Comparison of numerical model and real microstructure of injection moulding plastic part 

M. Martinkovič

Slovak University of Technology Bratislava, Faculty of Materials Science and Technology in Trnava, Department of Material Engineering, J. Bottu 23, 917 24 Trnava 

Introduction


A lot of graduates have used the knowledge of stereology metallography [1, 2, 3] in their graduate thesis. One example of it is orientation analysis of short glass fibres in polymer composites prepared by injection moulding. It is possible to make numeric simulation of the process and to compare the simulated structure to real structure of the specimen. The one graduate thesis was the numeric simulation, another graduate thesis was quantitative analysis of the same real specimen (preparing conditions was the same as the numerical model input parameters).

Graduate thesis

The orientation of fibres causes (in dependence of orientation course) mechanical properties increasing or decreasing in comparison with randomly orientation [6]. For this reason a few graduate thesis were solved. One of them was Structure analysis of polymer matrix composite reinforced with short glass fibres [5] (using methods of solving see later). The results were compared with the results from graduate thesis Optimalization of injection mould by numeric simulation [4] (using methods – Simco software pack CADMOUD 6), which was solved a few years ago.        

Experiments


Analysed part was a tapered roller bearing cage. The cage material is Silamid 13.01 ESV 30-301. It is a PA 6 polyamide with 30% volume fraction of glass fibres. The diameter of the fibre was 0,02mm, length about 0,5 mm. In surface layer of the upper ring, under ring and the wale the metallographic cut was oriented perpendicular to the surface, in the middle of these parts two metallographic cuts were made: one perpendicular to the main axis, other parallel to the main axis. Desired orientation of the fibres (if the fibres are not randomly oriented) is parallel to the surfaces of the parts (in surface layers of the parts) and parallel to the main axis of the parts (in the middle of the parts). When fibre orientation is perpendicular to desired orientation, mechanical properties rapidly degrease. The orientation of the fibres can be described as linear orientation of fibres surfaces in space or linear orientation of lines (fibre length) in space. In surface layers of the parts was measured linear orientation of fibres surface by oriented test line method. Test lines were placed perpendicular and parallel to the orientation direction. The equations refer to the oriented (or) portion of the fibre surface system and to total  (tot) surface per unit volume [1]:

(SV)or = (/2((PL)O – (PL)P)                       


(1)

(SV)tot = (/2(PL)O + (2 -(/2)(PL)P 



(2)

in which the (PL)O  and  (PL)P are the number of cross-section between test lines and fibres  surface per unit test line length.  The measurements are made with test lines placed perpendicular (o) and parallel (p) to the orientation direction

In the middle of the parts was measured linear orientation of lines in space by oriented test planes method. Test planes were placed perpendicular and parallel to the orientation direction. The equations refer to the oriented (or) portion of the system of lines and to the total  (tot) length per unit volume [1]:

(LV)or = (PA)O – (PA)P       




(3)

(LV)tot = (PA)O + (PA)P    




(4) 

in which  the (PA)O  and  (PA)P are the number of cross-section between test planes and fibres   per unit test area.  The measurements are made on test planes perpendicular (o) and parallel (p) to the orientation direction. 

The percentage amount of linear orientation is formulated by fraction of oriented value to total value. 

Results and conclusion

The results of measured fibre orientation are as follows: 

Orientation is about 50% parallel with main axis in the middle of the parts (upper ring, under ring and wale).

In surface layer of all places of the parts orientation is about 40% parallel to the surfaces, but at inner layer of the wale and wale-upper ring connection is about 20% only.


The results of calculated fibre orientation correspond to experimental values at surface layers of the parts, but in the middle the results are in contrary to measured values. This orientation is not desired and mechanical properties could be decreased. On the other hand the orientation in the middle is not so critical against unsuitable orientation in surface layer. 


Real orientation of fibres is better, then calculated by numeric simulation.  
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