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Abstract
Owing to a higher melt viscosity compared to the thermoset plastics the Impregnation of the textile reinforcement structure with a thermoplastic matrix is significantly difficult. Commingled yarns produced on the basis of covering texturing technique have the potential for a homogeneous distribution of reinforcement and matrix filaments over the yarn cross section. The so achieved very short flow paths during manufacturing of the composite part make a fast and complete impregnation of reinforcement filaments possible. In this study, first investigations are performed to optimize the process and to develop the commingled yarn further. Mechanical properties of yarns and composites made of these are examined to evaluate selected commingled yarns produced under different process conditions. Composites produced from the commingled yarns show a more even impregnated state as those from a compared material. The mechanical property reaches the level of composites from other commingled yarns with regard to fiber-matrix-adhesion. This lecture introduces the results obtained using the covering texturing process.

1. Introduction
Commingled yarns consist of reinforcing filaments or fibers and the matrix component integrated into the yarn structure in form of powder, staple fibers, filaments, or split-films. Thus manufacturing of the composite part from such textile preforms for example directly in a hot press is possible without any separated impregnation process [1]. Both components are, however, mostly distributed not homogeneously over the yarn cross section. The so achievable fiber impregnation is often insufficient because under pressure the melted matrix cannot penetrate completely the reinforcement fiber bundles [2].

Commingled yarns in contrast have the potential for a homogeneous distribution of reinforcement and matrix filaments over the yarn cross section. The so achieved very short flow paths during manufacturing of the composite part allow a fast and complete impregnation of the reinforcement filaments. Additionally the desired ratio of fiber to matrix can be achieved by variation of the number of yarns during commingled yarn production. A further advantage is the comparatively good processibility of the commingled yarns by almost all known textile-manufacturing technologies. In combination with a development of suited textile structures significantly improved mechanical properties of the composite parts and a rationalized production process compared to conventional manufacture technologies for the production of thermoplastic composites can be obtained [3]. This project is focused on commingled yarns of aramid yarn and LM yarn for the production of high performance composite for low temperature applications. This lecture introduces the results obtained using the covering texturing process.

2. Manufacturing process
2.1. Manufacturing of commingled yarns
Aramid and LM yarn with designed 50/50 volume and 60/40 volume fraction were used to prepare commingled yarn. Table 1 shown fiber volume fraction of commingled yarn. The aramid was used as reinforcing core yarn, and the LM yarn was used as covering material for commingled yarn. First condition, To get an even distribution of fiber and thermoplastic resin in preforms and designed fiber content (60 wt%), the main covering parameters (spindle twist: 600 TM and spindle rotational speed: 9,240 RPM) were optimized. The orther one, To get an even distribution of fiber and thermoplastic resin in preforms and designed fiber content (50 wt%), the main covering parameters (spindle twist: 300 TM and spindle rotational speed: 4,620 RPM) were optimized. Table 2 shown parameters of covering process.
[image: image1.jpg]



Figure 1. The appearance of commingled yarn
Table 1 Fibre volume fraction of commingled yarn
	Fiber
	Ratio of weight (%)

	
	Covering LM 5P
	Covering LM 10P

	Aramid 1500D
	57.9
	46.1

	LM 150D
	41.8
	53.6

	Total
	100
	100


Table 2 Process parameters for covering

	
	Covering LM 5P
	Covering LM 10P

	Rotation speed (RPM)
	9,240
	4,620

	Winder (%)
	100
	105

	Traverse(°)
	60
	60

	Twist (TM)
	600
	300


2.2. Fabrication of commingled yarn and molding
Table 3 Shows weaving condition. Two type of narrow fabric were weaved using commingled yarn.
Table 3 Weaving condition

	
	Covering LM 5P
	Covering LM 10P

	Weaving yarns

(Warp & Weft)
	Commingled yarn
(Aramid + LM 5 ply)
	Commingled yarn

(Aramid + LM 10 ply)

	Weaving machine
	Narrow weaving machine

	Weaving density
	26 ends/inch
	20 ends/inch


The molding temperature was 200 ℃ for successful melting of commingled yarn fabric. And then, the molding pressure of 140 kgf/cm2. The processing cycle is illustrated in figure 2.
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Figure 2 Processing cycle of molding
2.3. Characterization
Observing the surface and cross setion of Aramid/LM commingled yarn using SEM.
Composite tensile test were pereformed with Aramid/LM composite according to ASTM D 3039-14. The experiment was carried out by the strip method. The width of 50 mm was used and crosshead speed was 50 m/min.

Three-point flexural tests were performed with Aramid/LM composites according to ASTM D 790. The spand-to-depth ratio was 16:1. The load cell of 50 kN was used and the crosshead speed was 1.5 m/min. Five specimens were measured and the averaged flexural strength and modulus were obtained.
3. Results
3.1 SEM observation of commingled yarn 
Observed the surface and cross section of commingled yarn as shown fig 3, 4. As a result of observed Surface, it was be observed that the aramid yarn is twisted by the covering method of LM yarn. As a result of observed Cross section, it was observed that the aramid yarn is located at the center and the LM yarn is located around the yarn.
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Figure 3 The appearance of commingled yarn(Aramid 1P + LM 5P)
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Figure 4 The appearance of commingled yarn(Aramid 1P + LM 10P)
3.2 Mechanical properties of Aramid/LM composite   

3.2.1 Tensile properties of Aramid/LM composite
 The mechanical properties of Aramid/LM composite including tensile strength, tensile modulus and elongation were showed in Fig. 5. The LM 10 ply composite were shown by the higher tensile strength,  modulus and elongation than the LM 5 ply composite.
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Figure 5 Mechanical properties of Aramid/LM composite
3.2.2 Flexural strength and modulus of Aramid/LM composite   

Flexural strength and modulus of Aramid/LM composite were showed in Fig. 6. The LM 10 ply composite were shown by the higher flexural strength and modulus than the LM 5 ply composite.
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Figure 6 Flexural strength of Aramid/LM composite
4. Conclusions

Aramid/LM 10 ply composite has a higher tensile strength, tensile modulus and elongation than Aramid/LM 5 ply composite. Flexural characteristic of Aramid/LM 10 ply composite shows higher flexural strength and flexural modulus than Aramid/LM 5 ply composite.
 Experimental results showed that the Aramid/LM composites display improvement in their tensile strength, elongation, tensile modulus, flexural strength and flexural modulus properties with higher resin content. 
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