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Introduction

Thermosetting resin-based composite materials have been extensively used over the past 40 years [START_REF] Pascault | Glass transition temperature versus conversion relationships for thermosetting polymers[END_REF][START_REF] Bogetti | Two-dimensional cure simulation of thick thermosetting composites[END_REF][START_REF] Hayes | Modification of thermosetting resins and composites through preformed polymer particles: a review[END_REF][START_REF] Gibson | A review of recent research on mechanics of multifunctional composite materials and structures[END_REF]. They provide us a wide range of useful mechanical properties, together with undeniable drawbacks, such as the need of low temperature storage, hand-made draping, irreversible defects of the manufacturing process and also difficult recycling. In the modern society, high-performance thermoplastic resins offer a promising alternative to thermosetting resins. Indeed, thermoplastic resins offer many advantages over conventional thermosetting resins and they also exhibit a high performance such as chemical resistance, as well as excellent damage and impact properties [START_REF] Gabrion | About the thermomechanical behaviour of a carbon fibre Fig. 16. SEM fracture surface observations for different fiber orientation, amplitude and frequency conditions[END_REF][START_REF] Eftekhari | Creep behavior and modeling of neat, talc-filled, and short glass fiber reinforced thermoplastics[END_REF][START_REF] Lu | Impact strength and crystallization behavior of nano-SiOx/poly (phenylene sulfide)(PPS) composites with heat-treated PPS[END_REF][START_REF] Saz-Orozco | Lignin particle-and wood flour-reinforced phenolic foams: friability, thermal stability and effect of hygrothermal aging on mechanical properties and morphology[END_REF]. PolyPhenylene Sulfide (PPS) is a semi-crystalline polymer with an ordered alternating arrangement of phenylene and sulfide atoms. It is widely used as a high performance engineering polymer with a unique combination of excellent physical, thermal, and mechanical properties. It is applied in a wide range including electronics and electrical appliances, automotive parts, precision instruments, chemical sectors and aerospace fields [START_REF] Hill | Properties, environmental stability, and molding characteristics of polyphenylene sulfide[END_REF][START_REF] López | Non-isothermal crystallization kinetics of poly (p-phenylene sulphide)[END_REF][START_REF] Caramaro | Morphology and mechanical performance of polyphenylenesulfide carbon fiber composite[END_REF][START_REF] Favaloro | Properties and processes of linear polyphenylene sulfide (PPS) for continuous fiber composites aerospace applications[END_REF]. Moreover, Poly-Phenylene Sulfide (PPS), as a high performance thermoplastic, is an attractive engineering thermoplastic which is widely used due to its good tribological properties, flame retardant and resistant to chemical and thermal abilities, as well as having good processing properties [START_REF] Christopher | Thermal degradation of poly (phenylene sulfide) and perfluoropoly (phenylene sulfide)[END_REF][START_REF] Ehlers | Thermal degradation of polymers with phenylene units in the chain. II. Sulfur-containing polyarylenes[END_REF][START_REF] Yu | An investigation of the friction and wear behaviors of ceramic particle filled polyphenylene sulfide composites[END_REF][START_REF] Gyurova | Artificial neural networks for predicting sliding friction and wear properties of polyphenylene sulfide composites[END_REF][START_REF] Zhao | A study of the modification of the friction and wear behavior of polyphenylene sulfide by particulate Ag 2 S and PbTe fillers[END_REF][START_REF] Jiang | Study on friction and wear behavior of polyphenylene sulfide composites reinforced by short carbon fibers and sub-micro TiO 2 particles[END_REF][START_REF] Yang | Morphology control of nanofillers in poly (phenylene sulfide): a novel method to realize the exfoliation of nanoclay by SiO2 via melt shear flow[END_REF]. To improve the mechanical properties of pure PPS, composites formed using polymer blending, fiber reinforcing and/or fillers are usually used in industry [START_REF] De Baere | On the tension-tension fatigue behaviour of a carbon reinforced thermoplastic part II: evaluation of a dumbbell-shaped specimen[END_REF][START_REF] Zhou | Effect of carbon fiber reinforcement on the mechanical and tribological properties of polyamide6/polyphenylene sulfide composites[END_REF][START_REF] Yýlmaz | Investigation of load bearing performances of pin connected carbon/polyphenylene sulphide composites under static loading conditions[END_REF][START_REF] Liang | Crystallization of glass fiber-reinforced poly(p-phenylene sulfide) nanocomposites[END_REF]. It is well known that, the properties of fiber reinforced composites depend on several factors such as the characteristics of its matrix and fibers, form and volume fraction of fibers, chemical and physical interaction between fiber and polymer, and processing conditions. Especially the main factor is the compatibility between fibers and the matrix [START_REF] Sliwa | Mechanical and interfacial properties of wood and bio-based thermoplastic composite[END_REF]. Good interfacial adhesion between fiber and matrix is necessary for obtaining composite with excellent mechanical properties. Recently, many researches were focused on fiber reinforced PPS composites. Ana et al. [START_REF] Díez-Pascual | Tuning the properties of carbon fiber-reinforced poly (phenylene sulphide) laminates via incorporation of inorganic nanoparticles[END_REF] studied novel carbon fiber (CF)-reinforced poly (phenylene sulfide) PPS laminates incorporating inorganic fullerene-like tungsten (IF-WS2) using melting-blending and hot-press processing. They found that those nanoparticles showed great potential to improve the mechanical and tribological properties of conventional thermoplastic/CF composites for structural applications. Liu et al. [START_REF] Liu | Interfacial shear strength of carbon fiber reinforced polyphenylene sulfide measured by the microbond test[END_REF] explored the interfacial micromechanical performance of carbon fiber (CF) reinforced polyphenylene sulfide (PPS) composites by micro-bond test and concluded the interfacial shear strength increased with increasing fiber embedded length below 0.02 mm/s and above 0.04 mm/ s. Vieille et al. [START_REF] Vieille | Carbon fiber fabric reinforced PPS laminates: influence of temperature on mechanical properties and behavior[END_REF] investigated the influence of temperature on mechanical properties and behaviors of carbon fiber fabric reinforced polyphenylene sulfide (PPS) laminates subjected to different loadings and they exhibited that a temperature up to the glass transition temperature (T g ) softens the matrix behavior and reduces mechanical properties (in-plane shear, compressive, flexural and interlaminar shear).

