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ISO/CD 14649-12

Industrial automation systems and integration --
Physical device control -- Data model for computerized
numerical controllers -- Part 12: Process data for turning
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ISO 14649-111

Industrial automation systems and integration --
Physical device control -- Data model for computerized
numerical controllers -- Part 111: Tools for milling
machines
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14649-121

Industrial automation systems and integration --
Physical device control -- Data model for computerized
numerical controllers -- Part 121: Tools for turning
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ISO/IS ISO iRREIC K DIRIEFTT 5 FERDEBIEST 2004-06-07 | BED
10303-514:1999 | STEP Part 514, Application interpreted construct:
(E) Advanced boundary representation
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10303-27:2000( = STEP Part 27, Implementation method: Java

E) programming language binding to the SDAI w

Internet/Intranet extensions

ISO/IS ISO iRTEIC K DIRIEFTT 5 FERDBIRET 2004-05-26 | wEP
10303-207:1999 | STEP Part 207, Application protocol: Sheet metal die
(E) planning and design

ISO/IS ISO iRTEIC K DIRIEFTT 5 FERDBIRET 2004-05-26 | wEDP
13584-31:1999( | PLIB Part 31, Implementation resource: Geometric

E) Programming interface

ISO/IS ISO iRTEIC K DIRIEFTT 5 FERDBIRET 2004-05-26 | wEP
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4(E) and framework: General concepts
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(E) STEP Part 1, Overview and fundamental principles
ISO/DIS 10303-0056, STEP Part 56, Integrated 2004-05-20 @ ®m=
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ISO/DIS STEP Part 107, Integrated application resource: 2004-05-11 | iZE&d
10303-0107 Finite element analysis definition relationships
ISO/DIS STEP Part 55, Integrated generic resource: 2004-05-10 Eun]
10303-0055 Procedural and hybrid representation
ISO/DIS MANDATE Part 32, Manufacturing resources usage 2004-05-10 | &
15531-0032 management data: Conceptual model for resources
usage management data
ISO/DIS STEP Part 240, Application protocol: Process plans 2004-05-04 | i5E
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ISO/CD TS STEP AM Annotated Text Modules Package 2004-02-12 B Ed
10303-1001
ed2/1132/1136
ISO/NWI STEP Part 223, Application protocol: Exchange of 2004-02-06 | ZEd
10303-0223 design and manufacturing product information for
casting parts
ISO/FDIS Process Plants including Oil & Gas, Part 1, Overview | 2004-02-04 | i5Z&dh
15926-001 and fundamental principles
ISO/CD TS 2004-01-23 &\ Ed
10303- STEP AM Part Information Modules Package
1133/1134/1228
ISO/CD PSL Part 41, Definitional extension: Activity 2004-01-22 H{E&dh
18629-0041 extensions Definitional extension: Activity
extensions
ISO/NWI CD PLIB Part 12, Reference Dictionary for measuring 2004-01-22 H{E&dh
13584-0501 instruments—Registration procedure
ISO/NWI STEP Part 224, Application protocol: Mechanical 2004-01-12 | NWI (H{EX 18
10303-0224 ed3 | product definition for process plans using machining B) EUTES
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ISO/FDIS STEP Part 11, The EXPRESS language reference 2004-01-06 | &gy
10303-0011 ed2 : manual
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ﬁsg;%l.gom PSL Part 1, Overview and basic principles 2004-01-04 | DX/ HYERL
Proposal to revise SC4 Standing Document, SC4 2003-12-31 | =xi
Industrial Data Framework (SC4N1167)
ISO/NWI CD o 2003-12-19 | NWI &353R,
10303-0111 STEP Part 111, Integrated application resource: CD OXY e
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ISO/NWICD TS | STEP Part 203, Application protocol: Configuration 2003-12-12 . NWI &8,
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1285/1292/1357)
ISO/CD TS2 STEP Part 25, Implementation method: EXPRESS 2003-10-11 | OX YV ~MYERK
10303-0025 to OMG XMl binding
ISO/CD STEP Part 41, Integrated generic resource: 2003-10-11 = O XY +YERK
10303-0041 ed3 : Fundamentals of product description and support
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|1$5(5)g:1?,:s MANDATE Part 1, General overview 2003-10-01 XY/ HIER
ISO/NWI CD PLIB Part 511 Mechanical systems and components = 2003-09-30 ' NWI &R, $£2
13584-0511 for general use — Reference dictionary for fasteners CD ZE=E#S
ISO/DIS MANDATE Part 31, Resources information model 2003-09-17 | OXY MYERK
15531-31 basic principles
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PLCS Ballot Cycle 2 —Life cycle product extensions 2003-08-21 | &Rk
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2%26%%056 STEP Part 56, Integrated generic resource: State 2003-08-05  #=Ak
ISO/FDIS STEP Part 214, Application protocol: Core data for 2003-07-29 | OXY MYERK
10303-0214 ed2 : automotive mechanical design processes
ISO/DIS STEP Part 54, Integrated generic resource: 2003-07-06 | OX ~YERK
10303-54 Classification and set theory
Ballot package 2003-06-24 | &p¥
for ISO/CD MANDATE Part 42, Time model
15531-42
ISO/DIS STEP Part 227 Application protocol: Plant spatial 2003-06-23 | &Ry
10303-227 ed2 configuration
ISO/NWI STEP Part 219, Application protocol: Dimensional 2003-06-20 | EpY
10303-0219 inspection information exchange

SC4 Standing Document - Guidelines for the format 2003-06-20 | &Epik

and layout of SC4 standards using HTML
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13584-42:1998  PLIB Part 42, Description methodology:

Methodology for structuring part families
ISO ISO FRREIC K DIRIBFTT 5 FIROBIREY 2003-06-05 = f#sR
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WD, RO FEERANIC KX D8 LWEERIT & X 7 v 27— L ORER B A G D E 5
T LT, BEAMERKI Vv OB E TRICT2EOI 7 a 25— A O T - &
EHAN (Micromaking) DB FIREIZ 72 5,

@ BREE/a97 -nN47)y FERBEREHET S -ODERNESMHEET

BDHRE
PAEPE VAN G3RT-CT-1999-00060 (KA3) | BEXX=F : HYCOPROD
Jo Y bFE 5359552 ECU BORKEE : 3519500 ECU

ooz HER

2000-01-01~2004-04-30 (52 7 A)

A—TA4FR—F—: University of Sheffield, Advanced Railway Research Centre (Z[E)
SIHEE - Aachen University of Technology ( K4 */). Huebner Gummi - und

Kunststoff GmbH ([&@]) . Advanced Technologies Research Institute S.L.
(RARA ), Irizar S. Coop. ([@8). Ahlstrom Glassfibre OY (7 1 >
S > K). Anthony, Patrick & Murta — Exportacao Limitada (7RJL b7
JL) . APC Composits AB (X7 = —F ), Box Module AB ([a]) . Sicopm
AB ([Al). Ashland Italia SpA (4 % ') 7). Costaferroviaria SpA ([l).
D’Appolonia SpA ([R]). Fibrocom QY (7 4 >3 > F) IFOR Willoams
Trailers Ltd. (Z[E). National Technical University of Athens (F1) &
¥ ). Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk
(5 > #&). Peter— GFK SPOL. SrO (Fx 2a). Riga Technical
University (5 k E 7). Universita Degli Studi di Perugia (4 2 1) 7)

RUITEPEREMNER L CW DB, BEXE/ ay 7 lEEfiofz v A » FHEE DS A A]
BETH HNICH D, HYCOPROD (X, ZDRIOT-dDT Y 27 N ThD, OB
BHLE TRA2HEGEV AT AMCEATDHIE T, B/ avyZ7BHEEZHWEY Y RA v F ik
DEBZHEL TS, ZOFBEREZ KEBEICEATEDLE, NAR R —T— &
WA T F—REZINEZFHTL2ZLNTE LRI D,
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® MEHAOHEIBERRICETIET) VT E8ERMTORE

Jovzy +ES:

G4RT-CT-2000-00217 (KA4) | BB : MMFSC

Jovzy +FE

5359552 ECU BORKEE - 3519500 ECU

Joozy MR

2000-03-01~2004-02-29 (48 h A)

O—TA4R—F—: Industria de Turbo Propulsores SA (R XA >)
SINBEE - Aachen University of Technology ( K4 ). MTU Aero Engines GmbH

([A). Aeronautical Research & Test Institute Ltd. (= 3). Brunel
University (¥[E) . Ferroday Limited ([&]) . Heriot-Watt University (&) .
QinetiQ Limited ([E]). The Welding Institute ([&). University of
Nottingham ([&]) . University of Southampton ([&) . Fundacion Robotiker

(AR A ). Fundacion Tekniker ([&). Queen’s University of Belfast

([R]) .Rolls Royce plc([@) . Universidad de Cantabria (&) . Groupment
d’Etude et de Recherche pour les Applications Industrielles des Lasers
de Puissance (7 5 > X). SNECMA Moteurs SA ([E]) . Lulea University
of Technology (X7 =—7 ). Volvo Aero Corporation AB ([&])

<[FA7vv=Z MIELTEMENFITARI N TWH RN, >

Q FINCEDEHOREY—ILEREEFS-EHIRISA K

Jovzy +ES:

G1RT-CT-1999-00009 (KA1) | BEEX = - IMPETUS

Jovzy +FE

2376988 ECU BORKEE - 1329849 ECU

Joozy MR

2000-01-01~2002-06-30 (30 1 A)

O—TA4R—F—: Multimedia Software GmbH Dresden ( KA V)
SNKERE - Anger Anton Gessellschaft MBH (#—X k) 7). Profactor

Produktionsforschungs GmbH ([&]). Universitaet Stuttgart ( K4 ')

IMPETUS 71y =27 NOHWIEL, TATT7RA /= a U EERM U CH L, Hif
FLyv Rty GHEE) O=—X% KM L 7= 80 CletEr 2 il O T — e
ZRAIT D720 OIEBN A FHET 5720 D, EFHLOE T R e/ Me¥Er RrExt g &
DFERY =NV ERMET S 2L THD, IMPETUS DFEE Y — UL, TATThbHA I
—va VEBOFEE TO T B ADT-OMMERSCEBEE T S ERE LD, O/
BIZEREINT T4 7 _X— 9 VEH ) U4 (Innovation Management Scenario) | 7%, A
RYBLE-CHAR A 22, TEmSBEINI 2 AT 5, 2 Y=y T AZEY Va—a .
TanAE =3t el a = —va v iV ) a—vary s e X — 1 1o
AHNREERNSBMLTWS, £/, Tuo =7 FORBEMAE U CHELIT ) EER
DIJTN—T ZikiE, JERL TV, FEREREME LTI TO b DORMGFTE D,

o A JR—T g UER (IM) OXRF~v—7 « AXT ¢
e IMOLTZF7L YA -FEF)L
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o IMODFERwmNY RT v
o HURNEERIT IM Y — & TH/NMEEDOFHGRARER A / X— 3 Y OEE L] OE

Pk

SHEIREANE (CFD) OEXRKREIZETSI94 ) T4 EEBREDEHDT—I Y

k—%

Jovzy +ES:

G1RT-CT-2000-05003 (KA1) | BEXX=F : —

Jovzy +FE

1949245 ECU BORKEE - 1761829 ECU

Joozy MR

2000-05-01~2004-07-31 (51 1 A)

dA—T 4 F—4—: Vrije Universiteit Brussel (RJL¥—)
SRS - AEA Technology GmbH ( K« ). Fachhochschule Niederrhein in

Krefeld ([&). Martin-Luther-Universitaet Halle-Wittenberg ([&]). MTU
Aero Engines GmbH ([&]). Rolls-Royce Deutschland Ltd & Co. KG
(E). Universitat Karlsruhe (Technische Hochshule) ([&). Alstom
Power Technology Ltd. (X4 X). CFS Engineering SA ([&). Sulzer
Turbo Ltd. ([@E). Sulzer Innotec AG ([R]). Alstom Power UK Ltd. (&
[El) . Computational Dynamics Ltd. ([&) British Nuclear Fules Plc ([&) .
Fluent Eurepe Ltd. ([F]). HR Wallingford Ltd. ([&). Health and Safety
Executive (HSE) ([]) . Magnox Electric plc (&) . Mott Macdonald Ltd.
(R). Ove ArupPartnerships Ltd. ([&]). QinetiQ Limited ([]).
Rolls-Royce Power Engineering Plc ([&]). Royal Military College of
Science Cranfield ([F]). Secretary of State for Defence — Ministry of
Defence ([E]). University of Southampton ([&]). University of Surrey
([@). WS Atkins Consultants Ltd. ([@). Centro Italiano Ricerche
Aerospaziali S.C.P.A (£ %2 1) 7). University of Rome “La Sapienza”
([A). Commissariat a 'Energie Atomique — Direction des Reacteurs
Nucleaires/Direction de I'Energie Nucleaire (75 > X). Electricite de
France ([&). Regienov — Renault Recherche et Innovation ([&]).
SNECMA Moteurs SA ([R]). Societe Nationale des Poudres et
Explosifs SA ([R]). University of Florence ([]). Institute of
Thermomechanics — Academy of Science of the Czech Republic (F
). International Centre for Numerical Methods in Engineering (X R
4 ). National Centre for Scientific Research ‘DEMOKRITOS’ (F1)
< %) . National Technical University of Athens ([&]). Numerical
Mechanics Applications International S.A. (N)L¥—). Technical
University of Czestochowa (7R—3 > F) . Vattenfall Utveckling AB (X
DI—T V)

FHREIRIR % (CFD)

(3. FEARTHINETE D DRI EEREA~DIEH~E RS S/ b /3T 7L

RLAEM O 1 oL e D THEMENR B D, CFD A E NI 0 O & 22T RGNS 5
—H T, HRIZP->TNDEWI BAFbH D, LaL, EECS EISHTHITITHER
WZHE L WEIRTCH DR TITAMDR —H L Tn5, ZiudE s LTEEM CFD 2ARMO 578
ThiHizd, ZHEEK, AFBFEOERHE RO I 2282 VENPHLNLTHDL, 20
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T~y bU—271%, OB EINE, Rk, BEL, XA NT T T 4 2D A
RIA VRIS TR E ., T —F R—AZ B AALTHHESN—A L L TERIEDH L
ZHELTWD, BBAICIZZNEX—A L LT, CFD %% OG- oy —icL
E2E9T2b0THL, ELBFOMFICBIT LR 2SI L, FRNICZ OFE:-
0 EMHD LD ORIIET Y 27 NOBREEFIZEEZFRL LOTH D,

@ BREMNES A ITHAILEH~RENOY—ERETOIA THA VIR T L

ooy hEE G1RT-CT-2002-05066 (KA1) | BBX=F : —

Jolzy +FE 2002991 ECU BIRIEE - 1401160 ECU

Joozy MM 2004-04-01~2006-03-31 (48 7 A)

O—T 4 Rr—3F—: SAT - Osterreichische Gesellschaft fur System- und
Automatisierungstechnik (#—X k1) 7)

SNkERs - Apple Computer International (75 > X) . Ecole Nationale Superieure

d'Arts et Metiers - Centre de Paris ([@). RNC Conseil S.A.R.L. ([&]).
Schneider Electric S.A. ([&). AROEW- Gesellschaft fuer Arbeits-,
Reorganisations- und Oeko (k-4 *V). Conti Temic Microelektronic
GmbH ([E]). Cottbus University of Technology ([E). Fraunhofer-G
esellschaft zur Foerderung der Angewandten Forsc ([&]). Motorola
GmbH ([E]). Sony International (Europe) GmbH ([]). Universitaet
Stuttgart (F]). Bay Zoltan Foundation for Applied Research (/N> 7#

1J—). Szinva Comp Organizing and Computing Service LTD. ([R]).
Becom Burgenlaendische Elektronik- und Kommunikationsysteme (#
—X k1) 7). Divitec Projektentwicklungs GmbH ([&]). Reuse
Elektro(nik)produkte- und Bauteileverwertung GmbH ([&]). Electrolux
Research & Innovation AB (X =—7 >). IVF Industrial Research
and Development Corporation ([7]) . FEBE Ecologic — Studio Associato
di Consulensa e Formazione (A % ') 77) . Foundation for Technical and
Industrial Research at the Norw (/ JL™2 = ) | Fujitsu Services Limited

(#[E). General Domestic Appliances Ltd. ([E]). Matsushita
Communication Industrial UK LTD. ([&]). Proactus LTD. ([&]). Shipley
Europe Limited ([&]) ., Surrey Institute for Art & Design (&) . Fundacion
Gaiker (R RA 2). Indumetal Recycling S.A. ([&). Philips Consumer
Electronics BV (35 >4)

ECOLIFE II iX, & - XA @@&#%ﬁ~txif@747ﬁ47w IR EE L
HODOT, =7 "=V AEXBIOCHBHEEEICBITD, A —T—bHENA—D
VAR PR, %Lf%%&%l%%if@f%7v4% DB ——
t1747#47w@éiéi@&ﬁfﬁﬁﬁéo_@x/hv 7 OFEE# & LT
BTV A L OREE RS LORRE ., R, VY- X AT AEHICEREZE,
ECOLIFE II 13423 20 t1: & BFZEREEE 10 BERH DFE 30 D/ 3— M =32 L TR Y | BN RCE
BAEAE LR, SESER Ry N —ZIZB W TEENZEZ R L TND, 2D
:ﬂ%ﬁ¥'%%®0@ﬁbﬁﬁmmﬂEH@ﬁ%%NXF77774Z&LT%ﬁ®¢
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IIMEZERZ DA OBEBZBER T D ERICER ICHE R ER L2 D,

EUNTITET - BRESLORIEICK 220 TAD AL B> T3, Zhb o,
DAFEMIFE BIX 4,500 B2 — 2 CDIEY . ZAUTHERTTHO 30% % HD 5, 20K 9 R RKHE
FE 72 RGN X MARIZBRBEIZ N DDA X7 N B2 508, TORLEERLOD
1Oo0F, HMICE LML L RDEF - BXESBOENER 1L TH FAIDELZETH D,
ZD XD BEE T - EXELEL (Waste from Electrical and Electronic Equipment : WEEE) (X E
UBNTHR BN L TWLEEND 1 DTHY ., TOREIIMONOPSIERE & HeiTi

E4 1% 10 FELNICEHET 5 &0 ) RIS TV 5, WEEE (3, BEAL R D) 72 JUBE % it <
mirhuRfaEE KIETWHE E ST,

@ ES2a WIS T—FTIOFY

Jaszh FES . G1RT-CT-2000-00298 (KA1) | @BX% = - MPA

vy +FE 4970603 ECU B RKEE : 2647171 ECU
PAEPZE AR 2001-01-01~2003-12-31 (36 7 A)

A—T 4 F—H—: Aachen University of Technology (KA V)

SIHEE - Aachener Demonstrationslabor fuer Integrierte Produktionstec ( KA

) . Becker GmbH ([F]) . GIP Gewerbe-und Industriepartner GbR ([@]) .
Robert Bosch GmbH (@) . BEHR Lorraine SARL (7 5 > X) . Certicon
A.S. (Fx3). Computer and Automation Research Institute —
Hungarian Acade (/\>#'!)—). Katholieke Universiteit Leuven
Research and Development (~)LF—). Picanol N.V. ([@). National
Research Council of ltaly (4 % ') 7). Technology Transfer System
SRL ([E]). Robert Bosch Espana Fabrica Treto S.A. (ARXA >), S.C.
Wittmann & Partner Computer Systems S.R.L. JL—<=7).

WHAEOBRGEFE¥IL, 350 L~ULTHRIGOELZHE BTV 5D,

1) B %ﬁ——%M@éiéi@mﬁ ZBWT, HEOREY A N EELOW LWEE
DERIZE Y | BFEOEAELFERICKT L TRENMEL TS, A7r Y7 ME, E
ﬁkk%k@ﬁﬁ@ﬂﬁ%ﬁ%ébﬁt\ﬁﬁﬁﬂ@%ﬁ%%%ﬁ%&#éo

2) THMfE— NS OBREIEHT S 2 L3, THOMICB O TH iz 7= 57,
EVa—/HLENTT —F T 7 F IR CTHRERa B N ThHDH, TR
T/ FTIE, Zoare T MEMINBERISHT A Z L2 RIEE T 5,

3) 79 bz =7Y 7 (PE) N=F XU T VT 475 EDORFHREATILE

MERKE T 7= 7 OfERE N LSE L0l L-TETHD, A7ar=7 b

A7 4 FXalb—vaHEEEYV 2 LBLUOERaAY hr— L E YV a— L E HEELT

Do
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(3) E6XIL—LD—-TOTS LTOERMEHS

BowR7L—LU—r7ur 7. (FP6 : E#i 2002 4£~2006 4=, 7272 L 2002 4
FYEHARIC H725) 252002 4 12 HO 70y =7 SO 1L IRNERIRRIC LY A Z— R L
7. 2004 AE2 ABE, 1 RAETRIIN KM 7 2 ¥ 27 N OWREIZHNT T2 W0
D S5 & FRFIZ, 2003 423 ABIEKR, B2RAFEOT 1Y =7 MERERGDU Y 382
ZTCND, %7z h~ORLR E D 2003 5 2006 £ £ TO 4 EMOBRTREIL 175
Bx—mThd, FPIISHEERORTEBEOMA TH D72, EEMITEELIZHE O
KBDOTIEHROD, T —~ T L IBINE E O IerER N L[/ e 2w 5720, 22T
DREREIIERA BT 7 7 7 FEMEC O N> T ATREE L E 2 615,

@D FPEDHEHETE

F P 6 DEEOERIILLFDO L 91272 ->CTEY , BUERAEINEEIIFE 1 Ve vy s o T
—<~TIAFVT4D3] O [F )T/ ao—bF ) A X, FpkFamLiies
M. #iilE 7o 2B LI OT A, A ICEENDZ LIk o7-, FP 6Tk ERA (BRMAF

JEHE) DOMESLNEIRZ B LT RERAREL > TV D,

MONIZ BT BAaFZEO# AL (P : 133 /54,500 H~—n1)

1) E17uvy

F P 6 2B AR MM IR ORLERDHDT, TONEIE [T—~FF7 44
T4 (BT —~< k) | & TAFFHOMIT DB IC e D REBINEEY ] ORI TS,

T=~TIAFVT 4 (PH: 112{£8,500 T ~—nr)
FPODOHFELERDT—~TTAF VT AIZLLT D 7 OOMET — <2300 TW Db,
e FATHAT LA T ) NFBILOMEEDONSNA AT 7 s ay—
o fHWASHI
o ST IIuT—bF YA A HRRIER S HEESEM . FE T nERB K

HERERBE OB B L O a v AT A
BiFsHREE T RF A

JREPH OGS BFIZ D7 DFFHITES) (PR : 13 {82 —1)
ZOMEBIZITIU T O 3507 —<NEENTWND
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o BURSCHR & LR = — X~ OIS
o /T E e @A IE
o [EBREIH ) % Sz D iEE)

2) #27my 7 ——ERA (BINHFIEHI) #EMEORE (P52 26 8 500 T — 1)

RINIZ 31T D IFEISENC Sl T A ENI RO BEL H & LT, 2 TOMET —~H
IR T AIEENEITS, T—~ 7 744V T 4 TS TE RV —N RSB BIT 5
AN DERMIEA 7 THBOREFELRRLE LTS, FiedD 45T,

o WL A ) RX—a v

o ANMEIREZOFEME(~ Y — « F=2— U —I5HE)
o WA LT T

o Bl Llit

3) 37 v/ ——ERA oM  (FH :3{£2000 F>~—n)

ERA Ot s b3 2 B9 TN ECHkFs L OE U & & RN B (COST, EUREKA,
CERN. EMBL %) D4 L~ULIZBW T, WHEEEICHIIE L A/ N— 3 VBURICOWTH
HEOWHEREZFEDHEIRENEOND LT HE0OMEEITY, F3 71 v 71X
KD 2 DOIEIITHT HiLd,

o WFFEIRENH OFHEEL LS
o BAMEDIH HWITE « A ) N—3 3 VBUROBRSE

4) R X—  (PHE :9{Z4000 1 —n1)
TRLD 4 DDOZBFITSHT HILTW S,
o BRI A = XL ¥ —
o HURMEBESE O E B
o BB IRE
o TOMDIF T A & = DR ENED ST BF ORFIEIEE

5) EUOYaA vk UH—FErZ— (JRC) (FH :10{E 5,000 F=—m)
JRC IZIERMNEZEE S D JRC #R & ZFDORETIZH HDMFEFTN OB S L, FEREHIZEU
BRDONREERBICBNTHINERE S XE, BLOBEETLAHERBOEBTH D, £

Tz, BUFHEREC RS 8 b OEFENIEY — E A DIE0, E UMZEKE O Pl & 72 -
THEEMBANDBICRBIT 28y FT—7 OWEEZIT> T\ D,
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@ T7—<T344UT+43] OEBNEFE, EFHFR

HW & TH

ARDT =<7 I A4 F VT 4 3IFRDAT—<IIHTFoNTEY, YRIZT—~F T4
FVT 4D 124 8,500 F=—udDHhH BfEg2—anFH S Toh, 7—~7 744V T

WZEOLEEIL11.5% TH 5,

o T I BY— F P AR

o IR EERESR A

o HIET mEABLOT /A R

o L3N EMATHT —~

TIAF VT 4 30T Yy MOFAKRN L B, ik CREICO S LW EE
NOEHRAMERI 0T ) 77 7 mo— BUERIN, HWREAN, S AT 7 o nY—R L
ERATHHETEDDLZ LICHD, ZOT—~THkEZT570Y =7 MIILULTFO
RINKRDOBEND,

o FT IR S LD A A R LRI 2P SeBR R A 35 2 &

o PEXEMT ORIV (BREE, fEFE, =3 X— EH. ZE - dl. 1B - &/
o, B e ths) ARz &

o THMEFIITATHA I NI HIEASLTH I L

o WFEFEME M, MM, BB, Bl B, BEEMET b0 THLHI L

KT —~OHMIZONWTIE, 7RV =7 NOAREIChHT-TARINZ [TV—7 - 1
77 I (Work Programme) | (/R SV TCWAH N, THELE T o 2B LT A X 2o
TIERDEY ThH D,

FHEER) - B - HANPIBRR ORI ES & | i -oHilE 7 n 2 Fith—e 2 &3
BIo-0oFilEar v 7 NEEDILENRD D, T O HEE, BN ESEE ik
BICAIMIMEAS B 0 . Bi4 T & Bt mTREME DO m W ER ISR T 5 Z L ich D, 207w
NREVIR T A T A I NV HFFORRGEE « 80E - R « U AN —ZRERY — V5% O
PEFET AT MTERMET 2 LRIREIC, NEEHY - SMESI 72 22 X R AHIR L . T o fEiit &
BHT 5 ENEEL 2D, WUREENE T AOEER RS T, IR E 1
R—=ya v EXETDHIENRDOND, FREIE L ELEROW I EZEH L, BRI L~
JVORFSERGE DR L G o EE BEET 12010 Fofls ] OFEAR & 72 D EER R
EEIHTHE T 0 27 NEEITTORLERD D, ]
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(Network of Excellence = NoE)| 73& %, EIHERNO DA AL A L3RRI HEEWFSE
7'mY =7 k (STREP). ##{EH) (CA). Fril>cBEE) (SSA) . "/ NMEZERRRIbIZE 7 1
V7 b WA T T HEINEE), vV — s Fa— U —{FEIRHD, ZDOL [T—=
TI7A4A YT 4 3] TIEI P, NoE, STREP, CA, SSA R & TW%, I P& NoE (%
UTOEIITERINTND

e AT Y =/ (1IP)

RMNZAFET D RHEEITEIR 28 B L <, MINOBEG )i b £ 713t S E
PEomWRIEERIE 2 BT, ey POMBETIX, =7 L A0EWHE
IR D JEBRIC E DO BINEF— 2B T N—T L LTHRETDEE LD, #
wEnd7 ey =7 FOIEBNFILEmEE) & U CHICER S v, e
B LOELEDIZN, A ) X—2 3 ML SRFITE W HROE R - 5K - Bk

OFTHE, BT D BT O o &R, MFFEE OAFIMICE T 2R EREER
TWD, BRI IHFZEBHRE TR DR K 50% T 7 E A b Lb—=3 3 T3 K 35%.

