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1. Introduction and 
It is not a secret, that globalisation raises competition between companies from different countries. 
The products from industrial countries must attract customers,
products from low
countries must have better quality, reliability, more functions, must be newer, etc. For this reason the 
designer needs more time
assets for most companies. In recent years time
cycles in the automotive industry used to be about seven years but lately such a
only five years. This is one of the reasons why products mature at the customer [Drath 2010].
To reduce the product costs and production time it must be analysed where they are determined and 
arise. In literature the following allocati
60-80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 
about 70 % of the costs. 
The overall production time is divided into 53% for assembly and 47% for the
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 
optimisation are placed in the development and pr
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 
like form, fi
require the design of a part or assembly, which costs x 
seconds. Though a designers can rarely satisfy these requirem
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 
structural “wall”
and increase quality it is important that design and production departments work together and share 
their information during the whole Product Development Process (PDP).
This paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 
[Eigner et al. 2013a]. The example of information exchange is based on 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 
packaging equipment for the beverage, food and non
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designer needs more time
assets for most companies. In recent years time
cycles in the automotive industry used to be about seven years but lately such a
only five years. This is one of the reasons why products mature at the customer [Drath 2010].
To reduce the product costs and production time it must be analysed where they are determined and 
arise. In literature the following allocati

80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 
about 70 % of the costs. 
The overall production time is divided into 53% for assembly and 47% for the
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 
optimisation are placed in the development and pr
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 
like form, fit and function while production relevant properties are rather abstract terms. Specifications 
require the design of a part or assembly, which costs x 
seconds. Though a designers can rarely satisfy these requirem
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 
structural “wall” between development and production [Eigner et al. 2013a]. To reduce time
and increase quality it is important that design and production departments work together and share 
their information during the whole Product Development Process (PDP).

is paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 
[Eigner et al. 2013a]. The example of information exchange is based on 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 
packaging equipment for the beverage, food and non
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1. Introduction and Motivation
It is not a secret, that globalisation raises competition between companies from different countries. 
The products from industrial countries must attract customers,

-wage countries. To stay competitive, the expensive products from high
countries must have better quality, reliability, more functions, must be newer, etc. For this reason the 
designer needs more time and resources to create such a product, but time as well as resources are rare 
assets for most companies. In recent years time
cycles in the automotive industry used to be about seven years but lately such a
only five years. This is one of the reasons why products mature at the customer [Drath 2010].
To reduce the product costs and production time it must be analysed where they are determined and 
arise. In literature the following allocati

80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 
about 70 % of the costs.  
The overall production time is divided into 53% for assembly and 47% for the
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 
optimisation are placed in the development and pr
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 

t and function while production relevant properties are rather abstract terms. Specifications 
require the design of a part or assembly, which costs x 
seconds. Though a designers can rarely satisfy these requirem
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 

between development and production [Eigner et al. 2013a]. To reduce time
and increase quality it is important that design and production departments work together and share 
their information during the whole Product Development Process (PDP).

is paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 
[Eigner et al. 2013a]. The example of information exchange is based on 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 
packaging equipment for the beverage, food and non
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otivation 
It is not a secret, that globalisation raises competition between companies from different countries. 
The products from industrial countries must attract customers,

wage countries. To stay competitive, the expensive products from high
countries must have better quality, reliability, more functions, must be newer, etc. For this reason the 

and resources to create such a product, but time as well as resources are rare 
assets for most companies. In recent years time
cycles in the automotive industry used to be about seven years but lately such a
only five years. This is one of the reasons why products mature at the customer [Drath 2010].
To reduce the product costs and production time it must be analysed where they are determined and 
arise. In literature the following allocation can often be found: the design department determines about 

80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 

The overall production time is divided into 53% for assembly and 47% for the
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 
optimisation are placed in the development and pr
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 

t and function while production relevant properties are rather abstract terms. Specifications 
require the design of a part or assembly, which costs x 
seconds. Though a designers can rarely satisfy these requirem
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 

between development and production [Eigner et al. 2013a]. To reduce time
and increase quality it is important that design and production departments work together and share 
their information during the whole Product Development Process (PDP).

is paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 
[Eigner et al. 2013a]. The example of information exchange is based on 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 
packaging equipment for the beverage, food and non
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It is not a secret, that globalisation raises competition between companies from different countries. 
The products from industrial countries must attract customers,

wage countries. To stay competitive, the expensive products from high
countries must have better quality, reliability, more functions, must be newer, etc. For this reason the 

and resources to create such a product, but time as well as resources are rare 
assets for most companies. In recent years time-to-market became even shorter, e.g. development 
cycles in the automotive industry used to be about seven years but lately such a
only five years. This is one of the reasons why products mature at the customer [Drath 2010].
To reduce the product costs and production time it must be analysed where they are determined and 

on can often be found: the design department determines about 
80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 