On the other hand, as a good composite candidate in mechanical properties, we pay much attention to the aspect of fatigue behavior of PPS. Especially it is very important to understand the damage mechanism and relative self-heating phenomenon of PPS under fatigue loading since these researches can give us a great help in industrial utilization. In this aspect, there are a wide range of published researches before. Lou et al. [START_REF] Lou | Environmental effects on glass fiber reinforced PPS stampable composites[END_REF] studied environmental effects on glass reinforced PPS composites. They clarified that the loss in properties was caused mainly by the degradation of the fiber-matrix interface. Good fatigue property retentions were observed after the samples were exposed to both hot air and water. Mandell et al. [START_REF] Mandell | Fatigue of glass and carbon fiber reinforced engineering thermoplastics[END_REF] researched fatigue behavior of glass and carbon fiber reinforced engineering thermoplastics PPS. The tensile-tensile S-N fatigue curves showed that PPS reinforced with 40% glass fiber degraded more rapidly than that for PPS reinforced with 40% carbon fibers.

In this paper, two kinds of PPS/GF samples were prepared (PPS-0°, PPS-90°). Here, PPS-0°corresponds to fibers oriented in the mold flow direction while PPS-90°derives from the samples with fibers oriented perpendicularly to it. The main structure for this paper is as follows: firstly, microstructure is characterized by SEM. Therefore, a wide range of tests are applied to exhibit the physico-chemical properties of PPS/ GF composite material. Finally, the most important attention is given to the discussion concerning some aspects of fatigue behavior of PPS/GF composite and the effects of some parameters (e.g. fiber orientation, frequency and amplitude).

Materials and characterization methods

Materials

PPS/GF composite materials with 30% (weight content) short glass fibers are kindly supplied by Valeo Company France in the form of injected plate. The material presents a density of 1.58 g/cm 3 and water absorption of about 0.02%.

