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Abstract: - This work implements for the first time a dimensional qualification procedure for an open access 
3D printer, the authors propose a new methodology to measure the prototype part as a mean to achieve the 
qualification procedure. Experimental results are compared with the specifications of the designer from a 
Fused Deposition Modelling (FDM) 3D printing. The quality of the machine recommended by the 
manufacturer and data are used to obtain its qualification. Then, this work aims to evaluate the quality of the 
machine through a comparison between the design’s data and the measurements taken from the prototype 
part (the piece test). So, the results have confirmed and validated the dimensional quality of the machine that 
was randomly taken from a series of commercial printers. 
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1. Introduction 
Rapid prototyping is a technology that allows any 
manufacturer, artist, researcher, professional designer 
…to transform digital designs into 3-dimensional solid 
objects (Figure 1). However, theses prototypes, 
moulds, machine parts or models or any other product 
must be qualified and improved by quality insurance. 
Hence, the ultimate aim of developers and product 
designers is to come out with better quality products. 
So, a qualification procedure is needed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. The process ‘FDM’ of prototype in Rapid Prototyping  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. Cycle of  3D Product Elaboration. 
  
 

 
In recent years, the 3D printer has been implemented 
in many spheres of industry and it becomes possible to 
Small and Medium Enterprise (SME) to provide a 
microenvironment research and development as an 
innovation tool. This tool is sometimes a survival 
device.The use of Open Access at low cost printers in 
the field of 'SME ' allows reducing the costs of 
research and development (R & D) by mobilizing 
scarce resources especially for the 'START UP', spin 
off, and also it is implied for artists, inventors, 
craftsmen, etc ...). It is important to note that this 
paper does not attempt an exhaustive review of 
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research literature related to the topic of types of 3D 
printers, its benefits or its future. Rather, the intent is 
to provide a qualification process of a 3D printer by 
using a finished prototype part as a sample to test its 
quality. Further, this latter is more than just the shape 
of the finished prototype part, it is about a part’s 
ability to perform the task for which it was designed.  
 
 
2. Methodology 
 

    The qualification procedure is done through the 
realization of prototype parts and then getting the 
record of their measures to be analyzed and validated 
with the specifications of the machine. This research 
focuses on 3D printing using FDM (see Figure 4). 
 
 
 
 
 

               
 
 
                                                         
                       
 
 
 
 

                            Fig. 4. 3D printer (FDM) 
 
Figures 5.a and 5.b show the material that is going to 
be used for the qualification procedure which is an 
open access at low cost machine. 
 
 

                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              Fig.5-b. FDM process of 3D printer 
 

    In practical term, the metrology allows determining 
the compliance of the product with the quality claimed 

by the manufacturer. This involves the description of 
the design and the modeling process with an empirical 
approach. Resources have been designed for the 
intended control operation to reject or accept the 
product, according to the general representation of the 
new product design process [4]. It is dimensional 
qualification of the 3D printer (   ) See Figure 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Fig.6. Chart of the process design of new products [4] 
 
3.1 The Implemented Qualification 

Methodology 
 

     The Implemented Qualification Methodology 
compares the results of the finished prototype parts 
which are made according to the specifications of the 
machine data. The metrology analyzes and verifies the 
results obtained by executing three-dimensional 
measurement tasks. The author refers to the three 
approaches shown in the following points, figure 7: 
 

a- The determination of the machine geometry,    
 

b- The achievement of a permutation to separate the 
contribution of all fixed defects, 
 

c- The realization of a comparison between the value 
of measurements made on the finished part and those 
given by the manufacturer [5].  
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Fig.5-a. The 3D printer in the realization 
              process of the prototype part (by the FDM). 
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Fig.7. The verification triangle methods [5] 
 
 

 
 
The quality control does not involve the maximum 
performance, but compliance with its specified 
standards. Figure 8 provides a flowchart of the 
qualification process.  
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Fig.8. The theoretical description of the qualifying 
practice 
 
 

                1- Data Catalog 

 
Data collection will be based on the input data 
available to the user by the manufacturer.  
 
               2- Quality insurance 
 
The qualification  procedure  for Rapid prototyping 
means    a verification of compliance with a standard 
already adapted    in place   . 
After assessing compliance, we make our judgment on 
the recognition of the capability of the process of 
production chain, supplier, component, etc...[6]. 
 
 

              3- Working Model 
 
The dimensional measurements are performed in the 
laboratory of metrology Therefore ambient conditions 
(baseline T° 20° ± 1° C, relative humidity 55% and 
pressure at.101325 Pa) should be subject to 
monitoring devices.  
     
           4- Prototype Part 
 
Describe the prototype part with its design and material. 
It should not require post-processing or manual 
intervention or the supports to facilitate its control . 

