outer walls and down through the 
center column. 

The mixing patterns were observed 
directly through multiphase simulations 
with salt and BSA particles present in the 
tank. These results showed that at 6 sec-
onds all three mixers had significantly 
suspended salt into the fluid. For the 
smallest equipment size, significant con-
centrations of salt were present at the top 
of the tank; even for the largest sizes, sig-
nificant concentrations were present two-
thirds of the way up the height of the tank. 
The near-neutrally buoyant BSA particles, 
which started in a thin layer at the top 
of the bag, were drawn down in the cen-
ter column of descending fluid, then agi-
tated by the mixing disc and eventually 
dispersed throughout the entire tank. The 
simulations showed that within 60 sec-
onds, the concentrations throughout the 
tank were relatively uniform.

To quantify the mixing of BSA par-
ticles over a longer period of time, 
researchers created a monitor point in 
the three tanks. This point was placed 
25 percent of the way up the height of 
the tank at a radial position of 75 per-
cent. The results showed that the 
smaller tanks mixed faster than the 
larger tanks, but within practical lim-
its, all tanks mixed very quickly. Within 
60 seconds, the volume fractions in all 
of the tanks stabilized at about the same 
level. Overall, while slight differences 
were present in time scales in the differ-
ent tanks, the tanks all scaled well, since 
they all mixed in less than a minute and 
displayed similar mixing patterns for 
the specific CFD testing conditions. 

Because ASI engineers confirmed the 
simulation predictions with actual data 
in three sizes, they can draw a correla-
tion between the actual and simulated 
data for application across the compa-
ny’s entire portfolio of mixing products. 
Overall, CFD simulation saved hundreds 
of thousands of dollars, providing char-
acterizations that apply to the overall 
scalability of ASI’s products and signif-
icantly reducing the need for building 
and testing prototypes. 

PHARMACEUTICAL

CFD simulations saved ASI 
hundreds of thousands of dollars.

250 L

t = 0 seconds

t = 10 seconds

t = 20 seconds

t = 40 seconds

t = 60 seconds

1,500 L 5000 L

�BSA particle mixing patterns for different tank sizes

http://www.ansys.com/Products/Fluids


Let’s Meet:
• ANSYS Events

Let’s Learn:
• ANSYS Website
• ANSYS Healthcare Solution
• ANSYS Healthcare Webinars

ansys.com/Healthcare

Let’s Exchange: 
• ANSYS Blog
• ANSYS Healthcare Blog

http://b.mdmwest.mddionline.com/
http://www.ansys.com/About-ANSYS/Events 
http:// www.ansys.com
http://www.ansys.com
http://www.ansys.com/Solutions/Solutions-by-Industry/Healthcare
http://www.ansys.com/healthcare-webinar 
http://www.ansys-blog.com
http://www.ansys-blog.com/Healthcare



