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THERMOFORMING is widely-used and 

well-known in plastics processing. 

Figure 4: Stress strain curves of PP Daplen DM 55 

pharm at different temperatures for a traverse speed 

of 100 mm/min (technical strain rate: 0.0145 1/s) 

Figure 7: Photograph of 

dynamic mechanical testing 

apparatus from Mettler-Toledo 

used in the experiment. 

Figure 8: Comparison of dynamic flexural moduli 

and the  elongation moduli got from elongation 

test at elevated temperature 

Different models are  used to characterize 

the mechanical behaviour of polymeric 

sheets. It is fundamental for a correct 

description of the thermoforming process  in 

numerical simulations. 

One part of the behaviour is described by 

the so called stress-strain-curves. 

A  heated up polymer sheet is deformed by 

pre-stretching, pressure or vacuum.  

The curve of  the flexural storage modulus shows a good correlation to the Young’s 

modulus and also the tensile strength taken from elongation tests at elevated 

temperature. 

Experiments and results 

Table 2: Measurement parameters of DMA. 

material grade batch number 

Polypropylen Daplen DM 55 pharm 321 000 4364 

Figure 3: Tensile testing 

machine with temperature 

chamber and with the chucks 

for sample fixation. 
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Multi purpose spe-

cimens were pro-

duced  by injection 

moulding from the 

material portrayed 

in table 1. 

Figure 5: Definition of Young Modulus (left) and deter-

mination of the tensile strength (right). 

Figure 6: Young modulus got from evaluation 

procedure as a function of temperature for  different 

strain rates. 

Figure 1 Typical stress-strain curves for different 

temperatures. Blue line: lower temperature limit; red 

line: upper temperature limit. Source: J. L. Throne: 

Technology of THERMOFORMING, 1996, p. 230. 

Comparison and 

correlation 

Tensile testing 

Material 

Dynamic mechanical 

testing 

Figure 1 gives examples of such curves 

dependent on temperature. These curves 

can be used to determine the processing  

windows of thermoforming as seen there. 

Table 1: Material used in the experiments. 

Figure 2: Specimen 

after the elongation test 

at temperatures of  20, 

65, 90, 15, 140,and 

160°C (from left to right). 

The specimen was war-

med up in the heating 

chamber integrated in 

the testing machine 

(figure 3) and elongation 

tests were done . 

The photographs (figure 2) show the 

specimens after testing  and figure 4 the 

stress strain curves at different 

temperatures. 

The curves were used to determine the 

Young modulus E (figure 5 left) and tensile 

strength sstr. (right). 

. Figure 6 sketches the dependence of the 

Young modulus on temperature. There is 

not any significant influence by the strain 

rate. (The tensile strength gives a similar 

picture with different numbers.) 

heating  

rate 

frequency mode space 

amplidute 

Force 

amplitude 

+2 K/min 1 Hz 3 point  

bending 

80 µm 1.6 N 

Rectangular samples (10 

x 4 mm) were  investiga-

ted by a Mettler-Toledo 

DMA (figure 7) with the  
parameters of table 2. The curve - the fle-

xural storage modulus - is reproduced in 

figure 7. 

Figure 8 compares the flexural storage 

modulus with the Young modulus. 