  5- Measurement 
 

The measurement method of the prototype part is done 
by a control which allows verifying compliance of the 
figures contained in the tender specifications 
(document) of designer (manufacturer). In view of the 
importance of the measurement errors’ influence on 
the accuracy of pieces dimensions;             we have 
chosen the three-dimensional measuring machine.  
 

6- Results treatment’s  methodology 
 

A series of measurements on the test piece will be 
performed to determine the uncertainty by statistical 
magnitudes as well as comparing the results with a 
tolerance interval. 
 
 

7-  Comparison and validation 

It is required to make a comparison between the 
theory and the results of the various points of the 
qualification process which was conducted.  
 
 

8- Report (end) 

The end of the qualification procedure must lead to the 
systematic generation of a final report which must 
decide on the acceptance of the FDM printer’s 
qualification. 
 
 

 
3.2 Application 

                      Measures and Dimensions.              
 Width   480mm 
 Length  455mm 
 Including   height  455mm 
   Weight  14kg 
 Temperature extruded  270 °C (s / type of filament) 
 Print Volume  230mm x 210mm x 190mm 
 Maximum print  speed  15mm3/ seconde and 50mm/min 
 Movement X-Y  50 microns,  
 Minimum print  thickness  (Z) 100 microns 
 Materials  PLA, ABS, Nylon, Lay Wd &Brick      
 Nozzle diameter   0.4 mm 
 Filament diameter   3 mm 
 Steering and  connectivity  USB and Carte  SD  
 System Compatibility Windows, Mac, Linux 
 Alimentation  110/220 (V) @ 50/60(Hz) 
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The developed methodology has been applied on a 
FDM 3D3 machine and has given the following results: 
 
 

1- Data catalog 
 

   The data is directly taken from the machine’s 
catalog and available on paper or electronic support, 
see table 2 (specifications) 
 

  
Table 2.  The 3D printer characteristics [7]   
  

2- Quality Insurance 

 
    The printer under test showed compliance with the 
characteristics presented by the manufacturer on items 
1, 3, 4, 5, 6 and 7, of the present methodology 
 
 

3- Working sample 
     

  In laboratory, dimensional measurements were 
identified which are adapted to the ambient conditions 
of T ° were of 20 ° ± 1 ° C, 53% relative humidity and 
pressure at.10100 Pa.   
              

4-  prototype part 

    The prototype part realized on 3D printer with ABS3  
base is a chain guard’s crankcase of a sports bike 
(Figure 9-a and b).       

                   
 

          Fig .9-a.  Prototype part defined by CAO 
 

            
 
 
 
 
 
 
 
 

 
 
 

  Fig .9-b.  Prototype part obtained by 3D. 
 

 

5- Measurement  

The measurement was carried out on all functional 
dimensions & bulkiness of the test piece. 
 

     The measurement ranges are: 
 

X=400; Y=350 and Z=300.s  
        

     Volumetric accuracy/ functional is:  
 

           ISO10360/2= (2,8+3L/1000) micron 
 

There are many forms to be controlled, inter alia, the 
rectitude of the piece contact plane with the motor 
surface and the distance between the two holes ‘Ø6’ 
(See figure 10). 
 
                                  
 
 
               
 
                         
 
 
 
 
 
                         
              Fig.10. Diagram of the piece (crankcase/casing) 
 

The measurements are taken in such a way to avoid 
the defects of the probe, (see figure 11a). 
 

     
   

     Fig.11a Prototype part’s Position relative to the MMT probe 
                                                  
Each time, the measurement is done in triple points 
(Figure11a, 11b).   
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Fig.11b. Prototype part control operation on the MMT.   
 
 
 

6- Treatment of results  
 

    The results are obtained by measuring the variances 
of the finished prototype (test piece) on the three-
dimensional measuring machine (MMT) to determine 
the uncertainty of magnitudes in a statistical manner. 
It was measured the variances and found 3D printer 
errors.  
 
 

7- Comparaison  and validation 

A validation of the results is given at the end of this 
work (see § VI1). 
 
 
          
 

7.1. Results  
 
 

     The determination of uncertainty requires 
performing measurements series on the same piece 
and to draw any statistical magnitudes. 
 
     7.1.1. Measures identified gaps and   
               errors Printer '3D' 
 
 
 

The execution of a three-dimensional measurement 
range encourages performing by the use of prototype 
parts allowing a correlation matrix establishment  
This work is carried out under the conditions imposed 
by the drawing definition (table 4) 
 

Table 4. Correlation matrix reduced for dimensional inspection 
                                                         [8] 
 
   Five measures have been identified from the same 
side on each of the five pieces according to the axes    
(X, Y and Z). 
 

    a. The calculation of the identified dimensions’    
         terminals [9]: 
 

 Upper terminal = Systematic error – Mini error 
 Lower terminal = Systematic error – Max error  

. Along the X axis:    
 

             70 ± 0.05 (ṟ)  and   70 ± 0.007 (ɱ) 
 

