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Hybrid Autonomous Manufacturing: 
Moving from Evolution to Revolution 

A National Science Foundation Engineering Research Center,
Began Sept 1, 2022, $52M NSF support over 10 years*, 

favorable collaboration and partnership terms.

Foundational Components:
• Convergent Research
• Engineering Workforce Development
• Culture of Diversity and Inclusion
• Innovation Ecosystem

Join us!
http://hammer.osu.edu

Join the mailing list at:
hammer@osu.edu

* pending renewal at year 5

http://hammer.osu.edu/
mailto:hammer@osu.edu
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Summary – Automate the blacksmith!

Evolution:

-- Sensors
-- Robots 
-- Computation
-- Control
-- Data 
-- Logistics

Revolution:

-- Hybrid
-- Autonomous
-- Learning
-- High Performance
-- Certified Quality
Robot Artisan

New capabilities for $300B 
precision manufacturing 
industry 
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A very quick history lesson

Original: Anders Sundell, Twitter
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A very quick history lesson II

Original: Anders Sundell, Twitter
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A very quick history lesson - III

Original: Anders Sundell, Twitter
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A very quick history lesson - IV

Original: Anders Sundell, Twitter



7

A very quick history lesson - V

Original: Anders Sundell, Twitter

Latest Estimates Trade Deficit 
>$800B in 2020.  (BEA)

What happens if 
this tie is cut?
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$800 B annual trade deficit – Compare to $ flows 
20 largest GDP countries

Greater than EBITDA 10 largest 
companies, combined
($~550B)

$800B ~About gross revenue of 
Wal-Mart and Apple combined.

NSF annual budget ~$8.8B

Annual Earnings Annual Gross Revenue
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Vision: Autonomous-Factory/Artisan Box (Auto-FAB)

ROBOTICS

TOOLS

SENSORS

DATA/ICME

SENSING:
Local Temp: 400• C

Humidity: 50%

Position: Dr=500µm

Tool: Adding

Time Remaining: 1h 

14min

TECHNOLOGY 

C. 1606

USE CASES / TEST Beds
Research Thrusts

Design: product and 
process. 

Tools and Process 
Convergence: new tools 
and processes.

Materials State Awareness: 
Enabling process- and 
model-based quality 
certification.

Control, Intelligence, and 
Autonomy: Leveraging AI to 
control processes learn. 
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HAMMER Testbeds

Physical Exploration & Training – Factory/Artisan Boxes 

Point of Care 
Manufacturing

PET-FABsAdditive + X

Numerical ForgingsNumerical Forming



14

Incremental Deformation / Metamorphic Manufacturing

Team Honey Badger, of Ohio State University. 
Alex Koenig, Bhuvi Nirudhoddi and Brian Thurston

LIFT Prize – $25k programmable 
for shaping 2 of 3 target parts.

www.tms.org/MetamorphicManufacturing

Melt
Vaporize

Deform
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Process	Rate	(kg/hr)
1	mg/hr 1	g/hr 1	kg/hr 1000	kg/hr 106 kg/hr

1kJ/g

1MJ/g

1GJ/g

1TJ/g

Induction	
Melt

FDM

Injection	
Mold

BAAM

Semicon-
Oxid.

Metamorphic!

Adapted from:
Gutowski et.al.: Energy Efficiency 
for Additive Manufacturing (2017)

2019
Daehn, 
Cao,
Lewandowski,
Schmitz, et al.
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Levels of Vehicle Autonomy

Summary of SAE J3016
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Levels of Manufacturing Autonomy

Requires concurrent hardware 
and computational development

Additive + GE, Markforged, others…  
Machining  +    FormLogic 
Welding + Path Robotics
Deformation +  Machina Labs
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Concluding Remarks

• Key outcome goals

• Hybrid process framework
• Digital forming
• Model-based certification
• Manufacturing for design

• Get involved, please

• Mailing list, ask: Hammer@osu.edu
• Base Membership: $200 - $5000
• Tech Leader: $75k/yr
• Projects & Investment

mailto:Hammer@osu.edu
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HAMMER HAMMER

Center
Admin

AI, Control, 
Human-robot
Interaction
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Policy, 
Medical 

Manufacturing
Processes

Design, Data 
Science, 
Statistics

Material
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Metrology
Materials
Science

Team


