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Break-even points will — Formative
shift to the right as — Subtractive
additive manufacturing

— Additive

becomes more mature.

Cost per parts

Number of parts
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B BRIET H B A BRI B A BRI T 3 5
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(4 Fzidabr. TH4.0 G dEdrmREE 7 T13.0
PIVERETE bR, A3, JiE. RN, BRI
&, HEINT EEERE RN, WRIEE. &R K
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ARG R PTRREE I A 5 ) ] oK 0 G USRS A
HBY o AL HT R AR RN R 51 A HT B AR SO AR
M ARTEFE, FTRLKRIRSE T hliE w4 7. N 17 iR
Xk #E, Meis W T ARG it 7Bt (Georgia Tech
Manufacturing Institute, GTMID) &t 7 — A GIHTHELL,
Bl “Zi&#E4 /KT (integrated readiness level, xRL),
DU — i FEBEAT 0. xRLAEZE G| N T T AR,
TEANE VA T 8 O E RIARUE, >R 43 BT I e PR 25 [ I Rt
ATERIEAKT, HXFRESREMRIE. KR
B —FH O xRLEAY,  FERE AT e 6T BUR ) € 1R
HEL,

GTMIRHFE N G R IX —HEGE A 1 Iid K 5 )=
AR TR AL . b, BRI & 4 5 i) &
f: HARUERKF (technology readiness level, TRL)
)i 4G 7KF (manufacturing readiness level, MRL).
TRLFITMRL %3 1 5% FWiaE iR/ (National Aero-
nautics and Space Administration, NASA) [23]PA K 3 [H
E B 2417 &, FFRAE Tk A= 2 2. ki
77 Z £ /KF (business case readiness level, BcRL) il
B RGUER KT (ecosystem readiness level, EcRL)
B GTMUTF R Z 8, U3ab TR IT KB BL[10]
TR RKANBE 5 I 00 6 Z R 7 TRLMIMRL AR St 1)
FEACRFAE DA S AE ISt S A B AT T AT B A kAL
IR o

6.1. FLAL T SR HE R IR

TER 7 d B R W] ST, AR A R JCiR AR B2
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®R1 HEOARHERIKT (TRL)

TRL Brief description

TRL9 Actual application of the technology in its final form and under mission conditions

TRL 8 Technology has been proven to work in its final form and under expected conditions

TRL 7 Prototype exists having all key functionality available for demonstration and testing

TRL 6 Representative model or prototype system is tested

TRL 5 Fidelity of breadboard technology increases significantly

TRL 4 Basic technological components are integrated to establish that they will work together

TRL 3 Analytical and laboratory studies to physically validate analytical predictions of separate elements of the technology
TRL 2 Practical applications are identified but are speculative; no experimental proof or detailed analysis is available

TRL 1 Scientific research begins to be translated into applied research and development

=2 filiERE& K (MRL)

MRL Brief description

MRL 10 Full rate production demonstrated and lean production practices in place

MRL 9 Low rate production demonstrated; capability in place to begin full rate production

MRL 8 Pilot line capability demonstrated; ready to begin low rate production

MRL 7 Capability to produce systems, subsystems, or components in a production-representative environment
MRL 6 Capability to produce a prototype system or subsystem in a production-relevant environment

MRL 5 Capability to produce prototype components in a production-relevant environment

MRL 4 Capability to produce the technology in a laboratory environment

MRL 3 Manufacturing concepts identified

&3 A S HER KT (BeRL)

BcRL Brief description

BcRL 9 Full rate production into national markets; future product improvements planned

BcRL 8 Full rate production into local market; confirmation of financial metrics estimate

BcRL 7 Product insertion into one target market; positive market focus group response

BcRL 6 Market-ready research prototype vetted to outside entity and key customers

BceRL 5 Financial issues defined; return on investment required; margin, funding source (internal, external, or both)
BcRL 4 Research concept/target markets presented to industrial partners; fit to strategic plan goals

BcRL 3 Research concept vetted to outside entity (incubator management, venture capital investors, etc.) for review
BcRL 2 University team review and validation of potential research concept market insertion

BeRL 1 Research concept proven in laboratory; principle investigator defines usage of potential market value

BERAT R BV S8 E, DA EOR R S R R .