Characterization methods

Microscopic observations

Microscopic observations and image analysis, using Scanning Electronic Microscope (HITACHI 4800 SEM), were used in the aim to investigate qualitatively the material microstructure and especially fibers orientation.

Differential scanning calorimetry (DSC)

The differential scanning calorimetry (DSC) measurements were carried out with the DSC Q 10 V 9.0 Build 275 (TA Instruments, Guyancourt, France). The samples of mass between 10 and 20 mg were placed in hermetic aluminum capsules. The sample was heated first up to 300 °C with a temperature rate of 5 °C/min in the atmosphere of Nitrogen (40 ml/min), in order to eliminate the effect of the thermal history of the material. It was cooled down to 0 °C in order to be reheated up to 300 °C with the same temperature rate. In this test, the melting point, T m and the crystallization temperature, T c of the sample have been measured.

Dynamic thermo-mechanical analysis (DMTA)

Thermo-mechanical (DMTA) tests have been performed on PPS/GF composite samples using DMA Q 800 instrument, from TA Company, in order to measure the main transitions temperatures and to characterize the viscoelastic behavior of the polymer. The tests have been realized at following condition: alternating bending configuration; temperature range 25 °C-250 °C; frequency from 0.1 Hz to 50 Hz; temperature rate 2 °C/min. The sample has a rectangular shape with 35 × 12 × 3 mm 3 dimensions.

Thermal gravimetric analysis (TGA)

Thermal mass change of PPS/GF samples was followed using TGA Q500, the temperature program is from room temperature to 800 °C with 10 °C/min in the nitrogen atmosphere (40 ml/min). The original sample mass is 12.32 mg, which is put in the Al 2 O 3 crucible (85 μL). This test may give an idea about the thermal stability of the polymer.

Tensile and fatigue devices

Tensile properties were measured with an INSTRON 5966 machine at room temperature. Dog bone shape samples (see Fig. 1) were used. The displacement rate was 0.5 mm/min. The load cell capacity was of 10 kN.

Tension-tension fatigue tests were performed at different applied maximum stresses on MTS 830 hydraulic fatigue machine. The minimum applied stress is always chosen to be equal to 10% of the maximum applied stress (R = 0.1). In this paper, the results of experiments performed at two frequencies 10 Hz and 50 Hz are presented. In order to measure precisely the stiffness reduction due to the first loading stage (initial damage), each fatigue test is preceded by a quasistatic tensile loading-unloading-reloading stage.

During cyclic loading, the rising temperature (due to self-heating) has been measured on the surface of the specimens using an infrared camera (Raynger-MX4). The damage effect has been evaluated through the measurement of the Young's modulus evolution. In this work, the experimental fatigue tests have been performed on the sample with the geometry as shown in Fig. 1. Fatigue experiments have been achieved at different load directions, amplitudes and frequencies. 

Results and discussion

Characterization of microstructure

Physicochemical characterization

3.2.1. DSC analysis Fig. 3 shows the heat-cooling curves of PPS/GF after two cycles. According to the results, it is notable that the second heat-cooling cycle follows the first one in the same way and two cycles show almost the same melting point (T m ) and crystallization temperature (T c ). This reversible effect means that PPS/GF composite material is thermally stable and even heating up to 300 °C, its characteristics don't change. The results show that for PPS/GF composite material, T m is about 283 °C and T c is about 244 °C.

TGA characterization

The TGA curve of PPS/GF is shown in Fig. 4. The results show that the PPS/GF has no obvious weight loss before 370 °C. From this temperature until to 500 °C, the sample losses almost 10% of its initial weight. Then, the kinetic of weight loss changes indicates another mechanism. At the end of TGA test, all matrixes will be pyrolized and only the mineral glass fibers will remain in the system (almost 60%). In view of these TGA results, one can conclude that PPS/GF owns good thermal stability. From this result, it can be seen that PPS/GF exhibits a glassy state up to 80 °C. In this region the change of E′, E″ and tanδ is not significant. In glassy state, E′ is relatively high (> 3700 MPa). The second zone (between 80 °C and 160 °C) is α-transition zone. It corresponds to glass transition phenomenon. In this zone, E′ decreases drastically from 3700 MPa to a value lower than 800 MPa. E″ increases first and then decreases; showing a pic at 107 °C (α-transition temperature). This value may be considered as glass transition temperature of the polymer. tanδ (E''/E′) shows the same tendency as E''. The rubbery state of PPS/ GF, is then in the zone of temperature higher than 160 °C. As it can be seen the value of E′ in this state is low (< 800 MPa) and the sample is relatively soft.

