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 © Wood K plus: Representation of temperature-induced curing via 

  FT-IR spectra in the fingerprint area of an adhesive system 

STATISTICAL DESIGN OF EXPERIMENTS FOR 

KNOWLEDGE-BASED PRODUCTION 

MATHEMATICAL MODELS AS BUILDING BLOCKS FOR INDUSTRIE 4.0 

 
The aim of the project was to map the curing behav-

iour of different adhesives in laminates and thus to 

optimise the manufacturing conditions. 

Statistical Design of Experiments (DoE) 

 

Fig. 1: Experimental Design 

Statistical test planning enables optimised test pro-

cessing with the objective to find out which process 

parameters have which influence on defined target 

variables. In this way, a tool – statistical design of ex-

periment – is used that makes it possible to identify 

causality behind a change in product quality with a 

minimum of effort. In this specific case, the influence 

of temperature, curing moisture and storage mois-

ture on the final product quality of a laminate was in-

vestigated. With the selection of the factors, the sea-

sonal variations in manufacturing process were simu-

lated. By using technological values of layer adhesion 

and quantitative determination of bubble formation, 

response surface models could be created with the 

aim to get mathematical models for process optimi-

sation. The characterisation was supplemented by 
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spectroscopic investigations to clarify the curing ki-

netics and the associated reaction time shifts. 

Fig.2: 3D response surface model of bubble formation 

Predictive models - for robust production-related 

environments 

With the systematic test evaluation, the significant in-

fluencing factors for the seasonal manufacturing fluc-

tuations could be identified. Optimised curing pro-

cesses for the individual adhesive systems were de-

rived from this, which can now be controlled to suit 

the prevailing environmental conditions so that the 

laminates are fully cured after a defined curing time 

and do not show any bubble formation in the temper-

ature shock test. 

Especially for the readjustment of the "winter set-

tings", it can be stated that there is a clear correlation 

between ambient temperature and humidity during 

adhesive processing with the duration of the curing 

time and bubble formation for the adhesive systems, 

and that this is significantly prolonged compared to 

summer. 

        
Fig. 3: Comparison of defect pattern with different 

storage times (left: no complete curing, right: com-

plete curing) 

Effects and impacts 

The created models serve as a further piece of the 

puzzle for the company partner to be able to manage 

the production processes in an optimised manner. 

Showing interactions between used adhesives and 

seasonal production fluctuations, as well as the re-

sulting optimisation potential of the storage condi-

tions, prove that the explained approach of DoE can 

provide the basis for knowledge-based production. 

This concept is an important building block on the way 

to Industrie 4.0. 

 
 

 

 
 

Project partner 

 Isovolta AG  BOKU University, Austria  TU Graz  
 

This success story was provided by the center management and by the mentioned project partners for the purpose of being published on the FFG website. 

Wood K plus is a COMET Center within the COMET –Competence Center for Excellent Technologies Programme and funded by BMK, BMDW and the provinces 

of Carinthia, Lower Austria and Upper Austria. The COMET Programme is managed by FFG. Further information on COMET: www.ffg.at/comet 
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