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By James D. Walker, Ph.D., Sidney 
Chocron, Ph.D., Michael Moore, Ph.D., 
and Gregory C. Willden

Complex military systems are 
increasingly expensive to develop. 
Complexity increases cost when 

it leads to “schedule slip,” which leads to 
changes to the systems, which, in turn, 
leads to increased complexity. This com-
plexity versus cost spiral oftens results 
in systems that meet the higher per-
formance objectives, but are no longer 
affordable. The industry terms this phe-
nomenon “requirements creep.” 

Over the past six years, three major 
heavy vehicle development programs 
for the U.S. Department of Defense 

have been cancelled. The vehicles 
for all three programs were complex, 
electro-mechanical systems intended 
to replace currently fielded systems 
with vehicles having new capabilities 
and enhanced survivability. The need 
for these advanced vehicles stemmed 
from threats encountered in the past 
decade of conflicts. The fact that the 
new capabilities are just now getting 
integrated with vehicles, and in some 
cases have yet to be integrated, is a 
testament to the difficulties faced 
by the DoD with the current vehicle 
procurement model. The Defense 
Advanced Research Projects Agency 
(DARPA) launched the Adaptive Vehicle 
Make (AVM) portfolio of programs with 
the ambitious goal of reducing the time 

from concept to rolling vehicle by a 
factor of five. By changing the design 
paradigm, the first vehicle rolling off an 
assembly line would be fully functional, 
and thus the long years of fixing, 
redesigning, and requirements creep 
would not occur. These vehicles would 
be “correct by construction” rather 
than “correct by design,” meaning that 
for complex systems, what rolls off the 
production line would not be exactly the 
original design, but it would work and 
meet the requirements. 

SwRI and the AVM effort

The AVM effort aimed to foster a new 
design methodology centered around 
computer-aided design (CAD) automated 

Faster by Design
An SwRI multidisplinary effort  
produces software, design tools  
for next-generation combat vehicles

Designers can use the shotline viewer to explore the effects of ballistic impacts.

From left, Dr. James Walker is director of the Engineering Dynamics Department 
in SwRI’s Mechanical Engineering Division. His research efforts focus on the 
mechanical response of a variety of systems and materials to impact loads. Dr. 
Sidney Chocron is manager of the Computational Mechanics Section in the 
Engineering Dynamics Department. Chocron specializes in the response of 
materials at high strain rates. Dr. Michael Moore, a staff engineer in the Tactical 
Networks and Communications Section in the Communication and Embedded 
Systems Department of SwRI’s Automation and Data Systems Division, specializes 
in systems engineering and design. Gregory Willden was formerly a staff member 
in the Automation and Data Systems Division.    
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The multi-fidelity modeling approach uses tier levels to allow rapid design assessment.

analysis software tools. These tools 
would allow designs to be evaluated in 
the digital space, reducing the number of 
physical prototypes. The tools were to be 
tailored and evaluated against designs for 
ground combat vehicles, specifically an 
amphibious armored troop carrier. 

Southwest Research Institute (SwRI) 
was awarded the contract to deliver anal-
ysis models for the AVM effort in the area 
of survivability. This was a $5.7 million 
program, with the majority of the work to 
be completed in one year. The SwRI team 
provided models to evaluate the surviv-
ability of the vehicle designs against bal-
listic, blast, and corrosion threats. The 
team drew from several SwRI technical 
areas for experts in mechanical engineer-
ing, ballistics and explosives, materials 
engineering, and structural engineering 
as well as in systems engineering, soft-
ware architectures, model-driven design, 
electronics, and training. Four subcon-
tractors also were involved.

Before SwRI was involved in the AVM 
effort, the tools developed were used in 
an open design competition, with DARPA 
awarding a $1 million prize to the winning 
design team. The powertrain and suspen-
sion were integrated into a chassis, and the 
mobility performance of the as-built chas-
sis was compared to the predictions made 
by the design software. 

In order to further exercise the 
tools developed, selected vehicle 
manufacturers used the software 
developed at SwRI to aid in designing 
their vehicles. To demonstrate the 
SwRI-developed survivability software’s 
capability, the government also 
performed a design exercise, with blast 
article fabrication and blast testing 
performed at SwRI under DARPA’s Fast 
Adaptable Next-Generation (FANG) 
Ground Vehicle program. DARPA 
transitioned the AVM effort to the newly 
formed Digital Manufacturing and Design 
Innovation Institute, where the tools 
continue to be developed.

Advanced tools for advanced vehicles 

The SwRI team’s work resulted 
in significant advances in analytical 
software tools such as the survivability 
tools, which analyze blast and ballistic 
survivability. The DARPA-funded teams 
used the survivability tools extensively 
for design exercises and earned favorable 
reviews from the commercial engineering 
design and manufacturing companies 
that produce defense systems. 

The SwRI team was able to combine 
its considerable experience and expertise 
in impact and blast research with SwRI 
vehicle and software expertise, plus that 

of our subcontractors, to produce soft-
ware tools that are best demonstrated by 
five major innovations developed during 
the project: multi-fidelity analysis/varying 
levels of refinement; automated mesh-
ing and connecting of parts for complex 
vehicle structure; uncertainty quantifi-
cation and development of 95-percent 
bounding models; and a sophisticated 
large deformation/material failure mate-
rial model library and better blast loads 
analysis tools. The fifth innovation was 
to connect the whole design “pipeline” 
together so it executes automatically.

A major goal was to make the sur-
vivability analysis tools easy to use. For 
example, the team developed a shotline 
viewer that allows a designer to explore 
the effects of ballistics impacts on a 
vehicle and shows results of the terminal 
ballistics models. For blast analysis, the 
software pipeline produced movies of 
the explosive event, showing the result-
ing deformation and damage to the vehi-
cle. These capabilities allow designers 
with limited background in survivability 
to quickly understand how these threat 
environments affect their design.

Another major goal of the tool devel-
opment was to remain “CAD agnostic” as 
much as possible. CAD agnostic means 
that the tools are not tied to one specific 
CAD system, but rather use a generic 
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CAD format — referred to as STEP (Stan-
dard for The Exchange of Product model 
data) files — so any CAD system would 
be able to use the SwRI-developed ballis-
tics and blast tools. 

