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INTRODUCTION

Technology h;*m been revolunioniang mduserial scetors for mere than
200 vears, We have sven the wav moechanzed producnion imcreasced
productiv ity during the Indusirial Revolurion v e seplaced workes
perfonming repetitive rasks, Wi hine also “Xpu riciiced the way I and
anparing have revolutionized the means v which production is plarned,
manaved. accounted forg inventored and even dodmered. But the u.l\;’[dt
between the conputing haves and have-nors bas grown in the past decade.
qd nowhere has this been a more serious problom than v the manutac
g sector. A recent series of workshops conducted by the National
Acadonn of Engineering highlights why this dnade is <o imporanr,
~tegesting thar adding value. :md thus caprurmg a mf-rhcr Uk enrage
of that value, means iategrat 'ng MNeVanon. desigin. manutacrirnng
and service deliver v This swill require a sosrems-wide view of thc: MNeva-
rion to production process. and iCimay favor entopreneirs. Kat

Whitetoor and Steve Olson. authors of 4 report on the workshops’

findings, belicve that “there 1s no betror tme ithan now | to be 3 tadonre
b il 4 i

snrepienetr who can ke minevations ¢ md s ale rhcm rapidtv, it
and aloballh ™

THE POTENTIAL FOR A REVOLUTION
IN THE MANUFACTURING SECTOR

Srratezic roadmappimg? has becn used soceesstully o heby compam

P oscesiarion of the futine, an

hinking® emphasizes the importance of sensing and sense-makan
11
:\icm;ﬂ environment for determming rhe critical forces thar w 111 SRR

changers, St the heart of this approach hes a need o caprire ihe brecres
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ot today that will turn into the gales of change for romorrow, But it

15 rare that a smgle rrend by ieself is o disrupuive force. Instead, i is the
combination of mulriple. often seemingiv urrekated trends that presents
rruly disruptive future scenarios.

There are four rrends that have the pow a0 revolutionize the manotacrning
sector. Ihese four rrends suggest that the curtent arrangement of tiered
supply nerworks based on fow-cost production and econonics of scale is
unlikely to dommate in the future. Instead, IT-diven design and production
will tavor local manufacturers and armsan-entreprencurs aor e

FIGURE 1: Four Trends With the Potential to
Revolutionize the Manufacturing Industry

FUTURE SCENARIO

1T-driven design and

production favors local
manufacturers and

artisan entrepreneurs

< T,

Trend 1 Trend 4
Technical Internet-savvy
(high-performance) do-it-yourself
computing capabilities hobbyists embrace
enable complex design open-source
and simulation innovation tools
Trend 2 Trend 3
Additive manufacturing Cloud-based 1T solutions
attains commercial reduce administrative
viability for overhead for smaller
multiple materials enterprises and enable

new business models
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HIGH-PERFORMANCE COMPUTING CAPABILITIES TAKE
SOPHISTICATED MODELING MAINSTREAM

I'he first trend s related ro the mereasing availabifiny ot high-pertormance
computing capahiiivies bevond rradinonal rescarch fabs and large manu-
tactiirers. Many rools developed over the past oo decades that support
product-des cloprment mnovanon are well undersrond m the manutactunng

|

Savironment, and their o m‘:i\imrmls with auromanon rechnologies has

¥

cransformed the factors Hooro CA D/C AN combined with the capabilities
of computer numerical coni ,\!k’u {CNC) maciines, has boosted productivity
and is commonpiace m moest mavufacturing frms, regardless ot wize

i SECTO

L ess well nnderstood by the majorite of conpanies are the ools tha
suppert esting, advanced analytics and simulation. 1 arge companies
soch as Poeing have been designing, simularing and testing digitally for
over two decades. The CATIA prodoct-design seftware developed by
Dassault Svstemes enabled Bocing engineers and desiuners to see parrs
of enginesas solid images and then simutare the assembly of chose parts
on the screen, eass l\ correcung nusalignments and other At or ingerterence
oblerns. Bur while the use of modehng and analvnes has mereased. i
s ostilt a r@hh\*e!\‘ rare capability tor the evpical small or medmm-sized
crrerprise (SMEL A study of 232 manufacturers conducted in 2010
by the National Center tor Manufacturing Sciences and Intersect366
Rescarch tound that 61 percent of companies with over 10,000 ariplovees
are using fugh-performance computing o model thenr designs digitally,
vetomh 8 percent of compamies with under 100 emplovees are usiig
this rechnologe. This same study found thar the miost signifcant barriers
o adoption of high-porfermance modeding and simulagon echnologies
were lack of internal expertise, the cost of soitware and. to a lesser exeent,
the cost of hardwaire.