REDIFELa L =T 2D~ 3T A MM EREDOIEETIX 100% £ TR
bbb, 2— LA, BMNEERITOHINERE RG22 P LLET2IENOEREZIT D
ZEMTEDHZMMENTEO LN TND,

e T/ kLA Xy NU—27(NoE)

N E oM L~ VISR T D PR O m MR RRE D A R B Tl ik b
T—74bd 52 W, Xy NU—=IAETY VT 4 IV~ A&z S ERE A
L., R OEE LR O oM EAEBT 5, xRy T —27 Ok T
I E R DHIR 7V — T 2R L LT, 2 DFEBEIZEDMOSINE 7N — T % AF
T 2HETa =T Al %, ZMEHERTIT b o ek S Lok
FEDIEN, EBETIHRZE S AT LOIE, MM, A > 7 7 Hg o L EIBAFE & F
A, RO FREHE EIEHB IS 2 RX— g MR, FREEOHEBIE. v b
U — 7 TR LT IEB SRR AR O K MBS IS T DB AT X D He i
HHFO XK EOIEE R TOND, BIEiEry bV —7 OEGORELEZEZE L T
RIE S, FRER EICL > THEDb->TL 5,
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WTHBENREINTWE, ZOHFT FRET o XBIOT N, X 12250 TIE, IR
DOEOITFHHINTWS,

(i) FHWET o v ABIOFRTA TV V= hRRES ZAT LD

BRM CIE, JEk 8B Th R F ~ A RENTAEPERY AT DMCEE AT 5 2 L 211
L, "= U7 VT My =TT ThR]RETFTOET D N2 0k x e k%G
e RR 1B N D EPES AT A ERET DI EBNE Lo TS, EROEER T X
—Z PN EL DB X —TIRIEWA J _X— 3 Ui sk, TtHR%E2Y — K
THEGREEAFICR D) L) U ARCEUEMEHE (2000 4E 3 H) O HES THF5E
BIRE % GDP 3 %28l & EF5 ) Lo bk nF EUEMEH (200243 ) OHE
(2 = THEEG ) OBfL & HFFERRRE~ D RFE O R & ks BIE L 5,

2003 FEANEDT —~
o T TV Y= XU FEM AN — A LT E
o L < AV RIERR R - AR T OV OS2 TS~ A
o HMUEWTICKITS THikzI2=T 1] ORI
o TERD HHFFEIIFE DREA TRV BB IS T B BT 72 AR RIS H S0 T2 I i
dh e Y B ADBNE SR

(i) YATLYY—FLfERtEoar tr—

Bl R PEZETFIE, B OM L, BROMHEHRZ®E LT T, fiE - ek A X7 A
DOFHGE ATREMEZ oD, BREEOHEFE A~ D B A BIHEICHIIN T 5 Z L IZEINA =BT 5 2 &2
HETHD, FeraersEz B, G2 CRBRICET 227 44
APROHNTERY, HFkEER - T4 7 A 7 VAT T o —F|THERTHI0LERND 5,

2003 ERNFEDT —~
o BREMZERS TEMERMIER) (TR HIER « K& TERENRO m\WEGE o iR 72
firidf
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Uh EBLES X T ML, TA 7 A 7 VB WETER L R bR NHY AT VY
T U ARENTE RN F—& T A NI, BN - IFREDR RO OGN TS, O oRi
e HEIFEREEDREN—ACT D2 L aREL, Bl - Y e X - ER AL N
—TaryOFil-iea e MERIBE LRITIZR 20,

2003 FENEDT —~
o [/AJE - - & OMAREBROMmA(L
o [RIFEDR omE

2) WNEDARFY a—)VETH
2002 H 12 A 17 BIZHEET2FHB1IIRAET [T—~T 744V T 03] DAY a2—)b
ETPRIZLLTD X 927> Tz,

(1) BAFE1—T—~TT7A44V T 424K
o TV MEROKEDEIY 1200343 H6 HIZI PENEDOT Y= ~, 2003
F4H 10 HiZEomo7a =7 b
o TR :4fE2—1 (2{F6,000 F—1 I P& NoE, 11{& 4,000 71— 1273 Df)

(i) BNE2—TFT—~TTA4FVT 12 LOARFRRNE
(T =<7 744 VT 1 2] OFRESEN (IST) L OARFAZET, 2010 FOHE -
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BTERE 1: 1SO TC184 BIE D HTHE—&

Standards and/or guides of

TC 184

Industrial automation systems and integration

ISO/TR 10450:1991

ISO 11161:1994
TC 184/SC 1
ISO 841:2001
ISO 2806:1994
ISO 2972:1979
ISO 3592:2000
ISO 4342:1985

ISO 4343:2000

ISO/TR 6132:1981
ISO 6983-1:1982

ISO 14649-1:2003

ISO 14649-10:2003

ISO 14649-11:2003

ISO 22093:2003

TC 184/SC 2
ISO 8373:1994

ISO 8373:1994/Cor 1:1996

ISO 8373:1994/Amd 1:1996

ISO 9283:1998
ISO 9409-1:1996

1SO 9409-1:1996/Cor 1:1998

ISO 9409-2:2002
ISO 9787:1999
ISO 9946:1999
ISO 10218:1992

ISO 10218:1992/Cor 1:1994

ISO/TR 10562:1995

ISO/TR 11032:1994

Industrial automation systems and integration —— Operating conditions for discrete
part manufacturing —— Equipment in industrial environments

Industrial automation systems — Safety of integrated manufacturing systems ——
Basic requirements

Industrial automation systems and integration —— Numerical control of machines
—— Coordinate system and motion nomenclature

Industrial automation systems — Numerical control of machines — Vocabulary
Numerical control of machines —— Symbols

Industrial automation systems —— Numerical control of machines —— NC processor
output — File structure and language format

Numerical control of machines —— NC processor input —— Basic part program
reference language

Industrial automation systems —— Numerical control of machines —— NC processor
output —— Post processor commands

Numerical control of machines — Operational command and data format

Numerical control of machines — Program format and definition of address words
—— Part 1: Data format for positioning, line motion and contouring control systems
Industrial automation systems and integration —— Physical device control — Data
model for computerized numerical controllers — Part 1: Overview and
fundamental principles

Industrial automation systems and integration —— Physical device control —— Data
model for computerized numerical controllers — Part 10: General process data

Industrial automation systems and integration —— Physical device control —— Data
model for computerized numerical controllers — Part 11: Process data for milling

Industrial automation systems and integration —— Physical device control —
Dimensional Measuring Interface Standard (DMIS)

Manipulating industrial robots —— Vocabulary

Annex B —— Multilingual annex
Manipulating industrial robots —— Performance criteria and related test methods

Manipulating industrial robots —— Mechanical interfaces —— Part 1: Plates (form A)

Manipulating industrial robots —— Mechanical interfaces —— Part 2: Shafts
Manipulating industrial robots —— Coordinate systems and motion homenclatures
Manipulating industrial robots —— Presentation of characteristics

Manipulating industrial robots —— Safety

Manipulating industrial robots — Intermediate Code for Robots (ICR)
Manipulating industrial robots —— Application oriented test —— Spot welding
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ISO/TR 11062:1994

ISO 11593:1996

ISO/TR 13309:1995

ISO 14539:2000

ISO 15187:2000

TC 184/SC 4

ISO 10303-1:1994

ISO 10303-11:1994

ISO 10303-11:1994/Cor 1:1999

ISO/TR 10303-12:1997

ISO 10303-21:2002

ISO 10303-22:1998

ISO 10303-23:2000

ISO 10303-24:2001

ISO/TS 10303-27:2000

ISO/TS 10303-28:2003

ISO 10303-31:1994

ISO 10303-32:1998

ISO 10303-34:2001

ISO/TS 10303-35:2003

ISO 10303-41:2000

Manipulating industrial robots —— EMC test methods and performance evaluation
criteria — Guidelines

Manipulating industrial robots —— Automatic end effector exchange systems ——
Vocabulary and presentation of characteristics

Manipulating industrial robots —— Informative guide on test equipment and
metrology methods of operation for robot performance evaluation in accordance
with ISO 9283

Manipulating industrial robots —— Object handling with grasp—type grippers ——
Vocabulary and presentation of characteristics

Manipulating industrial robots —— Graphical user interfaces for programming and
operation of robots (GUI-R)

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1: Overview and fundamental principles

Industrial automation systems and integration — Product data representation and
exchange —— Part 11: Description methods: The EXPRESS language reference
manual

Industrial automation systems and integration —— Product data representation and
exchange —— Part 12: Description methods: The EXPRESS-I language reference
manual

Industrial automation systems and integration —— Product data representation and
exchange —— Part 21: Implementation methods: Clear text encoding of the
exchange structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 22: Implementation methods: Standard data access interface
Industrial automation systems and integration — Product data representation and
exchange —— Part 23: Implementation methods: C++ language binding to the
standard data access interface

Industrial automation systems and integration —— Product data representation and
exchange —— Part 24: Implementation methods: C language binding of standard
data access interface

Industrial automation systems and integration —— Product data representation and
exchange —— Part 27: Implementation methods: Java TM programming language
binding to the standard data access interface with Internet/Intranet extensions
Industrial automation systems and integration —— Product data representation and
exchange —— Part 28: Implementation methods: XML representations of EXPRESS
schemas and data

Industrial automation systems and integration —— Product data representation and
exchange —— Part 31: Conformance testing methodology and framework: General
concepts

Industrial automation systems and integration —— Product data representation and
exchange —— Part 32: Conformance testing methodology and framework:
Requirements on testing laboratories and clients

Industrial automation systems and integration — Product data representation and
exchange —— Part 34: Conformance testing methodology and framework: Abstract
test methods for application protocol implementations

Industrial automation systems and integration —— Product data representation and
exchange —— Part 35: Conformance testing methodology and framework: Abstract
test methods for standard data access interface (SDAI) implementations
Industrial automation systems and integration —— Product data representation and
exchange —— Part 41: Integrated generic resource: Fundamentals of product
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description and support

ISO 10303-41:1994 Industrial automation systems and integration —— Product data representation and

exchange —— Part 41: Integrated generic resources: Fundamentals of product
description and support
ISO 10303-41:1994/Cor 1:1999

ISO 10303-42:1994 Industrial automation systems and integration — Product data representation and

exchange —— Part 42: Integrated generic resources: Geometric and topological
representation

ISO 10303-42:2003 Industrial automation systems and integration — Product data representation and

exchange —— Part 42: Integrated generic resource: Geometric and topological
representation
ISO 10303-42:1994/Cor 3:2001

ISO 10303-43:2000 Industrial automation systems and integration —— Product data representation and
exchange —— Part 43: Integrated generic resource: Representation structures

ISO 10303-43:1994 Industrial automation systems and integration —— Product data representation and

exchange —— Part 43: Integrated generic resources: Representation structures
ISO 10303-43:1994/Cor 1:1999

ISO 10303-43:1994/Cor 2:2000

ISO 10303-44:1994 Industrial automation systems and integration —— Product data representation and

exchange —— Part 44: Integrated generic resources: Product structure
configuration

ISO 10303-44:2000 Industrial automation systems and integration —— Product data representation and

exchange —— Part 44: Integrated generic resource: Product structure configuration
ISO 10303-44:1994/Cor 1:1999

ISO 10303-45:1998 Industrial automation systems and integration —— Product data representation and
exchange —— Part 45: Integrated generic resource: Materials
ISO 10303-45:1998/Cor 1:1999

ISO 10303-46:1994 Industrial automation systems and integration — Product data representation and

exchange —— Part 46: Integrated generic resources: Visual presentation
ISO 10303-46:1994/Cor 1:1999

ISO 10303-46:1994/Cor 2:2002

ISO 10303-47:1997 Industrial automation systems and integration —— Product data representation and

exchange —— Part 47: Integrated generic resource: Shape variation tolerances
ISO 10303-47:1997/Cor 1:2000

ISO 10303-49:1998 Industrial automation systems and integration —— Product data representation and
exchange —— Part 49: Integrated generic resources: Process structure and
properties

ISO 10303-50:2002 Industrial automation systems and integration —— Product data representation and

exchange — Part 50: Integrated generic resource: Mathematical constructs

ISO 10303-101:1994 Industrial automation systems and integration —— Product data representation and

exchange —— Part 101: Integrated application resources: Draughting
ISO 10303-101:1994/Cor

1:1999

ISO 10303-104:2000 Industrial automation systems and integration — Product data representation and
exchange —— Part 104: Integrated application resource: Finite element analysis

ISO 10303-105:1996 Industrial automation systems and integration —— Product data representation and

exchange —— Part 105: Integrated application resource: Kinematics

ISO 10303-105:1996/Cor
1:2000
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ISO 10303-202:1996

ISO 10303-203:1994

ISO 10303-203:1994/Cor
1:1996

ISO 10303-203:1994/Cor
2:1998

ISO 10303-203:1994/Cor
3:2004

1SO 10303-203:1994/Amd

1:2000
ISO 10303-204:2002

ISO 10303-207:1999

ISO 10303-207:1999/Cor
1:2001
ISO 10303-209:2001

ISO 10303-210:2001

ISO 10303-212:2001

ISO 10303-214:2003

ISO 10303-216:2003

ISO 10303-224:2001

ISO 10303-225:1999

ISO 10303-227:2001

ISO 10303-232:2002

ISO/TS 10303-304:2001

ISO/TR 10303-307:2000

Industrial automation systems and integration —— Product data representation and
exchange — Part 201: Application protocol: Explicit draughting

Industrial automation systems and integration —— Product data representation and
exchange —— Part 202: Application protocol: Associative draughting

Industrial automation systems and integration —— Product data representation and
exchange — Part 203: Application protocol: Configuration controlled 3D designs
of mechanical parts and assembiles

Industrial automation systems and integration —— Product data representation and
exchange —— Part 204: Application protocol: Mechanical design using boundary
representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 207: Application protocol: Sheet metal die planning and design

Industrial automation systems and integration —— Product data representation and
exchange — Part 209: Application protocol: Composite and metallic structural
analysis and related design

Industrial automation systems and integration — Product data representation and
exchange —— Part 210: Application protocol: Electronic assembly, interconnection,
and packaging design

Industrial automation systems and integration — Product data representation and
exchange —— Part 212: Application protocol: Electrotechnical design and
installation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 214: Application protocol: Core data for automotive mechanical
design processes

Industrial automation systems and integration —— Product data representation and
exchange — Part 216: Application protocol: Ship moulded forms

Industrial automation systems and integration —— Product data representation and
exchange —— Part 224: Application protocol: Mechanical product definition for
process planning using machining features

Industrial automation systems and integration — Product data representation and
exchange —— Part 225: Application protocol: Building elements using explicit shape
representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 227: Application protocol: Plant spatial configuration

Industrial automation systems and integration —— Product data representation and
exchange —— Part 232: Application protocol: Technical data packaging core
information and exchange

Industrial automation systems and integration —— Product data representation and
exchange —— Part 304: Abstract test suite: Mechanical design using boundary
representation

Industrial automation systems and integration — Product data representation and

96



ISO/TS 10303-324:1999

ISO/TS 10303-325:2004

ISO/TS 10303-332:2002

ISO 10303-501:2000

ISO 10303-502:2000

ISO 10303-503:2000

ISO 10303-504:2000

ISO 10303-505:2000

ISO 10303-506:2000

ISO 10303-507:2001

ISO 10303-508:2001

ISO 10303-509:2001

ISO 10303-510:2000

ISO 10303-511:2001

ISO 10303-512:1999

ISO 10303-513:2000

ISO 10303-514:1999

ISO 10303-515:2000

ISO 10303-517:2000

ISO 10303-517:2000/Cor

exchange —— Part 307: Abstract test suite: Sheet metal die planning and design
Industrial automation systems and integration —— Product data representation and
exchange —— Part 324: Abstract test suite: Mechanical product definition for
process plans using machining features

Industrial automation systems and integration —— Product data representation and
exchange —— Part 325: Abstract test suite: Building elements using explicit shape
representation

Industrial automation systems and integration — Product data representation and
exchange —— Part 332: Abstract test suite: Technical data packaging core
information and exchange

Industrial automation systems and integration — Product data representation and
exchange —— Part 501: Application interpreted construct: Edge—based wireframe
Industrial automation systems and integration —— Product data representation and
exchange — Part 502: Application interpreted construct: Shell-based wireframe
Industrial automation systems and integration —— Product data representation and
exchange —— Part 503: Application interpreted construct: Geometrically bounded
2D wireframe

Industrial automation systems and integration —— Product data representation and
exchange —— Part 504: Application interpreted construct: Draughting annotation
Industrial automation systems and integration —— Product data representation and
exchange —— Part 505: Application interpreted construct: Drawing structure and
administration

Industrial automation systems and integration — Product data representation and
exchange —— Part 506: Application interpreted construct: Draughting elements
Industrial automation systems and integration —— Product data representation and
exchange —— Part 507: Application interpreted construct: Geometrically bounded
surface

Industrial automation systems and integration —— Product data representation and
exchange — Part 508: Application interpreted construct: Non—manifold surface
Industrial automation systems and integration —— Product data representation and
exchange —— Part 509: Application interpreted construct: Manifold surface
Industrial automation systems and integration —— Product data representation and
exchange —— Part 510: Application interpreted construct: Geometrically bounded
wireframe

Industrial automation systems and integration —— Product data representation and
exchange —— Part 511: Application interpreted construct: Topologically bounded
surface

Industrial automation systems and integration — Product data representation and
exchange —— Part 512: Application interpreted construct: Faceted boundary
representation

Industrial automation systems and integration — Product data representation and
exchange —— Part 513: Application interpreted construct: Elementary boundary
representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 514: Application interpreted construct: Advanced boundary
representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 515: Application interpreted construct: Constructive solid
geometry

Industrial automation systems and integration —— Product data representation and
exchange —— Part 517: Application interpreted construct: Mechanical design
geometric presentation
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1:2002

ISO 10303-518:2002 Industrial automation systems and integration —— Product data representation and
exchange —— Part 518: Application interpreted construct: Mechanical design
shaded presentation

ISO 10303-519:2000 Industrial automation systems and integration —— Product data representation and
exchange —— Part 519: Application interpreted construct: Geometric tolerances

ISO 10303-519:2000/Cor

1:2000

ISO 10303-520:1999 Industrial automation systems and integration —— Product data representation and
exchange —— Part 520: Application interpreted construct: Associative draughting
elements

ISO 10303-521:2003 Industrial automation systems and integration — Product data representation and
exchange —— Part 521: Application interpreted construct: Manifold subsurface

ISO 10303-522:2003 Industrial automation systems and integration —— Product data representation and
exchange —— Part 522: Application interpreted construct: Machining features

ISO/TS 10303-1001:2001 Industrial automation systems and integration — Product data representation and
exchange —— Part 1001: Application module: Appearence assighment

ISO/TS 10303-1002:2001 Industrial automation systems and integration —— Product data representation and
exchange —— Part 1002: Application module: Colour

ISO/TS 10303-1003:2001 Industrial automation systems and integration — Product data representation and
exchange —— Part 1003: Application modul ECUrve appearance

ISO/TS 10303-1004:2001 Industrial automation systems and integration —— Product data representation and
exchange —— Part 1004: Application module: Elemental geometric shape

ISO/TS 10303-1005:2001 Industrial automation systems and integration — Product data representation and
exchange —— Part 1005: Application module: Elemental topology

ISO/TS 10303-1006:2001 Industrial automation systems and integration —— Product data representation and
exchange —— Part 1006: Application module: Foundation representation

ISO/TS 10303-1007:2001 Industrial automation systems and integration —— Product data representation and
exchange —— Part 1007: Application module: General surface appearance

ISO/TS 10303-1008:2001 Industrial automation systems and integration —— Product data representation and
exchange —— Part 1008: Application module: Layer assignment

ISO/TS 10303-1009:2001 Industrial automation systems and integration —— Product data representation and
exchange —— Part 1009: Application module: Shape appearance and layers

ISO 13584-1:2001 Industrial automation systems and integration — Parts library —— Part 1: Overview
and fundamental principles

ISO 13584-20:1998 Industrial automation systems and integration —— Parts library — Part 20: Logical
resource: Logical model of expressions

ISO 13584-24:2003 Industrial automation systems and integration —— Parts library —— Part 24: Logical
resource: Logical model of supplier library

ISO 13584-26:2000 Industrial automation systems and integration —— Parts library — Part 26: Logical
resource: Information supplier identification

ISO 13584-31:1999 Industrial automation systems and integration — Parts library — Part 31:
Implementation resources: Geometric programming interface

ISO 13584-42:1998 Industrial automation systems and integration — Parts library — Part 42:

Description methodology: Methodology for structuring part families
ISO 13584-42:1998/Cor 1:2003

ISO 13584-101:2003 Industrial automation systems and integration —— Parts library — Part 101:
Geometrical view exchange protocol by parametric program

ISO 15926-2:2003 Industrial automation systems and integration —— Integration of life—cycle data for
process plants including oil and gas production facilities —— Part 2: Data model

ISO/TS 18876-1:2003 Industrial automation systems and integration —— Integration of industrial data for
exchange, access and sharing —— Part 1: Architecture overview and description
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ISO/TS 18876-2:2003

TC 184/SC 5
ISO 9506-1:2003

ISO 9506-2:2003

ISO/TR 10314-1:1990

ISO/TR 10314-2:1991

ISO/TR 11065:1992
ISO/TR 12186:1993
ISO 13281:1997

ISO 13281-2:2000

ISO/TR 13283:1998

ISO 14258:1998

1SO 14258:1998/Cor 1:2000

ISO 15704:2000

ISO 15745-1:2003

ISO 15745-2:2003

ISO 15745-3:2003

ISO 15745-4:2003

ISO 16100-1:2002

ISO 16100-2:2003

IEC 62264-1:2003

Industrial automation systems and integration —— Integration of industrial data for
exchange, access and sharing —— Part 2: Integration and mapping methodology

Industrial automation systems —— Manufacturing Message Specification —— Part 1:
Service definition

Industrial automation systems —— Manufacturing Message Specification —— Part 2:
Protocol specification

Industrial automation —— Shop floor production —— Part 1: Reference model for
standardization and a methodology for identification of requirements

Industrial automation — Shop floor production —— Part 2: Application of the
reference model for standardization and methodology

Industrial automation glossary

Manufacturing automation programming language environment overview (MAPLE)
Industrial automation systems —— Manufacturing Automation Programming
Environment (MAPLE) —— Functional architecture

Industrial automation systems and integration —— Manufacturing Automation
Programming Environment (MAPLE) — Part 2: Services and interfaces

Industrial automation —— Time—critical communications architectures —— User
requirements and network management for time—critical communications systems

Industrial automation systems — Concepts and rules for enterprise models

Industrial automation systems —— Requirements for entreprise—reference
architectures and methodologies

Industrial automation systems and integration — Open systems application
integration framework —— Part 1: Generic reference description

Industrial automation systems and integration —— Open systems application
integration framework —— Part 2: Reference description for ISO 11898-based
control systems

Industrial automation systems and integration —— Open systems application
integration framework —— Part 3: Reference description for IEC 61158-based
control systems

Industrial automation systems and integration — Open systems application
integration framework —— Part 4: Reference description for Ethernet-based
control systems

Industrial automation systems and integration —— Manufacturing software
capability profiling for interoperability — Part 1: Framework

Industrial automation systems and integration —— Manufacturing software
capability profiling for interoperability —— Part 2: Profiling methodology

Enterprise—control system integration —— Part 1: Models and terminology

htto.//www.iso.org/iso/en/stdsdevelopment tc/tclist/ TechnicalCommitteeStandardslistPage.Tec

hnicalCommitteeStandardsList?COMMID=4275&INCLUDESC=YES
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FTERE 2: TC184 SC1 FH=AILTAYTS L

ISO technical programme: TC 184 / SC 1

TC 184
TC 184/SC 1

Projects

ISO/CD 14649-12

ISO 14649-111

ISO/DIS 14649-121

ISO/CD 235701

ISO/CD 23570-2
ISO/CD 23570-3

Industrial automation systems and integration

Physical device control

Industrial automation systems and integration —— Physical device control —— Data model
for computerized numerical controllers —— Part 12: Process data for turning

Industrial automation systems and integration —— Physical device control —— Data model
for computerized numerical controllers — Part 111: Tools for milling machines

Industrial automation systems and integration —— Physical device control —— Data model
for computerized numerical controllers — Part 121: Tools for turning

Industrial automation systems and integration —— Distributed installation in industrial
applications — Part 1: Sensors and actuators

Distributed installation in industrial applications —— Part 2: Hybrid communication bus

Distributed installation in industrial applications —— Part 3: Power distribution bus

http.// www.iso.org/iso/en/stdsdevelopment/ techprog/workprog/TechnicalProgrammeSCDetailPa

ge. TechnicalProgrammeSCDetail?COMMID=4282
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ISO technical programme: TC 184 / SC 2

TC 184 Industrial automation systems and integration

TC 184/SC 2 Robots for industrial environments

Projects
ISO 9409-1 Manipulating industrial robots — Mechanical interfaces —— Part 1: Plates
ISO/CD 10218 Manipulating industrial robots —— Safety

http.//www.iso.org/iso/en/stdsdevelopment/techprog/workprog/TechnicalProgrammeSCDetailPa
ge. TechnicalProgrammeSCDetail?COMMID=4289
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ISO technical programme: TC 184 / SC 4

TC 184
TC 184/SC 4

Projects

ISO 10303-11

ISO/DIS 10303-14

ISO/CD TS 10303-25

ISO/DIS 10303-41

ISO/DIS 10303-51

ISO/CD 10303-52

ISO/CD 10303-53

ISO/DIS 10303-54

ISO/DIS 10303-55

ISO/DIS 10303-56

ISO/AWI 10303-57
ISO/AWI 10303-58
ISO/CD 10303-1010

ISO/CD 10303-1011

ISO/PRF TS 10303-1012

ISO/CD 10303-1013

ISO/CD 10303-1014

ISO/CD 10303-1015

ISO/CD 10303-1016

ISO/CD 10303-1017

Industrial automation systems and integration

Industrial data

Industrial automation systems and integration —— Product data representation and
exchange —— Part 11: Description methods: The EXPRESS language reference
manual

Industrial automation systems and integration —— Product data representation and
exchange —— Part 14: Description methods: The EXPRESS-X language reference
manual

Industrial automation systems and integration —— Product data representation and
exchange —— Part 25: EXPRESS to OMG XMI binding

Industrial automation systems and integration —— Product data representation and
exchange —— Part 41: Integrated generic resource: Fundamentals of product
description and support

Industrial automation systems and integration —— Product data representation and
exchange —— Part 51: Integrated generic resource: Mathematical description

Industrial automation systems and integration —— Part 52: Integrated generic
resource: Mesh—based topology

Industrial automation systems and integration —— Part 53: Integrated generic
resource: Numerical analysis

Industrial automation system —— Product data representation and exchange —— Part
54: Integrated generic resource: Classification and set theory

Industrial automation system —— Product data representation and exchange —— Part
55: Integrated generic resource : Procedural and hybrid representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 56: Integrated generic resource: State

Integrated generic resource —— Part 57: Expression extensions
Integrated generic resource —— Part 58: Risk

Industrial automation systems and integration —— Product data representation and
exchange — Part 1010: Application module: Date time

Industrial automation systems and integration —— Product data representation and
exchange — Part 1011: Application module: Person organization

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1012: Application module: Approval

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1013: Application module: Person organization assignement

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1014: Application module: Date time assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1015: Application module: S ECUrity classification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1016: Application module: Product categorization

Industrial automation systems and integration —— Product data representation and
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ISO/CD 10303-1018

ISO/CD 10303-1019

ISO/CD 10303-1020

ISO/CD 10303-1021

ISO/CD 10303-1022

ISO/CD 10303-1023

ISO/CD 10303-1024

ISO/CD 10303-1025

ISO/CD 10303-1026

ISO/CD 10303-1027

ISO/CD 10303-1030

ISO/CD 10303-1032

ISO/CD 10303-1033

ISO/CD 10303-1034

ISO/CD 10303-1036

ISO/CD 10303-1038

ISO/CD 10303-1039

ISO/CD 10303-1040

ISO/CD 10303-1041

ISO/CD 10303-1042

ISO/CD 10303-1043

ISO/CD 10303-1044

ISO/CD 10303-1046

ISO/CD 10303-1047

exchange —— Part 1017: Application module: Product identification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1018: Application module: Product version

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1019: Application module: Product view definition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1020: Application module: Product version relationship

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1021: Application module: Identification assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1022: Application module: Part and version identification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1023: Application module: Part view definition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1024: Application module: Product relationship

Industrial automation systems and integration —— Product data representation and
exchange — Part 1025: Application module: Alias identification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1026: Application module: Assembly structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1027: Application module: Contextual shape positioning

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1030: Application module: Property assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1032: Application module: Shape property assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1033: Application module: External model

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1034: Application module: Product view definition properties