Multi-fidelity analysis

A major innovation that SwRI 
brought to the DARPA program was a 
multi-fidelity modeling approach employ-
ing different tier levels. Each tier had a 
different level of accuracy and uncer-
tainty, in exchange for different amounts 
of computational time. For example, 
lower tier models are simpler, typically 
based on more assumptions about the 

physics. Because they include phys-
ics assumptions that then require less 
detailed computations, they have shorter 
computation run times, and thus are less 
expensive, but they also are less accurate 
and have a higher degree of uncertainty. 
The multi-tier approach allowed rapid 
exploration of the design space using 
fast-running lower tier models that sped 
up the conceptual design phase. In addi-
tion, by developing the different tiers of 
models, simpler, lower-tier models were 
quickly completed and thus working sur-
vivability models were always available in 
the software development process. This 
was beneficial for the concurrent devel-
opment of other pieces of software and 

the definition of interfaces. Further, the 
various tiers of survivability solvers could 
also be used at a conceptual level, where 
only an outer “concept hull” needs to be 
defined. This allows a rapid initial design 
space exploration to determine the 
amount of armor and structure needed 
to survive a specified threat. As a design 
proceeds through more detail, the surviv-
ability analysis can be applied many times 
to allow the designer to make adjust-
ments, such as at manufacturing seams, 
to ensure designer-level protections. By 
performing survivability analysis at the 
conceptual level, it is feasible to auto-
mate the design-space exploration.  

An analysis of motion from a Tier 1 blast (left) takes seconds to compute, while a Tier 3 blast near the front of a conceptual hull (right) requires about an 
hour of computation time.

These illustrations show the difference between a fast-running physics-based Tier 2 terminal ballistics model (left) and a highly detailed Tier 3 ballistic 
computation of a projectile striking an armor plate (right).
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Automated meshing and 
connecting 

One of the more tedious 
and time-consuming steps 
in survivability analysis is 
transforming CAD geometry 
to a format that is amenable 
to analysis tools. To make 
the tools more useful and 
to head toward the goal of 
“press one button in CAD 
to get your analysis,” the 
team developed tools to 
automatically mesh and then 
connect parts for the blast 
analysis. Our tools provided 
automatic meshing of various 
structural parts with a focus 
on producing quad-shell 
meshes, the types of meshes 
that have been shown to 
give the most accurate 
results in structural blast 
computations. (Structural 
parts include plates, panels, 
skins, and cross-section 
beams such as I-beams, 
C sections, and brackets.) 
The various parts are then 
automatically positioned in 
3-D space, or “assembled” to 
produce the concept vehicle. 
Many different types of 
parts, with various meshing 
schemes, can be assembled 
this way. The emphasis is on 
robustness in automatically 
producing a good mesh for 
blast loading.  

An important part of 
the assembly of a mesh is 
its connections. The team 
developed an electronic  
“bolter/welder tool,”  which 
includes the ability to 
operate the tool both when 
connections are specified or 
in an automatic mode. The 
combination of the powerful 
automatic welding feature 
and the automatic generation 
of meshes greatly reduces 
analysis time. Welds are 
automatically inserted when 
free edges are seen to be 
near other objects. Bolts are 
automatically inserted when 
holes are found aligned and 
a bolt for the region has been 
specified. In particular, the 
tool can bolt multiple plates 
together (three or more) if 
the bolt holes line up.  

Using the automated meshing feature, a designer can produce a vehicle, including interior structural 
members, in about four to five minutes using a conventional computer.

These images show a blast computation on a conceptual hull without (top) and with (below) a 
heat-affected zone (HAZ). Including the HAZ shows how the materials will be affected by a blast.



Technology Today  • Summer 20156

Another important element of the 
weld-connection and mesh-production 
capability is the inclusion of a heat-
affected zone (HAZ). Not including a HAZ 
leads to unrealistic strength predictions 
near joints. The automeshing tool, after 
connections are complete, passes through 
the mesh and produces a HAZ near all the 
welds. The material strength and damage 
properties are adjusted in the HAZ. It is 
important to include the HAZ in a mesh 
when performing blast computations, and 
the SwRI-developed tools did it automati-
cally. During the connections step, a cor-
rosion analysis also is performed.

Uncertainty quantification

Given the complexity of the com-
putations and the multi-fidelity nature 
of the tools, the SwRI team quantified 
uncertainties and developed bounding 
models. The team developed ballistic and 
blast models to return 95-percent bound-
ing results in addition to the nominal 
results. This means that, based on his-
torical knowledge of variations in inputs 
into the models, one can find the perfor-
mance bounds of the armors and blast 
mitigation systems. Using these statistical 
variations, many executions of the models 

SwRI validated the blast survivability tools experimentally, such as this test designed to measure the loads on an armor plate produced by a 
buried charge.

were run a priori for certain situations to 
allow development of inputs to the  
physics-based models that would return 
the 95-percent bounding result. These 
computations used fast, off-line com-
putations to develop an understanding 
of the influence of material, geometry, 
and other variability on the survivability 
results. With this, one can compute not 
only the nominal performance of the 
vehicle under a ballistic or blast threat 
event, but also the 95-percent bounding 
or worse-case response. This allows 
designers to know how close they are 
to meeting performance objectives, and 

This computation shows that strong bolts can tear a test panel during loading (left), while weak bolts will break (right).
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This side-by-side comparison shows a structural test specimen undergoing blast loads using the computational pipeline (left) and from an experiment 
conducted at the SwRI test range.

how much resilience is built into their 
design. This information can be used in 
an optimization study where robustness 
is one of the optimization parameters.   

A sophisticated material model library 

Survivability systems are used once, 
and the materials are used all the way 
through failure. Hence, it is necessary to 
know the large deformation and failure 
properties of the materials. As part of this 
program, the SwRI team compiled a data-
base of survivability materials with consti-
tutive properties that described the large-
deformation, plastic-deformation, and 
flow as well as the damage properties. 
Large deformation means that solid mate-
rials reach a limiting strength. Sometimes 
the deformation is so significant that it 
causes the material to “flow” similarly to a 
viscous fluid. A permanent final deforma-
tion is referred to as plastic deformation.

Also, because blast loads for buried 
charges are still a research topic, the 
SwRI team performed experiments 
to further characterize the blast loads 
on simple structures. In addition, 
experiments were performed using 
v-shaped hull body designs because in 
some instances involving buried charges, 
v-shaped hulls have been shown to 
reduce loads imparted to the vehicle by 
underbelly blast. 

The team also tested structural mem-
bers to validate loads and the computa-
tional pipeline. Structural members were 
held in a test frame and blast loaded with 
buried charges. These same structures 
were blast-loaded using the computa-
tional pipeline. Through this work, as 

well as extensive use of historical data, 
the blast survivability tools were vali-
dated and showed good results.

