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Motivation

» Software for user-friendly, traceable and automatically

analysing of life data sheet (LDS) content Fore (oo ] (oo ] [P | [
= Digital LDS # Scan of paper-based LDS : i

» Formalised process description (FPD) of CFRP processes
enables assessment capability (economic, ecological,
structural, etc.) o

= Utilisation of data and information (e.g. for certification) for 4 has_output
internal and external postprocesses

= Semantic data model provides data consistency and enables
Al analysis

= Sematic data model plus functionalities are essential parts of a
“digital twin”
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State of the art (LDS)

Q DLR
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Source: https://parsable.com/

— Specific solutions (process, machine)

— No semantic data model for the general
description of composite manufacturing
processes
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Methodology - 4#7
Formalised description of manufacturing processes DLR

* Processes step granularity with explicit definition of types for information, resources, materials & parts
and energy (based on / inspired by VDI/VDE 3682 — “Formalised process descriptions”)

Product  Energy Information Process Chain
Process Step

1.n

Operator

Product Energy Information
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Detailed work procedure

Methodol ogy - (KX Yo Q'—.'j"fiif,%:::“"::::s = =
Concept of the digital LDS ER =
= Structure of LDS % % = m - S BT
= Cover sheet, project and part information, data bases of FPD %, e | e
elements, FPD visualisation, detailed description of e

manufacturing process (= operator sides) e

Verlflc‘aflo'n -
= Realised in software Atlassian Confluence =
= Based on FPD elements and their attributes o
@ Information - d orage Operation checked by  Date

= QOperator side consists of front end and back end T fa—

1 personal I date
- F @ formation - time measurement 2. personal | date
ront end
Operations: © Pictures

= FPD elements with data base links

Kategory  Description  Nominal measure d  unit  analyzed  Date Data

= Expanding boxes with additional information e e o P L e
Link Text [double] [double] [unit] persona | [TT. MM

» Process progress visualisation

Time measurement

[ ] BaCk end rjm 2::::;, z:.emion ::‘,:“ ) (E:;mm) s i e b.y
e, (Minuten) g

» Functionalities of individual sections
dat text [int] tim time [int] [string] e "

» Process planning (start, end, resources)

» Summarising of information, e.g. outputs and comments for )
postp ro CeSSGS Verification of operations

» Checkbox of working steps + sign

verified by — "@"  verified on — "//"
Personal date

Release by — "@"  Release on — "//"
Personal date
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Application on manufacturing of aircraft moveable
DLR
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preparation rogram handling ‘

il

ki3 “

(incl. sensor ‘Oven Preform
integration) e s consolidation

Process Foam Teading Edge
definition trimming prefoming

Process B: Jig design

Skin

Hilih

[ Semsor J Tnjection ][ Autotave ] Injection
concept unit preparation unit
Process C: eBaratioh rogram
Assembly, curing & -Tuoldes\gn — Sensor :
S i oo integration Autoclave
Process modification in tools program
Ld‘ Assembly L Handling |/ injection & curing  —»f Demolding > QA - Finetimming |

P8 Tool [ Vacuum and ] part [ Visual ] [ Edge fine ]
integration handiing to sensor test demolding inspection trimmin
Process C: in spars autoclave from tool
Assembly, curing & SKin spar injection unit T scan

postprocesses el i s,
Preform in curing process from part
curing tool

%' L)
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Application on manufacturing of aircraft moveable
DLR

Preparation
(production unit

Software &
programming

aration deposition
1 [ OLP Ply QA |
scan
preparation

FPD elements and links on
operator level

[ Design & process
definition

H }—D{ Preform draping

Preform
draping

(Ply) preforming Handling

Preform
handling

' Ply .
depesition

Ply QA Scan

Process A:
Skin manufacturing

|

FPD elements + process step descriptions
—

En e rgy £ brodustion. urit Operator Data acquisition
¥ ‘ Grof ‘ FPD-element  A-040-010- .
Energy_electric 2 Deposition Preform1 Seq @®  Information - data storage and photo documentation
al |"® arpGroFiRUs |
r——— — Description In this operator sequenz 1 of the @  Information - time measurement
| - Flash_lamp s preform 1 will be layed by the fiber
' “E placement robot. @  Information - defect detection
kel sian = Start £ 14.12.2022 .
| Grofi 3 Operations:
- Duration
Operator y B = 2 n
p = ‘ Computer flash_ | 8 (day) ‘ ‘
_ — Fhran |
alll | s End 6 14122022 @ Info
N I o After checked an operation step sign with name and date
- Tool-Ni3g-WZ-FA, ‘ w0 Focal point @ Denker, Bjérn
NPT-002-1 Q
- ) o Predecessor A-040-007- Operation checked by
Preparation_data_acquisition
. - ) .
Py -4 ‘ HR_machine_oper | Successor A-040-020-QS_Preform1_Seq1
% alar © ” - 1. Start and document time measuement above
= " E Technical Technical resource:
HR_quallly_mana =) DGRouEcE Production_unit_Grofi
= - a s 2. Controll data acquisition of prodution unit _ Denker, B
= [ I e « AFP-Grofi-RUA
" Energy_ themmal o Flash_Lamp —
- —_— = o Control_system_Grofi ] 3. Load NC-Program “Preform1_Seq1" in folder of the robot unit and adjust the
| Shop_floor | = o Computer_flash_lamp program "AllCourses”
Energy e w

has_input

has_output uses_resource
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Application on manufacturing of aircraft moveable