to mnoduce SATEs 10 rhc‘- poterinial of iif?t'zl madeling and analvues.
rhe National Digrrat Fngimeering and Manu

WLrig Conserimgm

NAZE MO W as created m 2011 by the U D pattment of Conuneroe s
Econemic Devclopment f\_{jzi?‘xiii?%fl‘ﬁﬂ()!]. NDEMC s a regional miiare
rocused on N lidwestern manutacrurers and inclades parters such as

Iohi Deere. T ockheed Maroin, General Electric and Proctor & Gambie.
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There are currently 20 different ongoing projects i its porrfolio that
span alternarive energy, medical devices, cooling svstems and plastics.®

The consortium s already helping SMEs. Jeco Plastics is a small custom-
mold manufacturer of large, complex and high-tolerance products for large
OF Ms 1n the automorive, acrospace, printing and defense induostries. The
company uses rotational moldmg and tw in-sheet pressure-fornung processes
and cmploys materials ranging from commodity thermoplastic resing o
highly complex resins with continuous unidirectional carbon tibers.

Recently. Jeco received a last-mimite design change for a custom paller
rhat it was designing for a large German manufacturer. Jeco was able to
aceess high-performance computing resources through NDEMC. Using the
center’s “ABAQUS™ modeling and simulation tool developed by Dassanle
Systems, Jeco was able to analyze the needed design changes., resulting in

a multi-vear contract with estimared annual orders of $2.5 million. Under
normal crrcumstances, these high-pertormance computing resources would
have been beyond Jeco's reach due ro budget conseraimes and a lack of
modeling and simulation expertise.

Such successes should spawn similar effores in other regions of the United
States. Critical to these eftorts will be access to hardware and sofoware,
combined with the expertise needed to develop and interprer the analytics
and simulations thev produce. To dare, most manutacturing sectors, and
particularly the SN Es within them, have failed to invest in these capabilities,

ADDITIVE MANUFACTURING COMES OF AGE

The second rrend thar will significantly intluence the future of manufacturing
is the mcreasing commercial viabiliny ot additive manufacturing, which is
also known as “3D printing.™ Fhis process, involving the laver-hw-laver
creation of objects, has been used for rapid parts prototyping and small-run
production in a variety ot mdustries for more than two decades. But recent
developments m its capabilities — the introduction of new machines and
therr declining cosis — have begun to move addinive manufacturing into
miore mamstream part production, Interestnghy, low-capabilioy and low-
cost machines have hegun to engaue the interests of designers far bevond
eraditional manutacturers, a point to be addressed later in this chapter.
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Rick Kavlgaard, publisher ot Forbes magazine, has speculared in bis
3, novation Rules™ cohumn that “3 D printing may be the transtorniative
rechnology of the 2015-2025 uometrame.”” Similarly, Terry Wohlers, a
leading expert 1 the additive-manutacturing mdustr. believes thar addiove-
manufactuiimg technology “could very well have a greater breadeh of

VAT O fanure i 1¢ I& 6 SO ITOHOEN FOCETIU INT o
HIYY o an ‘HinUf?k,tU”D:&:, HHD inv other techno QN 1T e N Rstory

W hide additive manutacturing is, in tact, a digitally based trend i manu-

facturing that trequently relics on high-perforimance computing tos
sophisticated modeling, it deserves to be singled oat as o key disruptor
mies owon right. Addtve manufacturing uses mmpurCl‘—gcncr:fed designs
to create “huild paths” rhar reproduce the digital model through consol-
whation of marerials with an energy source. The process rvpically uses a
long the

lascr or an electron beam that adds marerial as s direcred a
buald parh or can be scanned over a pre-placed laver of matenal. To date,
additive manutacturing has been used with pols mers, metals and ceramics

[ he privcipal value ot additne manufacturing lies iy ies porential to lower
costs through reduced material usage and machining. Furthermore. the
rechnology cnables the design and creation of features that are extremety
ditficult to construct through traditional processes. From a customization
and voinme standpoing, addiove manufacturing ofters extreme flexibiliny
tor product differentiation, making it feasible to create highly complex
cne-oft components and products.

