
ScienceDirect

Available online at www.sciencedirect.comAvailable online at www.sciencedirect.com

ScienceDirect 
Procedia Manufacturing 00 (2017) 000–000  

 www.elsevier.com/locate/procedia 

* Paulo Afonso. Tel.: +351 253 510 761; fax: +351 253 604 741  
E-mail address: psafonso@dps.uminho.pt 

2351-9789 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 2017.  

Manufacturing Engineering Society International Conference 2017, MESIC 2017, 28-30 June 
2017, Vigo (Pontevedra), Spain 

Costing models for capacity optimization in Industry 4.0: Trade-off 
between used capacity and operational efficiency 

A. Santanaa, P. Afonsoa,*, A. Zaninb, R. Wernkeb 

a University of Minho, 4800-058 Guimarães, Portugal 
bUnochapecó, 89809-000 Chapecó, SC, Brazil  

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.  
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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 

An Influence of graphite powder as an extreme anti-wear additive on the tribological performance of lithium grease was 
identified by conducting tests as per ASTM 2266 standard. Signal to noise ratio analysis was done to identify the levels for 
optimum wear scar diameter. Analysis of variance was done to identify significant factor which affects wear scar diameter. For 
optimum levels, wear scar diameter was predicted. 
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1. Introduction 

Greases are semi-solid substances composed of lubricating oils and soaps or thickeners. Soaps of lithium, 
calcium, sodium, aluminum are commonly used thickeners. Greases are popularly used as lubricant; however 
without additives greases cannot fulfill particular application lubrication requirements. For heavily loaded 
applications graphite can be effectively used as an extreme pressure and anti-wear additive in greases. The grease 
should have consistency to carry load during bearing operation and should not thin during entire operation cycle [3]. 
The lithium soap grease is resistant to water and oxidation. The lithium soap grease shows good shear stability at 
high temperature.  

 

 
* Corresponding author. Tel.: +91 95118 32351; fax: +91 2425.259016 

E-mail address: pnn_2276@yahoo.co.in 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Manufacturing 00 (2017) 000–000  
www.elsevier.com/locate/procedia 

  

2351-9789 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 2nd International Conference on Materials Manufacturing and 
Design Engineering.  

2nd International Conference on Materials Manufacturing and Design Engineering 

A Taguchi Approach on Influence of Graphite as an Anti-Wear 
Additive on the Performance of Lithium Grease  

 Prashant Nagarea,* ,Hari Kudalb 

aDepartment of Mechanical Engineering, Amrutvahini College of Engineering, Sangamner 422608, India 
bDepartment of Mechanical Engineering, SND College of Engineering and Research Centre, Yeola 423 401, India 

Abstract 

An Influence of graphite powder as an extreme anti-wear additive on the tribological performance of lithium grease was 
identified by conducting tests as per ASTM 2266 standard. Signal to noise ratio analysis was done to identify the levels for 
optimum wear scar diameter. Analysis of variance was done to identify significant factor which affects wear scar diameter. For 
optimum levels, wear scar diameter was predicted. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 2nd International Conference on Materials 
Manufacturing and Design Engineering. 

Keywords: Antiwear additive; ASTM D 2266, Signal to noise ratio;Analysis of variance 

1. Introduction 

Greases are semi-solid substances composed of lubricating oils and soaps or thickeners. Soaps of lithium, 
calcium, sodium, aluminum are commonly used thickeners. Greases are popularly used as lubricant; however 
without additives greases cannot fulfill particular application lubrication requirements. For heavily loaded 
applications graphite can be effectively used as an extreme pressure and anti-wear additive in greases. The grease 
should have consistency to carry load during bearing operation and should not thin during entire operation cycle [3]. 
The lithium soap grease is resistant to water and oxidation. The lithium soap grease shows good shear stability at 
high temperature.  

 

 
* Corresponding author. Tel.: +91 95118 32351; fax: +91 2425.259016 

E-mail address: pnn_2276@yahoo.co.in 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2018.02.072&domain=pdf


488 Prashant Nagare  et al. / Procedia Manufacturing 20 (2018) 487–4922 Author name / Procedia Manufacturing  00 (2017) 000–000 

One of the most important attempt in identifying graphite as an additive in grease was the work reported by Bartz 
[1] that optimal concentration exist for molybdenum di sulphide and graphite in liquid or paste lubricants. Less than 
this concentration of solid lubricant is insufficient to maintain protection against wear. The effectiveness of 
lubrication with solid lubricants will depend on the formation of a complete film protecting the surfaces. Chu et al. 
[2] found that graphite existed on the rubbing surfaces stably and formed composition film with the oil-soluble 
additives. Further, Antony et al. [3] reported work on anti-wear/extreme pressure performance of graphite and 
molybdenum di sulphide combinations in lubricating greases. Both molybdenum di sulphide and graphite 
individually improve the anti-wear and extreme pressure characteristics of lithium and organo clay base greases. 
Combinations of molybdenum di sulphide and graphite had been found to exhibit synergistic effect in extreme 
pressure and anti-wear characteristics. However, the synergism depends on ratio of two components and type of 
grease. Huang et al. [4] reported that the wear resistance and load carrying capacity of paraffin oil can be improved 
and its friction coefficient can be decreased by the addition of the graphite nanosheets. There is an optimal content 
of graphite nanosheets in the lubricating oil, which gives the highest maximum nonseized load and antiwear ability. 

The tribological properties of poly tetra fluoro ethylene (PTFE) by Reick [5], molybdenum disulfide by 
Gansheimer et al. [6], titanium oxide by Hu et al. [7] as lubricant additives had been investigated. Additives in 
lubricants influence tribological properties [8-12]. Nano particles size lubricant additives also enhance tribological 
properties [13, 14]. 

From literature, it was found that most of study of influence of graphite as an additive in greases was based on 
optimal concentration of graphite in liquid lubricants and greases. The aim of this work was to identify effect of 
concentration and effect of particle size of graphite as an anti- wear additive in lithium grease for the optimum wear 
scar diameter. The particle sizes of 0.5 micron, 1 micron and 1.5 micron of graphite was mixed in lithium soap 
grease in different volume proportions of 5%, 10% and 15%. A four ball tester was used to measure wear scar 
diameter by using ASTM D 2266 standard. 

2.  Experimental Study 

2.1 Lithium Grease 
 

Lithium soap grease is smooth or granular in appearance. Lithium soap grease provides water resistant property 
like calcium soap grease and high temperature property like sodium soap grease.  

 
2.2 Selection of Graphite as an additive 
 

For greases, additives enhance the existing desirable properties or suppress the existing undesirable properties 
and impart new properties. During selection of additive it is considered that the additive should be inorganic 
compound because inorganic compound shows excellent tribological properties. The other most important 
consideration is that solid lubricant shows better tribological properties at extreme conditions. From the objectives 
of research graphite was selected as an anti-wear additive. 

  
2.3 Design of Experiments 
 

Design of experiments was done on the basis of Taguchi technique. By this way, it was possible to achieve 
results with less number of experiments. The purpose of this research was to identify effect of particle size and 
concentration of graphite by volume in lithium grease on extreme pressure (EP) and anti-wear performance of the 
lithium grease. Therefore, particle sizes of 0.5 micron, 1 micron and 1.5 micron of graphite are used along with 
combination of 5%, 10% and 15% proportion of graphite by volume in lithium grease. Factors and their respective 
levels are listed in Table 1. 
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