Connecting the whole pipeline 

Historically, manually performing 
all the steps in survivability analysis was 
quite tedious and time-consuming. A 
concerted effort to automate the whole 
process paid off by greatly reducing the 
amount of time required. During one 
of the DARPA exercises, teams said the 
survivability software allowed them to 
perform detailed conceptual design 
iterations in 30 minutes per iteration, 
something that previously may have 
taken two weeks per iteration. Other 
design teams praised the tools for their 
ease of use, speed, and the unique abil-
ity to convey survivability results to the 
vehicle designer. Extensive verification 
and validation exercises were performed 
on all the models to confirm their imple-
mentation and the implementation of 
the pipelines.

Future applications

The survivability analysis modeling 
tools are an important and successful 
part of the DARPA AVM effort. They 
perform as designed, fully automating 
complex steps that typically take man- 
weeks to perform, and also providing 
estimates and bounds on the soundness  
of the answers. The SwRI team successfully 
demonstrated that automating steps 
ranging from material properties to 
meshing, connecting, and uncertainty 
quantification (UQ) analysis is a useful 
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capability for designing blast- 
and impact-resistant vehicles. In 
addition to their use by others, 
SwRI researchers have used 
these software tools in important 
follow-on design activities to 
analyze vehicle survivability. 
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By Pavan K. Shukla, Ph.D.

The oil and gas pipelines criss-
crossing the nation pass beneath 
critical infrastructure, such as high-

ways, railroads, and waterways, as well as 
population centers. Because more than 
half of U.S. pipelines date to the 1950s 
and 1960s, corrosion prevention and 
related repairs are increasingly important 
to avoid pipeline failures that can lead to 
toxic spills or devastating explosions.

Ironically, pipeline segments that 
lie beneath some of the most sensitive 
areas are also among the most difficult 
to inspect. Because these segments 
need extra protection to avoid dam-
age from nearby excavation, settle-
ment, traffic loads, and erosion, the 
carrier pipe is often encased within a 
larger-diameter reinforcing pipe. These 
segments, called cased pipelines, are 
subject to not only the normal corro-
sion caused by time, moisture, and soil 
chemistry, but also electrolytic corro-
sion caused by contact between the 
metals of the carrier pipe and its cas-

ing. In addition, the outer casings can 
adversely affect cathodic protection  
systems installed to reduce corrosion.

Cased pipelines often are sealed or 
have a separating medium such as wax 
placed between the layers of pipe. Over 
time, the seal can break, allowing the 
space between pipe layers to become 
filled with soil or water. Furthermore, 
the spacers that separate the carrier and 
casing pipe can break down over time, 
creating metallic contact between the 
carrier and casing pipes. It is estimated 
that there are close to 1 million cased 
crossings in the U.S., and approximately 
40 percent of them may have degraded 
to the point of metallic contact between 
pipe layers.

External, visual inspection of cased 
pipelines is often impractical because of 
their location. Some are inaccessible, and 
in other cases obtaining a permit to per-
form an inspection dig may be difficult 
or impractical. Inspection of a cased pipe 
segment requires uncovering the seg-
ment, opening the space between pipe 
layers, and inserting an instrumented 

probe between layers to inspect the 
inner pipe’s integrity. 

Internal inspection by sending a 
tubular, instrumented device known as a 
“pig” through the carrier pipeline along 
with the product requires no excavation, 
but it is expensive and usually done only 
once every five years.

 
Modeling hidden risks

Engineers at Southwest Research 
Institute (SwRI) have developed the 
CAsed Pipeline COrrosion Model, or 
CAPCOM®, to predict the corrosion 
condition of these double-layer pipeline 

Dr. Pavan Shukla is a senior research engineer in 
the Geosciences and Engineering Division. He 
has expertise in modeling corrosion and chemical 
processes using finite and boundary element methods. 
His current work includes assessing degradation on 
both metallic and nonmetallic pipeline materials, and 
predicting localized-corrosion-induced damage.

CAPCOM can be constructed for a specific set 
of geometric parameters and field conditions. 
The constructed model can then be visualized 
using the graphical user interface, as seen here.

Virtual Inspection  
for Pipeline Corrosion
An SwRI-designed computer model predicts corrosion risks 
for hard-to-inspect segments of pipeline  
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segments. CAPCOM uses a unique, 
specialized application of the finite 
element method (FEM) to arrive at a 
mathematical model of the pipeline’s 
condition in relation to corrosion. 
Mathematicians use FEM to model 
complex surfaces, structures, or even 
weather systems, by breaking the 
problem down into a large number 
of much smaller, simpler-to-solve 
components called finite elements. 
(Imagine approximating the area of a 
circle by turning it into a great number 
of extremely thin, pie-slice triangles.) 
Solutions to those smaller element 
equations are then re-combined into a 
solution that approximates the whole. 
For a cased pipeline, FEM provides a tool 
for making improved predictions of the 
integrity, service life, and corrosion risk. 

A common source of corrosion 
in pipelines and many other metallic 
structures, such as ships or offshore 
oil platforms, is an electron exchange 
that happens when two dissimilar 
metals touch each other or are linked 
by an electrically conductive fluid, 
or electrolyte. (Salty sea water is an 
electrolyte; so are wet soil and rainwater 

with dissolved minerals.) As with a 
battery when the switch is turned on, 
a flow of electrons (electric current) 
begins, robbing metal molecules from 
the negative connection, or anode, and 
depositing them at the positively charged 
end, or cathode.

To mitigate this metal loss, pipeline 
operators employ cathodic protection 
(CP), which makes the metal pipe the 
cathode of the “battery” and substitutes 
an easily corroded ”sacrificial” metal to 
act as the anode. The sacrificial metal cor-
rodes instead of the protected metal of 
the pipeline. For pipelines and some other 
large structures, a direct-current electrical 
power source is installed to provide suffi-
cient current. CP systems are used to con-
trol corrosion on critical steel structures of 
all sizes, from pipelines and ships to out-
board motors and home water heaters. 

In pipeline segments where visual 
or inline inspection is limited, CAPCOM 
can provide valuable information on cor-
rosion conditions. By estimating pipe-to-
soil electrical potential along the cased 
pipeline segment, and possible corrosion 
rates on the carrier pipe, CAPCOM can 
help determine whether the cased pipe-

line section is adequately protected, or if 
it is time for preventive maintenance. 

CAPCOM can model complex cor-
rosion scenarios, including electrolytic 
or electrolytic-plus-metallic contact 
between the carrier and the casing pipe, 
defects in the carrier pipe’s coating, or 
combinations of these. It also can identify 
the level of polarization of the cased-
pipeline segment and the rest of the 
nearby pipeline when there is electrolytic 
contact between the carrier and casing.