“@ A-010-010-Part-
Design

I" ® Part_design H’* @ CPD_stacking ] ["&\) CAD _tool ]

*® Manufacturing_s
pecification
=P
~ @ Related_documen
t

o Calibration_poi ‘e Measurement_ins
nts_production_... tructions

*® A-010-020-Proce

@ A-010-030-CAD_f
ss_definition

or_robot_progra...

*® cAD_for_ oLP

@ A-020-030-Tool_
calibration

*® Tool_calibratio
n_points_part_K...

. Calibrated_tool
_position_in_pr...

@ A-030-010-Robot
_program

# LDS_operator_pr
operties

Data warehouse

Hashed-data
+ Provenance

i“@ NC_program_AFP I ’ii‘? Alignment_data

prov_tool information

has_input
_Inp *' @ A-040-010_Ply_d

eposition

J has_output

= @ Manufacturing_d

ata dity eralure

I I1 @ Shop_floor_humi l r @ Shop_floor_temp l

= |nteractions of FPD element ,Information®

= Application of provenance-tool on measured data
- Traceable information flow for data generate by technical resource
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Evaluation of applied FPD and LDS

DLR
» High data complexity, especially due to many operators and their linkage to each other and their FPD
elements
» 26 information at process C (based on measured data object (not on sensor level))
= Operator “Injection & curing” generates 8 information outputs, although
= 36x thermocouples
" 24x ultrasonic sensors FPD element Process A : Process B: Process C: Sum
= 1x gelnorm sensor Skin manufac-  Spar manufac- Assembly, (A+B+C)
= 1X pressure sensor turing turing curing &
) ) postprocesses
» 4 dielectric sensors and
= 8x4 fibre br ratin
?) ( Ib b ?ggl gratings Process operator 226 33 56 316
ata log au OC_ ave ) Working steps 1695 281 512 2488
» Data log injection unit
Technical resource 56 53 165 274
Information 70
(input & output) 49 4 26 (doublings)
Product
(input & output) 36 49 19 104
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Evaluation of applied FPD and LDS
DLR

= Pro:

» Linkage of all planned and measured data is
visualised on one operator side

= Linkage of FPD elements to operator and
between operators enabled semantic analysis

» |Improved data analysis due to summarised
content of all operators (outputs, comments,
defects, ..) incl. data export

\ Energy
= Contra: -
. . . T
= Software for FPD creation is not available yet v —_— N
that led to an actual manual transfer in the LDS = o |G
T \ . perator | . . =
= LDS software has no possibility to define cross e s - g
dependencies between input and output as well N D IS 2
as resource elements of an operator \ : Ve &
» Part design effects material : "® KR mactive_oper | ©
» Material effects process parameter (pp) T §/
= Material or pp effects technical resource 9 Energy.thomal '
» Technical resource effects human resource Energy "® shop. o g

has_input has_output ~ uses_resource
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Transfer to production ontologies 4#7
DLR

» Transfer of manufacturing related data (virtual and physical) into semantic modelling

» Definition of custom data types, properties, referenced data and FPD elements including
relations within XML Schema definition (XSD) language

Product Energy Information

Process Step

Operator [ - - - - — - — — — —

Product Energy Information
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Transfer to production ontologies ‘#7
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= Development of a DLR Software framework “ForSeP™” as a web application for
definition, use and reuse of FPD data as well as continuous development of semantic
modelling

[
- Formalization - Semantic staircase
a-a
Ontologies are a form of knowledge representation to provide formalized knowledge for machine
CR services, They are knowledge models that describe parts of the world.
a-a
a-a L]

+ semantic relationship

N I I N .
? ——
H T.
£

Controlled _L classes & hierarchical relations
vocabulary |

Glossary
= - Source: Dengel, 2012

‘.'..
WFDiding 3 NFD11 i
G

----r----
i
I
Semant chl:

&N § & & ® & & N §F §» §® B & & § B B §® B ® &0 ®B B B B W® |
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Summary and outlook ‘#7
DLR

v Approach of a LDS design based on formalised process description was carried out

v’ Evaluation of LDS design and digitalisation with a full scale manufacturing of a moveable
was performed

v'Internal released framework “ForSeP™” for semantic modelling

» Continuous use and further development of the digital LDS

» Development and implementation of methodologies for semantic and non-hierarchical
relationships of FPD elements/assets to enable cross dependencies

» Implementation of methods for automatic assessment of processes (technical, economical,
ecological, etc.)
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