I the realm of rraditional manufacruring., addine e manufacturing has
long been used in rapid prototyping ro creare shore-term molds or to develop
mock-ups of pares, genarally 10 some 6y pe of plastic form. These proto-

iy pos were considered precursors to the “real™ paits du,.;,g\n‘ which would
be produced to tighter tolerances and 10 the actual final matevial, which
was seldom plasoe. Bor addiose manufacturing has continued to move
closer to that anal production run in industry sectors such as healtheare,
where denral and prosthetic devices are being produced with this process

|

far final use, and has been nugrating into higher-tolerance and complex

muaterials industries, such as automotihe and aerospace

For example, in November 2012 GE Aviation bought Morris Technologies,
asmalll privately owned precision-engineering firm. Ies specialey? Addionve
manufacturing. Morris will be developing parts for a range of jet engines,
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mchading the LEAP, which is being developed by DFM International.
This engine is expected to enter service in commercial aivlines in che
coming vears, and 4.000 unis already have been ordered.” Morris
hegins with a digital description of the component and uses laser sintering
This process 1s capable of producing all types
of metal parts. including those made of acrospace-grade titanium.

to build it laver by laver.

Currently, tused-deposition modeling is the most conimon additive-
manutacruring technology available at the consumer level. This process,
one of computer-controlled deposttion of melted plastic, is tound in recently
ntroduced products for constumers and businesses like the Nakerbor,
RepRap and Solidoodle. Alreadv, 3D printing has become cost com-
pentiver MakerBor recently mrroduced a $2,199 3D printer, and costs
continue to tall. Jeff Kowalski, CEO of Aurodesk, a leading sottware
maker for 3D modeling and printing, notes that the cost of 3D printers
has dropped tentold 1 five years, “essentially riding the Moore's Law
curve, just as 2D printing started doing in the 19805,

Wohlers has reported that it ook the additive-manufacruring industry
2o vears to reach $1 billion i size. Sales of additive-manufacruring
products and services are predicted to reach $3.7 billion worldwide
by 2015 and to surpass $6.6 hillion in 2019,

CLOUD-BASED SOLUTIONS REDUCE COSTS,
LEVEL THE PLAYING FIELD FOR SMES AND
ENABLE NEW BUSINESS MODELS

The third trend thar may disrupt current manufacroring-supply-chain
practices is the increasing use ot cloud-based solutions thar can be aceessed
on an as-needed hasis. Cloud compuring is likely to enable SMEs to more
cttectively compere with larger compaities because it reduces the cost of
accessing sophisticated design. development and enterprise-related business
tools. If this rrend continues, SMEs will not be hobbled by the prohibitive
cost of purchasing and maineaining comprehensive 1T svstems. The cloud
cttectively enables both mrernal decision making and new business models.

From a business-process innovation perspective, information technol-
ogy improves mternal decision making through software that provides
support for enterprise resource planning (ERP ), material requirements
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plannmg (MR and supply -

un-management logistics. These opes
ot 11 solunons help manuiacturers devciop a decper understanding of

rhe needs of their businesses. the flony of therr work and the mtearanon
of the suppher network into a conesive ~oluton. While these solunons
have v pieally been used saccesstully by large comipanics, SAES wall

qwereasingty be able 1o take advanrage of these eriancoments.

In the futare, many large-seale, legacy FRP svaoms wiill transivion

to cloud-hased colations. But these new sclutions will require a different
approach to 11 management within the manutacruning civironment

b using 1 software as-a-service iSaa St deploy ment moddd for

ERD immpleinentations.

HIAWATHA RUBBER GOES CLOUD-BASED FOR ERP

Rased in Minneapols, Hiawarha Rubber is o tamibv-ow ned designer and

manufacturer of custom-molded rabber parts and assemibhes tor OEMs,
Hiawatha recentdy replaced an agimg. m-house ER D osvstem with acloud-
Rased ER P solution trom Plex Svsters, an independent software sendor
spectatizing in cloud-based manufacturing sofrware, While their old
system could provide basic mformanion, it lacked the abilicy to provide
rhe deratled, real-time and accurare fnancat and manutacrurmg
information that company decision makers needed. This was particularky
challenging when they were trving to integrate production data with
costing and qualiey daca.