X m A BCRLI R . B[ TRLAIMRLEHE,
BeRLAJ BASCHRHE 22 Bl R 25, AT B 4 T Hb 4 432 R Bl
HE AR E AL FEFEAR A RN, BeRLIE S H %A
EMEDNALTT R “Tihish 7, AR EEE T
FEAR A P 75 BB 8]

BeRLIM TSR HR T 37 91 AiHRI], S5 HRHH
KEimEdE, I NBIN R B ], HRECE KT
Y B A RO, LA R ] B 2 A UE R 58 S5 1E
B e BRI

BcRLA#) & 5TRL. MRLE & /KFAHIE, tn#3

FR[10]. BRI A LEBCRL 3~7 (B Bk 2 T 1l 7t
o TERGAL, A BT TR R AE R AN R A R
HEB R I E . FRATAT LN, I 5 A A2 DK
7 3% VP Al 3 18] 7= 5 095 A2 2 85 KB 119 75 oK LLIA 21 7 Mk ik
i s

6.2. £/ RGHUEH KT

EcRLZ — M T H, W L5635t — e X 3ot 5
i B R R B = S AR A . — BB A IRk
AT, EETFE - NEHRESR A “HEAES R
7 25PN HARBE R ZAEE RGN — N EH ARG
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EcRL Brief description

Macroeconomic environment

Aggregated indicators: GDP, unemployment rate, and price indexes

Major factors: national income, output, consumption, unemployment, inflation, savings, investment,

trade, and finance

Government policies: monetary policy and fiscal policy

Local market attractiveness and efficiency
Talent-driven innovation

Business sophistication

Market size and purchasing power
Applied research and product development

Pool of entrepreneurs; pool of advisors and experts; champions and community support; tacit

knowledge availability

Financial market efficiency
Climate and natural disasters -
Cost and availability of workforce

Quality of life

Legal, regulatory, and admin systems
Economic, trade, financial, and tax systems
Government investment in manufacturing and innovation ~— —
Energy cost and policies

Physical and cyber infrastructure

Access to capital, cost of capital, and robustness of capital market

Cost of workforce, availability of workforce, and efficiency of labor market
Cost of living, healthcare system, public school system, and choice of activities
Legal systems, regulatory systems, and administrative systems

Economics, trade, financial aspects, and taxes

Energy cost; energy availability and robustness; energy policies

Electricity, water, transportation, communications, and cyber infrastructure

Sy AR ] OB WSS AEFERE L. FCi% RO
DL B 45 5% YR8 5 R SRR it 32 ) AR Al

SR, TREEERMNLS, FPIEFESRGERE
5, RN S HARE 4 200 T B ANE, EcRLATRE 27 4
BE g ) B R AR AR o W SR A AR T R R M SRR R AR SR AL,
-4 EcRLAE NG AH Bt 7= AR AR 4k . K4EIR T EcRLIH]
=

R IRHE B F TR e I )RR (s AR B
1), xRLIHE 5 7= A 2 RS 1 25 G VA B R4
APE SR BRAS . BRI T B E R e &
FHEZE, WITRLAMMRL, JFididf# BcRLAIECRLY J&
SEE T LA KT

7. AR 1%

AT HE: (scalability) 7815 2 A (information
technology, IT) UM A7 730, JCHZBAF A
THER AT G . FETH R PRI, X AT G P
SE SR, TSR 2 B TAE, M ERAE AR
JEHIRE 1 [26].

AEXIT S, ST HAEITHR AR S AT 47 3G P [ ) 18 D
%, (HXFRATEME ST FHERERZ, WREA
WEFEIR R N AT T 2 B 7 ok i B AR I THOR B ] 97
B, WS =BT RAE T, MR IR AT
P AAE .

FATMELT A1 BERT BRI AT 43 1k

(1D Hi: Rg CEmEfE. PLesss) B TiFE
MIRE 1. B, AL SRR I 20m] 18 S 56 = AR il
2 gt K AE o 1% T2 75 W DA% b A5 DU [R5t & A2
KT 70 B YRR AN KA 2

(2) R &g (L2, Hlasds) HlE R E R
AL dh I E

(3) BefE, JEHRJUTRZRME: R4 (T2, Hl
A AL LB 7 il BE A AR T LT AAE (47 b R RE

(4) Thig: &g (IR, L&) PrAA ™ i
HAT LG 2 i il BE 2 DO RE A fiE

(5) RiEtE: KRG (L2, Plasds) KBk
ZHEVERIRE

(6) HiA: fERG IR, P& BAHE. K
N BIRE ThRETE. RIEPEAIAT YT REE S RE ) (1 A
b, VLS PR AR A PSRBT X B2

AT FE T F AR TH AR S8k T 7 J v (¥ 07
T3 T THT 5K 2 A5 i s 5 R T AR e M A ) B B Ik R
R

8.7 - F - M= A 1FIRE
7SR RS i SR = B T 3 R R R

VUK B B, AR AN 2 AH S I SR ALl
NEAERZR, JFE % 1 a0 U B8 a5t AR TR A
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BERY ) R GEHR RRE E 2 HAS . AR SE A B
4