equation

To explore the effect of temperature on viscoelastic properties of PPS/GF, multi-frequencies DMA test was conducted on PPS-90°specimens in flexural bending mode and the results are shown in Fig. 6. One can note that when increasing frequency, the α-transition temperature, Tα (related to Tg) has an increasing trend to high temperatures. This evolution may be followed by WLF equation [START_REF] Williams | The temperature dependence of relaxation mechanisms in amorphous polymers and other glass-forming liquids[END_REF]:

= - - + - log f fr C1(Ta Tar) C2 (Ta Tar) ( 1 
)
where f is the frequency; T is the temperature; T αr (1 Hz) is the reference temperature at reference frequency, f r . C1=B/(2.303 f g ) and C2 = f g /Δα are WLF constants with f g , free volume fraction, Δα heat expansion coefficient and B, a constant near to 1. By linear regression method, WLF equation has been transformed to the following linear equation: 1. This means that PPS/GF composite under this study obeys the time-temperature equivalence principle.

= - - + 1 log C2 C1 1 T Tar 1 C1 f fr

Cole-Cole diagram

The viscoelastic behavior of PPS/GF composite may be shown by Perez model [START_REF] Alberola | Physical modeling of the interphase in amorphous thermoplastic/glass bead composites[END_REF][START_REF] Cavaille | Molecular theory for the rheology of glasses and polymers[END_REF] using Cole-Cole method. The Cole-Cole diagram presents the variation of G'' (loss modulus) versus G' (storage modulus), obtained from the DMTA test on PPS-90°samples of PPS/GF (Fig. 8).

The Perez model gives an expression of the complex Young modulus G* as a function of frequency and relaxation time:

= ′ + ′ = + - + + * ′ ∞ ′ G G i G G G G Q i ω τ i ω τ 1 ( ) ( ) k k 0 0 (3)
where ω, the angular frequency, is equal to 2πf, G and G are respec- tively the relaxed (rubbery state) and unrelaxed modulus (glassy state) and τ is the relaxation time. The results of the stress-strain tensile tests on PPS-0°and PPS-90°s pecimens at the room temperature are shown in Fig. 9 and the main characteristics are registered in Table 3. As it can be seen, the value of Young's modulus of PPS-0°is about 6000 MPa, which is higher than that for PPS-90°(4300 MPa). Moreover, because of the fibers orientation, PPS-0°specimens have higher failure stress (104 MPa) than that of PPS- 

Table 2

The value of the Perez model constants. The results of tensile tests indicate that the reinforcement effect of the fibers remains relatively limited. This may be attributed to the small length of the fibers as shown before.

G 0 (MPa) G ∞(MPa) k k' Q τ ( 
Moreover, the fracture surfaces after tensile failure, observed by SEM (see Fig. 10) allow the following comments:

• The fibers with a diameter 10-15 μm, mostly oriented in the mold flow direction during injection, are pulled out during the last stage of failure (see Fig. 10 (a;c)).

• It is obvious to conclude a very good adhesion between matrix and fibers, probably due to the presence of a coupling agent. Indeed, fiber pull-out is not consecutive to fiber-matrix interface failure but rather to micro-cracking of the matrix surrounding the interfaces. Hence, all the fibers remain coated by a thin layer of PPS matrix after pull-out.

• Two kinds of broken zones can be distinguished: The first one cor- responds to brittle failure of the matrix which mostly occurs locally between longitudinal fibers (see the dotted circles in Fig. 10(a)). The second one shows local semi-ductile failure of the matrix around and between the fibers (see Fig. 10(b) and (c)). This phenomenon seems to be favored when the fibers are miss-oriented versus tensile axis.

