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Personal Observations on Manufacturing

1. Superplastic Forming
versus High-Speed
Machining

New mfg technology must
be cost-competitive

1. F/A-18 Program
Experience

Must fit into Global Supply Chain

2. Flexibility in Component
Manufacturing

Importance of Product Variety
and Intermediate Volumes
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PIE Study Architecture:
Innovation <=2 Production is a Complex System
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Innovation in Mfg Technology: Internal Scan at MIT (examples) 30+ Labs
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Summary of Findings from MIT Scan

 There is “critical mass” of manufacturing related Pls at MIT
(order 150 PIs) distributed across the Institute

e Research is generally motivated by real problems in industry,

non-incremental, and funded by mix of federal and private
research S

e Found a grouping of 7 manufacturing technologies that reflects
major research thrusts in advanced manufacturing research

Nano-engineering of Materials and Surfaces  Bio-manufacturing / Pharmaceuticals

Synthesis of multi-functional materials at the nano-scale from the ground up Continuous manufacturing of small molecules,

turning cells/ organisms into programmable factories

Additive Precision Manufacturing
Building up components by adding layers of material in complex 3D shapes  Distributed Supp|y Chains / Design

) . . Enabling flexible and resilient decentralized supply
Robotics, Automation and Adaptability

chains, new approaches to web-enabled mfg
Using robotics to substitute for or complement human labor in new ways

Green Sustainable Manufacturing
New manufacturing processes that use minimal energy,
recycle mairials and minimize waste and emissions
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Next Generation Electronics

Next generation circuits using non-Si materials,
using mask-less processes and flexible substrates



External Survey:

Distribution of respondents
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N=29 Responses
Response Rate =34.1%
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“Unbiased” Upstream Innovations = New Manufacturing

Which technologies or innovations have the potential to lead to significant new
manufacturing and production in the future ? List three to five promising ones and explain.

Unbiase d innovation List

Robotics Automation, and Adzetabilty Electrorics _
e

Rec ’ - their desin et
based mig will redure bestismsts | Nanotedmology increase the efficency of manufacturing eneration eledranics technalogies treatments induing caers. thinking of pecple not necessarily fram one location

e Additi.ve./ Precision Man p,hotics and Autom Green / Efficient Manufacturing
3D-Printing at Home Intelligent smart aut New energy sources: solar PV, CSP

Rapid Prototyping « Embedded sen US natural gas, waste-2-energy
”"“'« integrated into CAD Recorfiaiirahla rMRA New hatterv ctorage technologies

e . EDM, INjecCtion Molding . Supply Chain Design ors vs. batteries

benefits inprodudiviy, flexbilt
s

=== MOSIS-like foundries Wire| Community-based Design  » wgthin plants
Laser-based manufacturi .+, Decentralized supply chains * recycling

e (fast control, short pulse 1., Cloud computing for

Al Tietcto manufacture parts

wmm=eems A Ti, Ni sintering/forming CAD/CAE/CAM

few materiaks and to protobypin
additve manufacuringThe works o

venry | . Electronics Biomanufacturing
Materials and Nanomanufa ;
e e e UV Nanolithogr: Stem cell-based mfg

T s LArge area graphene prpdu i ) . :
ity o o g grap f& Mult|funct|§ Human organ engineering
n

i i RO||-to-roll manufact . : -
— . Computer interf Regenerative medicine
it okt 3D ICs for semiconductors

i Ll : . . Wireless revolut Tissue manufacturing
: = Fiber-composite materials .

et e e e . Flexible substrat

et | NANO-etching

tE
hawe amodem lage | cost-senstive applicatians such as atomobiles,
vohume produdion wind energy, oiland g

(= Production inthe
- INNOVATION ECONOMY



std dev
> 1.0 points
automation/robotics

General agreement
is very important.

that research in

o0 ap
o £
~ O
G
Q
°© O 2
2 <9
(g0}
o c 9
a..VaD.
5283
n O c
o
)

1.35

i

(¢

-

Higher variance areas

c=1.08

i

)