WRIERAT AL, AF el T PO EE R BRI
SRIHU S CREARTHRR R 51D -

« PRGN —AREARNA, 1757 T

« IREUCRB/F TR, DB A Mg 0 T 37 S
LIS 5E A5 5

o Fefh B AT FREE K JE A 5 TR

o IRTF N AL OB FE AR BB s

o TN —ARBOR EB 7 2410 7 AR

o P A ARARPE BB A AU A H o s

« I EAEME AL, PASRAS A P R R BT
HEN

o SEBLSCBREBOAR ] R AR R o

PRI, ERFEEAREEEN, JFARPTH
23 ) FRAR I _ER 4 8 T MM H ik, (H R 2 HA w]
H A L3 8 TR U F8) — P A g FLad A

TEFRATTLR 2 b — 5 B it 18 A x RLEE AR AN B 6138 A i
B, JNAamdE o EAMMEENEEE, DN LT RE
JRBEREER . MRS, HAASTT ) (K2 M
RIESF ST AR ITRIRMS:, T Lok F 02k e
YU R F SR . AT UKL, xRLAHE ) o [A]
B> A 2 T, XS AR B = W SR BT R 2 A G
Ho WAL, FALSS A BRI “RIEE 7,

B et dliE TR (Advanced Manufacturing

1 4
N4 oW

Partnership, AMP) FrigHII[21], AMIEEAIF K K&
HBATER, AR ARIKERL R (public—pri-
vate partnership, PPP) WAAT]/b, Hordr, 735 [ E 5|
&L (National Network for Manufacturing Inno-
vation, NNMD 37 154Nl MLAET i 58 T (Manufac-
turing Innovation Institutes, MID) Hft2& N 1 SEIX A H
Fro FEIZIX 1538 b BH A 78 i 10 35 2 H AR L AE
=AM O AZ5E R E, QFERELER
Ji&; @WIFFAGTIBN 1. {EBESAIN, 14 ML 4
R (K5).

ERARER T, - MMIEEHE T T, =4
TEA PG S, = AN EREUS N FH AR B 2w O 1Hl, ik
BEAKREH TN ZEMHARTE S A B E
AR A o

BT 2 Bl ], xRLATE i o (6] 356 7 — B AT
Bug. W AREF MR T T2 PR AT
XRLAEZE & MITERPPP I R PR, H EE 50 R v ) 351
GrH) BT A7 BRTIEIG “ RERI RS 4.

AR AU RON (R H 22 5t L A ok B BU
I G R 25 AH DG B o 48R, A IR AR E FIVER)
AEBURF P IL = BARR ST AE /0 BC IR 30 H i 7, R
T AR 2 TR A BAS AR LA SRR IR BAHZ 5 P (1
SEREHIITTE] . AMPAINNMIAE F () 2 BAL AL A

A B H KSR AEE R4 4—501(c)(3) "4l
PROLE PSR, 1B SEAR N A R R A OCE 7

2

/ 10
- -

Engage—leverage—accelerate

Basic knowledge

Business case initiated

\ J
Y

What Missing middle Requirements
Why Valley of death Validation
How Market pull

Sector products

Business case validated

(Tipping point for industry partners)

J

1. Intellectual leadership
Basic research

Competencies

2. Translational leadership
Accelerated campus-wide synergy &
interdisciplinary readiness

J

Y
3. Development leadership
Commercialize innovative products &
services with industry partners
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Research field

America Makes

The Digital Manufacturing and Design Innovation Institute
Lightweight Innovations for Tomorrow

NextFlex

American Institute for Manufacturing Integrated Photonics

The Institute for Advanced Composites Manufacturing Innovation
PowerAmerica

BioFabUSA

The National Institute for Innovation in Manufacturing Biopharmaceuticals
Clean Energy Smart Manufacturing Innovation Institute

Advanced Functional Fabrics of America

Rapid Advancement in Process Intensification Deployment Institute
Reducing EMbodied-Energy and Decreasing Emissions

Advanced Robotics Manufacturing

Additive manufacturing and 3D printing
Digital manufacturing and design technologies
Lightweight materials manufacturing
Flexible hybrid electronics

Integrated photonics

Cutting-edge manufacturing technologies
Wide bandgap semiconductors
Regenerative manufacturing
Biopharmaceutical manufacturing

Smart sensors and digital process control
Advanced fibers and textiles

Modular chemical process intensification
Sustainable manufacturing

Advanced robotics
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