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Vision 5. Deploy hands-on learning tools, includ-
H AM M E R (553 HAMMER will lead the development and ing PET-FABs (Physical Education and
deployment of Hybrid Autonomous Manu- Training Factory/ Artisan Boxes) for
facturing, revolutionizing American produc- training & educating to community col-
tion supply chains. This will provide the soci- leges, workforce development centers,
etal benefits of fulfilling jobs, reducing car- and universities, with a focus on includ-
A Nati ona I Sc emissions, strengthening supply-chain ing underrepresented groups.
Foundation Engi . . . - L .
PRl  robustness, and speeding local innovation. Achieving this vision will enable Manufactur-
since 2022 Objectives ing for Design (i.e., design of the fabrication

work path to ensure design-required or cus-
tom functionality)—a revolutionary shift in
distributed manufacturing, with a new gen-
eration of equipment, new business models,
and new methods of quality control. These
will enable a much more responsive, robust,
and secure industrial base that will empower
the United States to (re)capture a large
share of the world market for fabricated
structural components and related products.

HAMMER will create a multi-process, intelli-
gent, autonomous approach to local manu-
facturing that is unified and inclusive based
on the following research benchmarks and
objectives that require collective effort
across the Center to achieve:

1. Concurrently design products and manu-
facturing processes.

2. Develop and integrate new approaches
Sforrworkholding and tooling for numeri-
cally controlled deformation processing 5w { 91 w/ |
(e.g. robotic blacksmithing) so that com-
ponents can easily be transferred to/
Sfrom other prccesses (e.qg. CNC machin-
ing), enabling new types of hybrid manu-

HAMMER will perform fundamental engi-
neering research to create the new
knowledge needed to achieve hybrid auton-
omous manufacturing. The research will be

facturing. . . .
focused in four major thrust areas with spe-
rthwestern 3 Aunified modeli h d
_ _ . A unified modeling approach focused on cific objectives/milestones in each thrust.
lversity of matericl state and evolution that inte- The research thrusts will largely be aligned
oxville grates multiple manufacturing processes  \yith and supported by the NSF ERC Program
Wh’Ch{ when properly validated t.hrough investment. Testbeds are aligned with indus-
expe'r./me.nt, can servg as the basis for try, focused on specific opportunities. Issues
certification and quality assurance. raised in the testbeds will often become top-
4. Develop Artificial Intelligence (Al) en- ics for the more formal research agenda.

hanced control methods that will allow @ ¢ K Nz B a el Wy Northwestern
robots to control currently high-touch University (NU), this thrust will develop a

processes, assess multiple possible pro- . .
. | J comprehensive system-level design method
cess plans for manufacturing a product, that can concurrently design material, topol-

and select options on the Pareto front. Al . .
. . ogy, and flexible manufacturing process se-
systems will learn, improve, and share quences

insights among Autonomous Factory/
Artisan Boxes (Auto-FABs).
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AutoFab — Autonomous Factory/Artisan box; multi-tool operations, sensing, control and learning. (Credit: HAMMER)
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University of Tennessee-Knoxville (UTK), this thrust will
develop the underlying framework for design of novel
machines and control strategies for individual processes
and the sequencing and transfer from one process to an-
other.
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State University (OSU), this thrust will develop mate-
rials modeling capabilities, calculate and manage ex-
pected values and uncertainty in the materials properties
and response of the manufactured part, and develop reg-
ulatory and quality control strategies for autonomous
manufacturing.
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Additive + X

Point of Care
Manufacturing

| 2 yiliSphalk $réc€Sintelligence to enable autonomous

control of a diverse set of complex manufacturing pro-
cesses that include self-correcting strategies for realizing
the target shape, material properties, and functions.

HAMMER Testbeds will have four initial foci:
ﬁ‘\y ¢ S & 0w 8 REC! .(PAysical Exploration and Train-

{ GledbyS0ohid & | Nﬁg)’fa%térvx'/Artisan Boxes): Led by North Carolina A&T

State University (NCA&T), PETFABs are minimally viable,
low-cost manufacturing cells incorporating robots, dimen-
sional and temperature field sensing, Programmable Logic
Controllers (PLCs), and computation with a modular de-
sign to easily add new process modules. Primary uses are
for education and to prototype new features emerging

Ly G St t ALedS y O Bomn repegrql. Davedoginent of thesPET-FAB platform is

an essential early focus.
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HAMMER Testbeds, emphasizing near-term impact (Credit: HAMMER)
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Testbeds: B2 - Point of Care Manufacturing, B3 —-Numerical Forming

Emergent Processes
Manufacturing cells
Concurrent processes
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Material Evolution Human to Autonomy Quality Assurance Barriers integrators
Local representation Tacit knowledge capture Algorithm framework * Representing material Educators
Multi-scale representation Integrated adaptation/control Multi-objective optimiz. » Assured predictions university
Models+Generative Al Data fusion Predictive properties + Disparate data fusion career
B Structure evolution Joint cognitive systems Rare event statistics » Psychological readiness* | societies
Co-Design-product/process Transfer learning Variance detection + # potential parameters* | Policy
Future of work Sensor Fusion—>insight 4 econ. dev.
standards
T supply chain

Color Code Thrust groups: T1 Design T2 Tools & Process Convergence T3 Materials State Awareness, T4 Control, Intelligence and Autonomy

