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|. SCOPE

The main aim of this investigation was to study stress-controlled tensile fatigue of a glass
fiber reinforced Arniteé PET.

Il. SAMPLES DESCRIPTION

The Arnité’ PET (Figure 1) materials have been bought from OBigineering Plastics.

Figure 1. Arnite” PET

Samples tested by ENIT have been processed by Raersity and Minho University to

compare by tensile test the process influence oohamecal properties, according to the

following conditions (Table 1):

Table 1.Injection molding parameters for GF35_Pau, GFO &alGF0_1C15A Pau

GFO_Pau GF35_Pau GF0_1C15A_PauGF35_Minho
Injection rate (mm/s 60 85 25 30
Barrel temperature | 290-290-290- 70-275-280-
°C) 85 300-300-290-280| 290-290-290-24 g 280-290
Holding pressure (baf 70 10 30 20
Holding time (s) 11 5 11 5
Cooling time (s) 30 30 25 10
Mould 'E?g])perature 45 80 45 130
Back pressure (bar) 5 25 5 5
Speed screw (rpm) 130 130 130 100
Injection pressure 125 65 90 40
(bar)




I1l. TEST CONDITIONS
I1l.1 Tensile test

Tensile test were obtained according to standa@l 337-2. Test specimen dimensions are

exposed in
Figure .
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Figure 2: Specimen test dimensions according to standarcblEE2 (mm)

The tensile test conditions are:

Speed test: 2 mm/min

Preload: 3N

Test temperature: Ambient (20 = 1°C)
Load Cell: S50KN

Test equipment: INSTRON 33R4204

Mechanical extensometer




[1l.2 Fatigue test

The fatigue tests were performed using a SCHENGBOZGENSTRON) on samples processed

at Pau University. The tests were conducted asstratio,R = ~2i=0.1 with a sinusoidal

Omax

waveform at a frequency of 20 Hz. The tests werdethout at several different maximum
stress levels, starting with 85%, 70%, 50% and 3@%be tensile strength at break. All the
tests were carried out at a temperature of 20°C.

[11.3 TGA analysis

The tensile test conditions are:

Test equipment: TGA - 50

Test atmosphere: oxygen
Test temperature: Heat from 22°C to 850 °C at 5 °C/min

IV. TEST RESULTS

IV.1 Tensile test




Figure 3 shows the stress-strain curves obtainathgluhe tensile tests of GFO_Pau,
GF35_Pau, GF35 _Minho and GFO_1C15A Pau. The remtdtsummarized in Table 2. The
elastic modulus and tensile strength were calcdil&tam the slope of initial linear segment

and the maximum stress in the stress-strain diagespectively.
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Figure 3. Stress-strain diagram of test materials

Table 2. Tensile properties of GFO_Pau and GF35_Pau

Material Tensile strength, MPa Tensile modulus, MPa
GFO_Pau 53+1.34 2395 + 54
GF35_Pau 160 +4.38 12474 + 195

GF35-Minho 179+25 12594 + 616
GF0_1C15A Pau 53+0.78 2685 + 138

The tensile strength determined from these tests then used as the fatigue test parameters.

IV.2 Fatigue test

The fatigue test results obtained for the GF35_&awshown in Figure 4. A horizontal arrow

on a data point indicated that the specimen did fadtat 10 million of cycles. The
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experimental data of stress vs. number of cycldailure for the GF35_au shown in Figure

4 was fitted well bythe following equatior

Omax = 220.02&-22°H0N
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Figure 4. The logarithmc stress-life curve for GF35_Paamposite

Figure 5 shows the mean temperature rise vicles to failure for the GF35_F composites
tested aibma= 85%, 70% and 50% of tensile stren Temperature has been evaluatec
Infra-red thermographyQEDIP JADE MWIF). We note that the temperature increa
during the fatigue test, withT between 10°C fosma= 85% and 25°C fotma= 50%.
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Figure 5. Temperature rise during fatigue testing in GF3% §#ecimens. R=0.1 and
frequency 20 Hz.

Figure 6 shows the temperature evolution measursdréace positions (see Figure 7) along
the specimen length and Figure 7 an example oRhespatial temperature distribution on

specimen surface. The temperature at the specior&cs is found to be homogeneous along
the specimen axis until close tg. Bround 60°C precisely rupture localization staftse to

the grip equipment.
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Figure 6. Temperature distribution along the specimen ax@fterent fatigue stage for
GF35_Pau. R=0.1, frequency 20 Hz apd= 70% of tensile strength.

Figure 7. 2D spatial temperature distribution on specimeifase at 700 cycles for
GF35_Pau. R=0.1, frequency 20 Hz apd= 70% of tensile strength.

IV.3 TGA analysis

Figure 8 shows the TGA analysis of GF35_Pau, GF86 dfter fatigue test atnax = 85%,
70% and 50% in air atmosphere at a heating rabe®Gfmin.
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The decomposition of GF35_Pau consisted of twoss{epmbustion and pyropysis) at 390
and 470 °C correspond respectively to the GF35 deaomposition and char decomposition.
In the first step considerable part of the initiahterial decomposes between 390 — 450 °C.
When this first decomposition of the main part loé taterial is finished, there is a second
step, which leads to the total consumption of #maining char. The fatigue test does not
significantly alter the beginning of the thermatdmposition. On the other hand, the fatigue

test influences the second step.
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Figure 8. Comparison of TGA analysis of GF35_ Pau, GF35_Pau fatigue test abmax =
85%, 70% and 50%.
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V. CONCLUSION

Based on the experimental results obtained, theWolg conclusions can be made:

s Addition of glass fiber improved the mechanical gedies (Tensile strength and

tensile modulus); The results of the tensile tégshe materials processed under Pau
and Minho conditions are according to the spedifices given in the material data
sheet

The S — N curve for GF35_Pau showed that as thenmuax stress was exponentially
reduced with number of cycles to failure increas#iewing to define a predictive law.
However, the endurance limit has not been reached

Under axial fatigue, GP35 Pau fail by thermal suftg when the local surface

temperature is close to their glass transition enaoire.
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