N\

c=1.09

FINIREEEFEER!
S|elalewW- el

s|enalew pajpAdal Suisn Sulnloenuely

i sojuojoyd pue sojuon22|203dQ
I 510}2NpUO0d| Was
I S21U0J}23|3 pajulld

S|anjo1q JO JUBWaU JaJ puk “Jnuep

i s8uiieo)

SOIWouas |elale N

i SuidAjojoud pidey

i ASojonaw pasueapy

Bunnjoepnuew juayls ASiaug

I Suunioejnuew ajqixaly pue aalldepy

|0J3U03 ssacoud snonuypuo)

i murm_mo_ pue uieya Ajlddng
I s|enajew ayisodwo)
i uo[eZ||ENSIA PUE UOLIB|NWIS JNURA|

[edipaw pue [eanadsewseyd -jnuey

Highly rated
High consensus

EFEFREERAELL

= loqoy

Suisuas pasuenpy

' SuninjoejnuEW Jo} Y233 UoLEW IO Y|
| s[emerEmTqSemq ST
|§H§

uopfewojne jlewg

Quantitative Assessment of Mfg Technologies
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Main challenges to university-based
U.S. Manufacturing Research

e Limited Resources

— Financial resources to create and maintain sophisticated manufacturing
research infrastructure at universities are often too large

— Driven by changing federal funding priorities (e.g. NSF, DARPA ...)

— Sub-critical mass of faculty and students interested in manufacturing,
tend to gravitate more towards other areas

e Collaboration with Industry

— Use of industry facilities to build prototypes and test ideas, but gives IP
rights mainly to sponsor

— Industry wants quick answers, while faculty and students want to publish
and do longer term projects (mismatch in timescales)

— Need to develop joint value proposition (cost/benefit)

e Opportunity to strengthen the university-industry interface
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What is Advanced Manufacturing?

Traditional
Manufacturing raw materials Fabrication parts—> finished
(zoth centu ry) from nature products

raw materials

from nature
Materia services _ Integrated
software™ > (_ Bundling > solutions
Advanced T
Manufacturing synthgtlc Fabrication parts finished
materials . products
(21t century) continuous
T T recovered Recycling
materials

Advanced Manufacturing is the creation of integrated solutions that require the
production of physical artifacts coupled with valued-added services and software, while
exploiting custom-designed and recycled materials using ultra-efficient processes.
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Where/how do the 7 technology areas impact
this expanded view of advanced manufacturing?

raw materials
from nature
Materials & \l'

Nano-Technology Additive and

Precision M# services _ Integrated
& software®™>( Bundling > solutions
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Steri :
Supply Chain
Robotics Design
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Bio-manufacturing Adaptability Green / Sustainable

Manufacturing
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A vision for distributed manufacturing

e Much manufacturing today is still
concentrated in large factories

— Finished goods are transported over large
distances to consumer markets - -

— Large cost and environmental impact

 Many of the new technologies enable
a potential future that allows for
“breaking the tyranny of bulk”
— Distributed manufacturing “on demand”

Gy
— Flexible capacity through local networks x “\
E g

i
/

 Degree of decentralization will vary by
sector and relative economics of energy,
transportion and local labor

— Digitally enabled design democratization ﬁ

2
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Opportunities and Policy Implications

New product capabilities and classes of products that currently

do not exist. Examples: non-Si based semiconductors, new drugs and fuels
from biology, miniaturized propulsion for p-sats ..

— Need a commitment to long term federally-funded research in
manufacturing with a well-coordinated portfolio across agencies
“Programmable” manufacturing processes that do not rely on

capital-intensive tooling and fixtures Wil they catalyze distributed
manufacturing? Examples: 3D Printing, maskless nano-lithography, etc...

— Create opportunities for smaller firms and universities to demonstrate
these capabilities using realistic market-driven requirements
Technologies that enhance productivity and flexibility in existing

manufacturing processes. Examples: RFID tracking of parts, human-
robotic collaboration and flexible automation ...

— Establish mechanisms for collaboration between industry, academia and
public research institutions (e.g. NNMI)
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For more information, please visit:

http://web.mit.edu/pie

September 20, 2013 Release of PIE Study at MIT
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