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1036: Application module: Independent property

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1038: Application module: Independent property representation

Industrial automation systems and integration —— Product data representation and
exchange — Part 1039: Application module: Geometric validation property
representation

Industrial automation systems and integration —— Product data representation and
exchange — Part 1040: Application module: Process property assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1041: Application module: Product view definition relationship

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1042: Application module: Work request

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1043: Application module: Work order

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1044: Application module: Certification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1046: Application module: Product replacement

Industrial automation systems and integration —— Product data representation and
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ISO/CD 10303-1049

ISO/CD 10303-1054

ISO/CD 10303-1055

ISO/CD 10303-1056

ISO/CD 10303-1057

ISO/CD 10303-1058

ISO/CD 10303-1059

ISO/CD 10303-1060

ISO/CD 10303-1061

ISO/CD 10303-1062

ISO/CD 10303-1064

ISO/CD 10303-1065

ISO/CD 10303-1068

ISO/DIS 10303-107

ISO/DIS 10303-108

ISO/DIS 10303-109

ISO/CD 10303-110

ISO/CD 10303-111

ISO/CD 10303-1118

ISO/CD 10303-1121

ISO/CD 10303-1122

ISO/CD 10303-1123

ISO/CD 10303-1124

exchange —— Part 1047: Application module: Activity method

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1049: Application module: Activity method

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1054: Application module: Value with unit

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1055: Application module: Part definition relationship

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1056: Application module: Configuration item

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1057: Application module: Effectivity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1058: Application module: Configuration effectivity

Industrial automation systems and integration —— Product data representation and
exchange — Part 1059: Application module: Effectivity application

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1060: Application module: Product concept identification

Industrial automation systems and integration —— Product data representation and
exchange — Part 1061: Application module: Project

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1062: Application module: Contract

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1064: Application module: Event

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1065: Application module: Time interval

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1068: Application module: Constructive solid geometry 3d

Industrial automation systems and integration —— Industrial data — Part 107:
Integrated application resource —— Finite element analysis definition relationships

Industrial automation systems and integration —— Industrial data — Part 108:
Integrated application resources: Parameterization and constraints for explicit
geometric product models

Industrial automation systems and integration —— Product data representation and
exchange —— Part 109: Integrated application resource: Kinematic and geometric
constraints for assembly models

Industrial automation systems and integration —— Product data representation and
exchange —— Part 110: Integrated application resource: Mesh based computational
fluid dynamics

Industrial automation systems and integration —— Product data representation and
exchange —— Part 111: Integrated application resource : Construction history
features

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1118: Application module: Measure representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1121: Application module: Document and version

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1122: Application module: Document assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1123: Application module: Document definition

Industrial automation systems and integration —— Product data representation and

104



ISO/CD 10303-1126

ISO/CD 10303-1127

ISO/CD 10303-1128

ISO/CD 10303-1501

ISO/CD 10303-1502

ISO/CD 10303-1507

ISO/CD 10303-1509

ISO/CD 10303-1510

ISO/CD 10303-1511

ISO/CD 10303-1512

ISO/CD 10303-1514

ISO/CD TS 10303-203

ISO/PRF 10303-215

ISO/DIS 10303-218

ISO/AWI 10303-219

ISO/CD 10303-221

ISO/DIS 10303-227

ISO/AWI 10303-233

ISO/WD 10303-235

ISO/CD 10303-236
ISO/WD 10303-237
ISO/CD 10303-238

ISO/AWI 10303-239

exchange —— Part 1124: Application module: Document structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1126: Application module: Document properties

Industrial automation systems and integration —— Product data representation and
exchange — Part 1127: Application module: File identification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1128: Application module: External item identification assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1501: Application module: Edge based wireframe

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1502: Application module: Shell base wireframe

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1507: Application module: Geometrically bounded surface

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1509: Application module: Manifold surface
Industrial automation systems and integration —— Product data representation and

exchange —— Part 1510: Application module: Geometrically bounded wireframe

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1511: Application module: Topologically bounded surface

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1512: Application module: Faceted boundary representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1514: Application module: Advanced boundary representation

Industrial automation systems and integration —— Product data representation and
exchange — Part 203: Application protocol: Configuration controlled 3D design of
mechanical parts and assemblies

Industrial automation system and integration — Product data representation and
exchange —— Part 215: Application protocol: Ship arrangement

Industrial automation system —— Product data representation and exchange —— Part
218: Application protocol: Ship structures

Industrial automation system —— Product data representation and exchange —— Part
219: Dimensional inspection information exchange

Industrial automation system —— Product data representation and exchange —— Part
221: Application protocol: Functional data and their schematic representation for
process plants

Industrial automation systems and integration —— Product data representation and
exchange — Part 227: Application protocol: Plant spatial configuration

Industrial automation systems and integration —— Part 233: Systems engineering
data representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 235: Application Protocol: Materials information for the design and
verification of products

Application Protocol —— —— Part 236: Furniture product data and project data
Application Protocol — Part 237: Fluid dynamics

Industrial automation systems and integration —— Product data representation and
exchange —— Part 238: Application Protocol: Application interpreted model for
computer numeric controllers

Industrial automation systems and integration —— Part 239: Application protocol:
Product life cycle support
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ISO/DIS 10303-240

ISO/CD TS 10303-403

ISO/CD TS 10303-421

ISO/CD TS 10303-439

ISO/DIS 10303-523

ISO/CD TS 10303-1001

ISO/CD TS 10303-1004

ISO/CD TS 10303-1006

ISO/CD TS 10303-1050

ISO/CD TS 10303-1051

ISO/CD TS 10303-1052

ISO/CD TS 10303-1063

ISO/CD TS 10303-1070

ISO/CD TS 10303-1071

ISO/CD TS 10303-1074

ISO/CD TS 10303-1077

ISO/CD TS 10303-1080

ISO/CD TS 10303-1085

ISO/CD TS 10303-1091

ISO/CD TS 10303-1092

ISO/CD TS 10303-1099

ISO/CD TS 10303-1101

ISO/CD TS 10303-1102

ISO/CD TS 10303-1103

Industrial automation systems and integration —— Product data representation and
exchange —— Part 240: Application protocol: Process plans for machined products

Industrial automation systems and integration —— Product data representation and
exchange —— Part 403: Application module: AP203 Configuration controlled 3D
design of mechanical parts and assemblies

Industrial automation systems and integration —— Product data representation and
exchange —— Part 421: Application module: Functional data and schematic
representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 439: Application module: AP239 product life cycle support

Industrial automation systems and integration —— Product data representation and
exchange —— Part 523: Application interpreted construct: Curve swept solid

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1001: Application module: Appearence assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1004: Application module: Elemental geometric shape

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1006: Application module: Foundation representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1050: Application module: Dimension tolerance

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1051: Application module: Geometric tolerance

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1052: Application module: Default tolerance

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1063: Application module: Product occurrence

Product data representation and exchange —— Application module —— Part 1070:
Class

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1071: Application module: Class of activity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1074: Application module: Property condition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1077: Application module: Class of product

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1080: Application module: Property space

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1085: Application module: Property identification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1091: Application module: Maths space

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1092: Application module: Maths value

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1099: Application module: Independent property definition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1101: Application module: Product property feature definition

Industrial automation systems and integration —— Product data representation and
exchange — Part 1102: Application module: Assembly feature definition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1103: Application module: Product class
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ISO/CD TS 10303-1104

ISO/CD 10303-1105
ISO/CD TS 10303-1106

ISO/CD TS 10303-1108

ISO/CD TS 10303-1109

ISO/CD TS 10303-1110

ISO/CD TS 10303-1111

ISO/CD TS 10303-1112

ISO/CD 10303-1113
ISO/CD 10303-1114
ISO/CD TS 10303-1115

ISO/CD TS 10303-1116

ISO/CD TS 10303-1129

ISO/CD TS 10303-1130

ISO/CD TS 10303-1131

ISO/CD TS 10303-1132

ISO/CD TS 10303-1133

ISO/CD TS 10303-1134

ISO/CD TS 10303-1136

ISO/CD TS 10303-1140

ISO/CD TS 10303-1141

ISO/CD TS 10303-1142

ISO/CD TS 10303-1143

ISO/CD TS 10303-1144

ISO/CD TS 10303-1145

ISO/CD TS 10303-1146

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1104: Application module: Specified product

Application module — Part 1105: Multi—linguism

Product data representation and exchange —— Application module — Part 1106:
Extended measure representation

Industrial automation systems and integration —— Product data representation and
exchange — Part 1108: Application module: Specification based configuration

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1109: Application module: Alternative solution

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1110: Application module: Surface conditions

Industrial automation systems and integration —— Product data representation and
exchange — Part 1111: Application module: Classification with attributes

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1112: Application module: Specification control

Application module —— Part 1113: Group
Application module — Part 1114: Classification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1115: Application module: Part collection

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1116: Application module: Pdm material aspects

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1129: Application module: External properties

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1130: Application module: Derived shape element

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1131: Application module: Construction geometry

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1132: Application module: Associative text

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1133: Application module: Single part representation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1134: Application module: Product structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1136: Application module: Text appearance

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1140: Application module: Requirement identification and version

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1141: Application module: Requirement view definition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1142: Application module: Requirement view definition relationship

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1143: Application module: Building component

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1144: Application module: Building item

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1145: Application module: Building structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1146: Application module: Location in building
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ISO/CD TS 10303-1147

ISO/CD TS 10303-1151

ISO/CD TS 10303-1156

ISO/CD TS 10303-1157

ISO/CD TS 10303-1158

ISO/CD TS 10303-1159

ISO/CD TS 10303-1160

ISO/CD TS 10303-1161

ISO/CD TS 10303-1162

ISO/CD TS 10303-1163

ISO/CD TS 10303-1164

ISO/CD TS 10303-1165

ISO/CD TS 10303-1166

ISO/CD TS 10303-1167

ISO/CD TS 10303-1168

ISO/CD TS 10303-1169

ISO/CD TS 10303-1170

ISO/CD TS 10303-1171

ISO/CD TS 10303-1172

ISO/CD TS 10303-1173

ISO/CD TS 10303-1174

ISO/CD TS 10303-1175

ISO/CD TS 10303-1176

ISO/CD TS 10303-1177

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1147: Application module: Manufacturing configuration effectivity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1151: Application module: Functional data
Industrial automation systems and integration —— Product data representation and

exchange —— Part 1156: Application module: Product structure and classification

Industrial automation systems and integration —— Product data representation and
exchange — Part 1157: Application module: Class of product structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1158: Application module: Class of composition of product

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1159: Application module: Class of connection of product

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1160: Application module: Class of containment of product

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1161: Application module: Class of involvement of product in
connection

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1162: Application module: Class of product library

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1163: Application module: Individual product structure

Product data representation and exchange —— Application module —— Part 1164:
Product as individual

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1165: Application module: Involvement of individual product in
connection

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1166: Application module: Composition of individual product

Industrial automation systems and integration —— Product data representation and
exchange — Part 1167: Application module: Connection of individual product

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1168: Application module: Containment of individual product

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1169: Application module: Activity structure and classification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1170: Application module: Class of activity structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1171: Application module: Class of composition of activity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1172: Application module: Class of connection of activity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1173: Application module: Class of involvement in activity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1174: Application module: Class of activity library

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1175: Application module: Individual activity structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1176: Application module: Individual activity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1177: Application module: Composition of individual activity
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ISO/CD TS 10303-1178

ISO/CD TS 10303-1179

ISO/CD TS 10303-1188

ISO/CD TS 10303-1198

ISO/CD TS 10303-1199

ISO/CD TS 10303-1203

ISO/CD TS 10303-1204

ISO/CD TS 10303-1205

ISO/CD TS 10303-1206

ISO/CD TS 10303-1207

ISO/CD TS 10303-1208

ISO/CD TS 10303-1209

ISO/CD TS 10303-1211

ISO/CD TS 10303-1212

ISO/CD TS 10303-1213

ISO/CD TS 10303-1214

ISO/CD TS 10303-1215

ISO/CD TS 10303-1216

ISO/CD TS 10303-1217

ISO/CD TS 10303-1218

ISO/CD TS 10303-1228

ISO/CD TS 10303-1233

ISO/CD TS 10303-1240

ISO/CD TS 10303-1241

ISO/CD TS 10303-1242

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1178: Application module: Connection of individual activity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1179: Application module: Individual involvement in activity

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1188: Application module: Class of person

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1198: Application module: Property and property assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1199: Application module: Possession of property

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1203: Application module: Schematic and symbolization

Industrial automation systems and integration —— Product data representation and
exchange — Part 1204: Application module: Schematic drawing

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1205: Application module: Schematic element

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1206: Application module: Draughting annotation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1207: Application module: Drawing structure and administration

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1208: Application module: Schematic element library

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1209: Application module: Symbolization by schematic element

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1211: Application module: Cardinality of relationship

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1212: Application module: Classification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1213: Application module: Reference data library

Product data representation and exchange —— Application module —— Part 1214:
System breakdown

Product data representation and exchange —— Application module —— Part 1215:
Physical breakdown

Product data representation and exchange —— Application module —— Part 1216:
Functional breakdown

Product data representation and exchange —— Application module —— Part 1217:
Zonal breakdown

Product data representation and exchange —— Application module —— Part 1218:
Hybrid breakdown

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1228: Application module: Representation with uncertainty

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1233: Application module: Requirement assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1240: Application module: Organization type

Industrial automation systems and integration —— Product data representation and
exchange — Part 1241: Application module: Information rights

Industrial automation systems and integration —— Product data representation and
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ISO/CD TS 10303-1243

ISO/CD TS 10303-1244

ISO/CD TS 10303-1245

ISO/CD TS 10303-1246

ISO/CD TS 10303-1249

ISO/CD TS 10303-1250

ISO/CD TS 10303-1251

ISO/CD TS 10303-1252

ISO/CD TS 10303-1253

ISO/CD TS 10303-1254

ISO/CD TS 10303-1255

ISO/CD TS 10303-1256

ISO/CD TS 10303-1257

ISO/CD TS 10303-1258

ISO/CD TS 10303-1259

ISO/CD TS 10303-1260

ISO/CD TS 10303-1261

ISO/CD TS 10303-1262

ISO/CD TS 10303-1263

ISO/CD TS 10303-1265

ISO/CD TS 10303-1266

ISO/CD TS 10303-1267

ISO/CD TS 10303-1268

ISO/CD TS 10303-1269

exchange —— Part 1242: Application module: Position in organization

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1243: Application module: Experience

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1244: Application module: Qualifications

Industrial automation systems and integration —— Product data representation and
exchange — Part 1245: Application module: Type of person

Product data representation and exchange —— Application module —— Part 1246:
Attribute classification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1249: Application module: Activity method assignment

Product data representation and exchange —— Application module —— Part 1250:
Attachment slot

Product data representation and exchange —— Application module —— Part 1251:
Interface

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1252: Application module: Probability

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1253: Application module: Condition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1254: Application module: Condition evaluation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1255: Application module: State definition

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1256: Application module: State observed

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1257: Application module: Condition characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1258: Application module: Observation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1259: Application module: Activity as realized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1260: Application module: Scheme

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1261: Application module: Activity method implementation

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1262: Application module: Task specification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1263: Application module: Justification

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1265: Application module: Envelope

Industrial automation systems and integration —— Product data representation and
exchange — Part 1266: Application module: Resource management

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1267: Application module: Required resource

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1268: Application module: Resource item

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1269: Application module: Resource as realized
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ISO/CD TS 10303-1270

ISO/CD TS 10303-1271

ISO/CD TS 10303-1272

ISO/CD TS 10303-1273

ISO/CD TS 10303-1274

ISO/CD TS 10303-1275

ISO/CD TS 10303-1276

ISO/CD TS 10303-1277

ISO/CD TS 10303-1278

ISO/CD TS 10303-1280

ISO/CD TS 10303-1281

ISO/CD TS 10303-1282

ISO/CD TS 10303-1283

ISO/CD TS 10303-1285

ISO/CD TS 10303-1286

ISO/CD TS 10303-1287

ISO/CD TS 10303-1288

ISO/CD TS 10303-1289

ISO/CD TS 10303-1291

ISO/CD TS 10303-1292

ISO/CD TS 10303-1293

ISO/CD TS 10303-1294

ISO/CD TS 10303-1295

ISO/CD TS 10303-1296

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1270: Application module: Message

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1271: Application module: State characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1272: Application module: Activity characterized

Industrial automation systems and integration —— Product data representation and
exchange — Part 1273: Application module: Resource property assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1274: Application module: Probability distribution

Product data representation and exchange —— Application module —— Part 1275:
External class

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1276: Application module: Location

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1277: Application module: Location assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1278: Application module: Product group

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1280: Application module: Required resource characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1281: Application module: Resource item characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1282: Application module: Resource management characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1283: Application module: Resource as realized characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1285: Application module: Work request characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1286: Application module: Work order characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1287: Application module: AP239 activity recording

Product data representation and exchange —— Application module —— Part 1288:
Management resource information

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1289: Application module: Ap239 management resource
information

Product data representation and exchange —— Application module —— Part 1291: Plib
class reference

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1292: Application module: Ap239 product definition information

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1293: Application module: Ap239 part definition information

Product data representation and exchange —— Application module —— Part 1294:
Interface lifecycle

Industrial automation systems and integration —— Product data representation and
exchange — Part 1295: Application module: Ap239 properties

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1296: Application module: Condition evaluation
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ISO/CD TS 10303-1297

ISO/CD TS 10303-1298

ISO/CD TS 10303-1300

ISO/CD TS 10303-1301

ISO/CD TS 10303-1304

ISO/CD TS 10303-1306

ISO/CD TS 10303-1307

ISO/CD TS 10303-1340

ISO/CD TS 10303-1341

ISO/CD TS 10303-1342

ISO/CD TS 10303-1343

ISO/CD TS 10303-1344

ISO/CD TS 10303-1345

ISO/CD TS 10303-1346

ISO/CD TS 10303-1347

ISO/CD TS 10303-1348

ISO/CD TS 10303-1349

ISO/CD TS 10303-1350

ISO/CD TS 10303-1357

ISO/CD TS 10303-1358

ISO/PRF 13584-25

ISO/DIS 13584-102

ISO/CD 13584-511

ISO 15531-1

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1297: Application module: Ap239 document management

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1298: Application module: Activity method characterized
Industrial automation systems and integration —— Product data representation and
exchange —— Part 1300: Application module: Work output

Industrial automation systems and integration —— Product data representation and
exchange — Part 1301: Application module: Work output characterized

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1304: Application module: AP239 product status recording

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1306: Application module: Ap239 task specification resourced

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1307: Application module: Ap239 work definition

Product data representation and exchange —— Application module —— Part 1340:
Name assignment

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1341: Application module: Generic expression

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1342: Application module: Expression

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1343: Application module: Product placement

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1344: Application module: Numerical interface

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1345: Application module: Item definition structure

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1346: Application module: Numeric function

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1347: Application module: Wireframe 2d

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1348: Application module: Requirement management

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1349: Application module: Incomplete data reference mechanism

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1350: Application module: Inertia characteristics

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1357: Application module: Selected item

Industrial automation systems and integration —— Product data representation and
exchange —— Part 1358: Application module: Location assignment characterized

Industrial automation systems and integration —— Parts library —— Part 25: Logical
resource: Logical model of supplier library with aggregate values and explicit content

Industrial automation systems and integration —— Parts library — Part 102: View
exchange protocol by ISO 10303 conforming specification

Industrial automation systems and integration —— Parts library — Part 511:
Mechanical systems and components for general use —— Reference dictionary for
fasteners

Industrial automation systems and integration —— Industrial manufacturing
management data — Part 1: General overview
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ISO/PRF 15531-31

ISO/DIS 15531-32

ISO/CD 15531-42

ISO/WD 15531-43

ISO/FDIS 159261

ISO/CD PAS 16739
ISO/DIS 18629-1

ISO/DIS 18629-11

ISO/DIS 18629-12

ISO/CD 18629-41

ISO/WD 18629-42

ISO/WD PAS 20542

Industrial automation systems and integration — Industrial manufacturing
management data — Part 31: Resource information model

Industrial automation systems and integration —— Manufacturing management data
exchange —— Part 32: Conceptual information model for resources usage
management data

Industrial manufacturing management data — Part 42: Manufacturing flow
management data — Time model

Industrial manufacturing management data —— Part 43: Manufacturing flow
management data —— Conceptual model for flow monitoring and manufacturing data
exchange

Industrial automation systems and integration — Integration of life—cycle data for
process plants including oil and gas production facilities —— Part 1: Overview and
fundamental principles

IFC 2 . x Platform specification

Industrial automation systems and integration —— Process specification language ——
Part 1: Overview and basic principles

Industrial automation systems and integration —— Process specification language ——
Part 11: PSL core

Industrial automation systems and integration —— Process specification language ——
Part 12: Quter core

Industrial automation systems and integration — Process specification language ——
Part 41: Activity extensions

Industrial automation systems and integration —— Process specification language ——
Part 42: Temporal and state extensions

Industrial automation systems and integration —— Systems engineering data
representation

http.//www.iso.org/iso/en/stdsdevelopment techprog/workprog/TechnicalProgrammeSCDetailPa

ge. TechnicalProgrammeSCDetail?COMMID=4299
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HITEE 5: TC184 SC5TFH=AITAYTSL

ISO technical programme: TC 184 / SC 5

TC 184
TC 184/SC 5

Projects

ISO 9506-1:2003/WD Amd 1

ISO 9506-2:2003/WD Amd 1

ISO/WD 15704

ISO/DIS 16100-3

ISO/WD 16100-4

ISO/DIS 19439
ISO/CD 19440
ISO/CD 20242-1

IEC/DIS 62264-2
IEC/CD TR 62390

Industrial automation systems and integration

Architecture, communications and integration frameworks

Industrial automation systems —— Requirements for entreprise—reference architectures
and methodologies

Industrial automation systems and integration —— Manufacturing software capability
profiling for interoperability — Part 3: Interface services, protocols and capability
templates

Industrial automation systems and integration —— Manufacturing software capability
profiling —— Part 4. Conformance test methods, criteria and reports

CIM Systems Architecture —— Framework for enterprise modelling
CIM Systems architecture —— Constructs for enterprise modelling

Industrial automation systems and integration —— Service interface for testing
applications —— Part 1: Overview

Enterprise—control system integration —— Part 2: Model object attributes

Device profile guideline
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Executive Summary

X1
X1.1

X1.2

X1.3

X2
X2.1

Introduction

The Innovative Manufacturing Initiative (IMI) was an industry—led, sector—focused
programme, designed to encourage collaborative research between industrial and
academic partners, with the aim of encouraging more innovative manufacturing
within the UK. It was sponsored by three research councils and two government
departments, and was managed on behalf of the sponsors by the EPSRC. The
Initiative was set up in 1994, following a review of research support by a panel,
composed largely of industrialist, led by Stewart Miller. The panel called for the
establishment of a targeted and directed programme of collaborative research in
selected sectors, based on an industry—led agenda, focusing on a business
process approach and aimed at harnessing more successfully the output of
research in science, engineering and the social sciences for long term wealth

creation through the manufacturing and construction sectors of UK industry.

The mission of the IMI was that it would:

o Support high—quality strategic and applied research, and related training,
in response to the need for more innovative manufacturing within UK

industry, and:

® Accelerate the process of beneficial change by adding to the base of

appropriate technology in order to enhance industrial competitiveness.

Initially 4 sectors were supported through the IMI: Aerospace, Land Transport,
Construction and the Process Industries. A fifth sector, Integrated Healthcare
Technologies was added in 2000. By the end of 2001, around 350 IMI research
grants had been awarded, with more than £60 million of funds coming from the
EPSRC, plus other public funds and support from industrial collaborators.
Around 75 science—based partners, involving more than 150 departments, and

around 400 industrial collaborators were involved.

Study objectives and methodology
The objectives of the IMI Impact Study were to:

1 Indicate the extent to which the IMI achieved its mission and objectives:
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Focus on appropriate metrics to identify the added value and impact of

the IMI, and;

Provide examples of where support through the IMI has made a

substantial impact.

To undertake the study, PACEC employed a measurement framework tracing the

links between programme inputs, project activities, intermediate outputs, business

performance outcomes and wider economic effects. The data for the framework

was derived from a set of surveys comprising:

1

A quantitative telephone survey, using a largely closed questionnaire,
intended to capture as many IMI project partners as possible. Around
1,000 separate individuals participating in IMI projects were identified, and

349 of them were interviewed.

A qualitative follow—up survey of partners in 30 selected projects. The
projects were selected from each of the five sectors, and the
questionnaire used was designed to encourage more free—ranging
discussion of key evaluation issues. The overall purpose was to

illustrate the success, or otherwise, of the IMI as a whole.

A survey of wider beneficiaries of the IMI or users of IMI project outputs,
to ascertain the extent to which the benefits are disseminated. The
contact details for potential interviewees were sought from the
participants in the surveys of project partners, but relatively few contacts
were obtained and, as a consequence, only 21 wider beneficiaries were

interviewed.

A survey of proposers of projects that did not receive IMI support. 41
individuals were interviewed to examine the extent to which IMI projects
were genuinely additional and to consider whether there was anything
about the administration of the IMI that prevented meritorious projects

from being undertaken.

There were also 27 interviews with other stakeholders in the IMI, including sector

programme managers, members of the various IMI sector target advisory groups

and members of the IMI management committee.
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Background to IMI projects

At the time of the survey of project partners, a few projects had only just started
and more than a third were still underway. This was significant because previous
research by PACEC on similar support mechanisms has shown that it tends to
take between 5 and 7 years after project start—up for business and economic

benefits to become evident.

Both science—based and industrial partners had diverse reasons for participating
in the IMI, but the most common were a desire to improve existing products and
processes and a desire to develop entirely new products and processes.
Predictably, partners said that they would have been prevented from pursuing
their objectives in the absence of the IMI by a lack of finance, but sizeable
minorities also mentioned risk and uncertainty (both of which are indicative of
market failure). Very few of the partners had no prior experience of collaborative
research, but there was evidence that the IMI helped to build upon previous

relationships and to foster new collaborations.

There were few signs that project managers had experienced difficulties in
identifying scientific and industrial partners for their projects. Nor did they have
much difficultly in negotiating terms with them. Similarly, both industrial and
science—based partners tended to report that their collaborations proceeded well

and, if anything, better than they had expected at the outset.

Almost all project partners said that their organisation had contributed know—how
to their projects and two—thirds said that they had contributed personnel. Just
less than a third of industrial partners said that their organisations had
contributed finance. Inputs of various kinds tended to be as expected at the

outset, but, if anything, they were higher, rather than lower, than expected.

Outputs and effects of projects

Just over three—quarters of project partners (76%) said that their projects had
wholly or largely satisfied their objectives. Another 20% said that their projects
had partly satisfied their objectives. 88% of partners said that the quality of the
research in their projects was excellent or good, and 84% described their projects
as extremely or very relevant to the needs of UK industry. Partners tended to

rate the technological advances made by their projects as moderate to date.
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However (reflecting the fact that many projects are still underway), they indicated
further progress was likely to be made in future. Their responses on the issue of
the contribution of their projects of improved business processes were similar.
In all these respects the findings from science—based partners were slightly more
positive than the responses of industrial partners, although it should be noted that

the responses of the industrialists were by no means negative.

Most often, the partners described the effect of their projects on their
organisations’ activities and capabilities as moderate. However, they most
frequently described the effect on their technical understanding and their
understanding of business processes as significant. Just over two-—thirds of
partners indicated that their projects had resulted in existing processes being
improved, and more than half said that a result had been the development of new
processes and improved competitiveness of UK businesses. Partners from the
aerospace and process industries sectors were more likely than partners from

other sectors to acknowledge these effects.

To measure the value added of the IMI, partners were asked whether their
projects would have gone ahead without the support of the Initiative. Almost
two—thirds (65%) indicated that their projects would not have happened at all, and
almost all of the remainder said that their projects would have happened later and
/ or on a smaller scale. Almost none of the partners indicated that their projects
had displaced other research. The IMIl is, therefore, associated with a great deal
of additionality. This finding was corroborated by the proposers of projects not
supported by the IMI, only 6 out of 41 of whom indicated that their proposed

projects went ahead in any form.

Commercial and other impacts

Nearly two—thirds of partners (63%) said that their organisation had identified
opportunities for the commercial exploitation of the outputs of their projects and
one—third said that the process of commercialisation had already started. As a
result, 20% of partners said that their organisation had (amongst other things)
increased its profitability, 19% had increased its labour productivity and 15% had
increased its employment. Exploitation and the incidence of business
performance impacts were most common amongst projects in the aerospace and

process industries sectors. Despite these signs of commercial exploitation and
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business impacts, very few of the partners could actually quantify what the
impacts had been. This is thought to be because the impacts are only just

beginning to emerge.

