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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

This paper presents the results of simple adhesive lap joint shear strength tests of materials under atmospheric plasma treatment
conditions. The effects of surface activation of the shear joint by cold atmospheric plasma in the perspective of the adhesion 
promotion are discussed. Specifically, the changes in the maximum strength introduced by the plasma of coupon samples of 
aluminum and carbon fiber reinforced materials. Finally, the results of tests and some conclusions are reported. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017.
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1. Introduction 

The search for new more integrated light weight structures requires enhancement on the bonding joints 
mechanical properties. Currently some stiffened panels in aeronautics applications rely on fastened stringers to 
resistant shear panels. The adhesion promotion enhancements can enable the fasteners elimination, weight reductions 
and lower number part count.  

In the other hand, the effect of plasma treatment on surface modification and the relevance to adhesion has been 
investigated and is available in literature [1]. 
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This document summarizes the studies, developments, tests and analysis that support the quantification 
enhancement on plasma treatment on bonding mechanical properties. The materials investigated are the most used in 
aeronautics applications, aluminum and carbon fiber reinforced plastics, composites. 

The plasma source, or plasma torch, provides the atmospheric cold plasma. It has been developed specifically for 
the purpose of the objectives reported in this paper. The physical, electrical and electronic parameters of the plasma 
torch are not part of the scope of this paper. These plasma torch studies and development included the definition of 
the structure and frequency of the electric current input in relation to the gas- air- flow rate and the plasma 
temperature control, to cite the most relevant ones.  

The shape of the plume was designed with certain geometry parameters and a dense plasma length between 15 
and 25 mm. Also the design requirements included that a non specialist worker could operate it. The surface 
treatment process is developed to be easy to control and operation in room temperature/ ambient conditions as in a 
workshop set up.  

The goal of this paper is to verify the surface activation after plasma treatment in terms of failure lap shear 
stresses in the bonding joints. The trials and tests are performed to achieve statistically relevant results. This 
document contains the procedures followed to provide the sample coupons, materials, and plasma activation 
parameters. Then the results of the shear load tests are provided with an analysis of results, conclusions and some 
recommendations on potential actuation follow up lines. 

Nomenclature 

Al Aluminum  
ASTM American Society for Testing and Materials 
CFRP Carbon Fibre Reinforced Plastics 
IPA Isopropyl Alcohol 

2. Methods and procedures 

The surface treatment consisted on applying the plasma plume to the area under bonding conditions. The 
separation of the plasma source is within the length of the dense plume. The treatment is performed in the two sides 
of the coupons to be joined.  

The plasma was applied during 10 minutes and uniformly along the surfaces to be joined and tested. The surface 
to be bonded is completely plasma processed. The plasma torch is physically separated between 15- 25 mm from the 
surface.

In order to avoid surfaces contamination, the two sides of the coupons were immediately joined by adhesive film 
and autoclave curing up to 180ºC.  

Finally, in order to obtain the required coupon sizes for ASTM single shear tests [2-3], 1.6 mm thickness, 25.4 
mm width, 177.8 mm long, squared bonded area 25.4 x 25.4 mm2, the panels are cut in 6 to 8 coupons with a 
mechanical operation.  

3. Materials  

The materials to join are aluminum, Al, and composites, CFRP Carbon Fiber Reinforced Plastics. The aluminum 
selected is 2024- T42 sheet form [4]. The composite samples are pre-impregnated fabric carbon fiber reinforced 
plastics based on epoxy resins 180º curing temperature. The laminate is composed by 6 plies. The bonded joints 
under testing are Al- Al and CFRP- CFRP. It has not been considered hybrid joints Al- CFRP for these studies. 

3.1. Aluminum coupons  

The aluminum coupons are prepared under four different conditions: 

 Aluminum coupons “as is”. The surface is just cleaned by isopropyl alcohol (IPA) application [5], typical 2 
minutes abraded with IPA wetted cloth. 
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 Specimens under acid treatment, with sodium hydroxide [6], 5% NaOH applied during 10 minutes. 
 The coupons present an external layer of aluminum oxide, 25 m, typical after sulphuric acid anodizing. 
 Anodized samples with an additional primer layer to seal and for following painting applications. 

3.2. Composites Coupons 

There are also four different groups of coupons. In this case, due to the manufacturing process of the composite 
sheets, we differentiate between the Bag Side (BS) and the active side (AS) of the coupons in order to make the 
characterization and grouping. The composite samples curing process requires a vacuum bag, and the side in contact 
with this bag is what it is called BS. The active side, AS, is not in contact with the bag and presents different surface 
morphology due to the manufacturing process itself. 

 Composites AS coupons “as is”. The surface is just cleaned by isopropyl alcohol application on the active side 
only. 

 Composites BS coupons “as is”. The isopropyl alcohol cleaning is applied on the bag side only. 
 Composites AS coupons primed. It is applied a primer layer on the AS surface  
 Composites BS coupons primed. The primer layer is applied on the BS side. 

4. Test results 

The shear test results are included in tables I, aluminum coupons, and II, composites. The terminology used is as 
it follows: 

 N stands for the number of samples tested 
 DT represents the difference, in percentage, of the average failure shear stress of the group tests in relation to the 

untreated control sample. 
 It is included the typical deviation, , of the tests for statistical purposes. The first value corresponds to the non 

plasma treated tests and the second for the plasma treated ones. 

                  Table 1. Aluminum coupons test results. 

Sample N DT  % (MPa) 

As is 8 + 24% 0.9/ 0.9 

Acid treated 7 + 30% 1.0/ 1.0 

Anodised 7 0 2.0/ 3.0 

Primed 5 0 0.8/1.8 

                 Table 2. Composite coupons test results. 

Sample N DT  % (MPa) 

AS as is 7 - 20% 1.7/ 8.4 

BS as is 5 + 50% 2.0/ 0.9 

AS primed 6 -17% 2.0/ 3.0 

BS primed 5 + 8% 0.7/0.8 

5. Analysis of results 

5.1 Aluminum coupons  

The aluminum coupons tests with no special surface preparation prior to plasma application, groups as is and 
with a light acid treatment, show a significant enhancement of the average failure shear stress, 24 and 30% 
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