For pipeline segments that use a CP 
system to prevent electrolytic corrosion, 
CAPCOM can quantify the system’s effec-
tiveness for mitigating corrosion. It also 
can quantify how much more CP current 
may be needed to adequately protect 
the pipeline when electrolytic contact 
between the casing and carrier pipe has 
been confirmed.

How it works

CAPCOM employs the same basic 
mathematical input parameters used 
in existing models of CP systems for 
uncased pipelines (such as coating 
quality, pipeline material, anode output, 

Pipeline failures can lead to devastating explosions, such as this one in San Bruno, Calif., in 2010.
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and the electrical current flowing 
through the soil and the electrolyte). 
However, it adds inputs related to the 
casing pipe itself. For example, CAPCOM 
inputs for both cased and uncased 
sections of the pipeline include their 
dimensions and coating properties, 
plus soil properties and any electrolytic 
properties that may exist inside the space 
between the casing and carrier pipe. 
CAPCOM analysis also includes the CP 
design used to protect both cased and 
carrier pipes in its models.

CAPCOM’s FEM method solves the 
model equations for predicting corrosion 
conditions of the cased-pipeline section. 
Using the FEM formulation, CAPCOM 

also can represent varying conditions 
that affect the carrier pipe, such as how 
the soil conducts or resists electrical 
conduction at different locations near the 
cased portion of the pipeline. 

This capability sets CAPCOM apart 
from other CP models, which use a 
different modeling approach known as 
the boundary element method (BEM). 
BEM-based software works best when 
modeling a homogenous medium (such 
as soil of uniform properties surrounding 
a pipeline) but it has limited ability to 
model how the surrounding soil or 
other fill material with varying chemical 
composition and moisture content 
affects pipeline corrosion. This limitation 

precludes using BEM tools for complex 
cased crossing conditions.

CAPCOM explicitly accounts 
for electrolytic-plus-metallic contact 
between carrier and casing pipe and 
the soil outside the cased crossing to 
determine the corrosion condition of 
the carrier pipe. In CAPCOM, metallic 
contact and electrolytic contact are 
accounted for by modeling a resistor 
and an electrolyte, respectively, between 
the carrier and casing pipes. CAPCOM 
also includes specifications for modeling 
“coating holidays” — places where 
the protective coating is damaged or 
missing — both inside and outside the 
cased pipeline section. After all of the 

A cased pipeline with the carrier 
pipe inside a larger diameter casing 
pipe, as shown here, presents special 
problems with corrosion inspection.  

When comparing the CAPCOM model (see above) with 
an inspection, electric potentials predicted by the model 
(represented by solid lines in the figure at the right) closely 
match the potentials measured by actual inspection 
(represented by symbols).
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parameters are entered and limits are 
defined, CAPCOM models the corrosion 
environment and presents its results 
in two- and three-dimensional plots. 
These plots include pipe-to-electrolyte 
potential for the cased and uncased 
carrier pipeline sections, as well as the 
state of the electrical current the CP 
system supplies to the carrier pipe. The 
model reveals whether the CP current 
is diverted to the casing pipe, indicating 
metallic contact between carrier and 
casing pipes. With CAPCOM, users can 
determine the level of CP the carrier pipe 
will need and evaluate the risk of external 
corrosion at “holidays” on the carrier 
pipe inside the casing.

Comparing costs

CAPCOM saves costs compared to 
both visual and in-line inspections. Visual 
inspection requires removing the topsoil 
over the pipeline, exposing the two 
ends of the casing pipe, and probing the 
interior with an inspection tool. Visual 
inspection can cost $50,000 to $100,000, 
depending on the size and location of 
the casing. By comparison, analyzing 
pipelines with CAPCOM software 
requires only the associated engineering 
time for the analysis, once the software is 
purchased.  Although the software has an 
estimated cost of $35,000, it can be used 
numerous times, allowing this cost to be 
spread over a number of evaluations.

In-line inspection using an 
instrumented pig costs $10,000 to $20,000 
per mile, but it generally must cover long 
segments of pipeline to be practical, 
because the above-ground “launch” and 
“trap” stations for inserting and recovering 
the pig are usually about 20 to 50 miles 

apart. Also, pig inspections are carried 
out as often as every five years, which 
could, in many situations, be insufficient 
to detect and prevent corrosion-induced 
damage of carrier pipe.

Limitations

CAPCOM does require a large 
number of input parameters to 
simulate the corrosion conditions of a 
cased pipeline. These parameters are 
determined by field measurements, 
which may not always be available. 
However, the SwRI team addressed 
this potential limitation by formulating 
CAPCOM such that when a parameter 
value is unavailable, a nominal value with 
a variability range can be substituted. 
Thus, pipeline behavior can be simulated 
for a range of parameters, yielding a range 
of expected corrosion conditions and 
electrode potential of the pipeline casing.

Current and future applications
 
As a modeling tool, CAPCOM has 

applications not only as an alternative 
to direct pipeline inspection but also 
as a tool to assess corrosion-inhibiting 
products used on pipelines. CAPCOM 
potentially can save human lives and 
millions of dollars’ worth of private 
property and public infrastructure. It 
enables reliable inspection and life 
prediction of critical pipeline segments 
that are, by their very nature, difficult  
to inspect.

Questions about this article? Contact 
Shukla at (210) 522-6534 or  
pavan.shukla@swri.org.

For more information, see 
“Development of Cased-Pipeline 
Corrosion Model and Its Validation 
with Experimental Data,” by P.K. 
Shukla, A.Nordquist, and F. Song. 
Published in the Proceedings of 
CORROSION 2014, paper No. 
4353, Corrosion 2014, San Antonio, 
March 2014.

ABSTRACT
A large-scale FEM-based model 
was developed for cased pipelines. 
The model contained features 
that could be used to evaluate 
the condition of a pipeline inside 
casing, without the difficulty and 
expense of measuring cathodic 
polarization within the casing. 
Casings are used to provide 
load-bearing protection to carrier 
pipelines at crossing locations, such 
as highways and railroad lines. 
The Pipeline Research Council 
International has published a report 
containing multiple experiments 
on cased pipeline. In these 
experiments, eight parameters 
were varied; four of them were at 
2 levels and four were 3 levels. 
Overall, the report contained 18 
repeats of 36 unique experiments. 
A computational model of the 
cased pipeline was developed to 
simulate experimental conditions 
in the report using a finite element 
method-based computer code. This 
model included significant features 
of the experimental apparatus. 
Comparisons were made between 
the model and the experimental 
measurements. The model details 
and its comparison with the 
experimental data are presented.