. Along the Y axis: 
110 ± 0.045 (ṟ)  and   110 ± 0.004 (ɱ) 

. Along the Z axis: 
 

             25 ± 0.090 (ṟ)  and     25             (ɱ) 
 

b. The calculation of the arithmetic mean ( ) of 
statistical series [10]: 
 

The arithmetic average calculation  of statistical 
series.  
Either: 

=
1
n
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𝑛
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Or:  n =5 (  ) 
 
We conclude that these values are all included as well 
as their average, within the tolerance interval imposed 
by the designer, and that following the specification 
condition ± 0.05 expressed by the following formula: 
IT = upper tolerance-lower tolerance 
IT =         0,05         –     (– 0,05) 
IT =  0,1mm 
 
The measures’ survey is according to X, Y and Z 
(with n = 5) (Table 5). 
 
Table 5.Measures identified gaps and errors of 3D Machine 

 
The measured deviation or the absolute error is equal 
to the final:    
The final dimension (measured)–the ideal dimension 
(drawing definition) 

              PARAMÈTERS 
                          PROCESSÉ  
 

   DIRECTIONS  
    FOR  OBDERVATION 

 
LOKED.        
POSIT. 

    0/1      REMOVIN.       THICKNESS 
  LAYER Z 

 

 Dimensions between plane X 
 & Dimensions  between Plan Y  ⊗  ⊗   ⊗  

     Thickness according to X                   
  & thickness according to Y  ⊗  ⊗   ⊗  

     Thickness according to  Z                                 
     & dimensions between plane Z  

    ⊗    ⊗ 

    Guidance    
 according to: 

chosen  
Cotes 

         Relative error 
(no unit) 

Plotting of Graphs 
Average gap (mm) 

 
X 
 

 
   70±0.05 

 
0,0025 ou 0,25% 
0,0035 ou 0,35% 
0,0030 ou 0,30% 
0,0039 ou 0,39% 
0,0031 ou 0,31%  

 
Y 
 

 110±0.045 

 
0,0030 ou 0,30% 
0,0035 ou 0,35% 
0,0032 ou 0,32% 
0,0038 ou 0,38%     
0,0035 ou 0,35%  

Z 
 25±0.09 

 
0,0025 ou 0,25% 
0,0020 ou 0,20% 
0,0028 ou 0,28% 
0,0025 ou 0,25%     
0,0030 ou 0,30%  

70,01
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1 2 3 4 5
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1 2 3 4
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+0.0044                      
- 0.0056 
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  Measured Gap or (absolute error) =   

 𝑓𝑖𝑛𝑎𝑙 𝑟𝑎𝑡𝑖𝑛𝑔 (𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑) − Ideal 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 = 
               24,9750   –   25 =    − 𝟎,𝟎𝟐𝟓𝟎(∗) (𝐦𝐦)     
               
 
Evidence :  
 

            Average value retrici. =  Error . system.   
 

 � (error i + ⋯+ error n)
∞

𝑛=1
= 

                   
  error1 + error2 + error3 + error4 + error5 =   
 
   (−(0,025 + 0,02 + 0,028 + 0,025 + 0,03) = 
 

= −0,128/5 
 

average. v. r =  −𝟎,𝟎𝟐𝟓𝟔 (mm)      
    
The final graph represents the three selected ratings  
(according to X, Y and Z) and visualizes the 
uncertainty and the deviation measures of the five 
pieces compared to those recommended by the 
manufacturer (figure 12). 
 

 
 

 Fig.12. Evolution of the gap 'theory-based measure thickness' 
                                       
 
            8.   Report (end) 
 

The qualification of the ‘FDM 3D’ printer is verified. 
The product design is accepted for printing a 
multitude of plastic prototypes. The result is then, the 
acceptance of  XXX 3D’ printer’s qualification after 
verification. 
 

VI. Conclusion 
  

       The present work aims to qualify an open source 
product-design in a laboratory. This qualification is 
based on the verification of 3D machines’ limits and it 
integrates the quality aspect on the prototype part 
around the identification of the flaws possible sources. 
The procedure has allowed us to verify the measured 

values and compare them with the designer’s data on 
the drawing. Our aim was first, to examine if the 
obtained values are in accordance with the tolerance 
indicated by the designer as well as to conclude 
whether the FDM process is qualified or not. Further, 
the obtained results have demonstrated that the 
methodology developed for qualification is reliable 
thanks to two simple tests (piece test, machines test) 
so as to decide on the quality of a low cost 'Open 
Source' machines. 

    In perspective, a geometric qualification will be the 
concern ‘the second "stage"’ of our next research. This 
work is a foundation stone for a better organization of 
product quality and opens up the possibility of 
ensuring low cost Open Access products, download 
directly open web-sites. This paper puts 3D printing in 
the field of both ‘quality and reliability’ investigation 
since printing has entered a historical phase. 
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