Although most of the project partners could describe what they thought the wider
effects of their projects had been or would be, only one in six of them could
nominate any users of their project outputs external to their project team.
Nearly half of those interviewed said that it was simply too early to talk about
wider beneficiaries. The incidence of wider benefits is, therefore, very limited to

date.

Views on the administration and management of the IMI

63% of the project partners described the EPSRC’ s overall management of the
IMI as excellent or good, and only 6% described it is disappointing or poor.
Project managers and sector programme managers were assessed equally
positively. 76% of project partners thought that the IMI had satisfied its
objectives wholly or to a large extent, and only 3% thought that it had satisfied
them only to a small extent or not at all. Unsurprisingly perhaps in light of the
rest of the survey findings, 93% of partners said that they would participate in the
IMI (or another similar initiative) again, if the opportunity arose. Science—based
partners were more positive than industrial partners in their assessments, but it is

emphasised again that the latter were by no means negative in their assessments.

The views of other stakeholders

The series of interviews indicated that each of the IMI sectors was able to derive
benefits from its programme, but they raised the question of whether the
programmes were sufficiently deliberated. Several of the interviewees
expressed the view that there was undue haste to get the IMI underway after the
publication of the Miller report. Consequently, insufficient time had been
devoted pre—launch to examining the needs and priorities of each sector; and to

devising programme strategic frameworks.
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Conclusions

It is concluded that the IMI has achieved its mission to a large extent in terms of
supporting high quality research in response to the needs of UK industry. It is
also concluded that the Initiative has added to the base of appropriate technology,
and that this ought to enhance industrial competitiveness in due course.
However, firm evidence of widespread benefits is yet to emerge. This lack of
firm evidence is partly attributable to the fact that many IMI projects are still
underway or have only recently been completed. Previous evaluation research
into similar support mechanisms suggests that business and wider economic
benefits attributable to the IMI are probably only starting to occur. Nonetheless,
it will be important to continue monitoring project outputs and to encourage their

commercial exploitation.

A more serious reservation is that, despite the fact that it is still relatively early,
very few wider beneficiaries of the IMI could be identified. It is suggested that
the EPSRC should consider what steps could be taken to ensure that IMI project

outputs are widely disseminated.

It proved possible as part of the study to define and apply appropriate metrics to
measure the added value and impact of the IMI. Notwithstanding the fact that
widespread business and wider economic benefits have yet to emerge from the
IMI, these metrics showed that the Initiative has performed comparatively well.
It was also possible to cite examples of where the IMI had made a substantial

impact, although it was difficult to quantify what this impact had been.

HAF:  “Innovative Manufacturing Initiative Impact Study”, prepared for the EPSRC
by Public and Corporate Economic Consultants (PACEC)
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INNOVATIVE MANUFACTURING RESEARCH CENTRES PROGRAMME

EVALUATION

Conclusions and Recommendations of the panel meeting to assess the first year
review of the innovative manufacturing research centre proposals held at the EPSRC,
Swindon on the 21°* January 2003.

Panel members: Dr Julia King (chair) — Institute of Physics
Mr John Biddlecombe — KPMG
Professor Robbie Burch — Queen’ s University of Belfast
Mr Vaughan Cole — Health & Safety Ex ECUtive
Dr Chris Luebkeman — Arup Research & Development
Dr Barry Mills — Consultant (ex Westland)
Dr David York — Proctor & Gamble Ltd

EPSRC: Mr Phil Burnell
Dr Claire Burton
Dr Kathryn Magnay

Mr Neil Bateman

Mr Burnell presented the original panel recommendations, which were endorsed by Dr
Mills from the awards panel. The initial awards panel had felt that the proposals
focussed too much on continuing their current portfolios and evidence was required
that they would develop new opportunities as a result of this new mechanism. For
this first annual review the evaluation panel were informed that whilst at this stage
many consolidated projects were still underway future reviews should expect a

greater move towards grasping new opportunities.

Reports that demonstrated a clear strategy and vision in focused areas came out on

top. The panel felt that they IMRCs need to give more thought on how to
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differentiate themselves. The IMRCs also need to evaluate who are their primary
competitors intellectually and not to just benchmark themselves against academia

best research but also against the most advanced industrial research groups.

The panel felt that meetings with the IMRC directors would be important for future
evaluations. However, rather than have a full visiting panel to each IMRC, a half day
visit should be organised to each centre by one/two panel members with the
associated APM. The half day visits should then be followed by a Q&A panel meeting
by the whole panel to report back their view. The visit should consist of the Centre
Director giving a 20 minute presentation and a dipstick test on one or two projects.
A standard programme should be organised for all the site visits, with directors aware
of the criteria prior to the visit. The panel felt that the focus should be split between
th ECUrrent portfolio, new research developments and future challenges with
clarification of when will the impact of the research be felt and what difference did
completed projects make to industry? It may be necessary for a recognised
‘technical expert’ to accompany the panel member to give a balanced assessment.
The question was also asked as to the need to focus on a detailed research

assessment or on the overall achievements, developments and opportunities.

It was agreed that the evaluation would be aided by the compilation of more
streamlined paperwork following a standard proforma — The Loughborough paperwork
was seen as a model for such a porforma. The number of publications submitted as
evidence, should be limited to the top two. IMRC metrics should be more concise
with less focus on past history e.g. new collaborators and final destination of students.
The reports should outline how they measure the success of research and quantify
the added value of the IMRC. Collaboration details both internal and between IMRCs
as well as international collaboration should be more explicit. It was suggested that a
single spreadsheet should be produced containing an overall view of all the IMRCs for
direct comparison, in particular the proportion of direct and in—kind industrial support

should be more explicit.

The IMRCs need to demonstrate more clearly where aid has been given to junior
members within the faculty to develop their research projects. In th ECUrrent
reports it was felt that there was over reliance on what has happened rather than on
the needs of the future. Across the IMRCs there needs to be more blue skies

research and all projects should have a risk rating with guidance given to the panel on
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an appropriate balance between reliable deliverers and high risk research. It was felt
that the centres needed to be clearer with reporting IMRC results as opposed to
research funded outside the centre. The report should include a section on key
industrial dissemination activities, and demonstrate the nature and level of

international input as no evidence of overseas fellowships was presented.

The review panel should grow to accommodate a number of international experts and
the reports should go out to referees, including a minimum of one international referee
for each centre. It was noted that Stanford has a manufacturing centre in the US,

which could be used as a model. A recommendation was also made that there should

also be an international perspective on the IMRC steering groups.

The panel examined the portfolio across the IMRCs and wished to note that process
engineering, chemical, process industry and food, electrical and electronic, links with
nanotechnology centres, sensors and imaging, risk — safety cases and process control,
environmental assessment of manufacturing, end of product life and sustainability

were areas that were not adequately covered within th ECUrrent remit of the IMRCs.

HAr: “Innovative Manufacturing Research Centres Programme Evaluation”, EPSRC
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INNOVATIVE MANUFACTURING PROGRAMME

Progress in implementing last year’ s business plan

12 Innovative Manufacturing Research Centres (IMRC) have now begun operation; 11
Tranche 1 IMRCs by consolidation and 1 tranche 2. The total value of these grants is just

under £60M.

The first meeting of IMRC Directors was held in March 2002. Monitoring, evaluation and
management arrangements for the 12 centres were agreed at this meeting, and have been

implemented.
Dissemination arrangements and metrics have also been agreed.

Two other major research programmes have been funded — ATHENA, a 5—year applied
catalysis programme funded jointly with the Chemistry programme; and IMMPETUS, also a

5—-year programme on metals processing funded jointly with the Materials programme.

Discussions are continuing with ESRC on participation in a joint initiative on management
research. The AIM Initiative (Advanced Institute for Management) has been announced
and a director has been appointed. Agreement has been reached with ESRC on a level and

mechanism for EPSRC input into the initiative.

A contract has been awarded to PACEC to conduct the IMI impact study. The final report
will be delivered in September 2002.

The first star recruit appointment has been made — a new chair in combustion at

Cambridge University with Rolls Royce.

Targets/actions yet to be achieved

The first round of annual evaluations will be held Autumn/Winter of 2002/2003. Centre
annual reports will be submitted in November and the outcome of the reviews will be

available early 2003.

Initial workshops on sector based research priorities have been scheduled to commence

in late 2002.
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e UCL is the only Tranche 2 centre so far started. It will not be possible due to constraints

on commitment to make any further new starts in 2002/2003.

e Sector research plans for process and electronics are still work in progress. Process is

nearing completion; electronics will take longer.

Issues

e Consideration needs to be given to the number and nature of future centres. Several
tranche 2 and 3 centres ar ECUrrently either under consideration or in discussion. In
particular efforts are being directed at filling key gaps in the portfolio in healthcare,
process and electronics. Depending on peer review outcomes it is likely that at the
conclusion of this exercise the number of IMRCs will stand at between 15 and 20. This is

probably about the most sustainable number in a steady state.

e On any reasonable forward projection of available funds this size of portfolio of centres
would leave unassigned monies, which could be targeted for special purposes. Attention
could be directed at working with the centres in order to generate change. The desirability
of adopting new directions, and the opportunities to do so which the mechanism of centre
funding offer, have been stressed upon the centres. Radical changes in the programme of
an IMRC will unquestionably be expensive, probably entailing turnover of personnel. It also
needs to be borne in mind that the tranche 1 centres were created by consolidation of
existing grants with little or no new money involved. A possible approach would be to
invite centres to submit as part of their major 3 year review a business plan for years 4
and 5 detailing a strategy for exiting from some areas of work so as to embark on new
ones. They would as part of that plan be able to bid to IMP for limited funds to support
these new lines of research. Star recruits would be a likely mechanism. However the major
share of the cost of these changes would be expected to come from the HEI and its
collaborators. Additionally funds will be available to support small groups or individuals of
high quality outwith the IMRCs. The research supported will be related to the portfolios of
the centres and these “outliers” will be associated with centres to avoid fragmentation of
the portfolio. The introduction of these associated groups, funded at their home
institutions but as subsets of a prime IMRC, can also be a method of generating new

directions in the centres’ programmes.

e Dissemination of research outputs from the IMRCs is a key priority. Whilst dissemination
between centres and their direct collaborators may be assumed to work generally

satisfactorily, and even more widely to other companies in that sector, there may be a gap
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in the effectiveness of the collation, dissemination and take up of results of a generic

nature across a broad spectrum of users in different sectors. Consideration needs to be

given to how best to bring about the broadest possible exploitation of research outputs

generated by the IMRCs. Without this we shall not be making maximum use of the IMRC

investment. An idea currently at an early stage of discussion is to create a dissemination

task force working with the centres but reporting to EPSRC.

What if anything should be the overall strategy for the IMRCs, in terms of the nature
and technical coverage of the IMP? Initial advice from the IMP SAT has suggested a
concentration on business process research — the basic ethos of the IMI — and less
emphasis on the hard technology of manufacturing. The report of the IMI impact study
will help to refine this process. A meeting of the IMRCs will be organised for later this
year to discuss the emerging plans. One possible implication of such an approach
would be that quality and impact become the prime drivers, with lower, even no,
importance placed on the actual level of activity in any given sector. Generic topics
and approaches would become dominant, and the issue of wider dissemination

mentioned above then becomes even more important.

The output of trained personnel will be a major product of the centres. EPSRC will
indicate to the HEIs concerned that we would expect the DTA resource resulting from
the centre grants to be earmarked for the programme of the IMRC. With the first
allocation of resource to be made for October 2003 starts, it is intended in the
meantime to discuss with IMRCs the deployment of what will be significant numbers
of students (as many as 14 or 15 students per year for the largest IMRC). We would
certainly expect all the training to have a strong collaborative component, and would

wish to explore the potential for mechanisms such as Engineering Doctorates.

Targets for 2003/2004

Collate and publish the outcomes of the first annual reviews of the IMRCs; discuss
with directors lessons learned both for the conduct of future reviews, and for the

future activities of the centres.

Announce new centres subject to successful peer review, including proposals in
Healthcare; a possible design centre for electronics manufacture; possible centre for

process design and modelling.
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e Launch initial activities under the AIM initiative — principally 2 EPSRC fellows, plus

funding for a UK network to link engineering departments and business/management

schools; plus first round of research projects.

e Issue DTAs to IMRCs and discuss with directors how the training resource will best

be deployed.

e Continue discussions with other funding agencies of future arrangements for

participation in LINK programmes. IMRCs will be expected to become EPSRC

“preferred suppliers” for academic input into manufacturing related LINK

programmes; but non-IMRC participation may need to be accommodated where an

IMRC cannot supply the necessary expertise.

INNOVATIVE MANUFACTURING SWOT

Strengths

e  Manufacturing remains a key part of the UK
economy; as an employer and as a
contributor to national wealth

. Long track record of industry/academe
collaboration

. Whilst the number of top centres is small,
their quality is impressive

® The UK community continues to produce
new talented people

Weaknesses

Manufacturing is declining as a proportion of
GDP

Too few research groups of world class
Academe struggles to recruit and retain high
class research personnel

Research infrastructure in manufacturing
groups is generally poor. Installed equipment
base requires updating

Research horizons tend to be too short. Too
much work is problem solving, and not
enough aimed at deeper—seated problems
requiring generic solutions

Not enough work aimed at the
industries/manufacturing of the 21 century

Opportunities

e  Centres approach offers opportunity to
develop a strong portfolio with a clear
strategy and focus

e Longer term funding will encourage greater
adventure and allow deeper—seated
problems to be tackled

e  Key groups will be able to expand into new
technologies

e  Extended opportunities for collaboration and
multidisciplinary research

®  Globalisation of manufacturing and of
research

Threats

Globalisation of manufacturing and of
research

Major changes in industry sectors, eg
chemicals. Uncertain continuing commitment
to R&D

Centres may become isolationist and inward
looking

HiFr:  “Innovative Manufacturing Business Plan”, EPSRC
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@) University of Bath

Innovative Manufacturing Research Centre
The main objective of the Bath IMRC is to conduct high quality research into the design, manufacture
and management of processes, machines and systems with a particular emphasis on responsiveness

and agility. To achieve this the centre has two Programme Planning Groups

e Engineering — focussing on the design of responsive, agile machines and manufacturing
processes.

e Management— focussing on agility, lean manufacturing processes and supply networks.

http.//'www.epsrc.ac.uk/website/default.aspx?CID=7150&ZonelD=3&MenulD=1606

Innovative Manufacturing Research Centre at the University
of Bath

Director — Professor Cliff Burrows

Research Centre Objectives

The EPSRC (Engineering and Physical Sciences Research Council) awarded the
University of Bath £6.3 million funding to support a five year programme of research,
under the umbrella of the new Innovative Manufacturing Research Centres (IMRCs),
Bath being one of only 10 such centres to be awarded in the UK in 2001. The main
objective of the Bath IMRC is to conduct high quality research into the design,
manufacture and management of processes, machines and systems with a particular
emphasis on responsiveness and agility. To achieve this the centre will have two
Programme Planning Groups

Faculty of Engineering & Design
Focusing on the design of responsive, agile machines and manufacturing processes.

School of Management

Focusing on agility, lean manufacturing processes and supply networks.

These foci will complement each other to deliver timely research output to the
centre’ s industrial collaborators and the wider industrial community. In doing this the
centre will continue to pursue existing programmes that are considered to be
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excellent and develop new areas of industrial interest as well as encouraging an
““ ”
element of “blue—sky research.

http.//'www.bath.ac.uk/imrc/

Faculty of Engineering and Design Programmes
Engineering Director Chris McMahon 01225 384026
Engineering Programme

Engineering design and manufacturing are at the heart of the modern world.
Engineering products dominate trade, and our economic well-being depends strongly
on the performance of our manufacturing industries. Globally distributed manufacture
and the increasing importance of environmental and ethical issues presents a great
challenge to those who will engineer our future. At the Bath Innovative Manufacturing
Research Centre (IMRC) in Responsive Design and Manufacturing we seek to play a
leading role in meeting that challenge through a dynamic programme of research
bringing together industry, government and academic partners.

The IMRC'’s Vision

The ability to compete in today’'s world of globally distributed engineering teams
depends on the ability of engineering organisations to respond to change. Central in
this is the need to be able to bring together an understanding of manufacturing
processes, design technologies and human issues, all supported by reliable and
up—to—date information. This consideration, together with the need for an integrated
approach forms the basis for the IMRC’s five research themes:

e Responsive Design and Manufacture: a programme that integrates the different strands of
the centre’s work in three industry focused projects

e Design Technologies: including techniques for the design, analysis and modelling of
machine systems:

e Manufacturing Processes and Systems: including process modelling and the development
of novel processes:

e Human Aspects: including developing understanding of risk, uncertainty and ethical issues
in engineering:

e Design Information and Knowledge: including developing understanding of the information
needs of engineers and of approaches to information organisation and management:

htto.//www.bath.ac.uk/imrc/mechengineering/mecheng home.htm
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School of Management Programmes

Joint Directors

Professor Andrew Graves

Director of the Lean & Agile Research Centre in
the School of Management, originally built from
links with MIT's ’International Motor Vehicle
Programme’ in the USA, and their unique model
for automotive research in the 1980’s. This

research resulted in the publication of the now

famous book “The Machine that Changed the

World”.

Current Strengths

Professor Richard Lamming

Head of Research for the School of Management
and CIPS Professor and was also a senior
member of the International Motor Vehicle
Programme. Recent research specialises in lean
supply strategic collaboration in supply networks,
transparency in supply interfaces, shared
innovation and environmentally sound supply
chains.

Th ECUrrent Management programme comprises the following industrially—led

research projects:

Automotive

Construction

/lapay N
J/car 'ﬁ*
MGALE COMETERLC TN

Purchasing & Supply Aerospace

UH LEAM AFROSFACI

5 I

INITIATIVE

0 S el 1Y O Ml i T

SIG SPECIAL INTEREST GROUP
o Irnter-orpani sabional
]

Rl atiores

Proposed Scope of Management Research Programme

The establishment of the IMRC will enable existing programmes to carry through their
research agendas and develop additional and more focused deliverables for their
industrial and government collaborators. The Centre will play a key role as neutral

broker, bringing together new and existing sponsors as well as developing relationships
with academic collaborators in the UK and abroad. The aim is to progress and
consolidate this research into lean manufacturing processes, supply networks,

responsiveness & agility by extending its theories across new areas of industry.
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http.//www.bath.ac.uk/imrc/management/mang programmes.htm

Automotive Industry Research Projects

S3pDay
\J/car

3Day Car

The project working in collaboration with the University of Cardiff and the ICDP
(International Car Distribution Programme) has become one of the leading authorities
on build to order and a benchmark for major VMs in shaping the development of a
process framework to achieve delivery of a customer’ s specific order within 3 days.
See also www.3daycar.com or link imvp.mit.edu or tel: 01225 386641

http.// www.bath.ac.uk/imrc/management/auto.htm

Construction Industry Research Projects

i

ASLE COHITRUCTION

Agile Construction Initiative

The initiative working with Government and a broad sponsor base, aims to generate
guidance and stimulate improvement in the UK construction industry and has
developed an ‘in—project’ Benchmarking Process, together with benchmarking tools

for ‘Cost of Quality’ and ‘Site Activity’ to improve value and eradicate waste on
site.
See also www.bath.ac.uk/management/agile/ or tel:01225 386641

(C ®

Confederation of Construciion Clients

The Construction Clients’ Charter

This project grew from Agile’ s work for H.M. Treasury, which benchmarked the
performance of Government construction clients. The exercise identified a massive
scope to improve construction performance and the role that clients could play in

encouraging change.
Click here for more information.

http.//www.bath.ac.uk/imrc/management/construction.htm
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Purchasing & Supply Industry Research Projects

Transparency in Supply Relationships

The project is part of the Strategic Purchasing and Supply research programme. It is
researching ways to develop value transparency in inter—organisational relationships
by sharing mutually sensitive information, to s ECUre competitive advantage and
achieve improvements in value generation through lean supply. In keeping with the
nature of the research in the School this project develops a theoretical proposition
into practicable management tools and ways of working.

See also www.bath.ac.uk/management/crisps/ or tel: 01225 383492

=
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BAM SIG IOR

The British Academy of Management’s Special Interest Group on
Inter—Organisational Relations. An EPSRC Network grant was awarded to facilitate
the work and deliver regular workshops/seminars. The interaction within the network

has led to a rich cross—disciplinary community, which is delivering new synthesis of
knowledge and perspectives in research.

See also www.bam.ac.uk/sig/ior/ or tel: 01225 38323.

3G in the Supply Chain project

With funding from Lucent Technologies to explore the potential applications for 3G
technologies in wireless high—speed data transmission within supply chain networks
and to report on likely areas of early adoption and modes of implementation and use.

The research focused on supply chain networks within Europe covering Business
Services, Manufacturing, Financial, Insurance, Transport, Retail and Governmental
vertical markets.

See also www.bath.ac.uk/crisps/ or tel: 01225 383492

htto.//www.bath.ac.uk/imrc/management/burchase.htm

Aerospace Industry Research Projects

Ud LEAM AFROSP&CI

UKL/

INITIATIVE

UK Lean Aerospace Initiative (UKLAI)

The UK LAI project was formed when decreasing defence budgets, combined with
new competitive pressures in the commercial sector, created major challenges for
the global aerospace industry. The UK aerospace industry recognised the need to
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eliminate waste and to add value within its operations and the UK Lean Aerospace
Initiative (UKLAI) now supports these efforts to improve performance through a
national research programme involving a leading consortium of Universities of Bath,
Cranfield, Nottingham and Warwick, and over thirty participating aerospace
companies, together with a close collaboration with the US Lean Aerospace Initiative
at MIT.

Research at Bath is directed by Professor Andrew Graves and the research team
have played an important role in establishing Aerospace Performance Metrics for
industry benchmarking, identifying barriers and enablers for change and generating
industry specific case studies to stimulate shared learning and performance
improvement.

Current Research Themes

Accounting for the Lean Enterprise

Measurement and accounting systems that support lean implementation and
demonstrate the benefits of lean activities.

Benchmarking Performance

Tracking improvements in the aerospace industry using the aerospace metrics.
Best Practice Transfer

The dissemination and transfer of best practice throughout the aerospace supply
chain, with particular emphasis on SME’ s.

For further information see websites: www.sbac.co.uk or web.mit.edu/lean

http.//www.epsrc.ac.uk/website/default.aspx?CID=7150&ZonelD=3&MenulD=1606
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@ University of Cambridge

Cambridge Engineering Design Centre

Over its 10-year history the EDC has earned an international reputation for its research through its
publications, software tools, and presentations (many invited) at international conferences; through
collaborations with industry; and through networking with other design research groups. IMRC status
now leads to the possibility of immediate but carefully controlled growth, building on a humber of
strategic objectives;

Research, focusing on high—quality fundamental research to provide the theories and methods that will
underpin engineering design in the future;

Technology Transfer and Exploitation, transferring the research results into industry through
technology transfer and exploitation to help enhance the UK's industrial competitiveness;

Education, contributing to design education at both undergraduate and postgraduate levels to help
create a pool of well-educated designers.

Further information is available at the Cambridge Engineering Design Centre

htto://www.epsrc.ac.uk/website/CommonlPages,/Downloads.aspx?CID=5172&ZonelD=3&MenulD=
1606

Overview

The Cambridge Engineering Design Centre (EDC) is a research centre for the development,
validation and dissemination of advanced design methods for technical systems, in particular
mechanical systems. The research programme reflects UK industry’s need for the best design
methods and tools to achieve economic competitiveness, and to improve the quality of life through
wealth creation and environmentally sustainable technology.

Since its formation in 1991 the EDC has earned an international reputation for its
research through its publications, software tools, and presentations (many invited) at
international conferences; through collaborations with industry; and through
networking with other design research groups.

The EDC has been named as a centre of excellence by the Engineering and Physical
Sciences Research Council, having been identified as an Innovative Manufacturing
Research Centre (IMRC).

W ECUrrently have a team of over 40 people with expertise in a number of different
industry sectors: aerospace, health—care, architecture, engineering and construction
(AEC) as well as general product design.

http.//www—edc.eng.cam.ac.uk/
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Strategy

The overall aim of the Cambridge EDC is to improve the effectiveness and efficiency of
engineering designers and design teams by undertaking research into the theories that will
underpin the design methods of the future. These methods will be embodied in software tools,
workbooks and publications that support the creation of reliable, high—quality, cost—effective
products. This is being achieved by following three strategic objectives, namely:

Research, focusing on high—quality generic research to provide the theories and
methods that will underpin engineering design in the future, and publishing the results
widely;

Technology Transfer and Exploitation, transferring the research results into industry
through technology transfer and exploitation to help enhance the UK's industrial
competitiveness; and

Education, contributing to design education at both undergraduate and postgraduate
levels to help create a pool of well-educated design engineers and designers.

http.//www—edc.eng.cam.ac.uk/strategy,/

Sectors

The EDC'’s recent policy on industrial collaboration has been to focus on a few industry sectors in
which to develop strong links, building understanding of the sector’s specific needs and forming
liaisons with key players. This focuses resources on s ECUring a major share of sector or
government supported sector—oriented research initiatives and enhances the potential for
transferring research results into industry. Sectors are targeted based on an existing EDC
background in the area, and on the potential for large commercial and social benefits.

Since its formation in 1991 the EDC has maintained a focus on the Aerospace and
Healthcare sectors. Two new sectors, Architectural, Engineering and Construction
(AEC) and Product Design, are now being developed in response to a shift in the
EDC’s core research.

Industry sectors:

Aerospace — Professor Ken Wallace

Healthcare — Dr John Clarkson

Architectural, Engineering and Construction (AEC) — Dr Kristina Shea

Product Design — Professor Michael Ashby
Other — Dr John Clarkson
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http.//'www—edc.eng.cam.ac.uk/sectors/

Aerospace

Aerospace, the UK's largest export earner, possesses many divers ECUtting edge technologies
and needs to ensure that it utilises the best design processes, information systems and
optimisation methods. Aerospace design is characterised by its scale, complexity and drive for
safety. This poses particular challenges in design that are being addressed by the EDC’s research
on design optimisation, knowledge management and process planning. This sector is co—ordinated
by Professor Ken Wallace who has long experience of working in and with the aerospace sector.
Major collaborators include Rolls—Royce, BAE SYSTEMS and GKN Westland Helicopters.

Sector Co—ordinator
Professor Ken Wallace

Projects
Design Experience

Design Process Planning
Jet Engine Design
Knowledge Acquisition
Risk Reduced Tendering
Signposting

Task Capture

Turbomachinery Design

Industrial Partners
Rolls—Royce

BAE Systems
GKN Helicopters
Marshall Group

http.//www—edc.eng.cam.ac.uk/aerospace,/

Healthcare

Healthcare represents a large UK community of medical device and equipment manufacturers. The
interest here is in the need for medical equipment manufacturers to develop designs that may be
validated in order to meet regulatory requirements. Such products are very diverse but share
common issues in terms of their need for appropriate user interfaces and proven safety, thus
providing a focus for the EDC’s research on design evaluation and product accessibility. This
sector is co—ordinated by Dr John Clarkson who has direct experience of medical device and
equipment design. Major collaborators include Consignia, Bespak, Smith and Nephew, Cambridge
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Consultants and the Associated British Healthcare Industries (ABHI).

Sector Co—-ordinator
Dr John Clarkson

Projects

Computer Access

Design Verification

Design for Validation
Inclusive Design
Requirements Capture
Home-use Medical Devices

Industrial Partners

Bio Robotics

Muscular Dystrophy Campaign

The Papworth Trust

Association of British Healthcare Industries (ABHI)
Bespak

Cambridge Consultants

Smith and Nephew

Publications

Good Design Practice for Medical Devices and Equipment — A Framework

Good Design Practice for Medical Devices and Equipment — Requirements Capture
Good Design Practice for Medical Devices and Equipment — Design Verification
Full Publications List

http.//www—edc.eng.cam.ac.uk/healthcare/

Architectural, Engineering and Construction

Architectural, Engineering and Construction (AEC) includes a broad mix of professions that
increasingly use digital tools to support design description, analysis, and fabrication. The newest
co—director of the EDC, Dr Kristina Shea, has interests in developing computational methods that
advanc ECUrrent capabilities to create innovative design environments that support
performance—based exploration in the early phases of engineering and architectural design. Her
appointment has brought to the EDC internationally respected research on the synthesis of
discrete structures by structural shape annealing. This has attracted links with CAD developers
Bentley Systems and major UK firms in the sector such as Arup. In addition, discussions are under
way to initiate a new collaboration with AMEC in the area of Process Improvement.