Following a thice-moneh implemantanion — abour hadt the tinie it took

to install the orginal in-house svstom — Hiawatha managers were able to
see the value of real-time visibilitn, According to Tin Carlson. & company
manuracturing manager, “the plant-floor emplovecs now see upcoming
jobs and where materrals are locared 1 veal time, vrabling them to make
quicker and berrer decisions. Now v hen a costonier calls for a rush order.
we can rell them in minures w hen their order will be ready, compared with
several hours and a sienihcant amonnt of manal citort when e kad ous

preyious susten in place 7

The compam’s website proudhy adsertises this capabilioy. saving: ~Ouwr

extensive and sophisticated enterprise resource planning systen lives in
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the cloud. giving us a plattorm that's copicaily onh found ar Forcune

SOC companies.

Justas the cloud has created new business models m retail, entertainment
and journalism, s doing so momanutacturing, widh improved mternal
visthiliey, customer-relationship management and the extension of product
sales into services. 1 he clond-based business model allows manufacruring
franchises to compete Jocally and on a smaller scale using Inemet-based
tools. Drexel Metals i a good example of this emerging model, going
hevond the Hiawatha Rubber examiple to focus on mrernal company
DUSINESS-Process Mnevarioi.

DREXEL METALS ESTABLISHES A DISTRIBUTED
MANUFACTURING NETWORK SUPPORTED
BY WIKIS AND INTERNET TOOLS

In 1985, Drexet Metals was a steel supplier making evervthing from
hghting hixtures to celing ribs tor the construction industre, Bue its
customers began asking for meral roofing producrs, where §o percent
of the market is dominated by traditional go-to-market factories selling
pre-fabricated roof panels ready for installasion. According to company
President Brian Parevka, “a challenge with pre-fabricated metal roofing
ts that when vou ship it, vou're shipping unwicldy sections that require
a ot of packaging o protect them during transpore.™

nstead. Drexel Metals decided that the best way to ger its product to
both residential and commercial customers was through a network of
specialey installers who could fabricare the “standing-scam™ metal roofs
ansie. This elminated expensive shipping and also reduced the lead
nime necessary for concractors and installers. Now Direxel Metals sells
one- to two-ton cotled metal rolls in 36 colors, and it offers installers
the ability ro buyv or lease-to-buv a porrable roll-forming machine that
can transtorm these rolls into the specific standing-seam roof desired

by the customer. Bu the company didn' stop there. As a way ra support
remote fabrication. Drexel developed cloud-based 1ools and services that
enhance their castomers” ability to plan for, hid and win sophisticated
rooting jobs. In short. through a nerw ork of regional manutacrurers,
Drexel Metals now orchestrates a supphy chain thar runs from the steel
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manutacturer to the installed roof, The D
Regional Manufacturers provides these ma
thev need o compete with the miuch iarger

place manufacrurers.

Direxel’s distributed-manutacroring and -instatlaton model velie

feavih om the Internet o provide rechmical and engineering support,

Fhe members of its association are supported by 2wk — a3 website

thar atlows its tsers to access, add to and edit its content — that contains

more than 2,000 seaichable documents Jdeserhing crervehig about

the product, its installation and the on-site forming ot 1oof sections. In

wldinion, cloud-based costing and bidding tools hedp porential msrallors

estimate marerial needs and designs. The desion support relies on images
captured by Pictometry, a company thar uses acrial images to pronide
precision measuremenrs that aie fed o instaliers via the clond.

Todav, Drexel Metals supports its customers with an anywhere anyome
access straregy thar leverages mobile rechinology. T addinion o s wilke,

it has a YouTube channed and a Tinkedln group, and i also communicates
via Facchook and Twitter. The result of this approach has beon phenomenal
aron th. Revenue went from $24. 2 nullion in 2008 w $51.3 milhon

i 201 1. with a three-vear overall grow th figure of 112 poreent. In 207 2.
Direxel Metals reached number 2,260« the {ne. Masazine 5000 and
‘mmiwr 6= on the publication’s hist of the wop 106 mamitacruring compa-
nies. S Similar growh awaits other traditional manutactires s that decide

o embrace rhe cloud.

THE HOBBYIST BECOMES THE PRODUCER

The tourth trend that will influence the furise of manufacturing s the s
of TT-savvy Internet hobby ists who are using oper-source sottware mmis
to destgn and innovare. As the dovign and development wols amualtanc-

oushy become more \‘ophistiumd and casivr 1o use, the cm.miniit%cs thar are

currenth restricted to high-end designers wall 103 foss-experieneed
B8PS, THILTeANNE il“k]’ porentinl to transhae thoir idess o realistie and
producible products. | The decreasing coses and increasing capabilities of

additive manufacruring will enable the hobbyiss of rhg Futtire to sticoess-
fully compere against more-established taditional manufacturers. Chiis
Andorson. former editor-in-chiet of Wired Alogazie, has wrmed thes
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3

hobbvists “makers™ and argues that those who awn the production
rechnology get to determine whacis produced. — As these makers grow
in number, it is not unthinkable that manufacniring could retirn o
the varvage.

