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MERGE Technologies for Multifunctional Lightweight Structures
Cluster of Excellence | EXC 1075

Motivation: Contributing to economic
Lightweight materials Lightweight constructions Smart systems integration . . .
- Fibre-reinforced plasti - i { - Structural health itoring (SHM
- Hlyt;‘rei-t;ellanm(i):;tesp aeles - ﬁu?g\:r:Z?ef?fﬁﬂégstO{lﬁMD) = Mirr:]iztlljjrr?se: 2ensr2rosljlg(e,|r1lgrgal(ors a)nd actuators a n d e CO I 0 g I C a I S U St a I n a b I I Ity a n d C I e a n er
- Renewable materials - Ribbed structural beams

- Biodegradable materials prOduction by Ilfe CYCIe'WIde resource

MLM L fe = | savings
s L approach: Merging materials and

Bivalent resource efficiency strategy (BRE strategy) ma’[erla|-Spe0|fIC processes for

S ceeswess manufacturing hybrid lightweight
Vision of “MERGE" u b 1/ .

; structures - “hybrid” production

Metal [
Plastics/Textile - - Large-scale production
- Reduction of process steps ob' t' .
Microsystems [ jec Ives.:

« Enabling large-scale production of
| lightweight structures by hybrid
Material-related process steps Assembling Hybrid structures

- rocesses
Plastics/Textile - ) - p . .
—— >___ « Fostering the usage of hybrid

structures/products

MERGE - Mission statement [1]
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Life Cycle Engineering - Role of Evaluation

Cluster of Excellence

/Relevance for N /Challenges N

* Decision making in design processes  Multiple target criteria and various
alternatives

 Proof of contribution to sustainability
« Life cycle-wide effects and influences

* High uncertainty

\_ AN /

Need of a sophisticated life cycle-related

evaluation methodology
applicable in early design phase
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hybrid production
ito lightweight ~ MERGE
costs €CONOMIC .,
phisticated
evaluation

S
7]
(=]

Aypqgeureisn
}J9 92.In0S3l

early design phases

o : ecological
1.  Motivation OO onedure model

2. Hybrid Production

Life Cycle Engineering and Evaluation

CTRIGENT]]

310

3
4.  Case Study: Manufacturing of a Hybrid Component
5 Conclusion and Outlook
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Cluster of Excellence

Hybrid production: combining processes/machines for more efficient and productive
manufacturing of parts [3]

4 . . )
4 ) Potential benefits, e. g.: [4]
- - Shortening of process chain - potential advantages
4[ AP R BT 2 } '\> with regard to processing and lead times, setup times,
V required resource inputs, manufacturing costs etc.
( - \ ( o \ Enhancement of flexibility of means of production
_Hybrid processes | gnoerpgb;nsacl;[:lcr)ge%f/ «  Enabling of new product features
tools .
¢ , — |\ J Challenges:
|_Hybrid machines | € o 2\ « Relative high investment costs [4]
Combination of . . .
) . U process L Selective design of processes, machines and products_/
| Hybrid products | | mechanisms )| — —
Need of an early sophisticated N
\Classification of hybrid technologies (based on [3, 4, 5])/ life cycle-related evaluation

Hybrid production in the Cluster of Excellence MERGE:

 Manufacturing of hybrid lightweight structures
« Merging of basic process technologies for manufacturing such hybrid structures
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2 ® early design phases
. . (v m—ty 1
2 = ecological
1 . M0t|Vat|0n ® g- procedure model
2 LCE

2. Hybrid Production
3

. Life Cycle Engineering and Evaluation

4.  Case Study: Manufacturing of a Hybrid Component
5

Conclusion and Outlook

DFG Deutsche
Forschungsgemeinschaft

Z Fraunhofer
wu

Prof. Dr. Uwe Gatze | 6



e

wuemew | 3. LIf@ Cycle Engineering and Evaluation

CHEMNITZ

E Selected Life Cycle-Related Engineering and Evaluation
wewm— - Approaches

« Design for/to X (manufacturing, maintenance, recycling ...)
« Life Cycle Costing, Total Cost of Ownership, Life Cycle Assessment etc.

