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design languages

vocabulary
components

rule set
building rules

design language
(vocabulary + rules = grammar)
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system of systems

model a model b

domain modeling
domain coupling
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,1he®“ problem

,birth* ,2death*
market | | recycling
study feasibility / requirements list .

study maintenance
, conceptual- ! repair

production | production

\ design detailed !
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verification | assembly digital factory
' verification |

1
1
1
1
1
1
1
1
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product-life-

design
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product
freeze

Goal: Support of all engineering-activities along the product life-cycle by appropriate methods and tools
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»1he'“ solution

,birth* ,2death*
market | | recycling
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study maintenance
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evolution of

languages

abstraction

high
productivity, quality modeling languages i o
und security by ElFlugzeug bz & Rumpf mﬂ;&::s[ pv
- code expansion
- code re-use . -
- code generation bject-oriented language
public class Flugzeug {
private String name; }

with capability of procedurale languages
- abstraction int main(int argc, char **argv)
- hierarchization { fprintf(stdout, ,Hello®); }
- modularization
- visualization assembler languages
of information MOVF idl, R1

ADDF R2, R1
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machine code Grhn etal. (2006)
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evolution of design languages

international, vendor-independent abstraction

format and development tools

design languages

= Flugzeug : = Flugzeug flugzeLg
rumpf

4 + engineering extensions: = Rumpf

t h|gh + rule execution
+ constraint processing
productivity, quality modeling languages UNIFED o
und security by B Flugzeug ey = Rumpf mﬂ;&::s[ pv
- code expansion
- code re-use - -
- code generation bject-oriented language
public class Flugzeug {
. private String name; }

with capability of procedurale languages
- abstraction int main(int argc, char **argv)
- hierarchization { fprintf(stdout, ,Hello®); }
- modularization
- visualization assembler languages
of information MOVF id1, R1

ADDF R2, R1

. machine code g?jﬁr:egtf;?r?zow)
design of 00101011 01010111
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class decomposition
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UML class diagramm
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graph-based design language (in UML)

. . ' 5
* design process (generic) 'S  vocabulary (as UML classes)
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: E | Aircraft QFuselage
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vocabulary rules ' 3
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design language

: design language ! : design language CATIA V5
i (definition and programming) . . (compilation and execution) SOLID WORKS!
i B . CAD  |vrmL l
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| | MBS |
i E ANSYS i
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design loops

: design language ! : design language CATIA V5
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aircraft cabin ( + systems + ...)
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system of systems

model a model b

domain modeling
domain coupling
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rule definition (M2M-transformation)

domain expert(s) — rule: add instances to an existing instance aircraft

LHS RHS
=, *: Ajrcraft = . * Ajrcraft

aircraft
arcraftCompagnents

= Structured © Structure

structure
fuselag

[=] Fuselagel : Fuselage

— rule: specialization of a generic cable to a specific type (cast, slots added)

LHS RHS

= .*: Cable =] *: ABS0949AD24
Slots Slots
diameter = 1
weight =1
resistance = 1
maxresistance = 0.1
normresistance = 1
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production system (activity diagram
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cabin layout

layout design language: calculation of layout according to requirements
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design graph: data structure of the cabin layout
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geometry design language: generation of aircarft cabin geometry
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from cabin layout to network

[ o beocc creation of network
=l padrc = pagBC = pasyc . .
interfaces depending on
ol ol ol cabin layout i.e. seats
EFC_Seat = BC_Seat £ ¥C_Seat

and monuments

= seat

seat
pSULenned tor
Q PSUConnector

dx:mm
d)r:mm
] dz: mm

Q Connector

= te: String =0
= ty: String =0
= tz: String =0

L]
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Integration on class layer

9 wpackage»
Classes

cabin.layout class
diagramm
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diagramm
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network generation and full 3-D routing

parameterized
equipment boxes

e

meshed for later
collision checks

conditions

post processing
collision free CAD geometry
with exact cable length

search algorithm
modified A* algorithm

build grid
collision checks

)
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design trades (2 network variants)