In order to quantify the possibility of plastic deformation and damage development, loading-unloading tensile test with progressive increase of the maximum stress have been performed (to be shown in a further publication). It was shown that the non-linear behavior of the PPS/GF composite is essentially due to plasticity (no significant loss of stiffness was observed). Therefore, together with the above SEM observations, one can conclude that, under monotonic loading, the predominant non-linear deformation mechanism is the local plasticity of PPS matrix. Indeed, because of an excellent adhesion between fiber and matrix, no progressive damage due to fiber-matrix interface de-bonding occurs as it is classically observed in reinforced thermoplastics [START_REF] Fitoussi | Effect of the matrix behavior on the damage of ethylene-propylene glass fiber reinforced composite subjected to high strain rate tension[END_REF][START_REF] Arif | Multiscale fatigue damage characterization in short glass fiber reinforced polyamide-66[END_REF]. Moreover, at room temperature, PPS is far from the transitions α and β, which implies semi-brittle or semi-ductile behavior depending on the local state of stress. This local plasticity is also limited because of the presence of fibers. Finally, stress concentrations around the fibers lead to matrix cracking near the interfaces and to semi-ductile failure or semi-brittle failure between fibers depending on the local microstructure configuration. The final failure occurs after the coalescence of micro-cracks and pull-out of matrix-coated fibers. -For PPS-0°, and PPS-90°samples, the Wöhler curves don't show a clear asymptotic value representative of an endurance limit, σ end . In contrast to metal materials, this is often observed in the case of thermoplastic composites [START_REF] Fatemi | A critical plane approach to multiaxial fatigue damage including out-of-phase loading[END_REF]. -It is obvious that, for PPS-0°, their fibers' orientation shows more resistance against fatigue loading than that for PPS-90°. For example, under 60 MPa stress amplitude, PPS-90°is broken after 1 × 10 5 fatigue cycles. While for the same amplitude, PPS-0°, failure is observed after more than 1 × 10 6 . -For both two configurations, the Wöhler curves show two different domains; high and low stress amplitude. In each domain, SN curve can be modeled by a logarithmic linear expression:

σ max = A. Log N + B
In this equation, A and B are the material parameters corresponding to the slope of the curve and the Y intercept, respectively. The slope A means the sensitivity of the fatigue resistance and the intercept B represents the apparent tensile strength.

Table 4 shows the value of A and B for PPS-0°and PPS-90°related to high and low stress domains.

3.4.2.2. Effect of frequency. 10 Hz and 50 Hz Wöhler curves obtained from fatigue test on PPS-0°specimens are shown in Fig. 12. As it can be seen, there is no evident difference between the two curves for the higher applied stresses (above 70 MPa). However, when the applied loading decreases, one can see obviously that samples submitted to higher frequency tends to have lower cycles to failure. As generally observed, with the improvement of frequency, the fatigue curve tends to shift to lower fatigue life. But in the case of PPS/GF it concerns only the lower range of amplitude. This will be further discussed.

3.4.2.3. Self-heating phenomenon. In order to emphasize the effect of amplitude and frequency, it is generally appropriate to study the selfheating phenomenon under various fatigue conditions. Indeed, during the tensile-tensile fatigue test, the temperature of specimens increases. The intensity of self-heating is generally dependent on the applied stress amplitude and frequency. Figures (13 and 14) show the effect of these two parameters respectively. As shown in Fig. 13 (a), the temperature growth for PPS-90°samples is plotted versus the increasing cycle number. As expected, one can observe that self-heating is more pronounced for high values of the applied stress amplitudes. However, the maximum temperature reaches above 32 °C when applying high amplitude (85 MPa) while this value does not exceed 27 °C for amplitude of 65 MPa. Comparatively, for PPS-0°specimens (Fig. 13 (b)), the temperature increases at the beginning while after 4000 cycles, the temperature tends to decrease due to heat exchange with the external atmosphere. However, one can notice that the maximum temperature of self-heating also corresponds to the maximum applied amplitude (about 28.5 °C for PPS-0°at 85 MPa). Thus, one can conclude that self-heating under fatigue test is sensitive to the applied stress amplitude. While PPS-90°specimens develops more obvious self-heating phenomenon than PPS-0°specimens, one can also conclude to the influence of fiber orientation. Indeed, self-heating is due to local deformation of the matrix which is favored when the fibers are miss-oriented.