« Life Cycle Engineering (LCE)

LCE: “Engineering activities which include: the application of
technological and scientific principles to the design and the manufacture
of products, with the goal of protecting the environment and conserving Life Cycle Engineering
resources, while encouraging economic progress, keeping in mind the
need for sustainability, and at the same time optimizing the product life environment
cycle and minimizing pollution and waste” [6] minimise polhuion/ waste

social concern

protect the environment
green design
product life cycle

scientific principles resource conservation

- Various approaches with common characteristics: design enionment [ enginering st
ecodesign technology
— Life cycle-orientation optinistion economic
economic progress sustainability
. . . roduct/process assessment
— Focus on engineering decisions . —
Keyqurds of Life Cycle Engineering (slightly
— Target dimensions: ecological, economic, (technical) modified adopted from [6])

- Need of evaluation and a sophisticated evaluation methodology
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Procedure Model — Core Element of the Evaluation Approach
Main Characteristics of the Procedure Model

__ Different dimensions

Cluster of Excellence

Several steps ——

. of alternatives
ferri basi - Process Chain Level
... reterring to basic -
g Determination of evaluation goal(s), evaluation Component - Process Level
PPC-0 . ¢

elements of scope, requirements on the evaluation task Component Level (component B) 3 _
ol . Process Level 2 =
decision models: — = =
Definition of system boundaries Component Level (component A) N =
Process Level (process 1) =
0 — [4°]
° — . - Determination of evaluation goal(s), >
targ et flgures ppC. | Determination of relevant target figure(s) and P1-0 | evaluation scope, requirements on the o
and prefe rence preference relations i evaluation task _§
. - o
gt e . . P1-1 initi i =
I'e|atI0nS Identification, preselection, modelling u Definition of system boundaries _g_
and analysis of product alternatives — c
I i = ] Determination of relevant target B ©
¢ alternatlves I ) ] g | [ P1-2| figure(s) and preference relat?ons %
Identification, preselection, modelling 2 E o — . - =
and analysis of process chain alternatives [F — Identification, preselection, ©
=S P1-3 | modelling and analysis of process | _ « a
. t I Sy alternatives g2 8

L4 == | . B _ % g_
environmenta —t— ppc.4 | !dentification, analysis and forecast of S5 — Identification, analysis and _ s = g_
factors relevant influencing factors (scenarios) g s i P1-4 Fg;‘:g?:‘(gefﬁf{;ggt influencing gjg é
s [ | | B =

= . . L. £ S
. " 3 = u Determination and application 25 - @
Determination and application of md P1-5 f = =
. rESUIt funCtlonS— PPC-5 | Ut functions PP of result functions g
7 p1-6 | Determination of decision values and g
> PPC-6 Determination of decision values and ]\' UL TR D
» - P A 3
performing of sensitivity analysis S
a

Means of
communication @
Frame for the integrated
use of evaluation methods
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Introduction to the Case

Cluster of Excellence

Manufacturing of a metal/plastic (hybrid) component

7 ‘ 5
s RS |
Injection moulding i ‘_ ‘ i ~

bolt-on unit i I

h Hydraulic press

* Innovative process chain is characterised by:

— Integrating different manufacturing
processes (deep-drawing and injection
moulding with active media-based forming)

— Using only one single tool (hybrid tool)

.............

=» Hybrid process chain

=> Potential to enhance (resource) efficiency
and economic as well as ecological sustain-
ability of hybrids

« Demonstrator: cup-shaped metal/plastic
(hybrid) component

Cup-shaped metal/plastic
(hybrid) component [2]
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CHEMNITZ

Introduction to the Case

Cluster of Excellence

Manufacturing phase of component/product — usage/service phase of process chain

Hybrid process chain

Hybrid process \
comprising deep drawing, injection moulding and i.
media-based forming | [2]
Stora € Injection moulding + media- \
Deep drawing . -.
transport based forming L
2]

Conventional process chain

Reduced number of processes and process steps by hybrid process chain

"

Potential for energy, time and costs savings

\
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‘ 4. Case Study: Manufacturing of a Hybrid Component

CHEMNITZ

E Evaluation - Application of the Procedure Model

Basis for evaluation

Process Chain Level

PPC-0: Evaluation goal(s), evaluation scope, moope. femirermen et el L

requirements on the evaluation task .

