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Abstract 
Master pattern tools (MPTs) are widely used in different industrial production processes in order to 
easily produce a high number of similar parts, e.g. injection molding industry. In such production 
processes, one creates a large number of parts which adopt the form given by the MPT, i.e., the MPT 
theoretically represents the “negative” of the desired part. Although there is an increasing number of 
well developed software packages that aim to simulate the underlying production process by means of 
all involved process parameters, one hardly arrives with an acceptable result for the part with the initial 
MPT. In most scenarios, one has to deal with local shrinkage and some kind of deformation of the 
manufactured part. Consequently, one needs to locally modify the underlying MPT in order to come up 
with a process that guarantees the production of parts whose geometrical features all lie within the 
given dimensional tolerance. Until today, the correction process for the underlying MPT requires quite 
a few time-consuming and very costly iterations. In this paper, we present a new method that combines 
measurements based on computed tomography data with intelligent reverse engineering techniques to 
accelerate and further automate the correction process for the corresponding MPT. 
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1  Introduction and Open Questions 
A general approach to minimize the time and costs for the tool correction process tries to use the actual 
geometry of the initially manufactured part in order to conclude what kind of geometrical 
modifications need to be done to the MPT [1]. Therefor the actual dimensions of the part are measured 
by means of a coordinate measuring machine (CMM) and the acquired data is compared with the given 
CAD model of the desired part. By doing so, one easily identifies the crucial regions where 
geometrical features of the manufactured part do not lie within the given tolerance, and, consequently, 
where the MPT needs to be locally corrected. However, using this promising approach one 
immediately faces different hurdles and open questions that need to be considered in detail. At this 
point of time no existing method that is known to the authors can provide satisfying answers to all of 
the following questions: 
 

 Do we use a suitable technology for digitizing the part in order to generate sufficient 
dimensional information? 

 If dense information is required, can the proposed method handle/use all acquired data? 
 How do we use the local deviations of the part correctly in order to derive the desired form of 

our MPT? How do we take valuable user experience into account? 
 How do we use the discrete 3D point information to generate a new complete CAD model of 

the MPT so that we can instantly use a CNC-machine to do the corrections on this tool? 
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Furthermore, how do we maintain watertightness and all desired continuity conditions 
between adjacent patches/areas while modifying the CAD model? 

 How do we guarantee that the modified MPT still represents the functional requirements 
which were taken into account when the corresponding part was designed, i.e., how do we 
maintain the topological structure of our CAD model while modifying the tool with respect to 
the local deviations? 

 How do we track the correction process during the different iterations, i.e., how do we update 
the CAD model after each iteration step as it should be the basis for the next iteration?  

 
Presenting a method that can solve these open problems is the main content of this short paper. In 
order to do so, we will describe our new method for MPT correction based on computed tomography 
data and intelligent reverse engineering. For this, we have organized the paper as follows. In the next 
chapter, we will give a more detailed description of the general approach für the MPT correction, 
emphasizing the different advantages while using computed tomography data for the tool correction 
process. Finally, in the third chapter, we will give a rather detailed description of the use of intelligent 
reverse engineering techniques in our method. In particular, we will revisit the open questions raised 
above and explain how the proposed method can provide satisfying answers for the same. 

2  Master Pattern Tool Correction using Computed Tomography Data 
As briefly explained in Chapter 1, conventional methods for MPT or mold correction in injection 
molding base on the use of, e.g., tactile coordinate measuring machines or optical scanners. After the 
design and manufacturing of the MPT the manufactured MPT and the first molded parts are measured 
using a CMM. If significant deviations of the geometrical features of the part from the nominal values 
occur (out of tolerance), the MPT needs to be corrected and re-engineered. This process can be seen as 
a multiple iteration cycle (typically 3-10 iterations) which stops not until all geometrical features are in 
tolerance according to the technical specifications. A first part inspection report is prepared afterwards 
and the part is released for series production, cf. Fig. 1. 
 
MPT correction using computed tomography data with intelligent reverse engineering techniques 
allows a significant speed-up of this approval process. After the first parts are manufactured, computed 
tomography data is used to determine geometrical deviations from the nominal geometry in very high 
density. In our method, all these local deviations are used as the crucial input information for the MPT 
correction step. In existing approaches, cf. Fig. 1, this correction step is usually done manually in the 
sense that the local correction values are only used as an indication for the correction of patches in the 
CAD model. In our method, for details of this crucial step see the next chapter, this information is used 
to come up with local modifications of the existing CAD model of the MPT in all regions of interest. 
The updated CAD model can instantly be used for the desired CNC-based re-engineering of the MPT. 
Although our approach works in general with all kinds of dimensional input data from any CMM, 
using computed tomography data strongly supports the process with high information density and the 
possibility to access also interior regions. Taking everything into account, a significant reduction of 
time and cost to get the desired MPT can be achieved by using computed tomography data and certain 
reverse engineering techniques that will be presented in the next chapter. For more details on 
inspection and analysis of molded parts we refer the reader to [2] and [3]. 
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Fig. 1: Classical approach without using reverse engineering techniques 

3  A New Method for Master Pattern Tool Correction with the Aid of Intelligent 
Reverse Engineering Techniques 
In this chapter, we will explain the reverse engineering techniques in our new method for the efficient 
MPT correction. In particular, we will point out how our approach provides satisfying answers to the 
currently open issues mentioned in the first chapter of this paper. 
 
