DEVELOPMENT OF A 5 KG FOUNDRY SAND MIXER
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Abstract 
Foundry sand is mixed manually with the aid of shovel which does not give a homogeneous mix result which will lead to defect on the surface of the final foundry product. Medium and large-scale foundry make use of mechanical mixing process which involve using sand mixer of different capacity base on the volume of the casting to be made daily, such setup rely squarely on imported sand mixers. This study focused on developing locally fabricated 5 Kg laboratory mixer which will be used to mix foundry sand that will be used to carry out small scale casting. The laboratory size casting can be tested for its quality before embarking on large scale production. Major components of the 5 Kg foundry sand mixer include a 1 hp electric motor, gear box, shaft, mixing blades, blade support, frame, mixing pan and discharge door which are assembled via welding and fasteners such as bolts and nuts. The mixer performance was evaluated and 5 kg of foundry sand was mixed in 4.5 minutes and the mixer efficiency was 65.79%.
Keywords
Foundry sand, refractory sand, binder, additives, sand casting, casting, ferrous casting, non-ferrous casting, mixer, laboratory mixer, foundry mixer, electric motor, reduction gear
1. Introduction 
70 % of the world metal casting is produced via green sand metal casting. Sand casting is a major metal casting technique due to its low production cost and possibility of recycling its green sand. Green sand is a major material widely used in the foundry. It is used in performing both ferrous and non-ferrous casting. Foundry sand mixer is a device that achieve homogeneous mixture of green sand which is used for sand casting. Some developing countries like Nigeria, foundry sand is mix manually with the aid of a shovel which will not give a homogenous mixture (Aguwa, 2006). A laboratory size foundry sand mixer is developed in this study to help foundry houses achieve homogeneous green sand which will be used to perform a test sand casting before embarking on a large-scale production.
The major ingredients in sand casting are refractory sand such as silica, olivine, chromite, zircon because of their high thermal conductivity and low thermal expansion, binder such as clay and bentonite, additives and water. The major properties of a good moulding sand are high green strength, permeability and flowability (Weiss, 2018). Dai et al (2017) characterized foundry sand and observed that variation in the particle sizes of green sand have great influence on surface finish of the metal product. This implies that there must be homogeneous mixture of the green sand. Kaburu et al (2016) observed that it takes longer time to mix green sand using shovel than to use locally made foundry sand mixer. In the past decades, a lot of researchers have linked green sand parameters with casting quality. It has been proven that green sand parameters play important role in casting quality (Kumar et al (2010), ASM (1990)). The quality of the green sand is related to the defects present of the cast product (Kumar 2010). There is need to replacing the use of a manual means of mixing green sand with an automated one that is a foundry sand mixer. Shown in Figure 1 is a locally fabricated foundry sand mixer. 
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Figure 1: The exploded view of a foundry sand mixer.
    Source: Osarenmwinda & Iguodala (2014)
2 Materials and Methods
Materials used in this study are locally sourced. 
2.1 Working Principle of a Foundry Mixer 
A foundry mixer is a device used in the foundry for mixing binder, additives and base sand with water together homogeneously. A foundry mixer comprised of an electric motor, gear, shaft and mixing blade for mixing foundry sand evenly without leaving any portion unmixed. Foundry sand is measured at appropriate ratio and charged into the foundry sand mixer through the mixing pan and the machine is operated until a homogeneous mixture is achieved. The working principle of a foundry sand mixer is similar to concentrate mixer (Ali and Shakebuddin, 2022).  
2.2 Design of Foundry Sand Mixer
Components used in this research was modelled around the imported foundry sand mixer to ensure maximum product output. All the components and the unit of the components used in design the foundry sand mixer is reported in Table 1. The following components are: 
2.2.1 Main Frame
The main function of this component is to house the gear box and provide proper support for other components to be mount on it. Durability and strength are the major materials property considered while selecting materials for its design. Which led to using angle iron and 4mm thick mild steel for its design. 
The main frame of the machine was designed using angle iron sectioned into 320 mm and 240 mm respectively. Four pieces of the 320 mm and 240 mm were weld together to form a base to house the machine gear box and 4 mm thick of 320 mm x 320 mm mild steel plate was placed at the top of the frame to serve as the base for the mixing pan.
2.2.2 Mixing Pan
The mixing pan is the housing unit for the foundry sand and to prevent foundry sand from sticking to the surface of the mixing pan, a 4 mm mild steel sheet with high strength was selected and used in designing this component. A rectangular shape sheet was fold to a cylindrical shape.
 is the diameter of the mixing pan calculated using equation 1 using the width of the sheet which is 942.66 mm. Where the height of mixing pan is 120 mm. Which was used to calculate the volume of the mixing pan in equation 2. 
                         The diameter of the mixing pan  =           (Equation 1)