Green areas are corrosion on the inside 
surface of a carrier pipe.
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By William Lewis, Ph.D.

On July 14, 2015, at precisely  
6:49 a.m. CDT, the New Horizons 
spacecraft hurtled past Pluto 

at an altitude of about 7,750 miles and a 
spacecraft-record speed of 9 miles per 
second. It was not until the following 
morning, however, that the flyby images 
from the Pluto-Charon system reached 
Earth: a close-up of Pluto’s moon Charon 
followed by stunningly detailed images of 
Pluto’s weird and puzzling terrain. What 
these historic images of Pluto revealed 

planet’s mysteries took on definite and 
detailed forms. Clustered around laptops 
at the Johns Hopkins University Applied 
Physics Laboratory (JHU/APL), members 
of the New Horizons science team were 
treated to humankind’s first glimpse of 
icy mountains towering as high as two 
miles above Pluto’s surface and of a 
craterless, strangely patterned plain of 
frozen carbon monoxide, nitrogen, and 
methane. The images were electrifying; 
and, amid expressions of amazement and 
surprise, the scientists ventured the first 
tentative interpretations of what they 
were seeing — an object far stranger than 
any of them had imagined.

Analysis of these first images and 
other data is ongoing. Because of the 
spacecraft’s low data rate, however, 
the New Horizons team has to wait 16 
months for all of the data acquired during 
the encounter to be sent back to Earth. 

The breathtaking images of Pluto 
and Charon, as well as the first close-up 
images of the moons Nix and Hydra, 
have understandably attracted the most 
attention. However, New Horizons has 
also made important discoveries about 
the structure and composition of Pluto’s 
atmosphere and its interaction with the 
solar wind, the million-mile-an-hour 
outflow of electrically charged particles 
— ions and electrons — from the Sun. 
These discoveries include a tenuous haze 
layer extending nearly 100 miles above 
Pluto’s surface and a “plasma tail” of heavy 
ions escaping from the atmosphere. 
And images of Styx and Kerberos, Pluto’s 
faintest moons, are still to come.

The encounter with Pluto and 
Charon highlighted a nine-and-a-half 
year, 3-billion-mile (4.8-billion-kilometer) 
journey that began with the launch of 
the spacecraft on an Atlas V rocket from 
Cape Canaveral, Florida, on January 19, 
2006. The spacecraft was designed and 
built by JHU/APL, which also manages 
mission operations. The mission is led 
by Principal Investigator Dr. Alan Stern, 
an associate vice president of Southwest 
Research Institute’s (SwRI’s) Space 
Science and Engineering Division. SwRI 
is responsible for science operations and 
encounter science planning and built two 
of New Horizons’ seven instruments—the 
Alice ultraviolet imaging spectrograph 

Principal Investigator Alan Stern, Ph.D. (center, seated), and other New Horizons 
team members examine the first post-flyby images of Pluto on the morning after the 
encounter. SwRI team members include John Spencer, Ph.D. (left foreground), Randy 
Gladstone, Ph.D. (standing, second from left), and Maria Stothoff (standing, second 
from right). At center behind Stern is author William Lewis, Ph.D., a principal scientist 
in SwRI’s Space Science and Engineering Division. ‟After a journey of more than nine 
years through space, it’s stunning to see Pluto, literally a dot of light as seen from 
Earth, becoming a real place right before our eyes,” said Stern.

(C
ourtesy Bill Ingalls/N

ASA)

Technology Today  • Summer 2015

New Horizons sends the first 
detailed images of Pluto’s surface

was an unexpectedly complex and 
geologically active world.

In the weeks leading up to the Pluto 
encounter, New Horizons’ Long-Range 
Reconnaissance Imager (LORRI) had 
been sending low-resolution images 
that nevertheless set new records for 
clarity, showing hints of mysterious 
surface features on the dwarf planet. 
This had been the case since mid-May, 
when onboard imaging first exceeded all 
previously available views of Pluto. 

On the morning of July 15, however, 
in the first post-flyby images, the tiny 
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and the SWAP (Solar Wind Around Pluto) 
plasma analyzer. SwRI also collaborated 
with Ball Aerospace and NASA’s Goddard 
Space Flight Center on the development 
of the Ralph visible/near-infrared imager. 

Also on board New Horizons 
are LORRI and the PEPSSI (Pluto 
Energetic Particle Spectrometer 
Science Investigation) instrument, both 
developed at JHU/APL; the REX Radio 
Experiment (Stanford University and JHU/
APL); and the Venetia Burney Student 
Dust Counter (VB-SDC), developed and 
operated by students from the University 
of Colorado at Boulder.

Traveling at 31,000 miles per hour, 
the tiny New Horizons spacecraft is now 
millions of miles beyond Pluto and its 
five moons. It is heading into the solar 
system’s “third zone,” the dark, icy realm 
of Kuiper Belt Objects (KBOs), pristine 
leftovers from the formation of the solar 
system 4.6 billion years ago. 

The New Horizons team has identified 
two KBOs as potential flyby targets for 
an extended mission. If the extended 
mission is approved, New Horizons will be 
re-targeted for a KBO encounter to occur 
in late 2018 or early 2019. For now and the 
months to come, however, the focus is on 
Pluto and on processing and analyzing 
the cornucopia of data that New Horizons 
acquired during its transit of the Pluto-
Charon system.

predictions into a sealed envelope. His 
own prediction consisted of two words: 
“Something wonderful.” New Horizons 
has already confirmed Stern’s prediction. 
And the Pluto revealed by this historic 
mission may be even more wonderful 
than Stern dared to dream. 

Questions about this article?  
Contact Lewis at (210) 522-5261 or  
william.lewis@swri.org. Look for more 
detailed stories about the Pluto system 
as scientists dig in and analyze the data 
slowly making its way back to Earth.

For the latest images of Pluto and 
Charon, visit nasa.gov/newhorizons.

Stern recounted a story about 
how, early in the mission, 
he challenged the 
team to write down 
predictions of what 
New Horizons 
would find at 
Pluto and to 
put their 
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Close-up  
images of a  
region near  
Plutoʼs equator  
reveal a range of  
mountains rising as  
high as 11,000 feet (3,500 
meters) above the surface.

NASA/JHUAPL/SwRI

This LORRI image shows the northern edge of Pluto’s icy plain where it meets more rugged, cra-
tered terrain. The image was acquired at a distance of 48,000 miles from Pluto and shows features 
as small as half-a-mile across. 

mailto:william.lewis%40swri.org%2C%20com67%40swri.org?subject=
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By David L. Ransom, P.E.

