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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 

Since the publication of the ISO 14253-1 in 2013 [1]. we have worked in the development of a reliable measurement procedure in 
reverse engineering. In the beginning, it may seem to be easy to measure a part and to get the estimated value of the sizes and its 
uncertainties, but several times the dimensional tolerance is not considered, and geometrical tolerances are passed over 
(unattended). 
We propose here a tested procedure, simple and practical for the Industry, in accordance with the requirements of the ISO 14253-
1:2013 for fully define the sizes and tolerances of any workpiece in reverse engineering. 
© 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 control of a part normally consists on checking its sizes, calculating the uncertainty of the measurement 
procedure and comparing them with the tolerance interval specified in the technical drawing as it is described in [4]. 
This is what it is established in the ISO 14253-1:2013 [1].  

Moreover, the common practice usually recommends to use a measurement procedure with an uncertainty below 
the interval of tolerance. Typically, it is used  
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ITU %10 (1) 

In this ratio, U stands for the expanded uncertainty of the measurement procedure and IT for the interval of size 
tolerance of the part (International Tolerance §3.2.8.2 ISO 286 1:2010 [2]) 

But there is another situation quite usual in Industry that it is not straightforward discussed in the Standardization. 
If the workpiece under measurement has not any technical drawing, as it is the case of Reverse Engineering, the sizes 
and tolerances are unknown and the scope of the measurement is to specify them instead of verifying the part. In this 
paper, it is presented the experience carried on different workpieces in order to develop a suitable strategy for dealing 
with this problem. At the final process of the Reverse Engineering process, the complete Technical drawing of the part 
will be available, without complex calculations as done in [5]. 

2. Measurement procedure 

The scope of this proposal was to study the possibilities of the whole procedure, not just focusing in the selection 
of the measurement instrument. Therefore workpieces of low quality were used, and the instruments selected were 
calipers. Good enough for the demanded uncertainty and with an adequate measurement range of 140 mm for the 
considered sizes. 

The calipers had a resolution of 20 µm and an expanded uncertainty of 30 µm. 

2.1. Measured workpieces 

Three different parts were considered, among the ones that were available in the lab. The scope of the process was 
to assign the IT tolerance in Reverse Engineering, therefore, it is not of interest the final function of the parts. 

In Fig. 1 to 3, there are shown the parts and the selected sizes to measure, where PR06 stands for Part with the lab 
codification 06, PR08 stands for Part with the lab codification 08 and PR05 stands for Part with the lab codification 
05. 
 

 

a)                                b)    c) 

Fig. 1. PR 06 part (max. length 160 mm) and measured sizes. 

 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2017.09.063&domain=pdf


	 M.A. Sáenz Nuño et al. / Procedia Manufacturing 13 (2017) 472–479� 473

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 Manufacturing Engineering Society International Conference 2017.

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

ISO Tolerance specification in reverse engineering 

M.A. Sáenz-Nuñoa,*, R. Lorente-Pedreilleb

aDpto. Ing. Mecánica – Escuela Técnica Sup. de Ing. (ICAI) – Univ. Pontificia Comillas de Madrid 
C) Alberto Aguilera 25, Madrid 28015, Spain 

bPre-doctorate researcher- ETS  Ingenieros Industriales (UNED), C) de Juan del Rosal, 12, Madrid 28040, Spain  

Abstract 

Since the publication of the ISO 14253-1 in 2013 [1]. we have worked in the development of a reliable measurement procedure in 
reverse engineering. In the beginning, it may seem to be easy to measure a part and to get the estimated value of the sizes and its 
uncertainties, but several times the dimensional tolerance is not considered, and geometrical tolerances are passed over 
(unattended). 
We propose here a tested procedure, simple and practical for the Industry, in accordance with the requirements of the ISO 14253-
1:2013 for fully define the sizes and tolerances of any workpiece in reverse engineering. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017.

Keywords: reverse engineering; tolerance assignment; functional characteristic. 