Fig. 14 shows the influence of frequency (10 Hz and 50 Hz) on selfheating. One can notice that applying a higher frequency (50 Hz) leads to a very fast temperature increases. The maximum temperature reached by a PPS-90°sample at 75 MPa is about 37.5 °C at breaking point where it does not exceed 27 °C for an applied frequency of 10 Hz. The same tendency is observed for PPS-0.

Therefore, one can conclude that:

-The amplitudes and frequencies affect obviously the self-heating phenomenon of PPS/GF composite [START_REF] Bellenger | Thermal and mechanical fatigue of a PA66/ glass fibers composite material[END_REF]. -However, contrary to most of thermoplastic matrix based composite materials, the effect of self-heating observed in the condition of the performed experiments of this research work remains relatively limited. Indeed, the maximum temperature rise does not exceed 38 °C. At this temperature the matrix (presenting the α-transition temperature of 107 °C related to glass transition temperature) always remains at glassy state and its mechanical properties are not significantly influenced by temperature (see Fig. 5). -Moreover, even if at room temperature, the composite is far from the ductile to brittle transition temperature, the fracture of the matrix remains almost brittle, especially because of the effect of the 

Table 4

The values of A and B for PPS-0°and PPS-90°in each domain. Here again, one can conclude semi-ductile or semi-brittle behavior driven by the local plasticity of the PPS matrix. No progressive damage is detected due to a very high strength of the fiber-matrix interface. Indeed, similarly to the monotonic loading case, the fibers are pulled out after local failure of the surrounding matrix without visible fibermatrix interface debonding. 

Conclusion

In this paper, two kinds of PPS/GF samples (PPS-0°, PPS-90°) were prepared by injection molding. A complete characterization has been performed using several experimental methods. Microstructure, physico-chemical and mechanical properties have been explored including fatigue behavior and the different parameters affecting fatigue life. Finally, SEM fracture surface analysis provided a multi-scale interpretation of the origin of deformation and failure.

The main results can be summarized as follows:

• PPS/GF composites obey the time-temperature equivalence prin- ciple.

• Cole-Cole diagram has been successfully modeled by Perez model. It was shown that this model gives a good estimation of the viscoelastic properties of PPS/GF composites.

• Due to an excellent fiber-matrix adhesion, no progressive damage is developed, independently on the applied loading type (monotonic or fatigue).

• Even at high applied stress amplitude and high frequency, self- heating phenomenon observed during fatigue is not sufficiently pronounced to impact fatigue life of PPS/GF composite.

• Both monotonic and cyclic behaviors are essentially driven by the PPS matrix plastic deformation. However, at room temperature, the ability of the PPS matrix to develop plastic deformation remains limited.

• Consequently, final failure and fatigue life is highly dependent on the loading conditions (amplitude and frequency) and local microstructure. -Bi-linear Whöler curves emphasized the influence of the loading amplitude. More brittle failure was observed at high amplitude and low frequency. -Increasing frequency leads to lower fatigue life and more generalized plasticity. -Fiber orientation in the loading direction improves both monotonic and fatigue strength.
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 2 Fig.2(a) is an optical microscopy photo after composite pyrolysis. Image analysis reveals short glass fibers with a diameter of about 15 μm and the length ranging from 70 to 360 μm with an average length of about 200 μm. This important dispersion of the length of the fibers can be explained by the fact that a large number of the fibers are broken during extrusion and injection by the metal screws. Fig.2(b)show a typical microstructure of the PPS/GF composite obtained by SEM observation. One can notice that a large number of fibers are oriented in the mold flow direction.

Fig. 1 .

 1 Fig. 1. Used specimen dimension of PPS/GF composite.

3. 3 .

 3 Thermo-mechanical properties 3.3.1. DMTA measurement DMTA test is especially performed to study the thermomechanical behavior of the polymer and to determine the diverse transitions and change of physical state of polymers. In this work, DMTA tests have been performed according to alternating bending configuration, with the frequency of 1 Hz. The result of DMTA test is shown in Fig. 5. All three curves (E′, E″ and tanδ) show three physical state regions: glassy state, glass transition zone (called also α-transition) and rubbery state.