» Goal: Comparison of hybrid vs. conventional
process chain

« Scope: economic effects, manufacturing phase

of component/product and usage/service phase
of process chain

 Requirements: significance, transparency,
efficiency ...

Determination of relevant target figure(s) and
PPC-2 .
preference relations

Identification, preselection, modelling

PPC-3 and analysis of process chain alternatives

PPC-1: System boundaries

« Alternatives: process chain (boundaries:
inserting of blank in tool — removal of hybrid
component of tool)

 Effects: economic

« Time: economic lifes of machines and tools, life
cycle of component Procedure model for process chain and product evaluation [7]

DFG Deutsche
Forschungsgemeinschaft

Identification, analysis and forecast of

S relevant influencing factors (scenarios)

Identification of relevant partial
evaluation problems

PPC.5 Determination and application of
result functions

Determination of decision values and

PPC-6 - - ;
performing of sensitivity analysis

‘/—' ' S B N B SN S S N ‘h ‘
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Evaluation - Application of the Procedure Model

Cluster of Excellence

Target figure(s)

- Process Chain Level

Determination of evaluation goal(s), evaluation

PPC-0 scope, requirements on the evaluation task

PPC-2: Target figure(s) and preference relations

« Economic target figure: (relevant) costs of the
process chain

Definition of system boundaries

Determination of relevant target figure(s) and
preference relations

PPC-2
= Material costs of the process chain

+

Direct manufacturing costs of process 1
+ Direct manufacturing costs of process 2
*
+ Direct manufacturing costs of process n
= Total direct manufacturing costs of the process chain

Identification, preselection, modelling

PPC-3 and analysis of process chain alternatives

Machine-dependent indirect manufacturing costs of process 1

+ Machine-dependent indirect manufacturing costs of process 2

e

+ Machine-dependent indirect manufacturing costs of process n

= Total machine-dependent indirect production costs of the process chain

Identification, analysis and forecast of

S relevant influencing factors (scenarios)

Identification of relevant partial
evaluation problems

PPC.5 Determination and application of

+ Specific direct costs of manufacturin rocess chain-relevant and .
= 9P result functions

traceable)
+ Residual indirect manufacturing costs
= Manufacturing costs of the process chain

Determination of decision values and
performing of sensitivity analysis

PPC-6

- Costs of the process chain |

Calculation scheme for costs of the process chain [8, 9]

DF Deutsche
Forschungsgemeinschaft

—>
l—
|+
|«
—+
|+
|
l—|
!
||
—»|
l—|
—|
l—|

Procedure model for process chain and product evaluation [7]

\

Z Fraunhofer
wu

Prof. Dr. Uwe Gotze | 13




L ‘ 4. Case Study: Manufacturing of a Hybrid Component

CHEMNITZ

E Evaluation - Application of the Procedure Model

Analysis of alternatives

Process Chain Level

Determination of evaluation goal(s), evaluation

PPC-0 scope, requirements on the evaluation task

PPC-3: Process chain alternatives

Definition of system boundaries

Manufacturing of ! ,
metal/plastic (hybrid) cup 12

v | v

Hybrid process chain Conventional process chain

) -

* Input-Throughput-Output (I-T-0) models:
— Used for modelling and analysis
— Basis for identification of relevant input,
throughput and output variables and

parameters = derivation and calculation of
relevant cost items

Determination of relevant target figure(s) and

PPC-2 .
preference relations

Identification, preselection, modelling
and analysis of process chain alternatives

Identification, analysis and forecast of
relevant influencing factors (scenarios)