The overall production time is divided into 53% for assembly and 47% for the
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 
optimisation are placed in the development and production departments or between them.
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 

t and function while production relevant properties are rather abstract terms. Specifications 
require the design of a part or assembly, which costs x € and must be manufactured or assembled in y 
seconds. Though a designers can rarely satisfy these requirem
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 

between development and production [Eigner et al. 2013a]. To reduce time
and increase quality it is important that design and production departments work together and share 
their information during the whole Product Development Process (PDP).

is paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 
[Eigner et al. 2013a]. The example of information exchange is based on 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 
packaging equipment for the beverage, food and non-food sectors.
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It is not a secret, that globalisation raises competition between companies from different countries. 
The products from industrial countries must attract customers, because they are not as cheap as 

wage countries. To stay competitive, the expensive products from high
countries must have better quality, reliability, more functions, must be newer, etc. For this reason the 

and resources to create such a product, but time as well as resources are rare 
market became even shorter, e.g. development 

cycles in the automotive industry used to be about seven years but lately such a
only five years. This is one of the reasons why products mature at the customer [Drath 2010].
To reduce the product costs and production time it must be analysed where they are determined and 

on can often be found: the design department determines about 
80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 

The overall production time is divided into 53% for assembly and 47% for the
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 

oduction departments or between them.
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 

t and function while production relevant properties are rather abstract terms. Specifications 
€ and must be manufactured or assembled in y 

seconds. Though a designers can rarely satisfy these requirements without experience in production. 
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 

between development and production [Eigner et al. 2013a]. To reduce time
and increase quality it is important that design and production departments work together and share 
their information during the whole Product Development Process (PDP).

is paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 
[Eigner et al. 2013a]. The example of information exchange is based on 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 

food sectors. 
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It is not a secret, that globalisation raises competition between companies from different countries. 
because they are not as cheap as 

wage countries. To stay competitive, the expensive products from high
countries must have better quality, reliability, more functions, must be newer, etc. For this reason the 

and resources to create such a product, but time as well as resources are rare 
market became even shorter, e.g. development 

cycles in the automotive industry used to be about seven years but lately such a
only five years. This is one of the reasons why products mature at the customer [Drath 2010].
To reduce the product costs and production time it must be analysed where they are determined and 

on can often be found: the design department determines about 
80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 

The overall production time is divided into 53% for assembly and 47% for the
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 

oduction departments or between them.
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 

t and function while production relevant properties are rather abstract terms. Specifications 
€ and must be manufactured or assembled in y 

ents without experience in production. 
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 

between development and production [Eigner et al. 2013a]. To reduce time
and increase quality it is important that design and production departments work together and share 
their information during the whole Product Development Process (PDP). 

is paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 
[Eigner et al. 2013a]. The example of information exchange is based on MTM’s ProKon method, the 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 

It is not a secret, that globalisation raises competition between companies from different countries. 
because they are not as cheap as 

wage countries. To stay competitive, the expensive products from high
countries must have better quality, reliability, more functions, must be newer, etc. For this reason the 

and resources to create such a product, but time as well as resources are rare 
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80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 
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[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 

oduction departments or between them. 
The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 

t and function while production relevant properties are rather abstract terms. Specifications 
€ and must be manufactured or assembled in y 

ents without experience in production. 
Designers need more information from other departments, amongst others from process planning, but 
they often do not get this information. A major reason for this lack of cooperation is the mental and 

between development and production [Eigner et al. 2013a]. To reduce time-to
and increase quality it is important that design and production departments work together and share 

is paper presents a concept and prototype, which improves information exchange between 
development and assembly planning. It extends our previous concept regarding bimetallic corrosion 

MTM’s ProKon method, the 
CAD tool PTC Creo and a CAD model from KHS GmbH, an international manufacturer of filling and 
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80 % and consumes about 10 % of the costs. Production determines about 10 % and consumes 

rest [Dudic 2010]. 
Other departments are responsible for the remaining costs and time [VDI 2235 1987], [Nißl 2006], 
[Lotter and Wiendahl 2006], [Weber 2011]. This means that the highest potentials for cost 

The main challenge is up to the designer who determines the biggest part of theproduction costs and 
time, although designers are hardly aware of this task. Their main task is to fulfil design requirements 
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2. State of the 
The second chapter describes the methodical basis 
engineering and manufacturing is located while the next two sub chapters show the methods which 
can help to reduce the previously detected gap.

