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ABSTRACT

This study is interested in the main parameter of this technique that uses a cubic container with an internal dimension of 100 mm and a cylindrical container 100 mm in diameter. We implemented the work in the fifth stage: In the first stage, we designed and manufactured the multi-axial system. In the second stage, the specimens were moulded from polyester, PVC, and polyethylene at a rotational speed axis of 5–120 rpm. The results from this stage indicated that the optimal rotational speed of the steady quality in dimensions and properties of the parts are 85, 100 and 115 rpm. The third stage was concerned with the effect of the speed of rotation on the thickness of the wall. The rotational speed of the axes was changed, and the thickness of the moulded walls was measured. The laboratory measurements revealed that the maximum compression ratio with the change of speed is at the speed of 115 rpm. The fourth stage was concerned with the effect of the speed of rotation on the value of tensile strength. The rotational speed of the axes was changed, and the tensile strength of the mould was measured. The tests revealed an improvement in the tensile strength at the speed of 115 rpm compared with the other speeds. The fifth stage utilised a cylindrical mould, which was re-worked in the previous stages, to investigate the effect of the speed of rotation on the thickness of the wall and mechanical specifications. Based on the conducted experimental tests, the influence of the rotational speed, which characterized the moulding process, on selected geometrical features of the mould was studied and analysed theoretically and numerically. The results showed an increase of about 5% in the compression ratio with increased rotation speed within the range of 85 to 115 rpm. There was also an improvement of about 7% in the tensile strength with increased rotational speed from 85 to 115 rpm. These results are due to the increase in the centrifugal force on the wall of the mould during the process. Also, the study was characterized by the production of the composite of polyethylene reinforced by iron screen wire, with improvement in the mechanical properties by about 300% compared to the base material.
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1. INTRODUCTION

The main objectives of the study: First; this study is the investigation of the effect of rotational speed on the wall thickness and mechanical properties of mould. Second, an academic attempt to develop the mechanical properties of the mould by using the composite material principle. Third, find theoretical and laboratory knowledge (know how) in the subject of rotational moulding to serving the local needs. the studies and research in this area are few or missed, despite the importance of the subject industrial and developmental.

2. Methodology:

In order to achieve the goals and the objectives of the study, we followed these four stages: The first stage included designing and manufacturing of the multi-axial system, using a cubic container with an internal dimension of 100 mm and a cylindrical container having a diameter of 100 mm. 2.
In the second stage, specimens were moulded out of polyester, PVC and polyethylene with a rotational speed axis of 5¬120rpm. The results of this stage estimated that the optimal rotational speed of the steady quality in dimensions and properties of the parts are 85,100 and 115rpm. 3.
In the third stage, the effect of the speed of rotation on the thickness of the wall was observed. The rotational speed of axes was changed, and the thickness of the mould walls was measured. The laboratory measurements revealed that the maximum compression ratio with the change of speed was 115rpm. 4.
The fourth stage was concerned with the effect of the speed of rotation on the value of tensile strength. The rotational speed of axes was changed, and the tensile strength of the mould was measured. The tests revealed an improvement in the tensile strength at a 100rpm speed when compared with the other speeds. 5-The fifth stage included the re-work in the previous stages for a cylindrical mould to investigate the effect of the speed of rotation on the thickness of the wall and mechanical specifications. Based on the conducted experimental tests, the influence of the rotational speed, which characterized the moulding process, on selected geometrical features of the mould has been studied and analysed theoretically and numerically. The sixth stage included moulding specimens of a composite of polyethylene reinforced by iron wire, to improve the mechanical properties compared to the base material. The rotational moulding process is a rotation plastic in a liquid or powder resin on two axes. The polymer flows into the mould in the internal. The polymer flowing along the internal walls of the mould is basically determined by centrifugal force. For the multi-rotation axes, the path of a point going to be complex. The process, however, has no correlation between the two axial rotation, physically. Therefore, the rotation can be studied separately for each axis separately. Figures 1 show the description of the process during casting, for both types of moulds, used in this study. The first type is cylindrical container, and the second type is as cube container in shape, respectively.
From figure (1), Centrifugal force+ Gravitational force= viscosity force

mv^2/r +mg =τ A.                                                                (3.1)       

ρ dV g= ρ dV ωˆ²r= τ dA.                                                         (3.2)    

ω =v/r=3.14 D N/60r                                                              (3.3)      