Identification of relevant partial
evaluation problems

PPC.5 Determination and application of
result functions

Determination of decision values and

PPC-6 - - ;
performing of sensitivity analysis

— At subordinated levels: evaluation of
relevant sub-alternatives

‘/—' ' S B N B SN S S N ‘h ‘
[ 1[ 1] ][ ][ ][ 1[ ]

Procedure model for process chain and product evaluation [7]
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4. Case Study: Manufacturing of a Hybrid Component

Cluster of Excellence

Evaluation - Application of the Procedure Model

Analysis of alternatives

I-T-0O model of
hybrid process
chain

I-T-0 model of
conventional
process chain

Deutsche

UF

Input [u> Throughput [”> Output

Material: K k
« DC04 metal sheet coated with Product:

bonding agent Vestamelt® X113 + Metal/plastic (hybrid)
« Polyamid granulate PA6 GF 60 ] cup

. Injection

Machines/Tools: Close press/|| 0\ | ing . Remove
. 2 hybnd tool Plasticize Open hybrid [| metal/plas-

1 H\_’dra_u“C press ) Insert blank a"ﬂa";:g'a and cooling [{  €°°fing tool tic (hybrid)
+ 1 Injection moulding bolt-on unit drawmg formin cup
* 1 Hybrid tool gH brid 2]

. rid process
Energy/Media/Labour: Y p Emission/Waste:
* Electrical * Heat
« Water I I\e Polyamid PA6 GF60
- 1 worker (technician) EFI/> Eﬂ>
Input > Throughput > Output

Material: K k
+ DC04 metal sheet coated with Close press/ Product:

bonding agent Vestamelt® X113 deep draw- Open Remove nla?smed Storage and - Metal/plastic (hybrid)
» Polyamid granulate PA6 GF 60 Insert blank f| ingtool - [ press/deep | preformed pblank in trang ort cup

Deep drawing tool blank container P
Machines/Tools: drawing
* 2 Hydraulic press Deep drawing process
« 1 Injection moulding bolt-on unit P gp nen
« 1 Deep drawing tool
+ 1 Moulding tool et e [2]
+ 1 Container Remove pre?gmed Looking of n?é?]tidlﬁ:; Open Remove
preformed Plasticize etal/plas Emission/Waste:

Energy/Media/Labour: blank of nl:‘l)aul}glll:‘g mott‘ljlgllng a"db:;g'a and cooling Cooling mouldlng tic (hybrid) « Heat
« Electrical container tool forming oue * Polyamid PA6 GF60
+ Water J

- 2 workers (technician)

Injection moulding and media-based forming process

Forschungsgemeinschaft

\
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Analysis of alternatives

T Material: identical g

UFG

Cluster of Excellence

=

4. Case Study: Manufacturing of a Hybrid Component

Evaluation - Application of the Procedure Model

Main differences between

alternative process chains

+ 2 workers (technician)

Deutsche
Forschungsgemeinschaft

Input Throughput Output “

Material

(=

=

=)
Machines/Tools: | E..
+ 1 Hydraulic press | .
* 1 Injection moulding bolt-on unit / E_'
« 1 Hybrid tool &~ | )
Energy/Media/Labour: / .?p
- Electrical _ o
+ Water I R D
« 1 worker (technician) o n’ -

Input ) Throughput T owpnt |«
Material ’
Considered/relevant costs
e Machine-dependent indirect manufacturing costs
- TInjection moulding bolt-on unit (depreciation and computed interest, occupancy costs
+ 1 Deep drawing tool 'd . 3 3
- 1 Moukding ool ) (heating and cleaning), maintenance costs)
« 1 Container o n
I Tool costs (depreciation and computed interest,
+ Electrical | maintenance costs
+ Water |
/II
|.1

Directly traceable energy costs for every machine and
tool used within the processes

Labour costs (direct manufacturing costs)

Z Fraunhofer
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CHEMNITZ

Evaluation - Application of the Procedure Model

Cluster of Excellence

Analysis of alternatives

PPC-4: Influencing factors

« Internal and external factors (e. g. prices of input
factors, output quantity) determined by
information systems, forecast methods etc.

