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Abstract 

 
Thermoforming is a process in which hot plastic sheet is converted into desired shape by air 

pressure, vacuum and/or mechanical means such as plugs. During this process the sheet comes in 

contact with the mold wall progressively and touches the mold wall at various positions at 

different times. As a result the thickness of the formed parts is not same throughout the formed 

part from top to the bottom giving a thickness profile. The quality of the formed part also 

depends on formability of the material. Forming of the sheet is carried out in their rubbery region 

of the plastic sheets. In this region the modulus of the sheet will be low and allows stretching of 

the sheet to higher elongations. The broadness of the rubbery plateau determines the forming 

temperature window and the uniformity of the stretching during forming determines the 

uniformity of wall thickness distribution. The ability of the plastic sheet that can be stretched 

uniformly in their softening temperature range depends on its molecular structure and varies 

from polymer to polymer. Amorphous polymers have broad temperature window and are better 

thermoformable than crystalline polymers.The crystalline polymers enter in to liquid state from a 

rigid or solid phase in a very narrow forming temperature range. Due to this crystalline polymers 

are difficult to thermoform compared to amorphous polymers. However, the formability of the 

polymers can be improved by the addition of fillers, blending of polymers or by modification of 

the molecular structure of the polymers.  

In this work we used Dynamic Mechanical Analysis and Hot tensile tests to identify the forming 

temperature range for HIPS-M1 and HIPS-M2. As the thermoforming of amorphous polymers is 

carried out above the softening temperature, the Tg of the samples was measured from dynamic 
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mechanical analysis data. The breadth of the rubbery region in the storage modulus curve was 

taken as the forming temperature for the samples. 

 Thermoforming conditions such as sheet temperature, possible draw depth and the mold/plug 

speed were simulated using the hot tensile tests. Oven temperature was correlated with the sheet 

temperature, mold/plug speed with the strain rate and draw depth was correlated with the highest 

possible elongation. The variation of elastic modulus and uniformity in draw ratios distribution 

were considered in selecting the sheet temperature and forming temperature range. The draw 

ratios were measured from the stretched samples. It was found that the draw ratios shown broad 

and shallow shaped curve at temperature range of 110 to 130°C for HIPS-M1 and 120 and 130 

for HIPS-M2. At a oven temperature of 140°C, the inverted “V” shaped curve was observed for 

both the materials indicating above this temperature the thickness distribution may be non-

uniform. 

In the investigation of thermoforming performance of the sheets, the sheets were thermoformed 

at sheet temperatures of 120, 130 and 140°C. The molds used were of depth of draw of 70, 110 

and 165mm at constant draft angle of 6° and variation of draft angles of 3, 6 and 9° at constant 

draw depth of 110mm. The effect of sheet temperature, draft angle and depth of draw was 

studied. The measured wall thickness was anlysed through dimensionless thickness distribution, 

average thickness and thickness variation coefficient.  

The results indicate that sheet temperature has not much influence on dimensionless thickness 

distribution. However, the sheet temperature coupled with draft angle has influence on 

dimensionless thickness distribution in the slant length of the mold. With the change in draft 

angle of the mold the dimensionless thickness distribution profile is changing due to the 
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difference in the forming sequence especially in the slant length region. Constant thickness 

regions were found with the increase of draft angle from 3 to 9°. 

Study of the effect of draw depth showed that the difference in dimensionless thickness is 

increasing from a position before the corner to the position immediately after the corner i.e. at 

the beginning of the slant length. The values were found to be 0.10, 0.28 and 0.39 respectively 

for 70, 110 and 165mm. This is an indicative of thinning of the product at the top of the slant 

length and forms discontinuity between the base and the side wall. The corner thickness values 

for these molds were 0.69, 0.64 and 0.76. The increase in corner thickness for 165A6 is due to 

the drawing of the material towards corner from the base during forming. Minimum thickness 

occurred for these molds at bottom corner for 70 and 110mm but for 165mm was at the 

beginning of the slant length. The minimum thickness values were 0.74, 0.53 and 0.27 

respectively for draw depths of 70, 110 and 165mm. 

Sheets were successfully thermoformed up to the draw depth of 165mm with draft angle of 6°. 

With the increase of the depth of draw the dimensionless thickness decreased significantly.  

With increase of temperature and draft angle, improvement in average thickness and decrease in 

thickness variation coefficient can be observed for HIPS-M1 which is beneficial for 

thermoformed products. But with the increase of draw depth decrease in average thickness and 

increase in thickness variation coefficient can be found. Similar results were also observed for 

HIPS-M2. 

To study the intermediate stages of vacuum forming, the vacuum time was varied keeping the 

sheet temperature and vacuum level constant at 150°C and 10mmHg respectively for different 

mold configurations. The depth of draw and the top diameter of the mold was kept constant but 

varied the draft angle. The depth of draw used was 110 mm and the draft angles used were of, no 
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draft angle (cylinder), 3, 6 and 12°. The local wall thickness at various positions was measured 

and plotted against the position from centre. The results were analysed using the wall thickness 

distribution and variation of local wall thickness, such as minimum thickness, thickness 

difference between the corner and immediately after the corner, corner thickness and base 

average thickness. 

The results indicated that with the increase of vacuum time the draw depth is increasing for all 

the molds and with the increase of draft angle the uniformity of wall thickness distribution is 

increasing. At lower draft angles and at lower vacuum times, mold mark was observed which is 

discontinuity in the wall thickness from the base and the slant length. With the increase of draft 

angle the mold mark was found to disappear due to better material distribution. 
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