Air travel has been a safe and 
largely accepted part of our 
worldwide transportation  

system for several decades. For the 
most part, we take it for granted and 
probably give little consideration 
to the technologies involved in the 
various systems such as the airframe, 
the engines, or the cabin air supply 
and conditioning machinery. We 
may pay even less attention to 
the increased level of difficulty in 
designing high-performance military 
aircraft. Our main concern is usually 
regarding our on-time arrival, the 
availability of Wi-Fi on the flight, and 
how we can get that aisle seat so we 
can move about the cabin freely when 
we want.

Fortunately, engineers pay great 
attention to all of the systems required 

to achieve reliable air transportation  
and national air defense systems. 
Designing and building these complex 
systems requires powerful software 
tools in our modern information age. 
We need software that allows for rapid 
evaluation of various design options 
early in the design of a new aircraft. 
There are important decisions to be 
made regarding the power of the 
engine, the configuration of the engine, 
and how the engine will be integrated 
into the airframe. We also need software 
that improves communication of key 
performance parameters between the 
manufacturers of engines and airframes. 
Engineers in Southwest Research 
Institute’s Mechanical Engineering 
Division are helping to advance the 
state of the art through a lead role in 
the Numerical Propulsion Systems 
Simulation (NPSS®) consortium and its 
engine design software package. 

 What is NPSS?

In 1991, engineers at NASA’s Glenn 
Research Center (GRC) created NPSS to 
take advantage of that era’s emerging par-
allel computing technologies and scien-
tific computing advances. The idea was to 
develop an engine simulation that could 
serve as a virtual test stand for detailed 
development of specific jet engine com-
ponents, such as the compressor. The 
concept is referred to as “zooming,” in 
which a detailed, three-dimensional fluid 
dynamics model is coupled to an engine 
performance model to create a “compu-
tational test cell.”

Today, engineers use the NPSS soft-
ware to develop engine performance 
models and integrate them into vehicle 
system models. Primary application 
areas include thermodynamic system 
analyses for jet engines and rockets, but 
NPSS can also be used for other energy 

Advancing Jet     
 Engine Design
An SwRI-led NPSS consortium helps design  
next-generation propulsion systems

The NPSS consortium membership comprises leading 
engine manufacturers and airframe companies that design 
and build today’s advanced aircraft.
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board later decided to look 
for a technical organization to 
manage the consortium. SwRI 
officially assumed this role 
May 1, 2013.

SwRI and NPSS

As consortium man-
ager, SwRI is responsible 
for planning the future of 
NPSS, addressing users’ cur-
rent needs, and managing 
the multiple projects under 
development. The govern-
ing board of the consortium 
provides direction, and SwRI 
proposes project plans to 
meet them. Some of those 
projects include developing 
a new capability for handling 
multiple fluid types, such 
as jet fuels and refrigerants, 
improving the capability of 
the solver for difficult tran-
sient, or fast-changing, prob-
lems, developing a graphical 
user interface (GUI), and 
developing reliable interfaces 
between NPSS and other 
engineering design tools. 

How NPSS works
 
To develop a model in the NPSS 

environment, an engineer first specifies 
the type and order of engine compo-
nents (referred to as “elements”) and 
provides the technical data that describes 
their individual performance. NPSS has 
a library of thermodynamics databases 
and standard elements used in engine 
cycle models. Once the models are 
defined through input files, simulations 
are launched using a system-command 
window. Most users select a program-
ming text editor that supports language-
specific highlighting, coloring, and auto-
complete features. 

Model development

Basic elements of the jet engine 
are specified in a user-defined input file 
based on the generic elements already 
included in NPSS, such as “Compressor,” 
“FuelStart,” and “Burner.” The engineer 
selects the appropriate elements and 
then assigns to each the known physical 
parameters needed to solve the prob-
lem. The elements are then connected 
through further software commands 
made by the engineer.

Engineers use the NPSS software as a design tool for developing jet engines. 

David L. Ransom, P.E., is manager of the Propulsion and Energy 
Machinery Section in the Fluids and Machinery Engineering 
Department of SwRI’s Mechanical Engineering Division. At 
SwRI, Ransom specializes in the design, analysis, and testing of 
machinery systems for the aerospace and energy industries.

systems including power-generating 
gas and steam turbines. NPSS also 
supports industry standardization for 
model sharing and integration. The 
software has other industrial fluid/ther-
mal applications such as multi-phase 
heat transfer systems, refrigeration 
cycles, variations of common power 
cycles, and vehicle emission analyses.

By the time NASA’s development 
role ended in 2007 with Version 1.6.5, 
the NPSS software had many major 
industrial aerospace companies as 
devoted users. Engine and airframe 
manufacturers alike found success 
in sharing engine models and study-
ing combined engine-vehicle perfor-
mance. However, the industrial user 
base wanted further development with 
more features and improved function-
ality. NASA GRC transferred control  
of code maintenance and development 
to an industrial consortium organized 
and operated by the NPSS members 
and managed by an organization local 
to NASA GRC. For the first few years, 
NPSS members performed much of the 
administrative work, but the governing 
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In addition to its standard library 
of elements, NPSS allows engineers to 
define new elements or modify or cus-
tomize the NPSS-provided elements. This 
powerful feature provides significant flex-
ibility in the capabilities of the elements 
of an NPSS model. 

Problem setup and solution
 
Once a model is developed, the 

engineer sets up a problem and defines 
the solution goals and constraints. 
Although NPSS is organized to use vari-
ous input files, there are no formal rules 
regarding their number, type, or organi-
zation. In the simplest models, such as a 
small gas turbine with a single compres-
sor and turbine stage used for auxiliary 
power, for example, the engineer can 
define an entire simulation in a single 
file. For larger, more complicated sys-
tems, such as a multi-stage compressor 
or turbine system, the engineer can use a 
variety of file types and link them to form 
a simulation. 

An important aspect of defining a 
problem is how one specifies the set-
tings for solving it. NPSS is unique in 
that it enables the engineer to use the 
same model to solve a multitude of 
problems. NPSS has a built-in solver that 
drives the model to a valid solution. The 
solver receives a run command and then 

iteratively adjusts the values of the speci-
fied independent variable in order to sat-
isfy the dependent conditions. 

Suppose an engineer wants to know 
the fuel flow rate required to achieve a 
specific burner temperature. Fuel flow 
is identified as an independent vari-
able and some user-defined limits are 
placed on the solver. Burner temperature, 
meanwhile, is a dependent variable, 

with a model parameter for monitoring 
and targeting temperature. The solver 
determines the fuel flow rate associated 
with each temperature value. Solving 
the problem requires only a simple com-
mand for NPSS to complete the solution.

