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Learning Factory [Abele et al. 2017]

iy
- 2 I
o model / design : 4
graphics - ~ (1] 1
New e N . ) e ‘; 29 i |
Technologies ‘ 7 A,". ,’: ,/" [ s : 25 ,’, ! I :
* : g SO -1 - L7 1,2 : : !
| I’ - - - 1
I:ﬁ‘...... 1 : Research I Dimensions 1 Features |
h ko I l l
il 2 £ o : Innovation : @ Purpose : teaching and/or training and/or research :
,,,, - et : Education 1 ? Process 1 authentic + multi stage + technical and organizational :
. 1 I
'-7- - - Learning Factory_ m" Setting 1 changeable + real or virtual* !
Globalisation v\ Lx 1 :
Volatile N b t’ i1 i‘ Product ! physical or service** .
Environments apliityto a(.: Ly " fh Didactic 1 concept based + formal and informal learning + own !
unknown situations - ACHES 1 actions of trainees + on-site or remote learning*** :
.

Operating | : ; : . 1
¥ . 3 : sustainable plan allows the ongoing operation (desired
Fig. 2. The learning factory as a model of a real factory—incorporating the three Model  _ _ _ __ e it i _( v _) o,
pOIES of the “knOWIEdge tnangle []1]. Fig. 9. Key characteristics of learning factories.

a) Concrete Experience

Doing and therefore gaining

experience in a specific field.
d) Active Experimentation b) Reflective Observation
Application of new insights Reviewing and reflecting on
in practice and tranfers to the experience; What is
other areas. working? What is not?

c) Abstract Conceptualization
Understanding cause and
effects. Concluding and learning
from experience.

Fig. 6. Kolb's experiential learning cycle [181].

Fig. 11. The learning factory CiP at TU Darmstadt [238].
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Learning Factory®#ill[Abele et al. 2017]

e X#F

PTW at TU Darmstadt

The Learning and Innovation Factory (LIF? for Integrative Production
Education at Vienna University of Technology

LPS Learning Factory at Ruhr University of Bochum
learning factory LSP at IWB, TU Munich

IFA learning factory at the University of Hannover
Lean Lab at NTNU (/L™ x—)

learning factory for advanced Industrial Engineering (alE) at IFF, University of
Stuttgart

Intelligent Manufacturing Systems (IMS) Center at Windsor (A7 %)
“Mini-Factory” at the University of Bolzano (%) 7)

KTH XPRES Lab. (R x—7>)

Bayer and TU Berlin built up a learning factory for process optimization

o T

Chrysler World Class Manufacturing Academy in Michigan, USA

the BMW learning factory VPS (Value-Oriented Production System) Center
SanNY)

McKinsey & Co. developed a global network of learning factories



38

Learning Factory at AT TEHR L F—




{ESELT-D3LF@RACE

PD3 Rule Checker

Reference Setting

Editor

_i ; Tool
| PD3 Description

Structing Support
Subsystem

T4 NIV

Microsoft*

S(}LServer
07 DB

? A

1

AC |

ORINH—/N\
(OPC UAH—N)

ipi]

| > RC PLC

(DENSO) | | (Rockwell)

LF@RACE

RCTO4S

39



B LI-LF@RACE
6Ef O 78 v

AAhZAaRy

DOy AN
REEXRZRIT

- 3fEfEa 2 rO—5H\ K
W®ﬁ%€ﬂ@
Robot Controller(RC)

* Programable Logic
Controller(PLC)

* Actuator
Controller(AC)




41

*EﬁLT:LF@RACE

L

©

0 N O On o Q0N

«—x%mwauéxu%wfn%e
LN DA ITABDRE
ARYFDRI—R LI DRI
FANEAFDTERRIZCEKDIFREMDFELE
IW—O8mEHRFOFAIRIZLEHHRFEL
NUYMESDERITEICEDIL—BE D TERFIE
NUYNMFERBORBEICLIORFROFELE

T—IODER|EER T A —ORERICLLIREF
1k

BHIFEDEENN—ZRAT-ROERFETOIIFERFL




42

EELI-LF@RACE

o BEEIZDHRT (X2(5F)




......

— i — — —
o

BELI-LF@RACE
: j o HIFE—F1:
3" R—ZEEDBLEZ

HLEDT N

s —— — o —

43



T4 AR s

Microsoft® =

SOL Server

3DET L on fastSUITE

04 DB
A
f f Tt 1%
AC »I  ORINH—AN S =
< ‘ i =
(IAT) 1 l o| ©OpCcuAH—rv) | B (2
A y | >
»| RC PLC i |
(DENSO) | | (Rockwell) RC PLC
A TIalL—4 IZal—4A
l x
LF@RACE .
- chuffs_l PLCTOY | |[HA /83—

Py 3 i R

LITT43

SLITAR

R

44



| s
QA%I{J- ;

)7 IL A A LITE

FLTEIC<D2




{ESELT-D3LF@RACE

PD3 Rule Checker

Reference Setting

Editor

_i ; Tool
| PD3 Description

Structing Support
Subsystem

T4 NIV

Microsoft*

S(}LServer
07 DB

? A

1

AC |

ORINH—/N\
(OPC UAH—N)

ipi]

| > RC PLC

(DENSO) | | (Rockwell)

LF@RACE

RCTO4S

46



D2 &M B

ﬁi&ﬁ7ntzmﬂ mommonssrne

wow Roorssa
—— N e e ""\',mn}?:zn LEENL e SRR Ll S

T MORRHETS | E ARaRERCERTS FE *E ﬂ ﬁ—c
o e i Fagil = 10T o a >
‘ (eg, V7 92 T7%ETET3)