3-Plane Diagram showing breadth of Convergent Research program (Credit: HAMMER)
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Led by OSU, the POCM testbed will focus on manufactur-
ing personalized medical devices and implants (such as
metal skeletal fixation plates used in reconstructive sur-
gery). Starting with simpler operations such as numerical-
ly bending homogeneous skeletal fixation plate preforms,
the work will progress to increasingly complex fabrication
techniques including additive manufacturing coupled with
deformation and machining.
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testbed will use advanced incremental forming to pro-
duce three-dimensional structures that meet location-
specific material properties and performance metrics.
Processes will include thermal energy and multiple modes
of forming, such as English wheels and local stretchers.
@
= ¢ Saind BRRA a A& byHITK; this testbed will
combine spatial control of chemistry and structure in ad-
ditive processes with use of thermomechanical processing
to refine, align, and densify material to create compo-
nents with unprecedented combinations of local proper-
ties.
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HAMMER's strategy for workforce development is multi-
faceted. First, PET-FABs serve as low-cost platforms for
project-based student training. Second, Manufacturing

ated to showcase emerging technologies, engage re-
searchers, students, and practitioners, and spur private
investment. Third, asynchronous modules will be devel-
oped for training and certification of community/
vocational college instructors in a concerted effort to train
trainers. Fourth, programs and for K-14 educators will be
developed and broadly disseminated. Finally, new univer-
sity-level courses and specializations will emerge from the
research program.
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In all of its activities—R&D, workforce development, tech-
nology commercialization, etc. —HAMMER will aggressive-
ly attract participation of Underrepresented Minorities
(URMs). NCA&T, an HBCU, will play a key role in providing
a pipeline of minority engineers, technicians, and comput-
er scientists. HAMMER will work closely with the national
GEM Consortium to increase participation of URMs in
HAMMER's research at the masters and doctoral levels.
HAMMIER will use training and leadership by example to
ensure that a culture of diversity and inclusion is devel-
oped and maintained. Active recruitment and mentoring
of new minority faculty, with opportunities to move into
leadership roles at HAMMER, will be used to ensure con-
tinued diversity and a culture of inclusion.
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A culture of collaboration between partners on research
and testbeds will build an effective innovation ecosystem
that engages all the necessary disciplines. HAMMER has a
multi-tiered engagement model: at the most open level,
anyone with interest can see many of the results through
publications, participation in HAMMER-Time and other
open events. Low-cost memberships will allow participa-
tion in live meetings and interaction with students and
the ecosystem. The Technology Leader membership level
gives companies direct influence in project selection and a
favored position for intellectual property (IP) licensing.
This group of companies will comprise the Industry Advi-
sory Board.

At the deepest level of engagement, an allied 501(c)(3) is
being established for technology de-risking and diffusion.
It will develop a coordinated portfolio of related technolo-
gies and will have a mandate to cement hybrid autono-
mous manufacturing technologies in the United States.
This business model will allow agile decision making and
maximize the value and use of collective invention of the
HAMMER technical team.
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HAMMER's core facilities are in the heart of OSU's innova-
tion District, Carmenton.

Each of the partners has committed to making relevant
facilities available through the HAMMER MILL programs.
Other Ohio State University facilities include: The Artifi-
cially Intelligent The Focal point at Ohio State is the Cen-
ter for Design and Manufacturing Excellence (CDME) at
OSU houses over $12M worth of manufacturing equip-
ment which can be used by HAMMER members. Other
OSU assets include: the Artificially Intelligent Manufactur-
ing System (AIMS) Lab; NSF I/UCRC: Manufacturing & Ma-
terials Joining Innovation Center (Ma2lJIC); Center for Elec-
tron Microscopy and Analysis (CEMAS); and the Nanotech
West Labs.

CWRU is home to The Institute of Smart, Secure and Con-
nected Systems (ISSACS), Advanced Manufacturing and
Mechanical Center (AMMRC), and Think[box].

NCA&T is home to the graduated NSF ERC Revolutionizing
Metallic Biomaterials which built world class facilities for
the production, processing (casting, extrusion, shear roll-
ing, etc.) characterization (microscopy, corrosion, mi-
crotomography) and testing of biomedical materials.

NU is home to the Advanced Manufacturing Processes
Laboratory (AMPL), Advanced Intelligent Manufacturing
Laboratory (AIML), CHiMaD Metals Processing Facility,
NUANCE Center, Metrology Laboratory, The Metallog-
raphy and Material Mechanical Properties Characteriza-
tion Facilities and the Jerome B. Cohen X-ray Diffraction
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Facility. NU houses many open-architecture and in-house
designed flexible metal forming instruments and metal
additive manufacturing.

UTK has access to the Oak Ridge National Laboratory
Manufacturing Demonstration Facility and is home to the
Innovation Collaboration Studio (ICS), Engineering Ser-
vices (ESF) Fibers and Composites Manufacturing Facility
(FCMF), Institute for Advanced Materials and Manufactur-
ing (IAMM), Machine Tool Research Center, Polymer
Printing Lab, The CNC machining capabilities, MABE Ad-
vanced Welding Laboratory, Mechanical Aerospace and
Biomedical Engineering (MABE) Maker Lab.
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HAMMER is led by Ohio State University in close collabo-
ration with Case Western Reserve University, North Caro-
lina A&T University, Northwestern University, and the
University of Tennessee—Knoxville. The team contains rec-
ognized world leaders in the fields of materials science,
mechanical engineering, industrial systems engineering,
welding engineering, statistics, and sociology. HAMMERS's
faculty will also engage closely with graduate students,
undergraduate students, and post-docs to cultivate and
build the next generation of leaders in their fields.
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273 Bevis Hall

1080 Carmack Road
Columbus, Ohio 43210

Ph: 614-292-0767
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Prof. Steve Niezgoda  niezgoda.6@osu.edu
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Ms. Kathleen Babusci T babusci.5@osu.edu
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https://hammer.osu.edu/
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https://www.osu.edu/the-ohio-state-university-environments/carmenton/