Sector Co—ordinator
Dr Kristina Shea
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Projects

Multi—objective Dynamic Synthesis via Machine Learning

Metamorphic Development

Performance—based Structural Synthesis

Industrial Partners
Bentley Systems
Arup and Partners International

http.// www—edc.eng.cam.ac.uk/aec/

Product Design

Product Design is a term intended to include high—volume products purchased or used by the

general public. This has emerged as a sector of specific interest during the past two years with

new projects on materials selection, good industrial design practice and inclusive design. There is a

particular need to give increasing priority to the needs of the older or less able user, lest they be
alienated or disenfranchised by product design. Hence, collaborations have been initiated with the
Royal College of Art, the Design Council and a number of design consultancies to address the
issue of product accessibility. This sector is to be led by Professor Michael Ashby who has
recently been appointed as a Visiting Professor at the Royal College of Art.

Sector Co—ordinator
Professor Michael Ashby

Projects

Adoption of Materials
Aesthetics

Bicycle Design

Eco Design

Material Selection

Process Selection

Industrial Partners

Panasonic

IDEO

Tangerine Design

The Chartered Society of Designers
Cambridge Consultants

htto.//www—edc.eng.cam.ac.uk/productdesign/
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Other

The EDC's collaborators are not limited to those who fit within the four named industry sectors.
Indeed, there are many other companies providing invaluable support for the EDC’s research who
represent sectors as diverse as automotive and garment industries. These are listed here.

Sector Co—ordinator
Dr John Clarkson

Projects
Clearweld

Industrial Partners

British Energy

Consignia

Williams F1 Racing

Mol ECUlar Geodesics

Granta Design

Ibis Corporation

Applied Materials Inc.
Boustead Consulting
Knowledge Technologies International (KTI)
Caterpillar

Corus Automotive Engineering
Group Lotus

The Design Council

ITT

Monument Trust

http.//'www—edc.eng.cam.ac.uk/other/

Projects

These are th ECUrrently active projects in the EDC:
Accessing Information

Adoption of Materials
Aesthetics
Bicycle Design

Capture and Reuse

Change Propagation
Change Robustness
Clearweld

Communication
Computer Access
Concept Evaluation
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Conceptual Design
Design Experience
Design Micro Models
Design Process Planning
Design Representation
Design Verification
Design for Usability
Design for Validation
Eco Design

Empirical Methodology
Empirical Studies
Engineering Science
Ethnography

Extracting Design Rules
Genetic Algorithms
Haptic Feedback
Inclusive Design
Indexing Knowledge

Jet Engine Design
Knitwear

Knowledge Acquisition
Knowledge Reuse
Knowledge Searches
Machine Learning
Material Selection

Medical Devices
Metamorphic Dev
Metamorphic Development
Multicriteria Selection

Parametric Synthesis
Performance Based
Process Selection
Product Modification
Psychological Distance
Requirements Capture
Retention and Reuse
Risk Reduced Tendering
Signposting

Similarity in Design
Simulated Annealing
Simulating Process
Species Conserving
Structural Optimisation
Structuring Knowledge

Task Capture
Turbomachinery Design
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http.//'www—edc.eng.cam.ac.uk/projects/
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@ University of Cambridge

Cambridge Institute for Manufacturing
The aims of the Cambridge Institute for manufacturing are to:

e Provide an international focus for research into the strategic and operational management of
manufacturing and technology

e  Work with industry, government and other academic groups to enhance the operational and
strategic performance of manufacturing businesses

e Enable the rapid integration of research results into education and industrial practice

e Develop and support industrial and academic communities in the field.

htto://www.epsrc.ac.uk/website/CommonlPages,/Downloads.aspx?CID=5519&ZonelD=3&MenulD=
1606

The Strategic and Operational

MANAGEMENT OF MANUFACTURING AND TECHNOLOGY

An EPSRC Innovative Manufacturing Research Centre in the University of Cambridge
The aims of the Cambridge Institute for manufacturing are to:

=  Provide an international focus for research into the strategic and operational
management of manufacturing and technology

=  Work with industry, government and other academic groups to enhance the
operational and strategic performance of manufacturing businesses

= Enable the rapid integration of research results into education and industrial practice

= Develop and support industrial and academic communities in the field
THEMES

Structuring and managing international supply networks

Many industries are restructuring into more specialised, globally distributed units.
Manufacturing strategy has traditionally focused on the design of plants and their business,
management and technology processes. ‘Best practice’ approaches to manufacturing
operations at plant level are now widely understood — often packaged under the heading ‘lean
manufacturing’ . The strategic and operational decisions associated with distributed networks
however are substantially more complex than those for individual plants. This theme will
explore how plant level strategy and performance processes will need to be developed to
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meet the new manufacturing environment.

Rapid technology acquisition and deployment

Companies need to innovate and deploy technology as swiftly as possible. The new product
introduction (NPI) process is increasingly well understood and the Institute’s NPI audit
method makes a contribution here. But companies also need to assemble technologies from a
variety of sources and better methods are needed to identify and acquire technologies and to
pursue collaborative development programmes. The timely integration of new technologies
into complex new products, and the management of technology across organisational
boundaries, are key topics.

Manufacturing knowledge and communication

Companies need to capture and communicate knowledge systematically and traceably. In the
longer term this will involve access to the most informed sources of information about trends
which are likely to impact on the business at international, national, sector and company levels.
The Industrial Futures Programme has been established to meet this need. In the medium
term greatly improved methods are required to enable the sharing of knowledge within and
between companies.

STRUCTURE

The IMRC involves contributions from a number of key groups within the Institute for
Manufacturing including the Centre for Strategy and Performance, Centre for Technology
Management, Manufacturing Automation and Control Group and the Centre for Economic and
Manufacturing Policy.

CONTEXT

The Institute for Manufacturing which hosts the IMRC provides a focal point for education,
research, practice and policy development through the Manufacturing and Management
Division of Cambridge University’ s Engineering Department. It defines manufacturing as a
whole—business activity embracing marketing, design, production and related value—adding
activities. It adopts an integrating multidisciplinary approach to teaching and research coupled
with an Industry Links Unit to serve the needs of manufacturing businesses. The Institute
aims to:

= improve understanding of economic, strategic, and technical trends and linkages in
manufacturing nationally and internationally

= develop new approaches to manufacturing strategy, organisation, and technology

= deliver more able and well-prepared people into manufacturing

= improve public awareness of manufacturing.

The Institute provides an environment in which practitioners, academics, and students at all
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levels can work together. It builds upon established networks of industrialists, investors,
academics and policy makers; established education and research programmes with
international access and a successful track record of industry/academic collaboration

TYPICAL PROJECTS

Strategic Make—or-Buy

Make—or—buy is one of the fundamental manufacturing strategy decisions and the focus of a
recently completed EPSRC research project. A broad cross—section of manufacturing
companies has been involved in the development of a new approach to the make—or—buy
decision, embodied in a ‘workbook’ for managers. Participating companies included Rolls
Royce, Philips and Xerox.

‘Fast start’ Technology Route Mapping — T-Plan

T-Plan is a major output from an EPSRC supported strategic technology management
project. The process enables companies to link technology to product and business plans in
a highly intuitive, graphical roadmapping approach. The process has been developed with
industrial partners from the Institute’s Centre for Technology Management including
Bespak, Domino, Federal Mogul and BAE SYSTEMS. A new ‘workbook’ is about to be
published.

Auto - ID

Work on the development of the infrastructure and management routines for the next
generation of product identification technologies is underway in the Manufacturing
Automation and Control Group. Sponsors include Invensys, P&G, SAP, Tesco, Unilever and
Walmart.

Industrial Futures

A new EPSRC project is continuing the work of the Foresight Manufacturing 2020 panel. A
growing international network of manufacturing futures groups provides a rich context for
research, linking futures findings to company strategic planning processes. Countries
involved include China, France, Germany, Japan, Sweden and the USA.

CONTACTS

Mike Gregory, Head - Institute for Manufacturing, mjg@eng.cam.ac.uk; Duncan MacFarlane,
Director — Manufacturing Automation and Control, decm@eng.cam.ac.uk; Ken Platts, Director —
Strategy and Performance, kwp@eng.cam.ac.uk; David Probert, Director — Technology
Management, drp@eng.cam.ac.uk

http.//www.epsrc.ac.uk/ContentliveArea/Downloads,/ Word%20Document/Cambridege%20Gregory
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Innovative Manufacturing Research Centre

The Innovative Research Centres are funded by the Engineering and Physical
Sciences Research Council (EPSRC)

The Innovative Manufacturing Research Centre (IMRC) at the Institue for
Manufacturing, Cambridge, is designed to provide an academic — industry focus for
research, practice and education in the management of manufacturing and technology.
The IMRC draws together the work of several established research Centres and
Groups to tackle emerging industrial themes while strengthening the core academic
programme. The themes include:

e Structuring and Managing International Supply Networks
e Rapid Technology Acquisition and Deployment
e Manufacturing Knowledge and Communication

The characteristics of the IMRC are an integrated and industrially focused approach
to manufacturing; the arrangements enable:

e Informed evolution of research themes through an Industrial Futures programme,
industrial consultation and academic networks

e Active management of industrial engagement across major corporations and SMEs

e An integrated programme of industrial application, capture of examples and
dissemination

In keeping with the characteristics of the IMRC, detailed above, a formal, internal,
bidding process has been undertaken. As a result of these bids, a number of projects
have been approved and are detailed on the Projects Page.

The constant faces of the IMRC at the Institute for Manufacturing are:

e Mike Gregory — Principal Investigator, Head of Institute for Manufacturing

e David Probert — Principal Investigator, Head of Centre for Technology Management
e Ken Platts — Principal Investigator, Head of Centre for Strategy & Performance

e Duncan McFarlane - Principal Investigator, Head of Centre for Distributed

Automation & Control
e James Moultrie — Project Manager, Centre for Technology Management
e Sian Bunnage — Research Coordinator

As a way of continuing our engagement with industry, the Innovative Manufacturing
Research Centre has invited a number of industrialists to form a panel which gives
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industrial input into the work of the IMRC. The list of members is shown on our

Industrial Advisory Group page.

Also listed on this site are some of our recent industrial collaborators.

htto.//'www.ifm.eng.cam.ac.uk/imrc/

Innovative Manufacturing Research Centre

Current Projects

Researcher Centre

Centre for Economics &

Finbarr Livesey

Policy

Centre for Distributed

Project Title
Manufacturing Futures (NMZM/016)

Prochart: Towards World Class
Performance in Planning and

Andy Shaw Automation & Control

Scheduling — From Progress Chasers

Francis Hunt &
—_— Centre for Technology

to Responsive Teams (NMZM/017)

Software Sourcing in Manufacturing

Noordin

Shehabuddeen Management

Centre for Technology
Management

Clare Farrukh

Centre for Strategy &

Kimhua T
fimhtia an Performance

Tony Holden Decision Support Group

Centre for Technology
Rob Phaal & John |Management & Centre
Mills for Strategy &

Performance

Centre for Strategy &

(NMZM/018)

Managing technology and knowledge
across organisational boundaries i
production of final deliverables

Managing Strategic Investments:
Toward a Resource Allocation and
Analysis Tool

Web Technology for Knowledge
Sharing across Business Units

Identification and Exploitation of
Intangible Assets

Make—Buy Decisions for New

Rob Perrons (PhD)

Performance

C Y Wong (PhD) Centre for Distributed
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Technologies
The Impact of Auto—ID on Retail Shelf



Ajith Parlikad

Automation & Control Replenishment Policies

Centre for Distributed The Impact of Product Lifecycle

(PhD)

Researcher

Kimhua Tan

Pete Fraser

X Information on Effectiveness of
Automation & Control

End-of-Life Processes

Future Projects

Centre Project Title
Centre for Strategy |Quantitative Action Plan Analysis — A
& Performance Framework and Tool
GCentre for NPI 202.0: Managing Rapid Distributed
- Innovation
Technology —_—

Management

Centre for . .
i ) - Alliance—based business models for
Tim Minshall Technology
- early—stage technology—based ventures
Management
. Centre for .. .
Noordin - Acquiring new technologies through
- . Technology o )
Shehabuddeen technology scanning/intelligence networks
Management
New PhD Students
Student Name Centre

Ayuth Jirachaipravit |Centre for Technology Management

Anand Kulkarni Centre for Distributed Automation & Control

htto.//www.ifm.eng.cam.ac.uk/imrc/projects.htm
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@ Cranfield University

Cranfield Innovative Manufacturing Research Centre
The Cranfield Innovative Manufacturing Research Centre has two specific objectives:
e To maintain the ethos of the EPSRC Innovative Manufacturing Initiative (IMI) of working
closely with industry in selected business sectors of strategic importance to the United

Kingdom.

e To migrat ECUrrent knowledge in product introduction and delivery, manufacturing technology
and information management towards a scenario of Manufacturing 2006.

http.//'www.epsrc.ac.uk/website/CommonPages,/Downloads.aspx?CID=5548&ZonelD=38&MenulD=
1606

CRANFIELD INNOVATIVE MANUFACTURING RESEARCH CENTRE

The Cranfield Innovative Manufacturing Research Centre has two specific objectives:

. To maintain the ethos of the EPSRC Innovative Manufacturing Initiative (IMI) of
working closely with industry in selected business sectors of strategic
importance to the United Kingdom.

. To migrat ECUrrent knowledge in product introduction and delivery,
manufacturing technology and information management towards a scenario of
Manufacturing 2006.

The selected industry sectors will include: | The scenario Manufacturing 2006 will include:

aerospace sustainable design for whole product life
automotive and motor sport lean processes

construction advanced materials engineering

process industries innovative manufacturing systems
public utilities jigless assembly

general manufacturing distributed team working

complex supply chains

knowledge and information systems

whole life service delivery

169



Centre Contacts

Principal Investigator: Professor J Billingham
Centre Director: Professor P J Deasley
Lead Investigators:
Manufacturing Management Prof D R Tranfield

Dr T Baines
Manufacturing Technology Prof J Corbett

Prof D J Stephenson
Product Introduction Prof S Evans
Composite Technology Mr A Mills
Welding and Joining Mr S A Blackman
Computational Design Prof A J Morris
Information for Manufacturing Dr R Roy

Dr1S Fan

Participating Schools

Cranfield School of Industrial & Manufacturing Science (SIMS)
Cranfield School of Management (SOM)
Cranfield School of Engineering (SOE)

Contact Address

Mrs Maureen Mahoney
Tel: 01234 754270
Email: m.i.mahoney@cranfield.ac.uk

http.//'www.epsrc.ac.uk/ContentLiveArea,/Downloads,/ Word%20Document,/Cranfield%20full’%20rep
ortl.doc

Innovative Manufacturing Research Centre (IMRC)

The Cranfield Innovative Manufacturing Research Centre has two specific objectives:

To maintain the ethos of the EPSRC Innovative Manufacturing Initiative (IMI) of working
closely with industry in selected business sectors of strategic importance to the United
Kingdom

To migrat ECUrrent knowledge in product introduction and delivery, manufacturing
technology and information management towards a scenario of Manufacturing 2006.

The industry sectors will include:
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Aerospace
Automotive and Motorsport
Construction
Process Industries
Public Utilities
General Manufacturing

The scenario Manufacturing 2006 will include:
Sustaintable design for whole product life
Lean process
Advanced materials engineering
Innovative manufacturing systems
Jigless assembly

Distributed team working, complex supply chains, knowledge and information
systems, whole life service delivery

http.//www.cranfield.ac.uk/sims/imrc/

IMRC - Selected Highlights

Jigless Manufacturing (Project JAM)
Collaborators:

Cranfield, City, Salford, Nottingham, BAE
SYSTEMS, NPL, Rolls Royce, Comau,
Bombardier

Cost Effective Welding for Aerospace (Project
CEMWAM)

Collaborators:

Cranfield, Essex, Liverpool, UMIST, DERA,
BAE SYSTEMS, Rolls Royce, Bombardier,
British Aluminium

Co—Development Capability of Suppliers
(Project COGNET)

Collaborators:

Cranfield, Nissan, Supplier companies
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Manufacture of Lightweight Car Body
Structures and Components Using Low Cost
Carbon Fibre Composite Materials (Project
FASTFRAMES)

Collaborators:

Cranfield, Ford, Lotus Engineering, BTI
Europe, BTG, Caterham Cars, Reynard
Motorsport, Vision Controls, Tenax Fibres,
CIBA Fibres

Teamwork and Culture Change in
Construction: Developing a Service Delivery
Approach (Project BRIC)

Collaborators:

Cranfield, Bovis, Mouchel, London
Underground, MOD, Royal Bank of Scotland,
ECITB

http.//www.cranfield.ac.uk/sims/imrc/highlights.htm

IMRC — Research Themes

Development of major research programme
within the scenario 2006

Focused initiatives in the named industrial
sectors:

- = Aerospace

= = Automative and Motorsport

* = Construction

* *Public Utilities

**Process Industries

Cross—sector learning between the industrial
sectors and other relevant industries, eg.
consultancy, industrial design, financial
services and other service industries
Collaboration with technical and management
schools in UK, European and US Universities
Interaction with other initiatives, Technology
Foresight, DTI, EU Frameworks, NSF
programmes

Development of research capability in next
generation scientists, engineers and managers

htto.//www.cranfield.ac.uk/sims/imrc/research.htm
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BAE SYSTEMS Link Office
BAE SYSTEMS Strategic Capability
Partnership in Aeronautical Engineering

Mouchel Centre
Lean Aerospace Initiative
Lean Construction Network

Faraday Partnership in Materials for
Aerospace and Automative

Health & Safety Ex ECUtive
TDK Research Centre

Rolls Royce University Technology Centre in
Performance Engineering

Foundation for the Built Environment
EUSPEN
TWI

http.//www.cranfield.ac.uk/sims/imrc/collaborations.htm
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® The University of Liverpool
e—Business Research Centre

The approach adopted by the research team in the centre for e-Business research is to develop new
business models, prototype these using rapid application technologies and finally evaluate them using
modelling and simulation tools.

The main objectives of the research centre are:

e To improve the competitiveness of UK businesses through the application of leading—edge
Internet technologies

e To develop and prototype new business models which provide Internet enabled supply
networks with new levels of performance

e To provide thought leadership in the application of business drivers such as mass
customisation, manufacturing responsiveness and operational effectiveness through enhanced
information architectures

Further information is available at the Liverpool e—Business Research Centre

htto.//www.epsrc.ac.uk/website/CommonlPages,/Downloads.aspx?CID=5521&ZonelD=38&MenulD=
1606

e—Business Research Centre

University of Liverpool Management School

The Centre for e—Business Research at the University of Liverpool was established as one
the EPSRC’s eleven UK manufacturing research centres of excellence in 2001. The
Director of the Centre is Professor Dennis Kehoe who is the Royal Academy of Engineering
Research Professor of e—-Business. The research group comprises 6 academics and 20
researchers and has as its primary objective the application of leading—edge Internet
technologies to the improvement of manufacturing and business competitiveness. The
approach adopted by the research team in the centre for

e—Business research is to develop new business models, prototype these using rapid
application technologies and finally evaluate them using modelling and simulation tools.
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Figure 1 - Research Approach
Stage 1 Q Identify new e-business models
e-Value Q Classification of supply network
Proposition Q Action based mapping of material,
information and business processes
S 2 0 Rapid Application Development toolset
Stage 2 Q Client based prototypes for user ‘proof of
e-Prototype concept’
0 Systems integration map
QO E-modelling of supply chain elements
Stage 3 0 Scenario analysis and total cost model for ‘as
is' and 'e-is'
e-Valu.e 0 Quantified business benefits and distribution
AnalySlS of value across supply network

The main objectives of the research centre are:

e To improve the competitiveness of UK businesses through the application of
leading—edge Internet technologies

e To develop and prototype new business models which provide Internet
enabled supply networks with new levels of performance

e To provide thought leadership in the application of business drivers such as
mass customisation, manufacturing responsiveness and operational
effectiveness through enhanced information architectures

Research Themes, Projects and Collaborators

Th ECUrrent research programme includes the DOMAIN (dynamic operations management
across the Internet, £300k EPSRC) project www.domain—research.liv.ac.uk examining legacy
enterprise integration, the FUSION (future supply innovations, £500k, EPSRGC) project
developing next generation supply chain architectures the MAM (Merseyside agile
manufacturing, £200k, ESF) project

creating an agility audit toolset and the DNA (demand network alignment, £100k, EPSRC)
project examining synchronisation in industrial supply networks.

In total the research portfolio is in excess of £2m and in addition to this funding the Centre is
also supported by manufacturing organisations such as Jaguar Cars, Ford Motor Company,
Delphi, Cross Huller, British Aerospace, Cargill, Unilever, SAB WABCO, Stoves, Dieline and
TRW and by computer systems vendors such as Sapiens, Lanner, Compuware and Intershop.
From 2002 the Centre for e—Business Research will form part of the University of Liverpool
Management School housed in the new &10m Chatham Building extension. Researchers
from the Centre are also part of the University of Liverpool GRID technology consortium with
£1.3m funding to develop e—Science applications across a range of disciplines.

Figure 2 shows a representation of the group’s key areas of application both for current and
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future projects and the research tools being used and developed.

Figure 2 — Centre for e-Business Research: Key Research Themes
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Research Achievements

To date the e—Business research group has successfully developed prototype supply network
systems for a range of industrial sectors including aerospace, machine tool manufacture, food
and maintenance, repair and operational (MRO) supplies. The MRO project
(www.industrialmaintenance.co.uk) was recently recognised with an award from the UK’s

e—commerce of the year scheme. The supply chain alignment research has produced a new
text and video describing leading UK thinking in this area and the agility project has developed
a unique audit tool to assist industrial collaborators examine the core competences and
systems infrastructure necessary to deliver operational agility.

Contact
Professor Dennis Kehoe

Tel: 0151 794 4691
Email: dfkehoe@Iliverpool.ac.uk
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The E-Business Research Centre

Research aims

The Centre for e—Business Research at the University of Liverpool was established as one
the EPSRC’s eleven UK manufacturing research centres of excellence in 2001. The Director
of the Centre is Professor Dennis Kehoe who is the Royal Academy of Engineering Research
Professor of e-Business. The research group comprises 6 academics and 20 researchers and
has as its primary objective the application of advanced Internet technologies to the
improvement of manufacturing competitiveness. The approach adopted by the research team
is to develop new business models, prototype these using rapid application technologies and
finally to evaluate using modelling and simulation tools.

The main objectives of the research centre are:

- To improve the competitiveness of UK businesses through the application of leading—edge
Internet technologies

- To develop and prototype new business models which provide Internet enabled supply
networks with new levels of performance

- To provide thought leadership in the application of business drivers such as mass
customisation, manufacturing responsiveness and operational effectiveness through
enhanced information architectures

Research Themes, Projects and Collaborators

Th ECUrrent research programme includes the DOMAIN (dynamic operations management

across the Internet, £300k EPSRC) project examining legacy enterprise integration, the

FUSION (future supply innovations, £500k, EPSRC) project developing next generation supply
chain architectures the MAMI (Merseyside Agile Manufacturing Initiative, £200k, ESF) project
creating an agility audit toolset and the DNA (demand network alignment, £100k, EPSRC)
project examining synchronisation in industrial supply networks. In total the research portfolio
is in excess of £2m and in addition to this funding the Centre is also supported by
manufacturing organisations such as Jaguar Cars, Ford Motor Company, Delphi, Cross Huller,
British Aerospace, Cargill and TRW and by computer systems vendors such as Sapiens,
Lanner, Compuware and Intershop. From 2002 the Centre for e-Business Research will form
part of the University of Liverpool Management School housed in the new £10m Chatham
Building extension. Researchers from the Centre are also part of the University of Liverpool
GRID technology consortium with £1.3m funding to develop e—Science applications across a
range of disciplines.

Research Achievements

To date the e—Business research group has successfully developed prototype supply network
systems for a range of industrial sectors including aerospace, machine tool manufacture, food
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and maintenance, repair and operational (MRO) supplies. The MRO project was recently
recognhised with an award from the UK's e—commerce of the year scheme The supply chain
alignment research has produced a new text and video describing leading UK thinking in this
area and the agility project has developed a unique audit tool to assist industrial collaborators
examine the core competences and systems infrastructure necessary to deliver operational
agility

http.//www.liv.ac.uk/ulms/research_group_information/ebusiness_division.htm
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® The University of Liverpool

Manufacturing Science and Engineering Research Centre

The Manufacturing Science and Engineering Research Centre (MSERC) is focused on research that
covers leading edge manufacturing processes including rapid—manufacturing, micro—manufacturing,
bio—-manufacturing and laser material processing. An overriding feature of the research group is their
ability to develop manufacturing process technologies with a broad interdisciplinary approach.

Further information is available at the Liverpool Manufacturing Science and Engineering Research

Centre.

http.//'www.epsrc.ac.uk/website/CommonPages,/Downloads.aspx?CID=5169&ZonelD=38&MenulD=
1606

Manufacturing Science & Engineering Research Centre

The Manufacturing Science and Engineering Research Centre (MSERC) located within the
Department of Engineering is one of 11 manufacturing research centres established by the
EPSRC in 2001. The Director of the Centre is Dr. Bill O’ Neill who holds a Readership and an
EPSRC Advanced Research Fellowship. The centre operates with  an interdisciplinary team
comprising of 4 academics and 25 researchers. The MSERC researchers seek to attain
excellence in manufacturing process and technology research.  The team supports UK
manufacturing industry through the provision of high quality innovative manufacturing
research output that makes a significant contribution to the global competitiveness of UK
manufacturing industry. This is achieved by engaging with industry in the generation and
realisation of a range of innovative research programmes.

The group is focused on research that covers leading edge manufacturing processes
including rapid—manufacturing, micro—manufacturing, bio-manufacturing and laser material
processing. An overriding feature of the research group is their ability to develop
manufacturing process technologies with a broad interdisciplinary approach. = The group has
expertise in advanced machining, laser engineering, laser materials processing, materials
characterisation and analysis, process modelling, computational engineering (CAE, CAD, CAM),
control and automation and product design and development. The problems that we have
chosen to study are amongst those that have been identified as the most crucial for the
future well-being of UK manufacturing enterprises namely: flexible and re—configurable
production technologies; technology pathways to mass customisation; advanced materials;
micro—engineering; hanoscale manufacturing and biomanufacturing.
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All current research programmes (EPSRC, MRC, DTI, EU) are supported by leading edge
national and international companies through close collaborative partnerships. This is true
even on high-risk futuristic research programmes that have no immediate commercial
applications but hold significant potential.

The main objectives of the research centre are:

e To support UK manufacturing industry through the provision of high quality
manufacturing research within three research streams: -
Micro—manufacturing;

Rapid—manufacturing and Bio—manufacturing.

e To establish a range of research activity based on a risk managed portfolio
from “high risk” adventerous to “low risk” near to market programmes

e To encourage and support spin—out commercial activity based on the
expertise and research output of the centre.

Current Research Projects

Th ECUrrent research portfolio of the MSERC covers a broad range of high value
manufacturing technologies: —

High Speed Laser Cutting For Sheet Metal Operations (GR/M87429,010)
(In Collaboration with Corus, Stoves Ltd, Laser Expertise, Ferranti Photonics, V&S Scientific)

In these times of increasing flexibility and mass customisation, high speed cutting systems will
be required to reduce the need for traditional punch and die processes for sheet metals.

Direct Fabrication of Complex Functionally Graded Microstructures ( GR/N21680,/01)
(In collaboration with UMIST, De Montfort, and Queen Mary and Westfield College, Osprey,
HK Technologies, Flymo)

Fusing powders with a laser offers the opportunity to manufacture parts with material
properties that cannot be me fabricated any other way.

Cold Gas Dynamic Manufacturing (GR/R13432,/01)
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(In Collaboration with B.Ae, BOC Gases, DERA)

This research has the potential to provide the building blocks for a cold metal deposition
process bringing significant benefit over laser methods.

Micro Laser Cutting of Thin Sections (GR/M11738/0)

(In Collaboration with Coherent Lasers, Exitech Ltd, Micrometric Ltd, Gillette Inc)

This project proposes new micro—laser cutting developments that will increase the quality and
range of micro—cut parts whilst expanding the knowledge base of laser—material interactions
with intensities up to 1012 W/cm2 and wavelengths down to 355nm.