%Eﬁﬁ T. 4 SOBONEENRY S
ii’ s f: 7 7 :/ 3 ‘/ SUBEIDALT  nouy

i S OB
(e.g. TEERETZ) T -

M FRICH S ER

(eg, Y7 b7/ 5 L)

nEoEkitis/ B

WEMFICDH D FH
(e g —J—/fo)mj ﬁi)

Twinning
! E..‘. L

47



PD3 Description Editor

e PDIIZKBERREIO RN REIIETHY—IL
— mxGraph&lySJavaScriptDERS A T51)ER—X([ZE
LT

W rogm FETOEAE - dag X+

< C @& junpeeeeentagithub.io/drawi

File Edit View Amange Extras Help |Unsavedehanges Clickhere tosave o
B % - aa ST L S =y
Scratchpad

BLRORFDFREERAS =

~ Problem Solving Layer - n - muts g
[SaG [End} [stast) 5
Tedt 1 A X
|
= Engineering Cycle i
ik - BOBEHETS | | iRE=ER I HRTS . B
[Stary e pEne > EE [End} [Sta] LN
Information Layer |
= T
« Physical Layer
ik - SDROMSERETS Eisia
=
Start e Sua {End] (Stael N




:|:>~“)‘:7U 2l =k F IO

o OJLARILDERR: IThh-C %58k Li-Descriptive’s ittt

o HBFTALRETIV: EDKIIATIREME LML T=Prescriptive’Zi it
ah

e,
HEVAT LA
T2 =7(ME)

AC R > ol FLvd
E - E T =7(KE)

49



50

RSN Ay
o HEBE—F(FER)FHAATH or BEHtiIZIEEIRAETE)
ML, EEEZRLIES

1. LFOKREZHERITH(E Y. AT 7—4%.3DY2aL—52D7F
VA E—R)

2. BIBZHRRAL.BREEFZAD

3. BREDKRET(BDIEaAL—2DAIZAE—F)

4. RIREDRE., ER(PLCOTOTSLER) (REH)

e ULEDTNEREE£TPD3TRHHLT. AERAKR. TXX
IN—FEDLEE. %= 7Lk --




51



lr—RRAB3T 4 - §5R

® Eul..\i;&ijn T ADH

- WERE1L21IBEL TNV =200
B, 128 nEREEFEHLS-

o BERREITOEADFE L

RREFESDTNENT

~- ERE1, 2TENTNDEBRREIZODVNTHAIILEM L%
FEEL, HEBREICE->TERESI YA IIIWEAL LD ERES &
(e.g., BIMEEEBED FEME) ZL DO REBEL, v DEE)
ZHRLCERATREG A HERET HITARERCMLT-

52



[Start]

[Starf]

FsE: 1Ol
LA LOFERE,

8 Y1o)L
B LDRRE

>

EHEBEID

| MEoEEznE
33

BEOXRERETS

YA DA LO)
BSEioErE|
53

BERRE7RERXDEH - #ERE1

53

FAONEGAA
| ADoFEA

BAINI1 LD
ERER

>

[End]

[End]

0N

|
HERRERSTS

189D INIALEESNDERATLS
BRE : Y201, Y22,

Bt BIE - BESA 20 - HIERE - S T—DAE

BENCHA NI A LEEDD
SHEOLD,
b1 ays«
s PR lyronsqnm
EOHEITS
|
BAONAA NERDASATTS
. Ero | BREOSH
- SEOEH »ﬂ#h;gtmﬂ_ﬂﬁiﬁbTi o
Sy TEECEETES
REOEY | S EESLS 1T ECBIFEETD
DINTRFHT S
EFTITUNOREDD
BEOF L BRREICOVT HERETETE
BHTS
" = ZEGA(N—%
= Oy FOBES e e
(o= 1§ Nis:ckialiciinsy F0FDFTRST
5932

 EBHOBET

EEBETD
A A

23, BEE

> [End]

‘3ﬁﬂﬂ&$5@ﬁ¥7w94btaé
EDLURNEBWY S ICHEENS

s | EAMtOBEARNERETS
it EhE - 2R e - BiE
BESA(Z2Y - L TYACHT S | AR ToNE
[Start] —_— » EETIREEEEAN — [End]
D
738t : BMF - z =
’ ==,/ IE22lcHT B nes . SN HORE
SEFAS0 1 vﬁmm%?EﬁN BRE : HESIIONE
et BE - < —
=~ 5 N22RIEHT B > . DNE
BEZr220 1. - BETE £ BRI  BEEEDUE
2
gt $HE - = = BRI EME - EMESAS Y -
=~ 5 EEEFCHTS = . ) kel A 5=
BEMESA=D M=o BWREE - )Ly NUS-20HnE
=3




On going projects

BEHMSIVDFEERR&EE
BHEMI S DEESER L
SHMNETERORYYDa—)VT
TSUrDOEEIRED /o2
HETIREETD/ /N4




55

FEHEAYE—D

T 1443 )LE A5 (Digital Transformation)E R IZE+5EHD <
YDEYHIZDOWNTERLT-

[ TSR R T LYk 1EVNSE R B ERA L

T422)L-M)T Ly ZEI<Learning Factory® i & %3
L=

HIytz—

- HEHE-BMT. BEU. LWLV TAO2ILEE -BTDFE
LHIEBEZF VDD, TNEFRALT, Fif-LMiEERET
BEENESHICENBEENBNVET




Acknowledgement

o ABIED—ERIL. NEDO JPNP18002, BEHKEFEIET

SANLDIKYRBRAMBERER, XHEAHEHRE
JP19H02037 DHBNER (T TLET

- /ﬁ &(’) 75\&5:$°L\$ L»T"

56