Fig. 2 .

 2 Fig. 2. (a) Optical microscopy photo after pyrolysis and (b) typical SEM PPS/GF microstructure.

Fig. 3 .

 3 Fig. 3. DSC results performed on PPS/GF with two heating (a) and cooling (b) cycles.

Fig. 4 .

 4 Fig. 4. TGA curve of PPS/GF. Fig. 5. DMTA test performed on PPS/GF.

  curve to a linear function with a correction coefficient (R 2 = 0.9964) is shown in Fig. 7. The value of C1, C2, fg and Δα are shown in Table

  k, k' and Q are the parameters of the model. Experimental (the points) and Perez model (continuous curve) Cole-Cole diagrams are shown in Fig. 8. This figure shows that with the identified values of the Perez model parameters shown in Table 2, the experimental Cole-Cole diagram is highly consistent with the chosen model. So, Perez model predict accurately the thermo-mechanical properties of PPS/GF.

Fig. 6 .Fig. 7 .

 67 Fig. 6. Effect of frequency on loss modulus spectrum of PPS/GF compositein the range of 0.1 Hz-50 Hz.

Fig. 8 .

 8 Fig. 8. Cole-Cole experimental diagram (the points) and Perez model (continuous curve).

Fig. 9 .

 9 Fig. 9. PPS/GF typical tensile curves.

Fig. 10 .

 10 Fig. 10. SEM micrograph of PPS/GF composite fracture surface after tensile test. (a) Local brittle failure of the matrix between longitudinal fibers (PPS-0°); (b) and (c) local semi-ductile failure around the fiber (PPS-90°).

3. 4 . 2 .

 42 Fatigue behavior 3.4.2.1. Wöhler curves. Fig.11shows the Wöhler curves obtained in tension-tension tests at a frequency of 10 Hz for PPS-0°and PPS-90°s pecimens at room temperature.From this figure one can have the following comments:

Fig. 11 .

 11 Fig. 11. Wöhler curves of PPS/GF composite performed on PPS-90°and PPS-0°specimens under tensile-tensile fatigue loading at the frequency of 10 Hz and room temperature, R = 0.1.

Fig. 12 .

 12 Fig. 12. The effect of frequency on the fatigue test results performed on PPS-0°samples, R = 0.1.

3. 4 . 2 . 5 .

 425 Fracture surface analysis. In order to understand the influence of fiber orientation, amplitude and frequency on the fatigue life (Figs.11 and 12), fracture surfaces have been investigated and the SEM observation are shown in Fig.16.Several observations can be drawn:-Fracture surface of specimens submitted to high amplitude ((a) and (b)) show more rugged topography than those submitted to low level of stresses. Indeed, a high level of local stresses may result in sudden rupture and brittle failure of matrix around fiber clusters, especially when fibers are normally oriented to the principal stress ((b)). -Under low applied stress amplitude, one can observe a semi-ductile failure due to the progressive accumulation of local plastic strain during cycling ((c) and (d)). Here again, normal orientation may amplify this effect ((d)). -The application of higher frequency leads to more flat and homogeneous topography, indicating a more generalized plasticity of the continuous matrix leading to premature failure.

Fig. 13 .

 13 Fig. 13. Self-heating during fatigue tests (at 10 Hz), on PPS-90°(a) and PPS-0°(b) samples loaded under different amplitudes.

Fig. 14 .Fig. 15 .

 1415 Fig. 14. Self-heating during fatigue tests with different frequencies, on PPS-90°and PPS-0°samples.

  

Table 1

 1 The values of WLF constants.

	Composite	C1	C2	fg	Δα
	PP/GF -90°17.0	66.4	2.56 × 10 -2	3.85 × 10 -4

Table 3

 3 Results of pure PPS, PPS-90°and PPS-0°samples obtained from tensile tests Standard deviation given by 5 repeated tests in each case.

		E(MPa)	σ r (MPa)	ε r (%)
	Pure PPS [33]	3697	82	2.7
	PPS-90°4300 ± 41	84 ± 4.3	3 ± 0.14
	PPS-0°6000 ± 45	104 ± 4.4	2.85 ± 0.24
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