Many more options are available 
for controlling a simulation, and the 
solver can handle many independent 
and dependent pairs in a single solution. 

NPSS is file-based and typically runs through the system command window.

NPSS has a library of thermodynamic databases and standard elements used in engine cycle models. 
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In fact, multiple solvers can be used to 
improve overall solution performance 
for models with subsystem assemblies. 
Solutions can be derived in three dif-
ferent modes. The design mode deter-
mines the performance characteristics 
needed to meet the design objective; the 
off-design mode determines how the 
selected design will perform away from 
the design point. Finally, the transient 
mode evaluates the system’s response 
to time-dependent conditions, such as 
changing power levels. Once the solution 
sequence is complete, the output data 
can be sent straight to the screen or to an 
output file.

Data can be imported into other 
plotting tools to generate graphs as 
needed, and an engineer can easily 
update the plots with new data. Other 
data output formats can be defined, such 
as an overall performance summary, or a 
series of messages to monitor progress.

Current development efforts 

SwRI is continuing to develop the 
NPSS core program, the graphical user 
interface, and also new elements, mod-
els, and interfaces. The core work will 
add more thermodynamic capabilities  
as well as additional features to the  
transient solver. GUI development is 
scheduled for completion in May 2016. 
Work on the models, elements, and 
interfaces is focused on upgrading mod-
els for new users and streamlining the 
process for interfacing NPSS to other 
engineering tools.

Outside the consortium, SwRI is 
leveraging NPSS to explore other tech-
nology areas such as a power-generation 
application that uses NPSS to study com-
ponent performance and degradation in 
power-generating gas turbines. Energy 
companies are interested in developing 
NPSS models of their commercial gas 
turbine engine systems to support their 
condition-based maintenance programs. 
SwRI engineers are working with indus-
try to determine the accuracy expected 
of such models and how they can be 
used to convert some measured gas tur-
bine performance parameters (pressure, 
temperature, power, and fuel flow) into 
decision-making material regarding the 
health of the individual subsystems such 
as the compressor, the combustor, or 
the turbine.  

The team is also investigating using 
NPSS in real-time simulations, such 
as hardware-in-the-loop simulations, 
in which an NPSS model simulates 
the response of the engine system 
to conditions experienced in a test 

environment. This is important for 
developing engine control systems 
because the transient response of the 
engine can influence the ability of the 
control system to perform properly. In 
such an experimental setup, an actual 
engine control system, complete with 
processor, data systems, and actuators 
would be coupled to a sensor and 
actuator system that represents the 
engine response. The NPSS model would 
be used to determine how the actual 
engine would respond to the sensed 
inputs, thus driving the engine response 
actuators. Testing the control system in 
this manner is much more affordable, 
flexible, and lower risk when compared 
to testing with an actual engine.  

NPSS in the future

NPSS will continue to be relevant 
to the aerospace community for the 
foreseeable future, as evidenced by 
the continued financial support from 
existing consortium members and the 

recent addition of a new member. NPSS- 
demonstrated capabilities for studying 
coupled system performance will 
continue to be crucial as the aerospace 
industry trends toward more coupled 
power-propulsion and thermal systems.  

Conclusion

Because NPSS is essentially a fluid-
thermal modeling environment, it can 
model many variations of power cycles, 
including supercritical CO2-based cycles, 
which is of major interest to the U.S. 
Department of Energy. 

The NPSS consortium continues to 
develop new features based on member 
feedback, and SwRI’s management of 
the consortium provides full-time pro-
fessional project management, product 
development, and user support.

Questions about this article? Contact 
Ransom at (210) 522-5281 or  
david.ransom@swri.org.

NPSS serves as a virtual test stand for developing specific jet engine components, 
such as the combustor shown here. 
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NASA funds SwRI instrument to date Moon and Mars rocks

NASA has approved $2.6 million to advance development of Southwest Research Institute’s (SwRI) Chemistry, Organics,  
and Dating Experiment (CODEX) instrument. The device will allow unmanned rovers to analyze the decay of radioactive 
elements to determine the age of rocks on the Moon and Mars. “CODEX will provide unprecedented in-situ age information 
about surface samples, which is not only critically important to planetary 
science but also can be used to select which samples will be returned to Earth 
for more detailed analysis,” said Dr. Scott Anderson, a principal scientist in the 
SwRI Space Science and Engineering Division. The CODEX instrument uses 
a laser-desorption, time-of-flight mass spectrometer to detect elements and 
isotopes, including organics that could provide clues in the search for life in 
our solar system in addition to determining the age of rocks. 

The new funding, under NASA’s Maturation of Instruments for Solar 
System Exploration (MatISSE) program, will enhance the laser subsystem 
and calibrate the instrument’s dating capability using terrestrial rocks, 
planetary analogs, and meteorites from the Moon and Mars. A similar 
instrument for lunar dating and chemistry, called CDEX (the Chemistry and 
Dating EXperiment), is under consideration for funding for a Discovery 
Program lunar mission that could fly in 2021, known as MARE (Moon Age 
and Regolith Explorer).

“Current research shows that our dating of significant events in the 
history of the Moon after it was formed — say, between 1 billion and 3.2 
billion years ago — could be incorrect by up to a billion years.” Anderson said. 
“This has major implications for understanding the duration of bombardment 
and volcanism in the inner solar system, the era of water and possibly life on 
Mars, and the evolution of life on Earth. Using this technology, low-cost space 
missions can achieve significantly more accurate understanding, filling a 
crucial gap in our knowledge of the inner solar system.”

Contact Anderson at (303) 546-9670 or scott.anderson@swri.org.

TECHNICS
Brief notes about the 
world of science and 

technology at Southwest 
Research Institute

SwRI’s Stern named Honorary Fellow of 
Royal Astronomical Society, selected for 
Smithsonian American Ingenuity Award 

Dr. Alan Stern, an associate vice 
president in SwRI’s Space Science and 
Engineering Division, has been named an 
Honorary Fellow of the Royal Astronomical Society (RAS). 

The designation honors individuals who are not citizens of the United 
Kingdom for their services to astronomical and geophysical sciences through 
distinguished leadership of a school, observatory, or laboratory; outstanding 
services to national or international scientific organizations; exceptionally 
important work in editing scientific publications; influential work in education 
and public outreach in these sciences; or especially outstanding distinguished 
work in the history of these sciences.