                                             is the mixing pan =             (Equation 2)
2.2.3 Electric Motor 
A 1 hp electric motor that convert electrical energy to mechanical energy was used to drive the gear box. it produced 746 rpm Reduction Gear Box. The speed of the electric motor procured is too high, there is need to reduce the revolution per minute with the aid of a reduction gear box. It can also transfer energy from the electric motor to the shaft that drive the mixing blade. 
2.2.4 The blade and Blade Support 
This component is responsible for the homogeneous mixture of the mould sand. The blade was made of 4 mm thick flat iron of length 65 mm weld to the shaft. The blades are made to be four to achieve homogeneous mixture of the moulding sand.
2.2.5 Trap Door for Delivery
Mild steel was selected for the design of this component because of its ability to resist corrosion. A 2 mm thick mild steel was placed to prevent the mould sand from discharging. The foundry sand mixer is design to be high even for effective discharge of mould sand.
2.2.6 Shaft 
The shaft serves as support for the mixing blade and blade support. It is powered by mechanical energy generated by the electric motor which is reduced by the gear box. Some forces such as the weight of the blade, green compression strength of the moulding sand and centrifugal force caused by the shaft and the blade. The gear box reduces the speed produced by the electric motor by 25:1. Equation 3 is gear speed ratio. Which was used to determine the speed of the shaft. The speed of the shaft is calculated to be 62.4 rpm using the calculation stated below. This implies that generated by the motor have been reduced by 96 %
  =          (Equation 3)
Where  is the speed of the motor = 1560 rpm
	 is the speed of the shaft 
	 /  is the gear ratio of 25 : 1
The angular velocity of the machine is calculated using equation 4. The angular velocity of the machine is 6.535 rad.  The formula to determine the torque and the P of the machine is given in equation 4 and 5 respectively. The theoretical mass of mould sand the machine is designed for is 5 Kg. The force is calculated using equation 6 (Ali and Shakebuddin, 2022).
  (Equation 4)
T       (Equation 5)
T = F x r    (Equation 6)
F  = M x g    (Equation 7)
Where T = the torque
 
Details of the machine such as speed of the motor, the speed of the shaft, the angular velocity of the machine, Torque, Force acting on the shaft, Power required, and the diameter of the mixing pan is recorded in Table 2. 
2.3.  Foundry Sand Mixer Testing 
It is essential to test the efficiency of the machine by determine the work output against its work input. Different mass of foundry with binder and addictive inclusive were weighed at 1, 2, 3, 4, and 5 Kg respectively and charged into the foundry sand mixer and little water was poured while the machine was in operation. The time to achieve homogeneous mixture was taken and recorded. Check table 3 for the result. 
2.4.  Machine Efficiency 
The efficiency of the machine is determine using equation 7. 
Efficiency of the machine =   x 100 %
			=  x 100 %
			= 65.79 %


3. Result and Discussion 
The components used in the design and fabrication of the foundry sand mixer is reported in Table 1. The efficiency of the foundry sand mixer is determined to be 65.7 % has compared to the 52% efficiency of the mixer developed by Osarenmwinda & Iguodala (2014). The reduction gear box reduced the speed of the electric motor drastically from 746 rpm to 62.4 rpm which is 96% reduction. Plate 1 shows the fabricated sand mixer.  The final test carried out on the machine was recorded in Table 3. An homogeneous mixture of 5 Kg green sand can be achieved in 4.5 minutes as reported in Figure 2 which illustrate the mixing time of the foundry mixer. 
Table1: Components and unit used
	S/N
	Components
	Pieces

	1.
	1 hp electric motor
	1

	2.
	Reduction gear box
	1

	3.
	Mixing pan
	1

	4.
	Main frame
	1

	5.
	Shaft
	1

	6.
	Trap Door
	1

	7.
	Blades
	4

	8.
	Blade support
	1



Table 2: Properties of the foundry sand mixer
	S/N
	Properties
	Value

	1.
	Radius of mixing pan 
	0.15 m

	2.
	Diameter of mixing pan 
	0.3 m

	3.
	Force acting on the shaft
	50 N

	4.
	Torque of the machine
	75 Nm

	5.
	Power output
	490.13W

	6.
	Angular velocity
	6.535 rad

	7.
	Power input
	746 W

	8.
	Machine efficiency
	65.7 %

	9.
	Gear ratio
	25:1




Table 3: Foundry sand mixing time
	S/N
	Mass of the sand
(Kg)
	Time
(Minute)

	1
	1
	3

	2
	2
	3.35

	3
	3
	3.67

	4
	4
	4.13

	5
	5
	4.5



	
Figure 2: Mixing time against mass of green sand    




[image: ]
Plate 1: A 5 Kg Foundry Sand Mixer
4.0. Conclusion 
The foundry sand mixer was design and fabricated using locally available materials while considering the required properties for each component. Components such as mixing pan, main frame, blade and blade support and shaft were fabricated using locally sourced materials. While motor and reduction gear are procured from local market. The diameter of the mixing pan, torque, angular velocity, power output and efficiency of the machine are 0.3 m, 75 Nm, 6.535 rad, 490 W and 65.7 % respectively. The machine has been proven to drastically help reduce the mixing time to achieve homogeneous mixture. It will also help the foundry shops to carry laboratory examination of a test metal casting using desired green sand compositions before embarking on mass production. 
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