PPC-5: Result functions

« Capture relationship between characteristics of
alternatives — outcomes of environmental factors
— elements of target figure, e. g. result function for
energy costs = energy consumption * energy price

« Basis for determining cost items
« Supporting methods: I-T-0 models, development-  Emil ik ilEe el BRI R

: . levant influencing fact ' .
concurrent calculation, cost accounting etc. Leneng eetors eenarod)  ELI Y
- - - - Determination and application of
Evaluation and decision making "'I it finziare
PPC'6 DECiSiOn Values and SenSitiVity anaIySiS Determination of decision values and LI\_
. . .. performing of sensitivity analysis

* Decision making based on decision values: here

relevant costs of the alternative process chains Procedure model for process chain and product evaluation [7]

DFG Deutsche
Forschungsgemeinschaft

Determination of evaluation goal(s), evaluation

PPC-0 scope, requirements on the evaluation task

Definition of system boundaries

Determination of relevant target figure(s) and
PPC-2 .
preference relations

Identification, preselection, modelling

PPC-3 and analysis of process chain alternatives

Identification of relevant partial
evaluation problems

\
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Cluster of Excellence

Evaluation and decision making

Evaluation - Application of the Procedure Model

4. Case Study: Manufacturing of a Hybrid Component

. . 4 o )
4 Assumptions for evaluation A Initial data

« Values of production volume, factor prices and

process times: acceptably safe _

. . . . Production volume [cups/year] 36,900

« Material and types of machines: identical types and _

volumes Machine hours [h/year] 1,950.00
» Manually: insertion and removal of blank, Working hours (1 shift) [h/year] 1,950.00

preformed blank and hybrid cup Wage rate [€/h] 37.00
* Neglected: Interest rate [%] 10

— Differences of the acquisition costs of the moulding Energy price [€/kWh] 0.15
tool and the hybrid tool 5 (hydraulic press)

— Costs and times for intermediate storage and o 13 (injection moul-
transport of preformed blank (conventional process Useful life time [years] ding bolt-on unit)
chain) N _ : 8 (tools)

* Free capacities of machines and working force:
used for other production purposes
NG AN J
DF FDcerslzsthr?gsgememschaﬁ % Fraunho‘l’lev: Prof. Dr. Uwe Gotze | 18




=

‘ 4. Case Study: Manufacturing of a Hybrid Component

CHEMNITZ

E Evaluation - Application of the Procedure Model

Cluster of Excellence

Evaluation and decision making based on modified data

Hybrid process chain Conventional process chain
Hybrid process > Deep drawing process>> Injection moulding + media-based farming process >
Direct manufacturing costs [€/cup] 0.77 0.34 0.76
Hydraulic Press Injection mou{dmg Hydraulic Press Hydraulic Press Injection mou{drng bolt-on
bolt-on unit unit
Machine-dependent indirect manufacturing costs [€/cup] 1.30 0.39 0.57 1.28 0,38
Directly traceable energy costs [€/cup] 0.09 0.03 0.02 0.09 0.03
Hybrid tool Deep drawing tool Moulding tool
Specific direct costs of manufacturing [€/cup] 0.34 0.06 0.34
Directly traceable energy costs of tool [€/cup] 0.02 0.00 0.02
(Relevant) costs of the process chain [€/cup] — 2.94 3.89 —
e 4{/"’ "I\}—
Costs saving potential of hybrid process chain
N
Eval - d Note:
valuation an * Restricted availability and quality of data
decision makmg « Simplifying assumptions
- Corresponding high uncertainty
= Careful interpretation of results and performing of sensitivity analyses

\_ J J
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Cluster of Excellence