Stern was formally recognized by the RAS at the National Astronomy 
Meeting, July 5–9 in Llandudno, Wales, although he could not attend the 
meeting. He was in Maryland at the Johns Hopkins University Applied Physics 
Laboratory preparing to make history as the New Horizons spacecraft made its 
closest encounter with Pluto on July 14.

He also has been selected to receive a 2015 American Ingenuity Award, given 
by Smithsonian magazine. Stern, who for the past 14 years has been involved  
as principal investigator of NASA’s $723 million New Horizon’s Pluto system 
mission, is being honored by Smithsonian in the Physical Sciences category for his 
“dedication to and ingenuity in exploring the solar system’s third zone.” 

Stern joined the SwRI staff in 1991. He left SwRI in 2007 to serve as associate 
administrator of NASA’s Science Mission Directorate, and then rejoined SwRI in 
2009. While at NASA, he led its Earth and space science program, consisting of 93 
flight missions and more than 3,000 grants with a budget of $5.4 billion.

Contact Stern at (303) 546-9670 or alan.stern@swri.org.

Dr. F. Scott Anderson displays a field prototype of 
the Chemistry, Organics, and Dating Experiment 
(CODEX) instrument.

Credit: NASA/Bill Ingalls
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TECHNICS
The Particle Sensor Performance and Durability 

(PSPD) Consortium will begin a second phase to evaluate 
heavy-duty engine exhaust particle sensors to meet two 
looming deadlines set by the California Air Resources 
Board (CARB).

 Southwest Research Institute (SwRI) organized the 
consortium in 2012 to investigate the concept of highly 
accurate and durable particle sensors, the size of a spark 
plug, for various engine emissions applications. Since then, 
the seven-member PSPD consortium has amassed more 
than 520,000 equivalent miles of accelerated testing on 
three particle sensor technologies. 

This work will prove useful in the near future, as 
automotive industry stakeholders prepare for CARB 
regulations that call for particulate matter sensors for 
onboard diagnostics (OBD) on 2016 model-year trucks. 

“It is important to evaluate these technologies and 
understand their performance and durability before they 
become widespread,” said Dr. Imad Khalek, PSPD manager. “It 
is equally important to understand what metric of particulate 
matter they measure, because interest is shifting from just 
particle mass to both the mass and the number of particles.”

Khalek, a senior program manager in SwRI’s Engine, 
Emissions, and Vehicle Research Division, said particle 
sensors could have applications in engine emissions 
performance, development, and control. They also could 
be useful for emissions inspection and maintenance, 
aftertreatment quality control, retrofit applications,  

smoke-meter replacement, and many others. SwRI 
subjected the three sensors to accelerated durability testing 
using a 2010 emissions-compliant, heavy-duty highway 
diesel engine equipped with a diesel oxidation catalyst, 
a catalyzed diesel particulate filter, a selective catalytic 
reduction catalyst, and an ammonia slip oxidation catalyst.

PSPD-II research topics include studying the 
performance, accuracy, variability, and sensitivity of particle 
sensors near the OBD threshold detection limit. Other 
topics include the measurement of soot conductivity and 
particle natural charge from different engine technologies, 
investigating leakage of soot into engine exhaust, and using 
particle sensors for feedback emissions control.

SwRI also is considering expanding PSPD-II to include 
onboard sensors for NOX, ammonia, and other compounds 
addressed by onboard emissions monitoring and control. 
CARB will require full implementation of NOX reduction 
systems by the 2017 model year.

SwRI has many years of experience with consortium-
based research. Participants gain access to shared, pre-
competitive research at a fraction of the cost of financing it 
themselves. 

PSPD-II is scheduled to begin in September  
and continue through August 31, 2019. The annual 
membership fee is $75,000 for sensor makers and $45,000 
for other stakeholders. 

Contact Khalek at (210) 522-2536 or imad.khalek@swri.org.

SwRI’s McComas awarded NASA’s Exceptional Public Service Medal

NASA has awarded Dr. David McComas, assistant vice president of the Space Science and 
Engineering Division at Southwest Research Institute (SwRI), an Exceptional Public Service 
Medal. The award recognizes “exemplary leadership, dedication, and commitment to NASA 
as a member of the NASA Advisory Council.”

Presented by NASA Administrator General Charles F. Bolden, the award recognizes 
McComas’ contributions as a member of the NASA Advisory Council. The citation states: 
“Your contributions will benefit the Nation for generations to come.”

McComas is a leading researcher in heliophysics, which is the study of the Sun and its 
interactions with the Earth, the solar system, and interstellar space. The heliosphere is a giant 
bubble inflated by the solar wind and extending far beyond the orbit of Pluto. 

McComas is the principal investigator of NASA’s Interstellar Boundary Explorer (IBEX) 
mission, which is mapping the interactions between the solar wind and the interstellar medium 
at the edge of our solar system. McComas is also the principal investigator of NASA’s Two 
Wide-angle Imaging Neutral-atom Spectrometers (TWINS) mission and scientific instruments 
onboard the Ulysses, Advanced Composition Explorer, New Horizons, Juno, and Solar Probe 
Plus missions. Data from his instrument on New Horizons just revealed that Pluto has a giant tail 
of heavy charged particles, as its nitrogen-based atmosphere stretches out behind the planet.

McComas served on the NASA Advisory Council’s Science Committee from 2010–13 
and served as chairman of that Committee and directly on the NASA Advisory Council from 
2013–15. He was a primary developer of the graduate program in physics, jointly sponsored by SwRI and The University of Texas at 
San Antonio, and serves as an adjoint professor. He received the COSPAR (Committee on Space Research) Space Science Award in 
2014 and the American Geophysical Union’s James B. Macelwane Medal in 1993. 

McComas also has received numerous NASA and European Space Agency group achievement awards. He has published more 
than 500 scientific papers that collectively have been cited more than 19,000 times and is a Fellow of the American Physical Society, 
the American Geophysical Union, and the American Association for the Advancement of Science.

Contact McComas at (210) 522-5983 or david.mccomas@swri.org.

Particle sensor consortium’s new phase aims at California’s emissions deadlines 
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Delaying the Sunset (Spring 2015)
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SwRI-developed encapsulated phase-change chemicals 
retain heat to extend output of solar concentrating  
power plants.
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Marius Necsoiu, Ph.D., Ronald N. McGinnis, and 
Donald M. Hooper, Ph.D.
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inaccessible electronic devices. 

Keeping U.S. Military Aircraft Flightworthy (Fall 2014)
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This Hybrid Can Really Fly (Fall 2014)
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• 2015 Aircraft Structural Integrity Program (ASIP)
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