Micro Fluidic Analytical Screening Technology Centre (GR/N2345,01 — MRC)
(In collaboration with UMIST, University of Manchester, Daresbury Laboratory)

Of particular importance to future developments is the creation of the Micro Fluidic Analytical
and Screening Technology Centre (*—=FAST) within the MSERC. This centre is funded by the
MRC to the value of £2.14M in conjunction with our collaborators. The centre will house
the first engineering based ultra fast laser facility in the UK and will develop and apply a
unique ultra—fast industrial laser processing system.

Micro Manufacturing Using Advanced Cutting Tools (GR/N0673,/01)

(In collaboration with University of Sheffield & Gencoa)

This project concerns the research and development of micro-mechanical cutting tools for
machining metallic microsystems with high precision using dry machining at spindle speeds
up to 400,000 rpm.

Anatomical Models For Calibration of Blood velocity Measurements Made using
Doppler Ultrasound (GR/N16778/01)

Cardiovascular diseases are responsible for over 50% of all deaths in the world. In the UK
some &2 billion per annum is spent on healthcare related to arterial disease. Accurate
measurement of blood flow characteristics using Doppler ultrasound systems could lead to
identification and treatment of individuals at risk of developing these conditions at an early
stage

Summary

Manufacturing technology research within the MSERC has established three themes of
research aimed at providing industry with world leading production capabilities. Collaborative
research activities, although well established with other universities and industry, will be
improved significantly with a structured and long—term approach to manufacturing research.
Our research staff have close working relationships with a wide range of national and
international companies ranging from large world leading LE’ s to local SME’ s. providing an
established pool of collaborators for the future research programmes. The next five years will
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see the first wave of next generation technology into the marketplace with the output from
existing grants maturing into commercialised processes. Moreover, sustained funding will
ensure that the proposed research developments evolve naturally into a long—term cohesive
strategy for next generation manufacturing technology.

Contact
Dr Bill O’ Neill

Tel: 0151 794 7730

Email: w.oneil@liv.ac.uk

htto.//www.epsrc.ac.uk/ContentliveArea/Downloads,/ Word%20Document/Liverpool1.doc

The Manufacturing Science & Engineering Research Centre is located within the Ashton
Building, which is also home to the Department of Engineering. The centre is committed in
conducting research in engineering, utilising the most modern and advanced methods known.
To establish this goal we have made every effort in engineering new methods for the analysis
of materials and using laser aided techniques in complementing our research methods.

The centre is funded by EPSRC and has been a continuous development of RAT (Research
into Advanced Technology) Group. RAT is one of the 11 centres of excellence in
Manufacturing Research and Development, currently funded by EPSRC. The centre has
collaborative partnerships with various internationally and domestically renowned commercial
industries, in addition to working with local government research laboratories and universities.

The Centre also focuses on problems identified as the most crucial for the future well-being
of UK manufacturing enterprises. MSERC Director, Dr Bill O'Neill wants the center to carry
out research in flexible and re—configurable production technologies; technology pathways to
mass customisation; advanced materials; micro—engineering and nanoscale manufacturing; and
biomanufacturing.”

The Centre's research portfolio ranges from low—risk programmes developing near—market
solutions, through medium-risk programmes addressing current manufacturing problems, to
high—risk projects designed to generate innovative manufacturing processes. The Centre also
welcomes industrial collaboration on all of its programmes.

Core members of the Centre have collaborated with industry on various aspects of rapid
manufacturing — eg high—speed laser cutting for sheet metal operations (in collaboration with
Corus, Stoves Ltd, Ferranti Photononics, V&S Scientific and Laser Expertise), and direct
fabrication of complex functionally graded microstructures (in collaboration with Osprey,
Gates plc, HK Technologies, Flymo, and others).

Future projects on the rapid manufacturing theme will exploit revolutionary new process
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technologies like femto—second laser processing, and cold gas dynamic manufacturing
(CGDM). Work has already started on fundamental process development and materials
engineering with generic relevance to CGDM technology. The next phase involves research
focussed towards application—specific process development and optimisation. Centre
members are already collaborating with BAe Systems, QinetiQ and BOC Gases on the
potential for exploiting CGDM for the production of aerospace materials and components.

In the area of micro—manufacturing, Centre members are working on micro laser cutting of
thin sections (in collaboration with Gillette Inc, Coherent Lasers, Exitech Ltd and Micrometric
Ltd), and on the use of advanced cutting tools (in collaboration with Gencoa and another
university).

Our mission and targets are to provide new manufacturing techniques, that will be applicable
to industries and manufacturing facilities. With the latest techniques in action, we believe that
manufacturing processes can be made to work more efficiently whilst providing a higher
degree of tolerance and accuracy. With this in mind we hope to deliver the best to industries
the world over with the latest enabling methodologies and henceforth eliminating the
downsides of current techniques in use.

http.//mserc.liv.ac.uk/home htm/

The following projects are being undertaken by MSERC, to view the details of each project
please left click on the titles below:

o Development of a System for the Manufacture of Cementless Orthopedic Implants

using a Novel Cored Biomaterial Structure. (Bigjoints)

e Anatomical Models for the Calibration of Blood Velocity Measurements made using
Doppler Ultrasound.

e  Cold Gas Dynamic Manufacturing. (CGDM)

o Direct Laser Remelting

e Functionally Graded Materials.

o High Speed Automated Metal Cutting for Sheet Metal Operations.

o Micro Laser Cutting of Thin Sections.

o Micro Manufacture using Advanced Cutting Tools.
e Ultrafast Laser Materials Processing.

http.//mserc.liv.ac.uk/research/research.htm
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@ Loughborough University

Loughborough Innovative Manufacturing and Construction Research Centre

The Innovative Manufacturing and Construction Research Centre at Loughborough University brings
together a unique multi—disciplinary group of over 40 academic staff undertaking leading—edge
collaborative research to enhance the processes and products of the UK's manufacturing and
construction industries. As the largest of the centres its scope is wide, covering aspects of technology,
business and organisational performance, and human factors.

Objectives
The key objectives of the Centre are to:

e Define and develop high quality research projects that meet the needs of industry, its clients
and customers, and enhances the knowledge base;

e Forge close partnerships with existing and new industry collaborators in addressing their core
technical and business needs;

e Disseminate research findings widely and to actively engage in technology transfer to industry;

e Collaborate with other cognate research groups in the UK and Europe in order to collectively
advance UK and European manufacturing and construction engineering; and

e Strengthen and exploit established international links with other leading international research
groups

Further information is available at the Loughborough Innovative Manufacturing and Construction
Research Centre.

http.//'www.epsrc.ac.uk/website/CommonPages,/Downloads.aspx?CID=5507&2onelD=3&MenulD=
1606

Loughborough Innovative Manufacturing and Construction Research Centre

The Innovative Manufacturing and Construction Research Centre at Loughborough University
brings together a unique multi—disciplinary group of over 40 academic staff undertaking
leading—edge collaborative research to enhance the processes and products of the UK's

manufacturing and construction industries. As the largest of the centres its scope is wide,
covering aspects of technology, business and organisational performance, and human factors.

Objectives

The key objectives of the Centre are to:

e Define and develop high quality research projects that meet the needs of industry, its

185



clients and customers, and enhances the knowledge base;

e Forge close partnerships with existing and new industry collaborators in addressing their
core technical and business needs;

e Disseminate research findings widely and to actively engage in technology transfer to
industry;

e Collaborate with other cognate research groups in the UK and Europe in order to
collectively advance UK and European manufacturing and construction engineering; and

e Strengthen and exploit established international links with other leading international
research groups

Research Themes

The Centre's research will be informed and guided by the existing research portfolio, from
direct input from industry and our industrial collaborators, from government reports and
initiatives and from influential sector reports. These will be melded into an explicit strategy to
guide and promote the specification of relevant and focused research projects. The research
will include both short—term pilot studies and longer term investigations. Some will be
empirical and near market whilst others will be more fundamental in scope. To conduct the
required research will require the engagement of a wide range of key stakeholders including
end-users; leading manufacturers and construction companies; and SMEs who populate the
extensive supply chains in most sectors.

The research of the Centre will address six key themes:

e Advanced Information and Communication Technologies
e Innovative Production Technologies

e Improving Business Processes

e Human Factors

e Sports Technology

e Rapid Manufacturing

The pooling of these themes into one centre provides excellent opportunities for synergy in
extending and enhancing existing research whilst at the same time creating fertile new lines of
research. Cross cutting generic issues will be identified which can be applied to a number of
different core industry sectors.

An initial Research framework for the Centre is shown in Fig 1. overpage.

Research Collaborators

The Centre’s initial research portfolio comprises over 35 separate projects supported by over
200 organisations. These include major multi-national companies such as Rolls Royce, AMEC,

BAe Systems, Alstom, Siemens and DaimlerChrysler; SME's such as Glamalco, Microlise
Engineering Ltd, Hathaway Roofing Ltd and Bafbox Ltd; national and international academic
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institutions such as MIT, Stanford, Georgia Institute of Technology, QUT, KTH, Cambridge,
Nottingham, Cranfield and Salford; and other organisations such as PERA, the Building
Research Establishment, TNO Holland and VTT Finland. These organisations form a small part
of the Centre’s extensive collaborative network.

Centre for
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Industry Customer/User
Needs ‘ Manufacturing ‘ Requirements
and
Construction
Research
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Fig. 1. Initial Research Framework

Research Achievements

Th ECUrrent portfolio of on—going and recently completed research projects has produced a
wealth of new knowledge which has impacted industry and further academic research through
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the production of best—practice guides, software systems, improved British Standards and
Eurocodes and spin—out companies.

Specific examples of research undertaken by members of the Centre include:

e the development of new tools and methods to manage the scheduling of design tasks
within Construction. This research, supported by an industrial consortium and funds from
LINK/IMI has produced the Analytical Design Planning Technique (ADePT) and led to the
formation of a spin—out company;

e the invention of an Adaptive Intelligent Reflow system for reflow ovens. This has now
been licensed and is being marketed worldwide;

e technical contributions to the ISO STEP standards on Product Data Technologies (ISO
10303); and

e the development of steriolithography to manufacture tools and the extension of this work
into the use of steriolithography as a manufacturing process for end use parts rather than
prototypes.

Contact
Professor Tony Thorpe

Tel: 01509 222604
Email: a.Thorpe@lboro.ac.uk

http.//www.epsrc.ac.uk/ContentlLiveArea,/Downloads,/ Word%20Document/ /L oughborough%20full’%
20reporti.doc

Welcome

The Innovative Manufacturing and Construction Research Centre at Loughborough
University brings together a multi—disciplinary group of over 40 academic staff
undertaking leading—edge collaborative research to enhance the processes, products,
and competitiveness of the UK's manufacturing and construction industries.

As the largest of the EPSRC centres its scope is wide, covering aspects of
technology, business and organisational performance, and human factors.

This website details background information about the centre, its staff, research
themes and current projects. Please contact us if you require further information.

http./ ' www.lboro.ac.uk/eng/research/imcrc/
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The Centre

The centre provides a co—ordinating link between a number of existing initiatives and
activities. It harnesses a range of exploitation routes and outreach activities to
enhance research uptake, synergy, and collaboration across overlapping industrial
networks.

The key objectives of the Centre are to:

o define and develop high quality research projects that meet the needs of
industry, its clients and customers, and enhance the knowledge base

e forge close partnerships with existing and new industrial collaborators in
addressing their core technical and business needs

o disseminate research findings widely and to actively engage in technology
transfer to industry

e collaborate with other cognate research groups in the UK in order to
collectively advance UK manufacturing and construction engineering

e strengthen and exploit established links with other leading international
research groups

htto.//www.lboro.ac.uk/eng/research/imcrc/centre.htm/

Research Themes

The Centre’s research is informed and guided by its existing research portfolio,
industrial collaborators, government reports and initiatives, and influential sector
reports. These are combined into an explicit strategy to guide and promote the
specification of relevant and focused research projects to improve UK
competitiveness.

Research includes both short—term pilot studies and longer term investigations. Some
is empirical and near market whilst others is more fundamental in scope.

This research requires the engagement of a wide range of key stakeholders including
end-users, leading manufacturers and construction companies, and SMEs who

populate the extensive supply chains in most sectors.

The six key themes comprise:
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* Advanced Information and Communication Technologies
* Innovative Production Technologies

* Improving Business Processes

* Human Factors

- Sports Technology

* Rapid Manufacturing

The pooling of these themes into one centre provides excellent opportunities for
synergy in extending and enhancing existing research whilst at the same time creating
fertile new lines of research. Cross—cutting generic issues can be identified which can
then be applied to a number of different core industry sectors.

http./ www.lboro.ac.uk/eng/research/imcrc/research—themes.htm/

Research Highlights

Th ECUrrent portfolio of on—going and recently completed research projects has
produced a wealth of new knowledge which has impacted industry and further
academic research through the production of bestpractice guides, software systems,
improved British Standards and Eurocodes and spin—out companies. Typical research
areas are detailed below.

Stereolithography

This research concerns Stereolithography, a layer manufacturing process that
produces almost any geometry. Initial research improved the surface finish of
investment casting patterns for Rolls—Royce and also determined the parameters for
using copper coated models as EDM electrodes. Further research investigated a new
structure of the models to make investment casting more efficient. This led to a
patent that was exploited worldwide by 3D Systems Inc. Recent work investigated
injection—moulding inserts manufactured by Stereolithography for tool production.
Current work is now considering Stereolithography as a manufacturing process for
end use parts rather than prototypes. The research is investigating how the design
process will be changed to make full use of the geometry freedom and manufacturing
flexibility. This latest stage of work has the potential to revolutionise the design and
manufacturing world.

Electronics Manufacturing

Since 1989, Loughborough has been addressing the design, mechanical and
manufacturing issues associated with electronic products throughEPSRC, Teaching
Company and EC funded projects. Joining and assembly have been major themes,
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including: conducting adhesives for advanced miniaturised electrical interconnection,
development and licensing of closed—loop controlled reflow processes, and a low cost,
reliable flip—chip bumping process for high performance and functionally dense
products. Business issues research has complemented scientifically oriented work,
including: bench marking R&D in Asia and Eastern Europe, analysing the
responsiveness of the UK sector to technology impacts and the economic and
business context of environmental design processes. In 1997 the PRIME Faraday
Partnership was launched, extending work into interdependent electronics and
mechanics, exemplified by ongoing research in automotive, aerospace and medical
engineering sectors.

Transport Ergonomics

This research theme brings together a multi—disciplinary group of experts in the
human factors of transportation, drawn from the School of Ergonomics and Human
Factors, Department of Design and Technology and Computer Science. Areas of
expertise include driver vision and vehicle conspicuity, navigation and traffic
information system design , human modelling and automated vehicle control systems.
Current research includes the generation of guidelines for designers to improve the
quality of life for pregnant woman, both as drivers and passengers, improving the
non-visual use of automotive controls for secondary and ancillary functions, and the
development of integrated, modular telematics systems for the in—vehicle
environment.

Desigh Management

Loughborough has developed an award—winning approach to the management of
projects that involves planning the iterative flow of information, rather than simple
activities and deliverables such as drawings. The Analytical Design Planning
Technique (ADePT) offers opportunities to radically improve process and project
management in a way similar to the improvements in sequential task scheduling
brought about by the critical path method in the 1960s. The research is now being
exploited through a spin—out company, Adept Management, and its solution partner
BIW Technologies who have developed fully—fledged web delivered software called
PlanWeaver. The development of ADePT was awarded the 1999 Quality in
Construction Award.

Sports Technology

Loughborough’s internationally acclaimed sports engineering research activity is
supported by major international equipment companies, UK sports goods SMEs,
individual sports governing bodies and leading science and engineering technology
suppliers. Research activity began in 1986 with work to enable feature based
computer—aided design and manufacture of sculptured products, where golf clubs
were used as the target product family. This original work was supported by the SERC,
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Dunlop Slazenger International and Delcam International Ltd. The research continued
with a golf-related theme, including pioneering experimental and numerical analysis of
the ball/club impact, and has now expanded to encompass racket sports (tennis,
badminton and squash), and also hockey and cricket. This research has already
impacted the design of next generation sports equipment.

Manufacturing Technology

This well established research theme initially focused on the design, modelling and
operation of flexible manufacturing systems. This was followed by the development of
IT tools to support human centred manufacturing, in particular, within SMEs. Recent
research has addressed the next generation of CNC machine tools, mass
customisation in the design and manufacture of products, the application of
environmentally conscious manufacturing, and the application of distributed
manufacturing paradigms to support the demanding needs of the modern global
market. Particular emphasis has been placed on technology transfer. This is
exemplified by the collaborative development of the PREACTOR planning and
scheduling system, which is now the best selling scheduling system in UK.

htto.//www.lboro.ac.uk/eng/research/imcrc/highlights.htm/

Research Groups and Projects

Construction Human Factors
Group Leader: Professor Andy Price [ profile | email ]

Group Profile: The Group's vision is to develop innovative people management
practices that will drive change and improve the performance of the construction
industry. In the next four to five years, the Group intends to create a centre of
excellence for the research of people—related factors in construction. This will require
the recruitment and retention of high quality researchers and the further development
of a multi—disciplinary co—located research group based in the Department of Civil and
Building Engineering at Loughborough University.

Projects: Detailed project descriptions are available here.

Construction Informatics
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Group Leader: Professor Chimay Anumba [ profile | email ]

Group Profile: The Group’s research strategy is based upon consolidating and
integrating the work of its individual members to build a world—class research group
that is responsive to the needs of the construction industry. The Group will also seek
to develop long—term fundamental research that will result in a step—change in
industry practice in the medium to long—term. Research activities will focus on the
generic elements of developing intelligent distributed collaboration, visualisation and
knowledge management tools and systems (both IT-based and non-IT-based) for
construction project teams.

Projects: Detailed project descriptions are available here.

Construction Process
Group Leader: Professor Tony Thorpe [ profile | email ]

Group Profile: The strategy of the Construction Process Research Group revolves
around the identification, modelling, integration, and improvement of construction
business processes. Business processes is interpreted widely to include not only the
commercial activities of construction organisations but also their technical and
managerial activities. The tools, techniques and cultural issues that surround business
processes also form part of the remit of the group.

Projects: Detailed project descriptions are available here.

Innovative Digital Manufacturing
Group Leader: Professor Keith Case [ profile | email ]

Group Profile: The IDM Research Group activities covers a wide area, with work that
is internationally leading in manufacturing information infrastructures, manufacturing
systems desigh and operational planning and CAD/CAM and evolving ISO STEP NC
standards. The key aim of the group is to research the next generation of
manufacturing and computational technologies to improve the performance of
innovative enterprises.

Projects: Detailed project descriptions are available here.
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Manufacturing Automation Group
Group Leader: Professor Rob Parkin [ profile | email ]

Group Profile: The Manufacturing Automation group concentrates on the following
areas:

MSI - design, implementation and evaluation issues associated with (i) modularity, (ii)
change capability and (iii) business processes supporting the adoption of intelligent
distributed control components within the automotive transmission domain; and
mechatronics — integration of sensors and development of process science knowledge
for intelligent machines applied to web—based printing processes.

Projects: Detailed project descriptions are available here.

Manufacturing Organisation
Group Leader: Professor Neil Burns [ profile | email ]

Group Profile: The Manufacturing Organisation Group aims to improve the capability
of organisations to develop and deploy efficient and effective business processes and
engineering systems through a better understanding of organisational and human
factors. The research aims to ensure integration of all elements of organisational
capability (people, process and tools) required to deliver processes and systems
capable of delivering new products that fulfil time, cost, quality, functional and
environmental requirements throughout the value chain and to identify optimised
solutions to client requirements.

Projects: Detailed project descriptions are available here.

New Product Development and Process Research
Group Leader: Professor Jim Saker [ profile | email ]

Group Profile: This Group comprises researchers from several research areas outside
manufacturing and engineering (e.g. computer science, design & technology, transport
research) and the main research theme is Innovation Management utilising the key
disciplines of ergonomics, design, process development, knowledge management and
channel power relationships in the supply chain.
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Projects: Detailed project descriptions are available here.

PRIME Faraday Group
Group Leader: Dr Paul Conway [ profile | email ]

Group Profile: The Group’s strategy over the next 5 years is to exploit and acquire a
skills base to realise future generation value—added products and processes. The
strategy is to work within strong UK and European added—value sectors or across
multiple sectors where the integration of scientific and engineering disciplines are
converging in the next generation of products. These sectors include medical
engineering and medical devices; automotive; aerospace and special purpose
machines.

Projects: Detailed project descriptions are available here.

Rapid Manufacturing
Group Leader: Professor Phill Dickens [ profile | email ]

Group Profile: The Group is the international leader in the field of rapid manufacturing
and nationally/internationally leading in high performance tooling. The Rapid
Manufacturing Research Group concentrates on the following areas: rapid tooling; high
performance tooling and rapid manufacturing.

Projects: Detailed project descriptions are available here.

Sports Technology

Group Leader: Professor Roy Jones [ profile | email ]

Group Profile: The majority of research activities for this leading research group have
been concerned with developing knowledge, engineering tools and methods for ball
sports and the Group’s reputation, which has been developed in the science of balls
and implements, will continue to form the focus of activity. New research areas

include virtual test environments that simulate play activities; new exercise equipment
concepts which accommodate sport—specific demands and mass customisation
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technologies for sports equipment.

Projects: Detailed project descriptions are available here.

http.//www.lboro.ac.uk/eng/research/imcrc/groups.htm/

Collaborators

The Centre’s existing research portfolio comprises over thirty five separate projects
supported by over 250 organisations. These include both major multi—national
companies, SMEs, national and international academic institutions and other
organisations.

Our collaborators list is extensive:

3D Systems Inc Ltd AEA Technology AlphaMetals Alpine Alstom Altek Automation
AMEC Capital Projects Amey Asset Services Ltd Argent Plc Arkk Europe Arya
Autoliv AWG Plc BAA BAE SYSTEMS BAE Airbus Bafbox Balfour Beatty Bath
University BDP Bechtel Ben Sayers Bespak Birse Construction Limited Black &
Decker BNFL

Engineering Limited Bombardier Rotax Bovis Lend Lease BRE Bridgeport Briggs
Roofing British Telecommunications Britspace RBS Broadgate Estates Brooke
Stacey Randall Bruel & Kjaer A/S BT Plc Building Information Warehouse Building
Performance Group Buro Happold CAB CABE CALCE Caledonian Building Systems

Callaway Golf Cambridge Consultants Ltd Cambridge University Cap Aluminium
Capita Carillion Cardiff University Carlbro IBI Carnaud Metalbox CEL Celestica
Europe Centre for Automotive Industry Research CGL Cometec Cheval Freres SA
CIBSE CIOB CITB City University Hong Kong CLFA Colledge Collins & Aikman

Colt International Cooksons Corus Coventry University Cranfield University Cross
Huller Crown House Engineering CSC Ltd CSEM Switzerland Curtins CWCT CWS
Health Daewoo DaimlerChrysler Danish Technological Institute Davis Langdon
Everest DEK Printing Machines Ltd Delcam Delphi DERA Domino Donald Smith
Seymour & Rooley

Duffy Construction Dunlop Slazenger Dussek Campbell Dynex E Rushworths &
Environmental Air Contracts E Squared ECI Eco—Balance France Electrolux Eltek
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Semiconductors Emerson & Renwick Engel UK English Hockey Association Ensiner
TecaRIM EOSGmbH ETA SA, European Adhesives in Electronics Network Fehrer
Ferguson Mcllveen

Ferranti Sonar Systems Fitzroy Robinson Flint Distribution Ford Foseco
Fraunhofer—Institut fuir Lasertechnik ILT Gates Solutions Geoffrey Reid Associates
Georgia Institute of Technology Glamalco Greenwich University Grundfos GTS
Flexible Materials Haas—Laser GmbH Haddon Few Halcrow Group Limited Harvard
Business School

Hathaway Roofing HBG Construction Head Hegenscheidt werkzeugtechnik Henkel
Multicore Heraeus Heriot Watt University Hewlett Packard Highways Agency Hilton
Building Services Honda Honeywell Control Systems Hoogens Groep BV Hotchkiss
Ductwork HSE IAI IBM (UK) IME Singapore Imperial College Innogy Institute for
Transport Studies

Intarsia International Tennis Federation Interserve Project Services Ltd IPA FhG ISIS
Informatics Jaguar JDR Components John Lewis Partnership John Mowlem & Co
Kawneer Kemlows King's College Knowledge Based Engineering Centre KTH
Land—Rover Lennox Industries Liverpool University Loctite LPKF Germany Lucas
Aerospace

Lucas Automotive M41 Mace MacGregor Welding Systems Magma Marconi

Martin—Baker Ltd Materialise Matra Maya Heat Transfer technologies, Canada McGill
International MCP Group MEM Low Voltage Devices Meridian Golf MG Rover Microlise
Engineering Middlesex University Miller Civil Engineering MIRA Mitel Semiconductors

Morrison Plc MSS National Assembly for Wales National Physical Laboroatory Nav
Tech NFB Nissan Nortel Networks O’ Rourke Osprey Metals Ove Arup & Partners P
Cubed Paroc Pelican Portfolios PERA Perkins Philips CFT Holland Planar Products
Plant Energy Systems Preactor Pressac Interconnect Price Waterhouse

Puma Purdue University Quad Europe Queen Mary & Westfield College Queen’s
University RAC Racal Redac Rapid Product Innovations Raychem Reinforced
Concrete Council RIBA RICS Rim—Cast RNIB Rojac Rolls Royce RWP GmbH Salford
University Sandberg Sapa Schmidlin Schuco SCI Scott Wilson Scottish Enterprise
Senior Hargreaves

Shepherd Construction Limited Sheppard Robson Shipley Siemens Solidica Sony
Ericsson Mobile Comm. Southampton University Southampton University Hospital
NHS Trust Speedo Stanhope Stratasys Structural Dynamics Research Corp.
Sulzer—-Metco Sunley Turiff Supplypoint Swedish Institute for Production Engineering
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Research

Swedish Institute of Engineering Research Tarmac Plc Taylor Woodrow Construction
Teamware Techcrete Terrapin Ltd The London Clinic The Technology Partnership
TNO Holland TNT UK Ltd Tokyo University Toyota Trades Union Congress
Transportation Research Group Trent Concrete Tretorn International TRL Trundle &
Hall

TRW Tunewell Technology Turner & Townsend TWR UCB Chemicals UGC UGS
UMIST University of Erlangen University of Leeds University of Ljubjana Vantico
Ventura CDD VERO Visteon Volvo Vulcan Refractories W S Atkins Warwick
University Waterman Partnership Wescol Glosford Whitby Bird & Partners Wiba
Wolverhampton University Yazaki Europe

http.//'www.lboro.ac.uk/eng/research/imcrc/collaborators.htm/
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University of Nottingham

Nottingham Innovative Manufacturing Research Centre (NMRC)

The NIMRC builds on a platform of existing expertise, activities and research projects, funded by grants
from EPSRC, industry and Europe.

Its objectives are to:

= Carry out a portfolio of world leading manufacturing research under the themes within the
Centre’s remit

=  Provide a core—funding platform for specific research projects that will enable the longer—term
development of research strategies with close industrial involvement and support

=  Provide a funding platform for sp ECUIlative and innovative manufacturing research to ensure
the exploration of new ideas

= Enable a research programme informed by industrial

http./ www.epsrc.ac.uk/website/CommonPages,/Downloads.aspx?CID=5147&ZonelD=3&MenulD=
1606

NOTTINGHAM INNOVATIVE MANUFACTURING RESEARCH
CENTRE (NIMRC)

The School of Mechanical, Materials, Manufacturing Engineering, and Management
University of Nottingham

CONTEXT

The world class manufacturing enterprise depends on an ever—growing knowledge base of
manufacturing science to ensure the implementation of cost—effective, scaleable, and
re—configurable manufacturing processes, equipment and systems that can rapidly adapt to
specific production needs.

OBJECTIVES

The Nottingham Innovative Manufacturing Research Centre (NIMRC) has a core research team of

8 academics and 25 researchers supported by excellent facilities. Its objectives are to:

=  Carry out a portfolio of world leading manufacturing research under the themes within the
Centre’ s remit

=  Provide a core—funding platform for specific research projects that will enable the longer—term
development of research strategies with close industrial involvement and support

=  Provide a funding platform for sp ECUIlative and innovative manufacturing research to ensure
the exploration of new ideas

= Enable a research programme informed by industrial need with clear routes for dissemination
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and exploitation

BUILDING ON SUCCESS

The NIMRC builds on a platform of existing expertise, activities and research projects, funded by
grants from EPSRC, industry and Europe. Th ECUrrent research portfolio in the Centre is at the
forefront of international research in manufacturing. It includes: processing of composite materials,
precision machining, automation, integrated planning and scheduling, metal forming and intelligent
processing technology. These activities and projects will continue and will lay the basis for new
research initiatives. The diagram illustrates the areas of manufacturing currently within our
research portfolio (horizontally) and the generic issues that provide an integrating framework for
the research (vertically).

