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The article describes intelligent polymeric composite materials production. Surely, this is multidisciplinary question. It includes chemical engineering, microelectronics and non-destructive testing aspects. We conducted simulation, using mathematical models that were previously created. Based on this simulation, processing equipment designs were also developed. 
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I. Introduction

Types of polymeric composite materials (PCM) include materials that are able to transfer their data characteristics remotely, especially in the stress-strain state to conduct online monitoring. This is achieved by intelligent sensors’ introduction into PCM (i.e. small-scale measuring devices). They have structural totality form of one or more measuring size transformers that is calculated and controlled. Intelligent sensor produces an output signal, suitable for the remote transmission, storage and usage in control systems, and it also has normalized characteristics [1]. 

The application of intelligent PCM is appropriate in such areas [2, 3]:

· Aerospace industry (to control the stress-strain state of aerial vehicles elements).

· Medicine (to control artificial heart valves elements, etc.).

· Shipbuilding (to control the most critical elements run-out of submarines).

· Automobile and machine building (to control stresses, arising in responsible locations during different procedures).

A problem of obtaining data from the intelligent sensors in PCM is a multidisciplinary one. On the one hand, the issue of technologies and equipment for the sensors launching into PCM, data interpretation on stress-strain state and other characteristics, received from these sensors, is related to polymer machine engineering. On the other hand, the obtaining signals issue from intelligent sensors and their further processing is related to nondestructive testing. At the same time, intelligent sensor development refers to microelectronics [4].

In terms of polymer machine engineering the decision to launch intelligent sensors with high accuracy for different operations in polymer material is very important.
II. Modelling and production of intelligent polymeric composite materials
Use of such method is proposed for the manufacture by injection molding. Injection molding machine performs the polymer melting injection in particular shape up to fixed filling pressure. Afterwards, intelligent sensor probe is established to preset thickness and coordinated the product width, then it is output by probe from the mold cavity, after this the pressure is reduced to predetermined size, regulation is kept going to a certain period of time, and finally it is cooled without pressure, open form and the item can be removed (Fig. 1).
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Fig. 1. Intelligent sensor launching by process of injection molding: 
1 – die (matrix); 2 – punch; 3 – cavity; 4 – pusher; 5 – nozzle; 6 – intelligent sensor; 7, 8, 11 – drives; 9 – pusher; 10 – gate valve

For the products formation we offer pressing the mold design. It is equipped with a dosing device of intelligent sensors in the set volume products (Fig. 2).

[image: image2.emf]
Fig. 2. Intelligent sensor launching by pressing process:
1 – die(matrix); 2 – punch; 3 – cavity; 4 – nozzle; 5 – pusher; 6 – feed device; 7 – intelligent sensor; 8 – drive 
Earlier, for the products manufacture using extrusion and co-extrusion it was proposed to form an extended element that may have cylindrical or random cross-sectional shape. It also had intelligent sensors inside or outside of its own area. Element is introduced into a die and via it the extrusion process of the thermoplastic polymer melting can be worked. The expanded element is melting in it, and also the total flow with the main flow of the polymer and cooling the particular connection (Fig. 3).
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Fig. 3. Intelligent sensor launching by extrusion process:
1 – feed channel; 2 – body; 3 – mandrel; 4 – mandrel holder; 5 – nozzle; 6 – feed device; 7 – check valve; 8 – intelligent sensor; 9 – die

A mathematical model for injection intelligent sensors into a polymer was created [5]. Numeral number of simulations made it allowed establishing optimal conditions for the intelligent sensors injection by extrusion. 
The fluid is non-dissipative (density ( = const), so the continuity calculation will be shown just as:
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where Р - pressure, {τ} - the stress tensor deviator.

The melt state of a polymer material is considered to be under the power law of viscosity:
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where K – the consistency coefficient, n – fluidity index is based on the reference data for each liquid; ( – relaxation time and 
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- shear rate during flow with Q emission in a certain section of the channel with diameter d:
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The optimal injection angle (Fig. 4) and the pressure ratio of the main and secondary flows (Fig. 5) were determined.
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Fig. 4. Determination of the optimal injection angle
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Fig. 5. Determination of the required pressure ratio

The process modeling results of introducing various polymers mixture with different viscosities sensors into the polymer flow of the extruder head forming channel shown in Fig. 6. The polymer depth immersion dependence nature with the help of sensors in the polymer flow of the extruder head forming channel at different meanings of its transportation speed is nonlinear. The desired polymer immersion depth is 0.5 ... 1 mm. 

[image: image11.png]0 05 1 15
Speed, mm/s

o




Fig. 6. Immersion depth dependence of sensors in different polymers combinations: 1 - high density polyethylene; 2 - low density polyethylene; 3 - copolymer of ethylene and vinyl acetate 

The dependence h=f(
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) has almost two linear sections: for transport speeds in the velocity range 
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<0.35 m/s and 
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≥0.35 m/s, which allow to develop this dependency by the way of the functional parts operation algorithm of the automation system in the form of:
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where: а – depends on the polymer viscosity; ki – proportionality factor.

The dosed injection of the intelligent sensors in the forming of profiled polymer products in the extrusion head is shown in the scheme below (Fig. 7).
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Fig. 7. Injecting device for continuous introducing intelligent sensors: 
1 – mini extruder; 2 – nozzle; 3 – die

The structure of the injection device is proposed for the one sensor injection into a certain point of the profile extruded product. We can see it in the scheme in Fig. 8.
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Fig. 8. Injecting device for introducing single intelligent sensor:
1 – intelligent sensor; 2 – gate valve; 3 – intelligent sensor; 4, 6 – pushers; 5 – nozzle; 7 – die channel

To control the depth of the intelligent sensors introduction into PCM, it is advisable to apply the electrostatic amplitude-phase method of nondestructive testing, using orthogonal reference signals and digital signal processing (Fig. 9). This method makes it possible to register with great accuracy not only the phase shift of measuring signal changes but also a change in the amplitude of measuring signal. It is known that in the course of orthogonal processing, the phase shift of the signal will not depend on the measuring signal amplitude [6].
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Fig. 9. Block diagram of the amplifier

By the way, we investigated the ability of receiving a signal about the depth of intelligent sensors placement that are established at a certain depth into a polymer composite material, using the electrostatic method of nondestructive testing [7]. A simulation of the electric potential distribution in the material was performed. Fig. 9 shows common results of the simulation in the form of relative electric capacitance dependence between the electrodes from the depth of the intelligent sensor introduction [8].

Testing systems of extruder and injector are implemented in accordance with the process control algorithm and using vector controlled asynchronous electric drive with standard settings of outlines [9].
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Fig. 10. Determination of the relative capacitance

III. Conclusions
The area of the intelligent sensors using in polymer composite materials is very wide [10]. However, earlier we did not use the technology and equipment for the automated dosing sensors in predetermined regions of polymer products within their creation.

The proposed methods and device introduction give intelligent sensors in any specified points of polymer products that will receive input signals from the sensors in real time.
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