Wohlers Agsociates” most recent sranistic s sunport expectations for the
rise of the arnsan-entreprencur. as they mdicare that recent grovth in
sales of nersonal additrve-manutacriring systems hias been explosive
sEE praeke 2. Moreover, Wohlers nores that these svstems do not
appear 1o be going to protessionai or industrial buvers,

FIGURE 2: Sales of Personal Additive-Manufacturing and 3D-Printing Systems

Source: Data from Woblers Report 2012

NUMBER OF PERSONAL UNITS SOLD
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SUPPLY-CHAIN DISRUPTION
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FIGURE 3: Manufacturing Comes Full-Circle

Mechanism Urbanization
& Captial Consolidation

Local Artisan & Centralized
Craftsman Production | Production & Delivery
Manufacturing Returns Modern Transportation
to the Garage & Information Systems
I ; l Centralized Production
Internet-based Business Process . L.
& Design with Virtual e
Low-Cast Supply Sourcing

Manufacturing Production & Distributed Delivery J

e

Mass Customization 8¢ “My Way”
Consumer/Customer Demand

COMPETITIVE ADVANTAGE THROUGH COMPETITIVE ADVANTAGE THROUGH
FLEXIBILITY & AGILITY ECONOMIES OF SCALE & SCOPE

desiened with rhetr unique feature choices and receve news alerts.
shopping alerts and other customized information feeds based on
sertings they have established on ther mobile phones.

In short. society 18 going from a producer-centric model to a consumier/
customer-centric model. When rhis new form ot consumption is combined
with advances in additive-manutacturing capabilities, markets of one

will be achieved. In this future, artisan-entreprencurs will use cloud-hased
designn tools o transform ideas nito produces that can be prodiced and
delivered at the pomnt of demand. NManufacturing truly ean go back to
the garage n a cost-effective way in a world where the new compertitive
advantage will come trom flexibilicy and agility. In this future. the same
capiralantensive equipment, factories and distribution systems thar were

335




ReMaking America

FIGURE 4: Virtual Manufacturing Environments Displace Traditional Supply
Chains for Customized & Localized Manufacturing & Delivery
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MASS CUSTOMIZATION & “MY WAY” CONSUMER/CUSTOMER DEMAND
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¢ Cloud Computing
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¢ One-off Manufacturing
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Exactly when will this occur? It depends on development of an undertving
wtrastructure for additive manufacturing that can enable high-guality,
high-tolerance production of complex materials at an aftordable price.
This mfrastructure must inchude such things as design guidelines, economic
maodels and metrics to assess and predict resultant microsiructures and
their eftects on the products” properties and charactenstics. A recent Adlantic
Counel Serategic Foresight Report describes how additive manufacturing
s advancing simulancously ac the high end and ac the low end. The report
notes that. “While these two technical streams will continue to develop
separately — with seemingly opposing end goals — we can expect 1o sec

& convergence. in the form ot a small-scale direct metal 3D prineer.™?

CONCLUSION

Ultimately, 1f these predictions prove correct, there will be a transition
from supply chams to supplier ccosystems, a localization of suppliers
who are moving up the value chain closer to the consumer. and a renais-
sance of artisan manutacturving where individual firms armed with new
rechnologies are truly able to deliver the mass customization that Joseph
Pine predicted more than two decades ago. Centralized mass-production
operations will continue to exist, but their dominance and growth will
no longer be a foregone conclusion.

fnchis furare, 1T expertise will be essential for manufacturers to compere
successtully — both locallv and globally. Broadband communication and
the ability ro access high-pertormance computing will be a critical skillser
i designing and creating new products in the evolving supplier ccosy stems.
And this saine 1T expertise, when combined with emerging additive manu-
facturing, will enable the long tail,

Unfortunately, this fucure will come at a price. Manufacturers with an
mstalled base of capital equipmient, large-scale tactories and extensive
lemg-term contracts with existing suppliers will find themselves up against
very agile and flexible smaller comperitors. Having an extensive nstalled
base will go from bemg a competitive advantage to being a competitive
disadvantage. Instead of being a barrier to entry, a significant installed
base will become a barrier w change.
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