2.1 PDP 
Most classical product development processes (
et al. 2006] are linear, because they are made up of different stages and only at the end of the previous 
stage the next one can start. Iterations are possible, but the main drawback of linear processes r
since the information exchange is placed at the end of each phase. The disadvantage of these PDPs is a 
late detection of possible design faults, with each detection in a late stage of the PDP causing high 
change costs [Eigner and Stelzer 2009]. To r
and Hein 1987], [Ehrlenspiel 2009] and [Ponn and Lindemann 2011] suggest to place the phases in 
parallel or overlapping, simultaneous and concurrent engineering being the keywords here. These 
PDPs allow 
one step further. The V
has many further iterative steps. For each function it has to be pro
fulfilled, but it does not describe any details regarding the amount and time of the data exchange.
As shown, there are some PDP
Additionally the theoret
speed advantage through computer aided design in product development is shown in Figure 1. 
Existing PLM solutions can support PDP through storage and access of product requirements,
models, BOMs etc. for every domain. During the design phase the created data should be assessed by 
their respective domain to find a potential for optimization, preferably in an early phase [Damjanovic 
2013]. 

2.2 Design for Assembly
The designer gets part requirements from product planning and can start with part (assembly) creation 
in a CAD tool. It is important to note, that these requirements describe the functional part of th
product but the designer gets no information how the product should be assembled. The design 
engineer starts developing and creates the assemblies to the best of knowledge and belief but without 
validation of the created result due to the lack of experie
confirmed by Figure 2 where the main reason for barriers to assembly is identified as non assembly
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The second chapter describes the methodical basis for the paper. At first the methodical gap between 
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engineer starts developing and creates the assemblies to the best of knowledge and belief but without 
validation of the created result due to the lack of experie
confirmed by Figure 2 where the main reason for barriers to assembly is identified as non assembly
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et al. 2006] are linear, because they are made up of different stages and only at the end of the previous 
stage the next one can start. Iterations are possible, but the main drawback of linear processes r
since the information exchange is placed at the end of each phase. The disadvantage of these PDPs is a 
late detection of possible design faults, with each detection in a late stage of the PDP causing high 

educe this disadvantage the PDP
and Hein 1987], [Ehrlenspiel 2009] and [Ponn and Lindemann 2011] suggest to place the phases in 
parallel or overlapping, simultaneous and concurrent engineering being the keywords here. These 

earlier information exchange between different domains. VDI 2206 [2004] actually goes 
model for mechatronic products has a global cycle and each step in this cycle 

has many further iterative steps. For each function it has to be proved, whether the requirements are 
fulfilled, but it does not describe any details regarding the amount and time of the data exchange.
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ical concepts mentioned before can be supported by computer aided PDP. The 

speed advantage through computer aided design in product development is shown in Figure 1. 
Existing PLM solutions can support PDP through storage and access of product requirements,
models, BOMs etc. for every domain. During the design phase the created data should be assessed by 
their respective domain to find a potential for optimization, preferably in an early phase [Damjanovic 

Figure 1. Speed advantage through computer aided design [VDI 2218 2003]

The designer gets part requirements from product planning and can start with part (assembly) creation 
in a CAD tool. It is important to note, that these requirements describe the functional part of th
product but the designer gets no information how the product should be assembled. The design 
engineer starts developing and creates the assemblies to the best of knowledge and belief but without 
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The ProKon method is based on three types of parameters: physical, geometrical and process 
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on industrial experience. The fewer points the part gets the better it is for assembly. With their total 
scores two assembly alternatives can be compared and it is possible to calculate a first estimated 
assembly time. An example of a ProKon analysis sheet

Figure 3. Integration of MTM ProKon in PDP [Deutsche MTM

Almost all columns can be filled by the designer and analysed with ProKon without support from the 
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assembly. Until recently ProKon was a pure paper based method but to increase user acceptance the 
software vendor MTM implemented the method as “ProKon dig
makes the method easier to use, especially when combined with a 3D view of the parts. For this 
purpose any free viewer is advisable, especially if neutral data exchange formats like JT or STEP are 
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iterations are reduced and assembly planners are provided with templates which are automatically 
derived from the design phase.
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process planner has more information about the assembly. For the external logic it is possible to use 
existing solutions (for example ProKon) or to create a new one especially adjusted to the own 
company.
The feedback from the
assembly. As soon as the designer is satisfied with the model it is send to the process planner or a 
workshop is organized. In both cases the process planner analyses the 3D r
assembly variants with a CAD viewer and the assembly processes which the designer chose through 
the PAI assistant. Potentials and improvements are discussed and the generated data is saved in an 
exchangeable format and stored in a PDM 
parts. (Figure 5: Stage 5) With this method the number of iterations can be reduced.