1. Introduction 

The control of a part normally consists on checking its sizes, calculating the uncertainty of the measurement 
procedure and comparing them with the tolerance interval specified in the technical drawing as it is described in [4]. 
This is what it is established in the ISO 14253-1:2013 [1].  

Moreover, the common practice usually recommends to use a measurement procedure with an uncertainty below 
the interval of tolerance. Typically, it is used  

* Corresponding author. Tel.: 034 91 542 28 00;  
E-mail address: msaenz@comillas.edu 

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 Manufacturing Engineering Society International Conference 2017.

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

ISO Tolerance specification in reverse engineering 

M.A. Sáenz-Nuñoa,*, R. Lorente-Pedreilleb

aDpto. Ing. Mecánica – Escuela Técnica Sup. de Ing. (ICAI) – Univ. Pontificia Comillas de Madrid 
C) Alberto Aguilera 25, Madrid 28015, Spain 

bPre-doctorate researcher- ETS  Ingenieros Industriales (UNED), C) de Juan del Rosal, 12, Madrid 28040, Spain  

Abstract 

Since the publication of the ISO 14253-1 in 2013 [1]. we have worked in the development of a reliable measurement procedure in 
reverse engineering. In the beginning, it may seem to be easy to measure a part and to get the estimated value of the sizes and its 
uncertainties, but several times the dimensional tolerance is not considered, and geometrical tolerances are passed over 
(unattended). 
We propose here a tested procedure, simple and practical for the Industry, in accordance with the requirements of the ISO 14253-
1:2013 for fully define the sizes and tolerances of any workpiece in reverse engineering. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017.

Keywords: reverse engineering; tolerance assignment; functional characteristic. 

1. Introduction 

The control of a part normally consists on checking its sizes, calculating the uncertainty of the measurement 
procedure and comparing them with the tolerance interval specified in the technical drawing as it is described in [4]. 
This is what it is established in the ISO 14253-1:2013 [1].  

Moreover, the common practice usually recommends to use a measurement procedure with an uncertainty below 
the interval of tolerance. Typically, it is used  

* Corresponding author. Tel.: 034 91 542 28 00;  
E-mail address: msaenz@comillas.edu 

2 M.A. Sáenz-Nuño / Procedia Manufacturing 00 (2017) 000–000

ITU %10 (1) 

In this ratio, U stands for the expanded uncertainty of the measurement procedure and IT for the interval of size 
tolerance of the part (International Tolerance §3.2.8.2 ISO 286 1:2010 [2]) 

But there is another situation quite usual in Industry that it is not straightforward discussed in the Standardization. 
If the workpiece under measurement has not any technical drawing, as it is the case of Reverse Engineering, the sizes 
and tolerances are unknown and the scope of the measurement is to specify them instead of verifying the part. In this 
paper, it is presented the experience carried on different workpieces in order to develop a suitable strategy for dealing 
with this problem. At the final process of the Reverse Engineering process, the complete Technical drawing of the part 
will be available, without complex calculations as done in [5]. 

2. Measurement procedure 

The scope of this proposal was to study the possibilities of the whole procedure, not just focusing in the selection 
of the measurement instrument. Therefore workpieces of low quality were used, and the instruments selected were 
calipers. Good enough for the demanded uncertainty and with an adequate measurement range of 140 mm for the 
considered sizes. 

The calipers had a resolution of 20 µm and an expanded uncertainty of 30 µm. 

2.1. Measured workpieces 

Three different parts were considered, among the ones that were available in the lab. The scope of the process was 
to assign the IT tolerance in Reverse Engineering, therefore, it is not of interest the final function of the parts. 

In Fig. 1 to 3, there are shown the parts and the selected sizes to measure, where PR06 stands for Part with the lab 
codification 06, PR08 stands for Part with the lab codification 08 and PR05 stands for Part with the lab codification 
05. 
 

 

a)                                b)    c) 

Fig. 1. PR 06 part (max. length 160 mm) and measured sizes. 
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