First Iteration in Master Pattern Tool Correction Process: 
 
Step 1:  
Possibly with the aid of simulation software and the valuable experience of the corresponding 
manufacturer, the intial MPT is generated and by using the same, a first part is manufactured. 
 
Step 2:  
In order to evaluate the quality of the manufactured part, one needs to compare the actual geometry 
with the given CAD model of the desired part. Nowadays, especially in the injection mold industry, the 
digitization is done via computed tomography data. In most applications, it is necessary to use this 
technology in order to generate sufficiently dense point information of the entire, usually quite 
complex, part, cf. Chapter 2. Then an actual-nominal comparism is executed in order to qualify the 
manufactured part. By doing so, one easily identifies areas where the part does not satisfy the given 
dimensional tolerance with respect to the technical specifications. In particular, in these regions of 
interest, one derives the local deviations of the actual geometry from the given CAD-model. These 
deviations, i.e., many pairs of actual-nominal points with a computed deviation, are going to be the 
essential input for our tool correction step. Here, we emphasize one more time that it is best to use CT 
technology for digitizing the molded part, as very dense point information of the inner and outer 
structures is needed to guarantee a reliable modification of the CAD model in the next steps. 
Consequently, our algorithms have been developed in such a way that they are able to handle and take 
into account rather large data sets. 
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Fig. 2: Determination of dimensional deviations of manufactured part  

Step 3: 
In this first iteration, it is pretty easy to use the local deviations from the given part in those regions of 
interest where a corresponding modification of the MPT is required. As the CAD model is more or less 
the “negative” of the desired part, it is rather easy to derive a correspondence between the existing 
deviations of the desired part and the CAD model for the MPT, and thus to transfer the deviations to 
the CAD model of the MPT which needs to be corrected. In order to bring in also valuable experience 
from preceeding tool correction processes, the user can locally define how far the deviations are 
inverted on the CAD. More precisely, for all regions the user can determine a scaling factor for this 
inversion step. 

 
Fig. 3: Inversion and transfer of deviations to CAD model of MPT 

Step 4: 
After the inversion and the successful transfer of the encountered deviations to the CAD model of the 
MPT, the crucial step of the whole process consists of modifying the CAD model with respect to the 
calculated discrete point information.  
 

            
 

Fig. 4: Intelligent local modifications of CAD model of MPT 
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In order to be able to follow the proposed method efficiently, we have developed intelligent reverse 
engineering techniques to locally correct the CAD model of the MPT in such a way that we can  

 approximate the calculated points up to a user-desired tolerance, 
 handle/use very large point sets, 
 guarantee watertightness for the update CAD-model in every step, 
 keep all orders of continuity to neighboring (fixed) areas in the CAD model; in particular, 

the algorithms can handle arbitrarily shaped boundary curves,   
 maintain the topological structure of the initial CAD model of the MPT, and, in turn, of 

the initial part design, and 
 fulfill all smoothness conditions inside the corrected regions. 
 

 
Fig. 5: Original CAD model of MPT. An area to be corrected is highlighted in blue color. 

 
 

                          
Fig. 6: Left: Transferred deviations which is crucial input for tool correction step. Right: Successful approximation 

to given point data while all orders of continuity to neighboring areas are kept. 

 
All calculations for this modification of the CAD model of the MPT require only a couple of seconds, 
while existing approaches are very time consuming to, for example, rebuild watertightness after a 
classical surface approximation to the given point data. 
 
Step 5: 
The updated CAD model of the MPT can now instantly be used to incorporate the necessary changes 
to the physical MPT, e. g., with the help of a classical CNC-machine. Immediately a new part can be 
manufactured using the corrected MPT. 
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Follow-up Iterations in Master Pattern Tool Correction Process: 
 
Of course, one seeks to have an acceptable part after the first iteration loop to be able to start the 
production process, in fact such a success is not unusal. However, if the manufactured tool still does 
not lie within the given dimensional tolerance, one can start another iteration with essentially the same 
steps as described above. However, one has to consider certain hurdles which are not present in the 
first iteration.  
In the remaining part of this chapter we want to explain how our method takes care of these issues. 
After the first iteration, one has to realize that from now on the CAD model of the MPT is no more the 
negative of the CAD data of the desired part. As we have made modifications to the MPT, it is now not 
trivial how to build up the correspondence between existing deviations encountered in the actual-
nominal comparism between the current part and the given CAD model and the modified CAD-data of 
the MPT, cf. Fig. 3. Existing approaches use certain projection techniques which might easily fail, in 
case we have made rather extensive modifications to the MPT. As we do not change the topological 
structure of the CAD model during our modifications, we can easily track these changes in our 
database and immediately get a correspondence between points on the CAD-model of the desired part 
and the CAD model of the modified tool in each iteration.On the one hand this answers how we can 
transfer the deviations to the CAD model of the MPT in follow-up iterations and on the other hand this 
approach also gives a satisfying answer to the question how we can track the correction process during 
the different iterations.  
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