The evolving research portfolio will be geared towards exploring areas of opportunity to improve
manufacturing competitiveness and to address significant contemporary and future challenges
facing manufacturing industry. Major new research projects will be carried out within the Centre.

RESEARCH PORTFOLIO

The research portfolio has eight themes, each led by one of the academic core team:

»  Manufacture and design on hybrid polymer composite structures (R Brooks)

Focuses on the development of the processing technology for hybrid and sandwich structures
comprising composite skins/polymeric foam cores or metallic skins/composite cores. The
objectives are to develop novel processing routes for shaped structures and to relate processing
parameters to structural performance. Particular areas include the development of lightweight
structures for energy absorption in automotive applications.

»  Responsive Manufacturing (N N Z Gindy)

The Responsive Manufacturing research theme researches environments for rapid product
development and the design of responsive manufacturing systems incorporating new technologies.
Three sub—themes collectively make up this major research theme: Knowledge Integrated Design,
Process Planning and Manufacture targeted to achieve Integrated, Optimised Product
Realisation.The research focus is to provide decision support systems for highly integrated
electro-mechanical smart products and risk reduction and mitigation during the product
development cycle. Intelligent Processing Technology: targeted to is to improve understanding of
the scientific foundations for material and process interactions to support optimised process
design incorporating the ability to measure, analyse, and control processes under uncertain
conditions to enable intelligent closed—loop processing. The research context is to reduce cost,
increase flexibility, reduce cycle and lead times through the development of modular and
multifunction processing stations through the synergistic process coupling. Th ECUrrent research
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focus is on high speed machining of difficult to machine materials, machine and process condition
monitoring using a variety of sensory systems to enable closed loop processing, utilising the
capabilities of new generation of parallel kinematics machine tools and robots and the design of
novel component fixturing systems. Reconfigurable Manufacturing Systems: targeted at the design
of inherently stable self organising self optimising manufacturing systems better capable of
handling uncertainty and disturbances in the manufacturing environment. Current focus is on
methods for integrating manufacturing process planning and scheduling functions to improve
flexibility and developing methodologies for manufacturing system design using adaptive simulation
techniques. The research context is the application of lean and agile manufacturing concepts in
aerospace sector.

The evolving research strategy under this theme will seek to continue the research under the
three sub—themes that make up Responsive Manufacturing and in particular further develop the
work on new manufacturing process generation, next generation modular and flexible multi
processing workstations utilising the capabilities of Parallel link kinematic structures (PKM) , the
synergistic coupling of several manufacturing processes to gain advantage and machine and
process monitoring and control to achieve closed loop processing.

» Fffects of manufacturing on mechanical performance of technical textiles (A C
Long)

The first of two main sub—themes seeks to model mechanical properties of textile composites and
to predict elastic constants and first—ply failure from constituent properties, fibre architecture and
deformation during processing. The second sub—theme will develop models for progressive damage
to textile composites. Stress—strain behaviour beyond first ply failure will be established as a
function of fibre orientation and textile structure. Models will be developed from finite analyses at
a unit cell level and used to link process models with non—linear FE analysis for energy absorption
during failure.

»  Planning, scheduling and control in the extended enterprise (B L MacCarthy)

Planning, scheduling and control (PSC) are the activities that link customers with the primary
manufacturing resources. Effective PSC is a principal requirement for responsiveness in
manufacturing enterprises and is a key contributor to competitiveness. This theme develops from
extensive algorithmic and modelling work and pioneering industrial studies on PSC processes. The
research takes an extended enterprise perspective with particular emphasis on large
manufacturing businesses. It is cross—sectoral with current collaborations in steel, aerospace,
textiles, instrumentation and consumer adhesives.

»  Precision Machining (S M Ratchev,)

This theme addresses the machining of complex high accuracy parts in high—value high—cost
industries. It investigates different factors affecting the accuracy and cost of machining,
developing of theoretical models and techniques and their experimental and industrial validation. It
addresses the planning and modelling of precision machining processes, investigation of the
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effects of part, fixture, and machine tool behaviour on quality and accuracy of machining with
experimental and industrial validation. The results are expected to have a significant impact on
cost reduction, shorter time to market, improved product quality, and process reliability.

» [ow pressure processing techniques for large structures (C D Rudd)

This theme investigates consolidation and impregnation using low—pressure techniques and low
investment systems for large area laminates with particular reference to vacuum infused
structures. Topics addressed include: cost effective manufacture for large transportation
structures; robust processing for low volume, lightweight structures; modelling and
characterisation of vacuum infusion; characterisation of reinforcement materials and diffusion
media; development of reinforcement stack permeability models; process simulations;
measurement of processing—property interactions for mat and fabric laminates; establishment of
process windows and guidelines relating to stack permeabilities, diffuser type, process parameters
and part geometry for implementation.

s  Metalforming (P M Standring)

Large volume industrial metalforming in the UK has given way to selective high added value niche
market activities by much smaller units. The metalforming theme — through close contact with UK
Trade Bodies — recognises the new trends and the opportunities they present. The Centre will
work closely with industry groups to establish exploitable solutions to these changes. TCS is
recoghised as a means of achieving effective technology transfer of research results to industrial
partners.

»  Automated manufacture of large compliant structures (P F Webb)

This theme is concerned with the automated manufacture of large compliant structures, in
particular aircraft. These structures are constructed from large sections of material which are
prone to significant deformations during handling and which have little structural strength until
combined with a number of similar components. The manufacture of these structures is currently
capital and labour intensive and automation is limited by significant technological barriers. Distinct
technological research areas include: advanced robotic systems; non—contact metrology systems;
mobile manufacturing systems and jigless design.

Contact

Professor Nabil Gindy

Tel: 0115 951 4069

Email: enquiries@nimrc.nottingham.ac.uk

htto.//www.epsrc.ac.uk/ContentlLiveArea/Downloads,/ Word%20Document/Nottingham%20full%20r
eport.doc
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Assembly of Compliant Structures

The application of robotics to the assembly of large aero—structures has been limited
by the large size and inherent compliance of the components involved. This results in
significant positional uncertainty within the assembly and means that simple 'pick and
place’ approaches cannot be used.

Conventional serial robots also lack the necessary rigidity to perform assembly
operations such as solid riveting. However robotic manipulators constructed around a
parallel, rather than serial, kinematic chain have the potential performance capability
to achieve this.

The aim of this theme is to develop basic technology that will enable large
aero—structure components to be automatically assembled within flexible
non—component specific robotic cells.

The following IMRC supported projects ar ECUrrently in progress or have recently
been completed:

ARAM- Automated Riveting in Aerospace Manufacture: 01/02/99-31/1/03

Project aim: To develop a flexible, automated and re—configurable system for the
riveting of aero—structure components based on multi—process workcells and parallel
machine technology.

Objectives :

e Development of compact end—effectors capable of installing solid rivets
e Process monitoring and control
e Use of multiple co—operative robots Major

Achievements :

e Solid rivets have been successfully installed, to aerospace production quality standards,
using the Neos Tricept
e A patent is currently being sought for the process

ADRAC: Adaptive robotic assembly of large compliant aero—structure components
The application of robotics to the assembly of large aero—structures has been limited
by the large size and inherent compliance of the components involved. The
compliance of the components is significant and the resulting positional uncertainty
within the assembly means that simple 'pick and place’ approaches cannot be used.
Objectives:

e To enable the robotic assembly of large and highly compliant structures
e To develop an integrated non—contact metrology system to allow the real time
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measurement of component position distortion and misalignment
e Develop adaptive algorithms for best—fit placement of compliant components

ADRAM: An Adaptive Rapid Aero—structure Manufacture Cell

The application of automation to the manufacture and assembly of aero—structures
has been limited and where it does exist it tends to be as an 'island’ within a
conventional manufacturing system. The reasons for the limited application of flexible
automated systems within aero—structure manufacture are many but include problems
related to the compliance and size of the components. Compared with highly
automated industries such as automotive and electronics the product volumes are
extremely low. This means that a flexible approach is needed with the minimum of
product specific features.

Objectives:

e To realise a non—product specific fast make aero—structure assembly cell

e To develop a generic flexible fixture capable of automatically accepting large
aero—structure components and restraining and supporting them during the subsequent
processing operations

e Develop a flexible control and process monitoring system capable of providing QA and
traceability data using automated examination techniques and non—contact metrology.
The control system must also be able to safely control multiple robots operating in close
proximity to compliant structures

e To develop algorithms capable of adjusting the position of components and the skin profile
to produce a best fit assembly process. This area of research will be integrated with the
IMRC project entitled: Adaptive robotic assembly of large highly compliant components

e To understand and compensate for some of the types and ranges of distortion that occur
within aero—structure components during assembly

The above projects have all received significant support from a number of industrial
collaborators including Bombardier Aerospace, Comau Estil and ATA Engineeering
processes.

http:// www.nottingham.ac.uk/ "epxah/ACS.htm

Textile Composites Manufacture

The aim of this work is to develop predictive models for mechanical performance of
textile composites, accounting for the effects of manufacturing. This links simulations
for composites manufacturing (developed outside of NIMRC) to structural analysis
tools, so that the fibre pattern generated during composite forming can be used to
determine component mechanical performance.
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Specific objectives are :

e To develop models relating fibre orientations to structural performance (elastic properties,
initial failure and damage accumulation)

e To incorporate these models within interfaces linking manufacturing simulations with
structural finite element (FE) codes

e To demonstrate the effects of manufacturing on component performance for industrial
case studies

Projects:
Effects of manufacturing on design & performance of textile composites (MANTEX):

Effects of manufacturing on post—failure response of textile composites

htto.//www.nottingham.ac.uk/ " epxah/MTC.htm

Metalforming

New Concepts for Innovative Flexible Output Metalforming
Objectives :

e To determine low cost high/flexible output metalforming production methods for the 21st
century

Benefits :

e  Shift from low cost mass production methods to low cost flexible production
e QGreater customisation of products built to order

e Improved supply chain systems

e Increased investment in the new means of production

e Resurgence/growth of local manufacture

http./ www.nottingham.ac.uk/ " epxah,/Metalforming.htm

Planning and Scheduling in Manufacturing

Analysis, modelling and fieldwork to address the complex problems of getting orders to
market at minimum cost and with maximum reliability.

e Analysis of order fulfilment processes in different businesses
e Combining simulation and optimisation techniques for business planning
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e Forecasting and inventory analysis
e Statistical Process Control for monitoring PSC
e Systems, organisational, human and performance issues

htto.// www.nottingham.ac.uk/ "epxah/PSM.htm

Precision Machining
Scope :

e To addresses the science and technology of machining complex high accuracy parts in
high—value high—cost industries. The results of the ongoing projects are expected to have
a significant impact on cost reduction, shorter time to market, improved product quality,
and process reliability

Key Areas of research :

e Adaptive Planning for Machining of Complex Low Rigidity Parts

o model and methodology for accurate prediction of deflection during machining of
complex low-rigidity components

o surface generation model and material removal simulation methodology
surface quality assessment methodology and compensation algorithm

o prototype demonstrator system

e Towards Smart Fixturing in Milling and Grinding of Complex Parts

feasibility study and initial cutting trials

part location optimisation model and fixture simulation methodology
strategies for improvement of the workpiece—fixture interface
prototype demonstrator system

O O O O

e Feasibility studies on novel machining technologies

http://www.nottingham.ac.uk/ "epxah,/PM.htm

Processing for Composite Structures

ROADLITE is a three year project funded by NIMRC/DETLR within the Foresight
Vehicle programme. The aim is to develop a lightweight, multi—functional semi—trailer
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for road haulage. The project is managed by EuroProjects (LTTC) Ltd. The University
research programme is aimed at developing manufacturing technology for production
of polymer composite components for the semi—trailer. Specific objectives are :

e To develop a process model for the manufacture of large components via vacuum infusion
e To study the influence of production parameters on flow patterns and laminate quality

e To develop process monitoring and control techniques

e To validate the above for the semi-trailer structure

Low Investment Manufacturing of Large Transportation Structures (ROADLITE)

http://'www.nottingham.ac.uk/ "epxah/PCS.htm

Polymer Composite Structures

The COMPOSITE HYBRID STRUCTURES project under this theme aims to address
the EC legislation on pedestrian safety by developing processes for the manufacture
of novel hybrid structures for use in automotive front ends, bonnets and bumper
systems.

Specific objectives are :

e To demonstrate high volume manufacturing of novel hybrid material structures

e To develop and validate computational analysis techniques for composite sandwich
structures and multi-material structures under impact loading

e To develop composite replicate legforms for pedestrian safety tests

Composite Structures for Pedestrian Safety

http.//www.nottingham.ac.uk/ " epxah/PolyCS.htm

Responsive Manufacturing

Objectives

e Improve understanding of the scientific foundations for material and process interactions to
support optimised process designh incorporating the ability to measure, analyse, and control
processes to enable closed—loop processing

e Develop new manufacturing processes and processing routes for component manufacture
through the synergistic coupling of processes at various levels to gain advantage

e Improve understanding of manufacturing systems’ flexibility and the effects of uncertainty
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and disturbances on system performance to enable the design of inherently stable self
organising self optimising manufacturing systems

e Develop Intelligent Design Support Systems linked to a foundation of scientific and
experience—based knowledge.

Projects
UK Lean Aerospace Manufacturing (UK LAI)
Affordable Multimodel Manufacture and Assembly (Faraday Project)

Common Strategy for Additive and Subtractive Management

Ultrasonically Assisted Deep Cold Rolling

Equilibrium Machining

Next Generation Manufacturing

http:// www.nottingham.ac.uk/ " epxah/RM.htm
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(© The University of Reading

Innovative Construction Research Centre
Research aims are to:

e Increase value for money for clients through better identification of clients’ needs and
improved management of the construction process.

e Improve quality and productivity throughout the whole construction process to deliver
completed projects which satisfy client demands.

e Reduce costs, increase competitiveness and shorten project delivery times through enhanced
technology and business processes.

e  Support cultural change in the industry and promote continuous improvement.

Within the context of the above, the main objectives of the Research Centre are:

e To achieve international excellence in research.

e To be responsive to current and future industry needs.

e To inform and influence policy makers and regulatory bodies.

e To disseminate research results widely.

e To maintain a long—term knowledge base in support of the competitiveness of the UK
construction industry.

Research strategy

The University of Reading is well known internationally for the diversity and strategic orientation of its
construction research. The research strategy for the Innovative Construction Research Centre will
build upon these established strengths.

Further information is available at the Reading Innovative Construction Research Centre.

http.//www.epsrc.ac.uk/website/CommonPages,/Downloads.aspx?CID=5510&ZonelD=3&MenulD=
1606

Innovative Construction Research Centre

School of Construction Management and Engineering

The Innovative Construction Research Centre at The University of Reading is one of eleven
research centres of excellence established by the Engineering and Physical Sciences
Research Council (EPSRC) in 2001. The research team consists of seven academics and
twelve researchers. The centre is dedicated to serving the research needs of the UK
construction sector, with a particular focus on productivity and competitiveness. The Director
of the Centre is Dr Stuart Green who is supported by an internationally recognised team
comprising: Professor Derek Clements—Croome, Professor Colin Gray, Professor Norman
Fisher, Professor Roger Flanagan, Dr Will Hughes and Mr Robert Newcombe.
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It’ s research aims are to:

e Increase value for money for clients through better identification of clients’ needs and
improved management of the construction process.

e Improve quality and productivity throughout the whole construction process to deliver
completed projects which satisfy client demands.

e Reduce costs, increase competitiveness and shorten project delivery times through
enhanced technology and business processes.

e  Support cultural change in the industry and promote continuous improvement.

Within the context of the above, the main objectives of the Research Centre are:

e To achieve international excellence in research.

e To be responsive to current and future industry needs.

e To inform and influence policy makers and regulatory bodies.

e To disseminate research results widely.

e To maintain a long—term knowledge base in support of the competitiveness of the UK
construction industry.

Research strategy

The University of Reading is well known internationally for the diversity and strategic
orientation of its construction research. The research strategy for the Innovative
Construction Research Centre will build upon these established strengths. The challenge is to
achieve strategic direction whilst enhancing the scope for innovation from individual
researchers. This will be achieved by ensuring continuity of funding for current research
themes whilst ensuring new opportunities for innovative, exploratory projects. Continuity of
funding for proven successful researchers provides the opportunity to have a significant
impact on the construction industry. Nevertheless, it is also important to support and
encourage the aspirations of younger members of staff if construction research is to continue
to serve industry in the long term. Such a twin policy is vital in ensuring an appropriate
balance between continuity of established research themes and the development of new
areas.

Research themes

The research of the Centre is organised into six themes. Five of these build on existing
research areas. The sixth theme is reserved for high—-risk innovative research that, whilst of
little short—term interest to industry, might have significant long—term potential:

1. Techniques for productivity and process improvement

The improvement of productivity and competitiveness is of central importance to the UK
construction industry and the economy at large. Despite recent productivity gains at the
leading edge of the industry, there remains significant scope for improvement.
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Knowledge management and organisational learning

Knowledge is an essential source of competitive advantage. Nevertheless, the problems of
knowledge management within organisations remain considerable. There is also significant
scope for the construction industry to learn from other sectors.

Human resource management and th ECUlture of the industry

Th ECUrrent Respect for People initiative and the construction industry’ s continued
recruitment crisis combine to make this theme especially timely. Human resource
management in the UK construction industry compares poorly with other industry
sectors.

Innovative procurement

One of the most marked changes in the UK construction industry over the last twenty
years has been the proliferation of new procurement methods. Recent new initiatives
such as Prime Contracting, Procure 21 and PPP require very different ways of working.

Building engineering services integration

The services content of modern buildings is typically 50% of the capital cost and can
account for an even greater proportion of a building’ s operational cost. Despite this
importance, the problems of integrating building engineering services with other aspects
of the construction process remain under—researched.

Seed corn research

This theme has been reserved for highly innovative topics. While topics may be of little
short—term attractiveness to industry, they will have significant potential future
application. As new themes emerge they may replace some of the established themes.

Research partners

The Centre is currently collaborating with more than fifty industrial partners, including clients,
consultants, suppliers, industry bodies, trade associations, trade unions and professional
institutions. A deliberate effort is made to engage a wide diversity of partners to address the
research interests of the construction industry as a whole. Many industrial partners have
longstanding relationships with the University of Reading.

Achievements

The University of Reading has played a central role in improving the performance of the UK

construction industry over the last twenty years. Research at the University has also had a
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significant influence on policy. Previous influential studies include the Building Britain 2001
series that set out a strategic vision for industry improvement. The subsequent influential
Latham and Egan reports both cited research at Reading. Th ECUrrent best practices of
benchmarking, partnering and value management have all been significantly influenced by
groundbreaking research at the University. Centre staff are especially well known for their
international work, and have advised overseas governments and organisations such as EU,
ILO, European Contractors’ Federation, FIDIC and the World Economic Forum. The University
has spawned two independent research networks that are located on campus: Reading
Construction Forum and Design Build Foundation.

Contact
Dr Stuart Green
Tel: 0118 931 8201

Email: s.d.green@reading.ac.uk

htto.//www.epsrc.ac.uk/ContentlLiveArea/Downloads,/ Word%20Document/Reading%20full%20repo
rt3.doc

Welcome to the ICRC

The Innovative Construction Research Centre (ICRC) at The University of Reading
was established in January 2002 with a grant of £2.5M from the Engineering and
Physical Sciences Research Council (EPSRC). The award confirmed the School of
Construction Management and Engineering at The University of Reading as an
international centre of excellence for construction research. The ICRC is one of
twelve Innovative Manufacturing Research Centres (IMRCs) set up to support UK
manufacturing. The ICRC is specifically dedicated to serving the research needs of
the UK construction sector, with a particular focus on productivity and
competitiveness. The centre possesses a wide portfolio of ongoing research
conducted in close collaboration with industry.

The ICRC is currently working with more than fifty industrial partners, including clients,
contractors, consultants, suppliers, industry bodies, trade associations, trade unions
and professional institutions. A deliberate effort is made to engage a wide diversity of
partners to address the research interests of the construction industry as a whole.
Many industrial partners have longstanding relationships with The University of
Reading.

http.//www.icrc—reading.org/ICRC/index.htm/

ICRC Projects
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01. Sharing Knowledge Between Aerospace and Construction

02. The Human Resource Management Implications of Lean Construction

03. Integrated Logistic Support Analysis for Building Services Systems

04. Cost of Procurement in the Construction Industry

05. Managing Risk Across The Whole Life Of A Facility — A Design Perspective

06. Structured Review of M4l Projects

07. Design for Business Needs Reliability

08. International Survey of Corporate Real Estate Practices: Longitudinal Study, 1993-2002

09. UK Construction Projects 1993-2002: Whole Population Data

10. The Impact of Integrated Procurement Contexts on Project Management Practice in the
Construction Sector

11. Integrated Learning for the Construction Industry Using Simulation

12. Measuring Construction Competitiveness in Selected Countries

13. Premises of Facilities Management Innovation

http.//www.icrc—reading.org/cgi-bin/ICRC /projectlist.p/

213



Salford Centre for Research and Innovation

The Salford Centre for Research and Innovation in the Built and Human Environment brings together
three schools within the University of Salford: Construction and Property Management, Art and Design,
and Information Systems Institute. This collaborative approach will ensure that all aspects in improving
performance of the built environment in the three key areas of process, IT and management are
considered in an integrated and effective manner.

htto.//www.epsrc.ac.uk/website/CommonlPages,/Downloads.aspx?CID=55128ZonelD=38&MenulD=
1606

VISION

"’ To catalyse a culture of interdisciplinary collaboration driven by a holistic, integrated
approach to delivering a built and human environment that consistently meets the quality of
life and competitiveness enhancing needs and aspirations of individuals and society as a whole,
in a fashion which is economically, socially and environmentally appropriate and sustainable’

’

STRATEGIC OBJECTIVES

The Salford Centre for Research and Innovation in the Built and Human Environment brings
together three schools within the University of Salford: Construction and Property
Management, Art and Design, and Information Systems Institute. This collaborative approach
will ensure that all aspects in improving performance of the built environment in the three key
areas of process, IT and management are considered in an integrated and effective manner.

Our Strategy is based on the generation and progression of knowledge fostered within an
established highly successful environment, the dissemination and application of such
knowledge, to practical needs by sustaining our internationally acclaimed competencies in
process and IT, and by developing existing and new capabilities through the retention and
recruitment of high caliber researchers.

Knowledge and capability development

Salford has built its 5% status on the quality and timeliness of its research in the built and
human environment. This, combined with the research being performed within a strategic
framework, will ensure the progression of knowledge in areas that are considered vital for the
holistic development of the construction and property industries. This knowledge will be both
theoretically rigorous and practice orientated to enable real world opportunities and problems
to be addressed. The generation and progression of knowledge will be achieved through the
retention and addition of top quality researchers, and the integration of key research areas
such as process, people and technology eliminating isolated solutions to complex problems.
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Collaboration

Our existing collaboration with other academic institutions, the industry and built environment
stakeholders will be strengthened through strategic links and alliances in the UK and
internationally in terms of exchanging researchers and skills, addressing industrial
opportunities and problems, thus producing state—of—the—art research results with a clear
focus on applicability from a holistic viewpoint. Industrial collaborators will be invited to either
be strategic partners of the Centre by pledging on—going support for the five years, providing
ongoing access to the research findings and potential to license tools and other deliverables,
or contribute to specific research projects of particular interest, providing in—kind and
financial support in return for access to company specific research findings.

Dissemination / implementation of results for improved performance

It is widely accepted that academic research does not penetrate the industry properly. The
Centre will help in defining a strategy to achieving this based on experimentation drawing from
technology transfer practices that have been successfully implemented in other sectors. The
Centre will also help in defining a strategy for starting spin off companies that commercialise
research that is near market. The Centre will respond to many agendas and policies. At the
same time it will influence through its members the built environment research policy through
contributions to CIB, the RICS Research Foundation, the Foundation for the Built
Environment, CRISP, DTI, Technology Foresight, EPSRC, ARCOM, URG(B)E, M*l, CBPP, CCI,
and IAL

The Centre will also be used for education (MSc, PhD, CPD courses) and training purposes
(TCSs) that will lead to the creation of a critical mass of companies and individuals who are
capable of making the necessary change towards an integrated industry, rather than one that
is only differentiated. Furthermore, a quarterly newsletter, an annual conference and at least
two workshops per year will be undertaken as well as presentations through the Centre led
networks in Process and Information Standardisation and Exchange in Construction.

RETHINKING RESEARCH

In addition to our existing projects we will fund more new projects, which challenge thinking in
construction, by adopting a multi—skilled, cross—disciplinary dynamic approach, focusing on
industry and society needs. The nature of the research will ensure that each project is
considered in a holistic, integrated manner through considerations of people (organization and
management), process and IT.

Process:
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The success of the Generic Design and Construction Process Protocol, the SPICE and Spice
FM frameworks will be carried forward by looking at linking business models and processes,
such as requirements capture, briefing, accessibility and sustainability, with process protocols,
people, process and technology maturity issues. We will also examine all issues involved in
performance management both of existing practices and suggested new processes and IT.

IT: Our success in developing OSCON, Gallicon, WISPER, COMMIT, CONDOR, OSMOS and
eCOGNOS and current research in whole life costing will be carried forward to develop
integrated solutions to support the process models and processes needed by the
construction and property supply chains. This will also enable the development of a
collaborative environment that facilitates the adoption and use of e—business techniques.

Organisation and Management:

Our aim is to develop individual, team, project, company, supply chain and industry Models and
contextualised examples that facilitate the adoption of process thinking and IT by the
construction sector, and aid change management, innovation and change within industry. This
work will build upon existing successful projects on innovation (I2I), people (TRUST,
Partnering) and other projects transferable from other sectors such as the so—called new
production philosophies/lean and agile operations. The focus will be on developing practical
guidance, management strategies, tools and case studies to assist the effective management
of knowledge, new ideas and practices, and technology.

http.//'www.epsrc.ac.uk/ContentlLiveArea,/Downloads,/ Word%20Document/Salford%20full%20repor
t1.doc
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@) The University of Warwick

Warwick Innovative Manufacturing Research Centre

The Centre will enable a wide range of research programmes to be delivered in close collaboration with
other academic groups and companies from many sectors, in the traditional areas of manufacturing and
in emerging sectors including photonics, medical technology and knowledge—based. The knowledge
generated will be widely disseminated through multi—disciplinary academic channels. It will be
presented to partner companies to enable them to keep abreast of leading edge developments, form
the basis for a wide ranging dissemination programme, and will feed into education and professional
development activities.

Further information is available at the Warwick Innovative Manufacturing Research Centre.

http.//www.epsrc.ac.uk/website/CommonPages,/Downloads.aspx?CID=5165&ZonelD=3&MenulD=
1606

Warwick Innovative Manufacturing Research Centre

The Warwick Innovative Manufacturing Research Centre (Warwick IMRC) will be a major international
centre for research in key aspects of manufacturing.

Led by Professor Kumar Bhattacharyya, its initial five—year programme will generate world—class new
knowledge to address research challenges driven by the needs of the UK manufacturing sector, in its
broadest sense.

The Vision

The Warwick IMRC will create, deliver, disseminate and exploit a coherent and unified programme of
novel and innovative research. It will be a world leader in issues enabling effective manufacturing
companies, a focus for developing ‘ahead of the art’ knowledge and capability and an environment to
demonstrate latest thinking. It will form the hub of a highly accessible network, a channel leading to
the creation and development of innovative products / processes, and a knowledge base and partner
for companies.

The Centre will enable a wide range of research programmes to be delivered in close collaboration with
other academic groups and companies from many sectors, in the traditional areas of manufacturing and
in emerging sectors including photonics, medical technology and knowledge—based. The knowledge
generated will be widely disseminated through multi—disciplinary academic channels. It will be
presented to partner companies to enable them to keep abreast of leading edge developments, form
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the basis for a wide ranging dissemination programme, and will feed into education and professional
development activities.

The Programme
The Centre brings together existing manufacturing research within three major groupings at Warwick:
Warwick Manufacturing Group (WMG), the wider Warwick School of Engineering (WSE) and Warwick

Business School (WBS). Its programme will be focused on th ECUrrent core competencies of WMG,
WSE and WBS and on targeted future competencies.

