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Abstract 

In 2011, a round robin test was initiated within the group of CIRP Research Affiliates. The aim was to establish a platform for 
linking interdisciplinary research in order to share the expertise and experiences of participants all over the world. This paper 
introduces a testpart which has been designed to allow an analysis of different manufacturing technologies, simulation methods, 
machinery and metrology as well as process and production planning aspects. Current investigations are presented focusing on the 
machining and additive processes to produce the geometry, simulation approaches, machine analysis, and a comparison of 
measuring technologies. Challenges and limitations regarding the manufacturing and evaluation of the testpart features by the 
applied methods are discussed.  
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1. Preface 

Within the Research Affiliate network of the 
International Academy for Production Engineering, 
CIRP, a round robin test was initiated in 2011 and 
started in 2012, involving participants from all over the 
world. The goal of this initiative is to join 
interdisciplinary research activities and to provide a 
framework for the collective development and 
comparison of technologies. For this round robin test, a
testpart was proposed which can be used to investigate 

various manufacturing processes (also regarding 
different part materials and sizes), machinery, simulation 
approaches, monitoring strategies, and metrology. It can 
also be applied for the comparison of different 
technologies with respect to energy consumption and 
resource efficiency. Starting with the task of 
programming the considered processing operations and 
ending up with the need to measure the features of 
interest, this testpart implicates some challenges which 
have to be solved with individual approaches. 

This paper introduces the pc-testpart and describes 
current collaborative work using this testpart for several 
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investigations with respect to micro production 
engineering. 

2. Introduction of the pc-testpart 

The geometry of the testpart (22.6 mm x 15 mm x 
3 mm) is shown in Fig. 1. The elements of the testpart 
partly consist of thin-walled sections with a thickness of 
0.1 mm and grooves having a width of 0.6 mm.  

(a) 

(b) 

Fig. 1. (a) CAD model of testpart; (b) top view with numbered features 

Different process technologies (e.g. 2½D or 3D 
milling, EDM, generative processes) can be applied for 
manufacturing the testpart. The analysis of how to 
produce the part starts with process planning, 
programming and simulation. It includes process 
characteristics as well as workpiece and machine 
behavior. Finally, measuring strategies have to be 
developed for accuracy and surface assessment. The 
following criteria are observed in the round robin test: 

Ability to produce the testpart features 
Shape of the elements and geometric part accuracy 
Surface quality 
Machine and process influences 
Time needed for manufacturing 
Time and effort for process setup 
Energy consumption 
Repeatability of the manufacturing result 
Time, effort and accuracy of measuring methods 
Additional effects (e.g. burr formation) 

When machining the testpart elements, some 
technical challenges occur, which at the same time 
constitute objects of investigation (table 1). 

Table 1. Elements of the testpart and aspects for milling 

1-10 basic cubes are arranged regularly; machine accuracy 
can be assessed by a deviation grid 

1-11 thin-walled elements tend to vibrate; open and closed 
profiles behave differently 

1, 4, 5, 7, 
10, 12 

circular interpolation can be used; circularity 
deviation can be compared 

2, 3, 5, 7, 
8, 9, 10 

appropriate immersion strategies are necessary 

2, 3, 8, 9 different and difficult engagement situations occur 

9, 10 machining of datum plane is challenging; beveled 
geometry can be machined with different strategies 

11 archimedean spiral requires special programming, 
interpolation and dynamic path accuracy 

12 pyramid planes can either be machined consecutively 
or interrupted by other machining tasks to investigate 
repeatability and thermal influences (see also 16) 

13, 14 grooves require immersion and path accuracy 

11-17 acceleration and deceleration behavior of the machine 
can be analyzed 

15 sine sweep requires special programming and 
dynamic path accuracy 

16 steps can be used to analyze positioning accuracy, 
repeatability and thermal influences 

17 outer profile can be used to analyze acceleration and 
deceleration behavior of the machine; different 
engagement situations occur 

 

An application of semantic associative GD&T 
conforming to the latest STEP AP242 data format and 
the GPS standards to describe the testpart has been 
performed using IDA-STEP software (by LKSoftWare 
GmbH) at KTH Stockholm, Sweden (Fig. 2). 

 

Fig. 2. ISO 10303-242 STEP based integration of semantic GD&T, 
lightweight shape tessellation, process plan and inspection results. 

3. Micro part production 

In this paper, investigations with respect to micro 
production engineering are presented. In particular micro 
milling and additive manufacturing are analyzed. For 
this, different equipment is applied. An analysis of 
produced parts and a comparison of computed 
tomography (CT) measurements are conducted. 
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