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The Big Area
Additive 
Manufacturing
system has the
potential to
manufacture
parts 
completely 
unbounded in
size.
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L ockheed Martin and Oak Ridge National
Laboratory (ORNL) are working on an
additive manufacturing (AM) system

(Big Area Additive Manufacturing, or BAAM)
capable of manufacturing components meas-
ured not in terms of inches or feet, but multiple
yards in all dimensions (Fig. 1). It has the po-
tential to manufacture parts completely un-
bounded in size. Lockheed Martin pioneered
the development of advanced materials, equip-
ment, and processes for AM, and continues to
be an industry leader in the field, realizing a vi-
sion that started in the late 1990s for manufac-
turing advanced thermoplastic composites of
arbitrary size and shape. To further this goal,
Lockheed Martin teamed with ORNL to lever-
age the lab’s historic expertise in materials de-
velopment and processing through the recently
established U.S. Department of Energy’s (DOE)
Manufacturing Demonstration Facility (MDF).
The partnership will accelerate the maturation
and eventual commercialization of the Big Area
Additive Manufacturing (BAAM) system. 

AM benefits
Most current AM systems are confined to

a limited build envelope defined by a powder
bed or an enclosed deposition zone, such as an
oven. By contrast, BAAM is not confined by a
controlled-deposition chamber or restricted to
a single deposition head. Instead, the system is
designed to accommodate a team of coordi-
nated robots working in an open-air environ-
ment to produce components and structures
unbounded in size. The system not only ex-
pands the working volume of AM, but also en-
ables the use of advanced polymer composites,
multiple materials within a single component,
multifunctional materials, and automated in-
sertion of dedicated subcomponents, enabling
a “CAD-to-system” approach rather than a
“CAD-to-part” philosophy.

Most conventional manufacturing tech-
niques (e.g., drilling, milling, and turning) are
classified as subtractive because they involve
removing material from a block of raw stock.
Alternatively, AM refers to a suite of rapid, fully
automated manufacturing technologies based
on additive principles. AM enables production
of complex structures directly from three-di-
mensional (3-D) CAD models in a layer-by-
layer process using metals, polymers, and
composite materials. Selective laser sintering
(SLS), fused deposition modeling (FDM; Strata-
sys Inc., Eden Prairie, Minn.), and electron
beam melting (EBM; Arcam AB, Mölndal, Swe-

den) are just a few examples of AM technolo-
gies. Unlike subtractive techniques that require
time and energy to remove material, AM makes
very efficient use of energy and raw materials,
depositing material only where it is needed.
This leads to significant time, energy, and cost
savings in the manufacture of complex compo-
nents for the automotive, biomedical, aero-
space, and robotic industries.

AM volume capabilities
A number of AM systems can make com-

ponents in the range of inches to several feet.
For example, commercial systems currently
available from Stratasys (Fortus 900) and
ExOne (M-Print) produce polymer and metal
components, respectively, measuring two to
three feet along a side. The German company
Voxeljet recently unveiled a continuous powder
bed system (VXC800) that allows building and
unpacking processes to occur simultaneously,
effectively producing unbounded parts along a
single dimension. In the Netherlands, an artist
is using a robotically controlled, extruded poly-
mer-deposition system to make freeform de-
signs several feet long.

The BAAM system at ORNL’s MDF de-
posits high-performance engineered thermo-
plastics and customized thermoplastic
composites via melt extrusion processing.
BAAM leverages industry standard feedstock
materials, such as polymer pellets, powders,
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Fig. 1 — Big Area Additive Manufacturing (BAAM)
system at ORNL’s Manufacturing Demonstration
Facility. 
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fiber reinforcements, and specialty additives rather
than requiring pre-extruded filament feedstock com-
monly used in industry standard extrusion-based sys-
tems, such as FDM. A benefit of eliminating filament
as feedstock material is the ability to create high-per-
formance composite materials, such as compounds
containing significant amounts of carbon-fiber rein-
forcement. Extruding filaments made of highly rein-

forced compounds flexible enough
to be wound on a spool is very chal-
lenging, and is a major limitation to
implementation in functional end-
use structures. Therefore, the depo-
sition head of the BAAM system is
designed to combine melting, com-
pounding, and extruding functions
to deposit a high-performance
polymer compound at a controlled
rate. Deposition-head positioning
and movement are controlled using
a multiaxis robotic arm (Fig. 2),
which can either be stationary or
mounted to a large multiaxis gantry
system, similar to automated fiber-
placement technologies. The depo-
sition head could also be mounted

directly to a conventional three-axis gantry (Fig. 3). In
previous research at ORNL, this gantry system was
used to demonstrate freeform deposition of concrete
structures. Figure 4 illustrates a composite structure
where deposited concrete defines the internal and ex-
ternal surfaces of a wall structure, and the internal vol-
ume is filled with either insulating or structural
materials.
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Fig. 2 — Robotically controlled 
extrusion-deposition head on the
BAAM system.

Fig. 3 — ORNL gantry deposition system used for additive
manufacturing of concrete structures.
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Part size not a limitation
The BAAM system is designed to produce parts that

are completely unbounded in size. It can deposit material
at any point within a build volume defined by a specific
range of motion, followed by the coordination of neighbor-
ing build volumes to produce very large components. In
this configuration, a single deposition head is primary re-
sponsible for a specific region of the component, but coor-
dinates with neighboring deposition systems to merge
overlapping sections. In practice, multiple robotically con-
trolled deposition systems are configured according to the
overall dimensions of the desired component, simulating a
“swarm” of deposition robots, each responsible for a given
area, but coordinating with its neighbor to produce the
overall component. Figure 5 illustrates the concept for the
manufacture of an unmanned aerial vehicle.

Validation of the BAAM system will be initially demon-
strated for the application of large, low-cost tooling. Sev-
eral process-optimization tasks will be addressed in
parallel throughout the advancement of BAAM, such as
flow control, spatial resolution, geometric tolerances, ad-
vanced materials, and thermal control. Follow-on work will
involve expanding the concept beyond the manufacture of
large scale polymer components. Because AM enables in-
corporating multiple materials and multifunctional sys-
tems directly into a component structure,
further developments will involve place-
ment of reinforcing materials for struc-
tural applications, conductive materials
for on-board electronics, and pick-and-
place of specific subsystems (such as nav-
igation, communication, and energy
storage). The BAAM platform can also be
extended to metallic-materials deposition.

BAAM potentially can revolutionize
AM for large scale, highly complex sys-
tems, and radically impact tomorrow’s
fleet of aerospace vehicles. Imagine a full-
scale squadron of unmanned aerial vehi-
cles (UAVs) being produced directly from
a CAD file in a “lights out” facility by a
swarm of BAAM robots—from “file-to-
flight” in a matter of days. Lockheed Mar-

tin and ORNL are accelerating technology to realize this
vision through numerous innovations on the BAAM plat-
form.
Research sponsored by the U.S. Department of Energy, Office
of Energy Efficiency and Renewable Energy, Advanced Man-
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UT-Battelle LLC. The authors acknowledge the technical con-
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For more information: Chad Duty, Ph.D., Group Leader &
Senior Research Staff, Deposition Science & Technology
Group, ORNL, tel: 865/574-5059; email: dutyc@ornl.gov;
www.ornl.gov/manufacturing.
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Fig. 4 — Composite concrete wall structure
deposited using AM.

Fig. 5 — Conceptual illustration of using coordinated multiple BAAM robots
to manufacture a large, complex system. 
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