The Centre will be industry led in terms of priority themes and will focus on the integration of
engineering and management science to deliver novel, competitive and relevant research outputs.
The Centre’ s future research programme will involve leading edge activity in six existing areas where
Warwick has an excellent research and exploitation track record. These are:

Applications of Materials

Agile Manufacturing Technology
Systems Engineering

Design and New Product Introduction
Management Processes

Strategy and Operations Research

A Business Partnership

The Centre strategy will focus on specific application and sectoral areas. Initially, these will build on
our existing strong links to companies in key sectors:

Automotive - Aerospace
Construction - Food and Drink
ICT * Materials
Photonics - Process

Medical Technology / Healthcare
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The academic groups in the Warwick IMRC have a proven track record in achieving strong involvement
Through understanding the strategic vision of companies, the Centre will
meet the needs and expectations of business through a portfolio of related and standalone research

from business partners.

projects.

different manufacturing sectors, supply chain companies, SMEs, materials and equipment

manufacturers, software houses, trade and professional bodies and service sector companies.

Centre will incorporate a minimum of £6m of business support for these projects.

The Centre Structure

1. 2. 3.
W SE W MG W BS
4. Warwick IMRC

5. Research

Disciplines

& Competencies

Photonics

Lean
Aerospace

Sustainable
Automotive

E-business
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8. Industrial Needs and Competitiveness
Contact

For further information please contact David Mullins of WMG on:

Tel: 024 76 523949

E-mail:

David.Mullins@warwick.ac.uk

Each project will involve a mix of companies including, as appropriate, end users from

The

7.
Supporting
research
activity
and
projects

htto.//'www.epsrc.ac.uk/ContentlLiveArea/Downloads,/Word%20Document,Warwick%20.doc
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Research Overview

The research programme of the Warwick Innovative Manufacturing Research Centre will
enhance competitiveness and the opening up of new market segments. The Centre will
encourage a broad cross—sectoral approach that achieves significant benefits by tailoring
learning, technologies and systems from one market/sector to a new one, in addition to the
development of entirely new technologies and systems. Four overarching themes: Agile and
Lean Enterprises; Organisational Strategy; Application of Materials; and Systems Engineering
form a focus for Warwick IMRC research. Within these themes individual collaborative
research projects are underway, click on the theme heading to access project information.

Agile and Lean Enterprises
e Technology — enabling technologies to achieve high levels of responsiveness and
customisation and lower volume higher value products; research areas include

reconfigurable manufacturing systems and low cost tooling.

e Management Processes — approaches to support and manage the evolving complexity
in technology led organisations; includes, systems based approaches to process

design and knowledge management that focuses on benchmarking, audits and
organisational learning;, next generation operations management methods; product
customisation processes; supply chain dynamics and simulation; supporting
information and knowledge management tools.

e Product Engineering — supporting tools and techniques to improve quality and speed
of product introduction; research areas include KBE, visualisation, modelling and

simulation.

Organisational Strategy: Research that defines strategy formulation for individual sectors,
cross—sectoral learning and applications, and change management.
Application of Materials: Novel materials offer competitive edge and the opening of new

markets. Research will create new and improved manufacturing processes and applications of
both existing and novel materials, includes: rapid prototyping technologies, plasma coating,
moulding and casting technologies for plastics, composites and light metals, laser processing
technologies and recycling.

Systems Engineering: Tools and techniques to support advanced product features — research

includes intelligent instrumentation, advanced sensors, intelligent data manipulation.

http./ /' www.warwickimre.ac.uk/index.php 2name=EZCMS&menu=5&page id=4
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Projects Overview

The Warwick Innovative Manufacturing Research Centre supports leading edge research in four
research themes: Agile and Lean Enterprises; Organisational Strategy; Application of Materials; and
Systems Engineering. Information on each current research project is accessible by clicking on the
project title in the list below; categorised by research theme.

Agile and Lean Enterprises: Technology

e Adhesive Injection Technique for Nodal Spaceframe Construction
e Coatings and Processes for Sustainable Mould and Die Production -CASPUR

Agile and Lean Enterprises: Management Processes

e Assessing the Supply Chain Costs in the Food and Drink Industry

e KBSImprove: Improving Maintenance Scheduling through Knowledge Based Simulation -
(complete)

e Long Term In Service Support — LOTISS

e Using Cladistics, g—analysis and Measures of Complexity to Achieve Competitive Change —
(complete)

Agile and Lean Enterprises: Product Engineering

e Automatic Generation of Design Improvements by Applying KBE to the Post Processing of FE
Analysis

e Smarter Tyres using Advanced Sensors for Improved Safety — STASIS

e Vehicles Optimised through Input of Customer Evaluation of Sounds — VOICES

Organisational Strategy

e Capturing Knowledge and Project Based Learning: Managing Culture and Change in the
Construction Firm

e Market—Led Homebuilding as a Manufacturing Process

e The development of Lean Aerospace — UK Lean Aerospace Initiative

Application of Materials

e  Crashworthy Automotive Structures using Thermoplastic Composites -~ CRACTAC

e  Exterior Body Panels in Thermoplastic Composites, with In—Mould Class ‘A’ Painted Surfaces
- APPLE

e Translucent Exterior Car Body Panels - PABS2K

Systems Engineering
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Application of Optical Emission Tomography as a Heat Release Diagnostic

Faraday Partnership: Intersect the Application of Data Fusion to a Multi Sensored Intelligent
Engine — (complete)
Reliable, Highly Optimised, Lead Acid Battery — RHOLAB

http.// www.warwickimre.ac.uk/index.php ?2name=EZCMS&menu=6&page id=5

222



) Built Environment Innovation Centre, Imperial College

The Built Environment Innovation Centre (BEIC) at Imperial College, which officially began operating on
April 1st 2003 plans to carry out an ambitious interdisciplinary programme that will build upon research
and expertise developed over the last five years by the EPSRC’s IMI/RAEng Chair in Innovative
Manufacturing — Construction. The Centre will draw upon engineering, management and social sciences
in order to tackle real world empirical problems focusing on the development of new technology in the
production and use of the built environment. It addresses competitiveness and quality of life issues,
recognising that problems faced by practitioners and policymakers are inter-related and can best be
investigated through a collaborative approach.

BEIC’s work will be located within the field of engineering, design and innovation management
associated with long—lived complex capital assets and infrastructures. As yet, the development,
acquisition and deployment of technology in project—based organisations has not been studied in
enough detail to create a sufficient body of knowledge. The Centre’s staff has close links with industry,
user organisations and research networks worldwide. Their activities will draw on and contribute to this
wealth of experience, leveraging additional funding from other agencies. The Centre’'s Directors are
Professor David Gann and Professor James Barlow.

For further information on BEIC, please contact Nicola Glew
Tel: 44 (0) 20 7594 5928

Email@ n.glew@imperial.ac.uk

www.imperial.ac.uk/business/innovation

http.//www.epsrc.ac.uk/website/default aspx?CID=9097&ZonelD=3&MenulD=1607

Built Environment Innovation Centre
Background

The Built Environment Innovation Centre (BEIC) was established in April 2003 and is
supported under the Engineering and Physical Science Research Council’ s Integrated
Manufacturing Research Centres programme. BEIC aims to generate knowledge to help
modernise the buildings and infrastructure needed for the 21 century. The Centre brings
together expertise on the study of technology innovation in the built environment industries.
Our philosophy is to be adventurous, independent and critical. We recognise that problems
faced by practitioners and policymakers are inter-related and are best investigated through
interdisciplinary, collaborative research methods. BEIC therefore offer a distinctive approach,
bridging engineering, management and social sciences.

We believe that it is not enough simply to produce high quality research. The pace of
technological and social change is making it all the more important for private companies and
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public bodies innovate in their products, services and policy thinking. Research therefore
needs to be translated into usable tools and guidance.
BEIC’ s Director is Professor David Gann and Deputy Director is Professor James Barlow,

and the Centre is supported by an Advisory Board.
Rationale

A healthy and inclusive society with a vibrant economy needs the right built environment — its
quality and performance impacts on all economic and social activities. And creating and
renewing buildings and infrastructure accounts for at least a tenth of the UK’ s gross
domestic product.

The industries supplying the built environment are at a watershed. Traditional practices are
being challenged by new economic, technological, social and policy demands. Five key issues
are likely to dominate the agenda over the next 25 years:

e Understanding and meeting user—needs more closely.

e Harnessing benefits of integrated technical systems in products and processes.

e Meeting environmental and social sustainability targets.

e Incorporating leading—edge technologies into existing construction industry practices.

These issues will shape patterns of new fixed capital investment and challenge traditional
approaches to design, construction, refurbishment and maintenance. New approaches by the
industries responsible for creating the built environment will be vital.

The UK has considerable strength in construction research, design, engineering and project
management. But the impact of this success is diminished by a lack of critical mass for
developing new knowledge and shortages of skills to implement technological and
organizational changes within firms. BEIC will help to bridge this gap by developing new
knowledge to underpin innovation in the design, production and renewal of the built
environment.

Our approach

BEIC’ s work is largely situated within the field of engineering systems, design and innovation
management. We make use of a suite of well-established research methods, already proven in
studies of construction and other industries producing complex products. These include:

e Tools for data capture and development of collaborative working relationships with firms in
real-time projects and operating environments.

e Survey-based techniques for assessing performance across different communities of practice.
e Analytical tools and capabilities for synthesising data.

e Modelling and simulation of processes enabling assessment of alternative approaches to
development and implementation.

e Development of guides and practical tools for integrating research outcomes with practitioner
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needs, including those oriented towards firm strategy, capability analysis and performance
improvement.

e Engagement with users and collaborators in focus—groups to validate findings.

http.//'www l.imperial.ac.uk/business/discover/centres/innovation/beic/default.htm/

Research themes

BEIC’ s programme of work focuses on markets, products, services and production processes created
by project—based built industries serving the markets for long—lived complex capital assets and
infrastructures. These have not received the attention they deserve in the innovation, management and
engineering literature. The core of our work is carried out in the built environment, but we also address
issues of generic interest to other project—based sectors. Our research is organised into two themes
and all our projects are subject to a peer review process before they are sanctioned:

Theme 1 — user—centred product and service delivery

Research in theme 1 aims to enhance the built environment industries’ capabilities to meet
differentiated user requirements. Areas of concern include the development of tools to improve
user—engagement in design, analysis of the impact of customisation on the value—chain and simulation
of new customer—focused ways for delivering products and services.

Theme 2 — tools for managing technology and innovation

Research in theme 2 aims to address the demands for modernising project and business processes in
the built environment. Areas of concern include cross—sectoral analysis of knowledge required for
innovation in project—-based design and engineering processes, analysis of the diffusion and
management of technology innovation, and development of new tools for design and innovation in
project—based firms.

For more information on BEIC research projects please click here

http.//'www l.imperial.ac.uk/business/discover/centres/innovation/beic/research/default.htm/
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@ Multidisciplinary Assessment of Technology Centre for Healthcare (MATCH)

A significant development in healthcare markets is the emergence of agencies (such as NICE and other
similar organisations around the world) assessing clinical and cost effectiveness of new technologies.
This makes this market extremely difficult for UK industry in promoting innovative products and
technologies, especially as the methodologies necessary to assess many medical device technologies
are not yet well established.

MATCH will support this sector with new methods for establishing clinical value; new methods for
capturing user needs for early design and in—use upgrades; best practice research on production and
decision—making processes and a forum to engage the regulators and seek better ways forward all
concerned.

Finally, MATCH will ground its research in reality through a network of industrial partners.
Academic Partners:

Brunel University;

University of Ulster;

University of Nottingham;

University of Birmingham;

King's College London.

For further information on MATCH, please contact the centre director, Professor Terry Young

at terry.young@brunel.ac.uk

http.//www.epsrc.ac.uk/website/default aspx?CID=9095&ZonelD=3&MenulD=1607

&6.3m Academic Partnership Aims To Revolutionise UK Healthcare
Technology Industry

Brunel, Ulster and Nottingham Universities Power Project To Develop Best Practice R &D Processes
For UK Healthcare Industry

Uxbridge, 7th April 2003 — Brunel University and its partner universities at Ulster and
Nottingham, today unveil a £6.3 million UK-wide project to create a more effective, safer,
more dynamic UK healthcare technology industry. The project’s aim is to speed up the
migration of medical technology innovation from R&D labs into the hands of healthcare
professionals in hospitals and clinics.

The UK wide initiative, which also includes Birmingham University and King’s College London,
will harness academic and industry expertise to provide new methods to assess pioneering
medical technologies, including medical devices and equipment, implants and wound care
products.
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Called MATCH (Multidisciplinary Assessment of Technology Centre For Healthcare), the
project is based around hubs in Uxbridge, Nottingham and Northern Ireland and will last 5
years. It has been funded by £3.3m from The Engineering and Physical Research Council
(EPSRC) and the DTI, combined with £3m in cash and 'in—kind’ payments from the National
Patients Safety Agency, Invest Northern Ireland and industry.

MATCH Principal Investigator, Professor Terry Young from Brunel University Health Systems
said: “Traditionally the UK is very good at getting that first invention to market, but fails to
capitalise on its initial success. The exciting aspect of this programme is the way it links
compelling research to practical problems. It has the potential to influence a whole sector of
our industry for the better.

“Here we have a chance to support British industry with new concepts that will identify the
value of products at each stage and provide better processes and decisions to bring them
more quickly to market. Crucially, MATCH will provide guidance on best practice and
decision—making at an early stage of device development and assist industry and regulators to
plan ahead for a smooth introduction of new products.”

Professor John Anderson of the University of Ulster added: “Northern Ireland has a long
history of innovation in medical device technology. The EPSRC’S support for an national UK
centre in Northern Ireland is a recognition of the knowledge base and entrepreneurial skill in
supporting industry we've developed here at the University of Ulster.”

Professor Hywel Williams, Director of the Trent Institute of Health Services Research at The
University of Nottingham, commented: “The Nottingham hub offers the MATCH project a
strong engineering research base as well as contact with clinicians and users of healthcare.
MATCH has a real potential to pick out technology winners at an early stage of development,
and to really understand more about the value of medical devices for users, healthcare
professionals and the industry.”

Phil Burnell, Innovative Manufacturing Programme Manager, EPSRC says of the research
project: “As the UK’s main agency for funding research in engineering and the physical
sciences, we understand the need for continual improvement for technologies that better
enable the delivery of care. We believe that the formation and funding of MATCH is a critical
step towards best practice development of a dynamic UK healthcare industry.”

Further Information:

Professors Young, Anderson and Williams are available for interview. Contact them via
YOUNG: Blaise Hammond / Robin Grainger on Tel: 0208 956 2648 or email
robin@fusepr.com / blaise@fusepr.com

ANDERSON: David Young, Senior Press Officer, University of Ulster on

Tel: 028 90 366178 or email d.young@ulster.ac.uk

WILLIAMS: Emma Thorne, Press Officer, Nottingham University on Tel:

0115 951 5793 or email emma.thorne@nottingham.ac.uk
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Notes for Editors

About MATCH

MATCH (Multidisciplinary Assessment of Technology Centre For Health) is based around
hubs at Brunel, Ulster and Nottingham and brings together the universities of Brunel,
Birmingham, Ulster, Nottingham and Kings College London to form a UK wide network of
academic and research centres to assist the development of the UK health technology

industry.

Information on MATCH partners can be obtained by visiting:
www.brunel.ac.uk / www.ulst.ac.uk / www.nottingham.ac.uk / www.bham.ac.uk / www.kcl.ac.uk

About the EPSRC

The Engineering

and Physical Sciences Research Council (EPSRQC) is the UK's main agency

for funding research in engineering and the physical sciences. More information at:

www.epsrc.ac.uk

http.//www.brunel.ac.uk/faculty,/ tis/PressNewsHealthcare.htm

MATCH (Multidisciplinary Assessment of Technology Centre for

Healthcare)

Summary

Lead
Investigator

Research Team

Funder

This programme is designed to bring together end—users of medical devices, the
manufacturing industry and associated bodies and academics with a view to
improving the health, personal well-being and lifestyle of end—users and
stimulating economic development in the UK. Led by Brunel University and
including Ulster, Nottingham and Birmingham universities, the project plans to
create a more effective, safer, and dynamic UK healthcare technology industry.
The project’ s aim is to speed the transfer of medical technology innovation from
R&D labs into the hands of healthcare professionals in hospitals and clinics. It
will commence in summer 2003

Dr Trisha Grocott

Prof Sarah Cowley, Professor Terry Young, Brunel UniversityProfessor lan
Robinson, Brunel UniveristyProfessor Martin Buxton, Brunel UniversityProfessor
Hywel Williams, University of Nottingham Professor John Anderson, University of
UlsterProfessor Richard Lilford, University of Birmingham

Engineering and Physical Sciences Research Council, Department of Trade and
Industry, National Patients Safety Agency, Invest Northern Ireland and industry.

http./www.kcl.ac.uk/nmvc/research/project/moreinfo.php ?id=54&the group=1
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@9 Scottish Centre for Innovative Manufacturing, Heriot-Watt University

The Scottish Centre for Innovative Manufacturing focuses on two major areas of research, Photonics
for Manufacturing and Digital Tools for Manufacturing.

The vision of the centre is:

To be a major international force in manufacturing research by bringing together high quality
multidisciplinary research capability with industrial need and a supportive institutional framework, to
deliver knowledge and people to UK manufacturing.

Scope of the centre:

e Optical technology that provides information about manufacturing processes;
e Optical technology as a power source for manufacturing processes;

e Computer—aided process and assembly planning;

e Computer—aided design for manufacture;

e Geometric reasoning about manufactured artefacts and textiles.

Further information is available at the Scottish Centre for Innovative Manufacturing Heriot—Watt
University.
Or contact the IMRC’s Director, Professor J.E.L Simmons: j.simmons@hw.ac.uk

http.//'www.epsrc.ac.uk/website/default. aspx?CID=9093&ZonelD=3&MenulD=1607

Welcome

The EPSRC (Engineering and Physical Sciences Research Council) awarded Heriot—-Watt University |
4.2 million funding to support a five—year programme of research as an Innovative Manufacturing
Research Centre. The centre focuses on two major areas of research, Photonics for Manufacturing and
Digital Tools for Manufacturing. A overview of the centre’'s remit can be seen in the PowerPoint
presentation.

Vision

To be a major international force in manufacturing research by bringing together
e high quality multidisciplinary research capability with
e industrial need and
e  a supportive institutional framework,

to deliver

e knowledge and people to UK manufacturing.
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e Optical technology that provides information about manufacturing processes;
e Optical technology as a power source for manufacturing processes;

e Computer—aided process and assembly planning;

e Computer—aided design for manufacture;

e  Geometric reasoning about manufactured artefacts and textiles.

htto.//www.shapesearch.net/IMRC/index.htm

Photonics Projects

Current Projects

Lema A3: Precision Laser Drilling

The overall objective of the project was to reach an understanding of the process of drilling small holes
using Nd:YAG lasers, where It mall-means having a diameter in the order of 50 (m, through a thickness
of 1 mm. The project was driven by the desire by BAE to develop a commercially—viable process for
drilling such holes in aerofoils at a density of around 4 million per square metre, thus reducing their
aerodynamic drag and resulting in potential fuel savings of 5 to 7%. Before the project started, BAE had
demonstrated that it is possible to laser drill such holes by ablative (non—thermal) processes, e.g. by
using an excimer laser, but the rate at which the holes are produced is too slow to be commercially
viable. We investigated alternative process windows for laser drilling, using Nd:YAG lasers, and worked
with our collaborators at the University of Essex to develop predictive models of the laser drilling
process. Optimum process parameters for the process were determined and we successfully produced
arrays of holes to the specification initially set by BAE. BAE are continuing with work to test the
aerodynamic performance of panels produced in this way.

Laser Processing in Electronics

Laser Forming of Aerospace Alloys

SCAWP: Sensors for Control and Automation of Welding Processes

Laser welding has the potential to provide significant cost and weight savings if used for joining
structural components in airframes. Studies have shown that if welding could be adopted throughout,
then the weight of airframes could be reduced by 10%, and manufacture cost reduced by 30%. In order
to generate welds of suitable quality for such safety—critical applications, the process must be under
complete control. However, weld instabilities can result from workpiece distortion, variations in material
geometry or tooling changes and edge effects. It is therefore critical to develop suitable sensors to
monitor and control the process. The overall objective of the project is hence to develop in—process

230



sensing and control for automated welding for manufacturing applications, exemplified by the
requirements at BAE SYSTEMS. The project builds on existing expertise in sensors for Nd:YAG laser
welding at Heriot-Watt, and sensing and control of TIG welding at the University of Liverpool. The role
of Heriot—Watt is to carry out further development of optical sensor systems, in particular for high
power diode laser welding.

Phase One Projects

Laser precision machining of high performance engineering ceramics

Laser manufacturing of 3D microstructures

Phase Two Projects

Laser processing for displays and solar cell manufacture

http.//'www.shapesearch.net/IMRC/bhotonics.htm

Digital Tools Projects

Current Projects

RPBlox: Assembly—based Rapid Prototyping

The RPBIloX concept seeks to combine sophisticated CAM software and automated assembly
technologies to demonstrate that a non—layered method of rapid prototyping can be
engineered. Crucial to the feasibility of the assembly based manufacturing system envisaged
are the software algorithms required to support several different forms of geometric
reasoning and the robotic technology needed to precisely locate variable shapes.

CO-STAR: Virtual Reality for Cable Harness Design

Our research team has a history of EPSRC—funded virtual reality (VR) research in both
assembly planning and cable harness routing. This current research is examining the use of
virtual and traditional CAD technologies throughout the whole cable harness product design
process. This will investigate the cognitive issues associated with using various virtual
technologies at different stages in the product design cycle, leading to an understanding of
where in the product design process virtual reality and traditional tools are appropriate, as
well as comparing VR and traditional CAD tools.
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ShapeSearch.net: Part Sourcing with a 3D Shape Search Engine

The aim of the ShapeSearch.net project is to develop a on—line resource for design and
manufacturing which will allow engineers to search the web for similar 3D models. To
investigate the feasibility of this radical new approach to the Internet—based sourcing of
engineering components, we are untertaking research into algorithms for assessing the
geometric similarity of 3D models.

Virtex: Virtual Textile Catalogues using 3D Surface Textures

The objective of this multidisciplinary research project is to investigate a new approach to the
acquisition of three—dimensional surface texture data for augmented reality applications. A
particular focus will be the use of such technology for the creation of animated 'virtual
catalogues’ with search facilities for e-commerce of textiles and design of related products.
Phase One Projects

Laser precision machining of high performance engineering ceramics

Laser manufacturing of 3D microstructures

Phase Two Projects

Laser processing for displays and solar cell manufacture

http.//www.shapesearch.net/IMRC/digital tools.htm
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@ UCL Bioprocessing Centre

The Centre will focus on new ways of speeding the translation of exciting discoveries in the life
sciences to practical outcomes, especially advanced medicines. Established in partnership with a
group of leading companies in the biopharmaceutical field the research will help to bring a new
generation of human therapeutic proteins to the market more rapidly and at lower cost. The centre will
also address materials for gene therapy and for vaccines.

htto://www.epsrc.ac.uk/website/CommonlPages,/Downloads.aspx?CID=5517&ZonelD=3&MenulD=
1607

UCL BIOPROCESSING CENTRE

The Centre will focus on new ways of speeding the translation of exciting discoveries in the
life sciences to practical outcomes, especially advanced medicines. Established in
partnership with a group of leading companies in the biopharmaceutical field the research will
help to bring a new generation of human therapeutic proteins to the market more rapidly and
at lower cost. The centre will also address materials for gene therapy and for vaccines.

Companies UCL Departments/Institutes
e Adaptive Biosystems e Biochemistry and Mol ECUIar Biology
e BioPharm Services e Biochemical Engineering
¢ CAMR e Child Health
e Cambridge Antibody Technology e Computer Science
e Celltech e Electronic and Electrical Engineering
e Cobra Therapeutics e Mol ECUIlar Pathology

o Eli Lilly

e GlaxoSmithKline

e |onza Biologics

e Merck

o Pfizer

e Protherics

Figure 1 Foundation Collaborators in the UCL Bioprocessing Centre

The engineering challenge
It typically costs $1/3 billion and takes 10 years to bring a new medicine from discovery to

use. Because over 90% of candidates fail in safety and efficacy studies, the costly
large—scale process trials needed before manufacture is possible, are done at a late stage.
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With the new generation of biopharmaceuticals such late stage process studies are often
associated with major delays. Then, each day of additional delay is likely to represent over
&1 million of irreversible loss of income. This is because a company can only recover its
development costs during the short period of exclusivity of a new medicine.

The problem of large—scale process trial delays can be solved if studies at a very small scale
are able to predict process performance or at least identify the most crucial trials. Then
such micro studies can be done early and their costs written off easily for unsuccessful
candidate biopharmaceuticals. The UCL team has established proof of principle of such
micro mimics. The new IMR Centre will work with the UK based companies to establish
these new methods in their facilities. The research of the new programme will be
underpinned by the construction of a new &4 million Micro Biochemical Engineering facility.

The importance of the sector

The biopharmaceutical sector has global sales of $28 billions and some projections suggest it
will ultimately represent half the total pharmaceutical sector. The UK has 48 publicly listed
biotechnology companies with many of the largest engaged in biopharmaceutical activity.
This compares with 300 publicly listed biotechnology companies in the USA and 20 in
Germany. The strength of UK life sciences research combined with the new IMR programme
will provide the foundations for an advanced biomanufacturing sector.

A focus for training future leaders

University College London was a founding centre of the field of biochemical engineering which
establishes the basis for translation of the life sciences into practical outcomes such as new
biopharmaceuticals. UCL teaches biochemical engineering at the undergraduate level and at
the postgraduate level where it is the EPSRC Engineering Doctorate Bioprocess Training
Centre. UCL also trains individuals from over a hundred companies and is a partner with the
London Business School in a Scientific Enterprise Centre addressing the biopharmaceutical
and parallel biotechnology sectors.

The value of biopharmaceuticals in healthcare

The diseases that remain unconquered are the more intractable ones. Here,
biopharmaceuticals now are demonstrating effectiveness. The human enzyme, tissue
plasminogen activator, can be produced in simpler living cells. After purification it can be
injected into patients with blocked arteries in the period immediately after, say, a heart
attack. The enzyme selectively re—dissolves the clot. To date over a million people have
been treated. Children who are at risk of being abnormally short can now be safely treated
with a human hormone produced in a simple organism engineered to express it. This
replaces hormone extracted from cadavers which can transmit CJD. The first successful
trials of gene therapy have been made and the combined use of therapeutic proteins and
genes with human cells will lead to a new generation of regenerative medicines in the next few
years.
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Contact:

Professor Mike Hoare FREng

The Advanced Centre for Biochemical Engineering
University College London

Torrington Place

London WC1E 7JE

Tel: 020 7679 7031

Fax: 020 7209 0703

Email: m.hoare@ucl.ac.uk

http.//'www.epsrc.ac.uk/ContentliveArea/Downloads,/ Word%20Document/UCL 1.doc

INNOVATIVE MANUFACTURING RESEARCH CENTRE FOR BIOPROCESSING

The UCL Centre is concerned with creating new ways of proceeding faster from discovery to
bioprocess. This has become especially critical for the new generation of complex pharmaceuticals
which embrace human proteins and are likely to include in the future human genes and cells.

Because of the extraordinarily rigorous safety trials applied to new medicines, over 90% of
candidates fail. This makes it unrealistic to run large—scale manufacturing trials until very late in
development and increasingly these trials are proceeding with difficulty and delay. Given that a
new drug only generates enough to repay the & 0.5 billion of development cost during the short
period of exclusivity, any such delay is serious — the irreversible loss of financial return is typically
&£1-3 millions per day.

The UCL approach uses micro biochemical engineering studies and models of the whole
bioprocess. Together these can predict performance in some cases and identify critical process
issues with others. In this way the development team can go to the pilot plant with insight so that
a few highly focused trials can be planned.

The Centre programme is collaborative with a group of UK-based companies which include
pharmaceutical majors such as GlaxoSmithKline, Merck, Pfizer and Eli Lilly, biotechnology
companies such as Celltech and CAMR, contract manufacturers such as Lonza Biologics and
service companies including BioPharm Services and Adaptive Biosystems.

For a reasonable cost companies have access to a & 3 million research programme built on a & 30
million earlier investment in the Interdisciplinary Research Centre programme. They can take part
in tests of the new process tools at their own sites and attend regular briefings on research.
Participating companies have particularly good access to the Department in terms of the output of
trained potential staff from what is the largest global source of high calibre trained bioprocess
people. For more go to additional information.

http.//www.ucl.ac.uk/biochemeng/department/Innovative_ manufacturing research_centre.htm/
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