3.3 Data 
To accomplish the task of data exchange between designer and assembly planner, various
are required to allow for an appropriate information flow.
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transfer to the PDM system, e.g. STEP AP 242 XML. This PDM system can then serve as source for 
historical data in previous steps like (2). 

3.4 Prototypical Implementation 
To evaluate the actual benefits of the concept a prototypical implementation has been created. While 
the generally positive effect of an enhanced information flow is undisputed, in this case the numerous 
feasible implementation options require a proof-of-concept which can be tested in a realistic 
engineering environment. This includes a CAD tool, an assembly time analysis tool and the data 
exchange between both applications. 
The implementation used for this paper consists of PTC Creo 2.0 as CAD tool, MTM ProKon as 
assembly time analysis tool for the early phase and a Java based graphical user interface (GUI) as PAI 
assistant in between. 
To avoid manual data exchange between Creo and ProKon the assistant is connected with the Creo 
API to extract all kinds of attributes, features and parameters from the CAD model. The information 
can be checked and extended in the GUI of the PAI assistant before exporting the appropriate data to a 
ProKon conform XML file. This can be loaded in the ProKon application to analyse and calculate 
estimated time and ProKon points which are returned and automatically displayed in the PAI assistant. 
This software enhancement is valued as significant improvement to the design process since it 
provides immediate feedback to the design engineer regarding the quality of the CAD model with 
respect to the estimated effort of assembly. 
Besides the support of the design process in a CAD tool there is a second use case which consists of a 
specific model version which is discussed between designer and assembly planner during a meeting. 
This meeting which is usually held at the process planner’s location can be supported by neutral 3D 
geometry as created in (1a). 
A second version of the prototype provides full automation of the assistant and results in a real time 
feedback system which shows improvement or decline of the CAD model during the whole design 
process. In this case a screen filling analysis or full report is not appropriate but some sort of colour 
code can quickly indicate if changes are positive or negative. 
For future implementations it is also planned to exchange data between the assistant and a PDM 
system via STEP AP 242 XML [ISO 2013] to better support design modifications as described in 3.3. 
The concept of PAI as container for product assembly information is fully explained in [Eigner et al. 
2013a] and describes how relevant data is stored in the bill of material of the respective product inside 
the PDM system. 

3.5 Example of Implementation 
The designer creates a CAD model or variants of a CAD model (in this case with Creo 2.0) and wants 
to know which one is better with respect to design for assembly. In this case the girder of a parallel 
station is analysed which has kindly been provided for this paper by KHS (Figure 7). The first version 
is created by KHS and the second one by VPE. Both variants consist of a plate and a girder. The first 
one is easier to manufacture but more difficult to assemble. The second one has contrary properties. 
The PAI assistant is used to decide which the better one is. 
It displays the assembly structure (on the left side in the Figure 8) where at first the fixed part must be 
chosen before the assembled part can be picked. Finally assembly difficulties like “wrong position 
possible”, “without position help” etc. and assembly processes (on the right side in the Figure 8) are 
chosen. The assembly processes are classified in three categories from P1 “easy to assemble” to P3 
“hard to assembly”. The process is repeated for each part in the assembly. As soon the designer is 
ready with the assembled parts data can be exported for analysis in ProKon. 
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The concept uses the design information from the CAD model and additional assembly related 
information of the design engineer. The PAI assistant collects the data to transfer it to a time 
estimation tool for calculation. The results are presented to the designer to allow for model 
optimizations regarding design for assembly. The data exchange is accomplished through neutral 
interfaces and formats. To validate the presented concept a prototypical implementation has been 
developed which consists of PTC Creo, MTM ProKon and a Java based PAI assistant. 
The prototype based on this concept has the potential to reduce the gap between design and process 
planning departments by improving their information exchange. Though this paper only covers the 
early phase of product design. Therefor further research can improve the effective range by extending 
the concept to also cover the more detailed process planning. This includes actual process 
determination through the use of additional tools of Digital Factory, e.g. MTM TiCon. The final step 
of further research activities compares estimated, determined and real times of the assembly process 
while the designer gets the real times as feedback from actual production processes. 
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