Evaluation and decision making based on modified data

Evaluation - Application of the Procedure Model

4. Case Study: Manufacturing of a Hybrid Component

Hybrid process chain Conventional process chain
Hybrid process > Deep drawing process>> Injection moulding + media-based forming process >
Direct manufacturing costs [€/cup] 0.77 0.34 0.76
Hydraulic Press Inj eg;??lfﬁﬁ?mg Hydraulic Press Hydraulic Press Injection mzﬂ?mg bolt-on
Depreciation [€/year] 68,485.97 13,023.62 68,485.97 68,485.97 13,023.62
Interest rate [€/year] 17,121.49 8,465.35 17,121.49 17,121.49 8,465.35
Occupancy costs (heating and cleaning) [€/year] 602.08 787.72 602.08 602.08 787.72
Maintenance costs [€/year] 17,121.49 8,465.35 17,121.49 17,121.49 8,465.35
Machine hour rate [€/h] 62.34 18.55 62.34 62.34 18.55
Machine-dependent indirect manufacturing costs [€/cup] 1.30 0.39 0.57 1.28 0,38
Directly traceable energy costs [€/cup] 0.09 0.03 0.02 0.09 0.03
Hybrid tool Deep drawing tool Moulding tool
Depreciation [€/cup] 0.26 0.05 0.26
Interest rate [€/cup] 0.01 0.002 0.01
Maintenance costs [€/cup] 0.07 0.01 0.07
Specific direct costs of manufacturing [€/cup] 0.34 0.06 0.34
Directly traceable energy costs of tool [€/cup] 0.02 0.00 0.02
(Relevant) costs of the process chain [€/cup] 2.94 3.89
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Case Study: Manufacturing

b. Conclusion and Outlook
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CHEMNITZ

Cluster of Excellence

Conclusion

« Hybrid production: bears a significant potential for more sustainability and cleaner productionin a
couple of fields (as indicated in the case from MERGE (despite the limitations of evaluation))

« Life Cycle Engineering: is a promising approach (family) for a sustainability-oriented design of
production factors, processes and products

« Evaluation method: is suitable for a structured evaluation of complex, life cycle-related and
sustainability-oriented alternatives of hybrid technologies in early life cycle phases

Outlook

« Hybrid production: needs intensive R&D activities and further successful application cases to become
contemporarily an established way of (cleaner) production

« Life Cycle Engineering: should be systematised, elaborated and integrated with related engineering and
evaluation concepts

« Evaluation method: has to be refined with regard to its applicability in early design phases, the
different target dimensions of sustainability, different life cycle phases etc. and validated in use cases
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Procedure Model as a Frame for the Integrated Use of Evaluation
Methods - Overview

Target figures

Cluster of Excellence

Technical Economic Ecological Social
Steps

Determination of evaluation goal(s),
evaluation scope, requirements on the
evaluation task

Definition of system boundaries

« Multi-criteria decision making methods (e. g. utility value analysis, Analytic Hierarchy Process, PROMETHEE)

Determination of relevant target figure(s) . Investment theory/appraisal

and reference relations

« Generic product and process models

CORHTRE), e B, Sss I 2 + Product- and process-related analysis instruments (e. g. FMEA, FEM, value analysis, material flow analysis)

analysis of alternatives

+ Sales/distribution, production and procurement plans
Identification, analysis and forecast of « Analytical and intuitive forecast methods
relevant influencing factors (scenarios) - Scenario technique

« Empirical investigations (measures, statistical analyses)

+ Input-Throughput-Output models

+ Simulations

+ Approaches of production theory incl. production functions

Determination and application of result

] + Check lists + Traditional cost accounting |+ Environmental life cycle + Social (life cycle)
functions X .
- Expert judgements - Discounted cash flow assessment (e. g. cumulated | assessment
« Utility value analysis methods, life cycle costing energy demand) + Ergonomic methods
. . (net present value method) . .

+ Methods of development-concurrent calculation

« Multi-criteria decision making methods
- Engineering scientific approaches

Determination of decision values and
performing of sensitivity analysis

Selection of instruments for analysing and evaluating product and process chain combinations (slightly modified adopted from [B1])
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Actors and processes in the life cycles of process chain and component/product (based on: [B2, B3])
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