Hybrid Autonomous Manufacturing:
naene — Moving from Evolution to Revolution
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Summary — Automate the blacksmith!
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A very quick history lesson

Countries connected to their
primary trading partner in 1960

Exports « imports. Data: Intermational Mosetary Fund. Flags were st
avallabe for countries in black
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A very quick history lesson Il

Cquntries copnected to their
primary trading partner in 1990

Exports » smports. Data: International Mosetary Fund. Flags were st 3 @ e
avadlalde for countries tn black - -
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A very quick history lesson - Il

Cquntries copnected to their
primary trading partner in 2000

Exports » imports. Data: International Mosetary Fund. Flags were ot ]

availalde for countries in black ) ®
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A very quick history lesson - IV

Countries copnected to their
primary trading partner in 2010 "
. °

Exports « imports. Data Internationsl Mosetary Fund. Flags were st

availalide for countries in black (%)
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A very quick history lesson - V

Countries copnected to tl_leir
primary trading partner in 2020

Exports » imports. Data: Internationsl Mosetary Fund. Flags were st (< e
avallabde for countries in black

U.S. Trade Balance
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S800 B annual trade deficit — Compare to S flows

20 largest GDP countries

1 United States

[¥]

China

3 Japan

4 Germany

5 United Kingdom
6 France

7 India

8 Ttaly

9 Canada

10 South Korea
11 Russia

12 Brazil

13 Australia

14 Spain

15 Mexico

16 Indonesia

17 Netherlands
‘ 18 Switzerland
19 Turkey

20 Saudi Arabia

HAMMER"

$20.94 trillion per year
$14.72 trillion per year
$4.975 trillion per year
$3.846 trillion per year
$2.708 trillion per year

$2.63 trillion per year
$2.623 trillion per year
$1.886 trillion per year
$1.644 trillion per year
$1.631 trillion per year
$1.483 trillion per year
$1.445 trillion per year
$1.331 trillion per year
$1.281 trillion per year
$1.076 trillion per year
$1.058 trillion per year
$913.9 billion per year

$748 billion per year
$720.1 billion per year

$700.1 billion per year
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Annual Earnings

(3]

9

10

Apple

Microsoft

Alphabet Class C Shares
Tesla Motors

Mcta

NVIDIA

Johnson & Johnson
UnitedHealth

Visa

Exxon Mobil

EBITDA
$128.2 billion
$91.62 billion
$91.16 billion
$9.407 billion
$54.72 billion
$11.37 billion
$33.69 billion
$27.07 bitlion
$17.69 bitlion
$43.84 billion

Greater than EBITDA 10 largest

companies, combined

($~5508)
| [N
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Annual Gross Revenue

Revenue rankings

1
2

3

10

Wal-Mart Stores

Apple

UnitedHealth

Exxon Mobil

Alphabet Class C Shares
Microsoft

Chevron

Home Depot

Meta

Johnson & Johnson

$572.8 billion per year
$378.3 billion per year
$287.6 billion per year
$276.7 billion per year
$257.6 billion per year
$184.9 billion per year
$155.9 billion per year
$151.2 billion per year
$117.9 billion per year

$93.78 billion per year

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

NSF annual budget ~$8.8B
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Vision: Autonomous-Factory/Artisan Box (Auto-FAB)

\ USE CASES / TEST Beds _{
Research Thrusts
TECHNOLOGY
Cee 11 Design: product and
| = process.
ROBOTICS :
2
— v Tools and Process
Toots . — Convergence: new tools
M ol
and processes.
SENSORS p
DATA/ICME N\ Materials State Awareness:
@ - 7 Enabling process- and
= : ) /A ! (‘ model-based quality
SENSING: ) ) - .
: LN 1 certification.
Local Temp: 400e C / m \ s
Humidity: 50%
Control, Intelligence, and
Tool: Adding .
Time Remaining: 1h DS D7 Autonomy: Leveraging Al to
1amin control processes learn.
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HAMMER Testbeds
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Incremental Deformation / Metamorphic Manufacturing

2019

Daehn,

Cao,
Lewandowski,
Schmitz, et al.

1Tl/g —4—

Adapted from:
Gutowski et.al.: Energy Efficiency

§° 16/ for Additive Manufacturing (2017)
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LIFT Prize — $25k programmable <+ Vaporize Mcton

: <+ Melt
for shaping 2 of 3 target parts. W/g -1
PINg get p - Deforrln |
Team Honey Badger, of Ohio State University. I 1
Alex Koenig, Bhuvi Nirudhoddi and Brian Thurston 1 mg/hr 1g/hr 1 kg/hr 1000 kg/hr 106 kg/hr
V Process Rate (kg/hr)
%
3 3 www.tms.org/MetamorphicManufacturing
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Levels of Vehicle Autonomy

Driver Partial Conditional
Automation Assistance Automation Automation Automation Automation
Zero autonomy, the Vehicle is controlied by Vehicle has combined Driver is 2 necessity, bt The vehicie Is capable of The vehicle Is capable of
driver performs all the driver, but some astomated functions is not required % monitor performing all driving performing all driving
driving taaks driving assiat features Mo acceleration and he eavironment. The functions under cerain functicaa uader all
may be included i the steering, But the driver drtver must Be ready 10 conditions, The drives conditions. The delver
vehicie design must remain engaged take control of the may have the option to may have the option %o
with the driving task and vehicle at all times control the vehicle control the vehicle
monitor the environment with notice
at all times
Summary of SAE J3016
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Levels of Manufacturing Autonomy

No Automation Open-loop motion Closed Loop Control Process simulation Automated Hybrid Automated Design &
& In-aitu correction Process Execution Negotiation
00 Aonomy Computer Numarics Koy component metrics Expaciencs or physics- Mutiple fully-automated System consicens
Oporatior controls motion | Control (CNC) of motion aro sersed during based simulation gives procossos are usad with | multiple procoss paths &
and setings for primary oporaton process and control expeciod outcomes and automated hand-ofls tradecits: performance,
AGOrRHMS minkmize process sirstegy may be betwoen prce, lerances and
OITOMs. modied lead Sme
Commercial & Unitary process
- / Mutiprocess ERC vison
Additive + GE, Markforged, others... )
- : Requires concurrent hardware
Machining + FormLogic )
Welding + Path Robotics and computational development
Deformation + Machina Labs
{
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Concluding Remarks

* Key outcome goals

Hybrid process framework
Digital forming
Model-based certification
Manufacturing for design
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* Get involved, please

., A% Northwestern
ICAL STATE UNIVERSITY

Mailing list, ask: Hammer@osu.edu
Base Membership: $200 - S5000
Tech Leader: S75k/yr

Projects & Investment
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Center
Admin
Al, Control,

Economics, Human-robot

Policy,

Medical Interaction

HAMMER

Design, Data
Science,
Statistics

Manufacturing
Processes

. Material
Materials haracterization
Science Metrology

> Northwestern
University
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