V1 - Weigth [kg]
V2 - Weigth [kg]

vl&ll

‘ {il'/ i B
| "

i |

Rowl =
Row2 =

Network 1 :
Network 2 |
Total Cable |
Crown :
subRow1.1 Bl
subRow1.2 M
subRow2.1 |Hll
subRow2.2 [
Total Eqt

V1 - Network 2
——V2 - Network 1

g —
S\
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alrcraft design language

detailed view
wing (topology / parameters)

product line

aircraft family

A318
A319

A321

(exterior)
. (_interior)
detailed view y
aircraft panel

’ {

Bohnke, D., Reichwein A. and Rudolph, S.: Design Language for Airplane Geometries
using the Unified Modeling Language. ASME Proceedings of Design Engineering

Technical Conferences, San Diego, CA, August 30 - September 2, 2009.
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alrcraft panel

E Section

p—

| ButtStrap

\ E Stringer

Rudolph, S., Fuhr, J.-P. and Beilstein, L.: A validation method using design languages slide 38/ 48
for weight approximation formulae in the early aircraft design phase. EUCOMAS 2010

Conference, Berlin, June 7-8, 2010.



aircraft panel (CATIA V5)

fuselage section

- 4 panels

- lateral and longitudinal

structural connections

- riveting

- parameters:
nFrame=5
nStringer=6

generation time approx. 15 mins
(about 2/3 spent for CATIA V5 model)

Rudolph, S., Fuhr, J.-P. and Beilstein, L.: A validation method using design languages slide 39/ 48
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Conference, Berlin, June 7-8, 2010.



digital factory

gt Airplaw
[z importProductData [z Layout [z addResources [z generateProcesses «Interfaces
'—:-- — — = — ]
rh rh rh rh [ delmia

integrated design and
generation of the digital

factory along the digital
design phase using

graph-based design
languages

simulation and analysis
- choice of tools
- choice of layout
- path generation
- and much more...
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manufacturing sequence

N(Clip1,Niet1)=0 N(Skin,Clip1)=0

N(Clip1,Niet2)=0

N(CIipN,NietM)=0

N(Stringer1,Clip1)=0
N(Stringer1,Clip2)=0

N(Frame1,Clip1)=0 N(StringerM,ClipN)=0

N(Framel,Clip4)=0

N(FrameM,CIi‘b.N)zo

adjazenzy
matrix (typically
underconstrained)

manufacturing
sequenz

N(Skin,Clip2)=0 structural
coupling
N(Skin,ClipN)=0

)
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digital factory

gt Airplaw
[z importProductData [z Layout [z addResources [z generateProcesses «Interfaces
'—:-- — — = — ]
rh rh rh rh [ delmia

integrated design and
generation of the digital

factory along the digital
design phase using

graph-based design
languages

simulation and analysis
- choice of tools
- choice of layout
- path generation
- and much more...
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propulsion system (design and FTA)

=
= design language shown encodes
Q ,Systematic german
design methodology"
= ® (Pahl and Beitz, 1972)
o]
MEI R ——
<> AxiomColdGas
i 8 B B s ‘ 5]
Arch Itectu re o—— | SubTDleoQ)’H SUbParametanSubRellabllltyH SubGeometry F@ Rel Iablllty
__;— P— | — &
Design Language l
Parameter Masse [kg] Parameter Masse [kg] b N
EET | \* T
e e . 3
CHE ra = Pahl and Beitz (1972) ¢ ' .\r
7 P Vel design means consistent mapping: J/
wE oL e requirements - abstract product *—»' ||| ot
’ functions - solution principles >
Mass Balance embodiments Geometry
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cooperation

How
using graph-ased design languages
aircraft cabin (3D geometry and 3D network routing)

More
digital factory, fault-tree analysis, ...
fiber-reinforced structures

Future
cooperation possibilities (EU-and national projects)
knowledge-based methods workshop
at Stuttgart University in March 2015

PD Dr.-Ing. habil. Stephan Rudolph
Institute for Statics and Dynamics of Aerospace Structures

University of Stuttgart



thanks / questions

.... ask / approach me for cooperation ideas....
Horizon 2020 Factory of the Future (FoF program)...

... you provide the application know-how
... we do the processing

...and the PhD candidates of the ,Similarity Mechanics Group’
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