ρ dV g= ρ dV (3.14 D N/60r) ˆ²= τ dA.                                            (3.4)                                   

Where, m: mass of the body (kg), g: Acceleration due to gravity (m/s^2), r: Radius of rotation (m)

v=the speed (m/s), τ= the shearing stress between two planes parallel with the direction of flow
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Figure1: The theoretical representation of moulding operation.
Due to Fig. 2, the angle θ at the semi axes Oz became [image: image3.png](6 + wzt)



, the angle β at the semi axes Oy became [image: image5.png](B + wyt)



 could be considered, the equations system becomes:

XA=[image: image7.png]R *sin (mr’ (m) ) * cos(8 + wzt)



   (3.5) 

YA=[image: image9.png]R *sin (mr’ (m) ) *sin(0 + wzt)
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ZA =R[image: image11.png]= cos (wn™ (S e or)
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Figure 2: the element of the mold.
3. EXPERIMENTAL DETAILS
In order to achieve the objectives of the study, collected information about the rotational moulding system, then we planed the design process. then Hand sketches were developed, then it was converted into digital designs, through available and modern design software. In the first step, the parts are designed, then assembled as the final system. Design using software, provide the study with the opportunity to ensure the possibility of movement and rotation, and the relationship between the parts. The figures  illustrate the design processes. The figures 3 illustrate the moulding system.
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Figure 3: The design of moulding system.

In order to achieve the objectives of the study, information was collected regarding the necessary manufacturing processes, and then planning the manufacturing process. Quantities of materials needed to manufacture the system were calculated. This effectively included cutting and welding. The motor selection was based on the actual weight calculations of the mould and moulded specimen. As well as the selection of power transmission requirements, taking into account the requirements of durability, and the foundations of industrial safety. Table 1 shows the mechanical properties of polymer. Figure 4 and 5 show the roto-mould system. Figure 6 and 7 show the roto-mould specimens.
Table 1: The mechanical properties of polymer
	Polymer
	Density

g/cm3
	Tensile Strength

(MPa)
	Young's Modulus

E (GPa)
	Elongation (%)


	Poison Ratio



	Epoxy
	1.25
	0.04
	3.5-17
	10-1
	0.38

	Polyester
	1.37
	48
	2
	300-5
	0.38

	Polyethylene
	0.94-0.97
	20-38
	0.1-1.4
	1000-15
	0.46

	PVC
	1.39
	7-55
	0.014-4
	20-40
	-
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Figure 4: Multi-axis roto-mould  system. 
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Figure 5: One-axis roto-mould  system.
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Figure 6: The specimens of tensile test
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Figure 7: specimens with different RPM.


4. EXPERIMENTAL RESULTS
The study paying attention mainly to the rotational speed of the thickness and mechanical properties experimentally and theoretically and discuss the results. The results obtained from this study can be divided into three sections: at first, the results of work were done by used polyester for one axis with constant mass in different speeds at first limitation of this work is affect one axis of rotational speed to the shape. The second the results of work were done by used two axes (multi-axis) of rotational speed to achieve the effect of speed on the thickness, compressive ratio, tensile test, modulus of elasticity. Third; the results of work were done by used explosion method test for Polyethylene, PVC, polyester and polyethylene composite with different speed to achieve the effect of speed on the mechanical properties. Fourth; the results of work were done by using the production of the composite of polyethylene forced by iron roll wire, to achieve an improvement in that mechanical properties compared to the base material. The results obtained from this work as shown in figures 8-16.
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Figure (8) the change in average wall thickness of PVC.
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Figure (9) the change in average wall thickness of Polyethylene.
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Figure (10) the change in average wall thickness of Polyester
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Figure 11: the compressive of PVC.
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Figure 12: the compressive of Polyethylene
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Figure 13: the compressive of Polyester.
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Figure 14: the tensile test of PVC.
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Figure 15: the tensile test of Polyethylene.
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Figure 16: the tensile test roll of Polyethylene

CONCLUSIONS:

This study is characterized by the following points: First: This study used multi-axis and different velocity (rotation of axis), while most researchers are satisfied with one axis or one speed.  Second: As mentioned in the previous point, the study used multiple-axis with different velocity; thus, it was able to investigate their effects on the thickness of the wall. Third: In this study, closed cubic specimens were produced, and the explosion test was carried out in order to calculate the tensile strength for moulding at a variable speed.
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