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Abstract 

A prototype of corn fertilizer applicator had been developed since 2009 (prototype-1). 

However, the applicator did not work well due to fertilizer clogging (about 38%). 

Prototype-2 metering device was then designed, developed, and tested to improve its 

performance but the clogging was still high (31%). Therefore, prototype-3 was designed 

and developed to overcome the problem. The objective of the research was to design an 

edge-cell type metering device to minimize the clogging and to achieve higher accuracy. 

The edge-cell type metering device was optimally designed to minimize the friction 

between fertilizer and the rotor tips. Its diameter is 40 mm with 6 grooves and its length is 

80 mm. For performance test, the hopper and a variable speed electric motor were 

attached to the metering device in a set of experiments in the laboratory. The tests 

included accuracy and uniformity test. The fertilizers used for the test were urea, TSP, 

and a mixture of TSP and KCl. Rotor rotation speed was 15, 25, and 35 RPM respectively 

and the volume of fertilizer in the hopper was 25, 50, and 100% respectively. The 

accuracy and uniformity test of prototype-3 showed satisfying results and the clogging 

was eliminated. 

 

Keywords: Edge-cell type metering device, fertilizer applicator, fertilizer clogging, 
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1. INTRODUCTION 

Corn (Zea mays L.) is one of the most 

important staple food in the world, including in 

Indonesia. In order to anticipate the increasing 

demand of corn, a few studies have been 

conducted to solve the problems in agricultural 

engineering perspective.  

Syafri (2010) had developed a prototype of 

integrated machine for planting, fertilizing, and 

tiling namely prototype-1. It was designed to 

plant corns with planting space of 75 x 20 cm. 

The metering mechanism came from the 

rotation of machine driving wheels which 

rotating the metering device. By integrating 

three activities, the cost and working time was 

expected to reduce by one-third. An agitator 

feed type acted as the metering device and 

designed to meter 150 kg/ha urea, 200 kg/ha 

TSP, and 100 kg/ha KCl. Its lack was high 

level of fertilizer jamming which was about 

38%.  

Another prototype, namely prototype-2, 

was developed by Putra in 2011. In this 

prototype, several modifications were done. 

There were: separating the hopper of urea from 

the hopper of TSP and KCl, modifying the 

design of driving wheel to make it work more 

effective, and refining the coarse particles of 

TSP before storing in the hopper. As the results, 

the level of fertilizer jamming was reduced to 

31%, spacing between seeds and fertilizer 

showed improvement, and the planting depth 

was slightly better. However, the fertilizer 

clogging was considered quite high and 

affected the seeds and fertilizer metering.  

According to previous studies, the rotor 

rotation was hampered due to excessive 

friction between fertilizer and rotor casing. It 

was also hampered because coarse particles 

often got caught between rotor tips and hopper 

base. These made the metering device often 

stopped working. Therefore, an optimum 

design of metering device was needed to 

overcome the problems. An edge-cell type 

metering device was optimally designed to 

minimize the friction between fertilizer and 

rotor tips as well as to produce uniform seed 

spacing. It was made from polyethylene to 

reduce the friction and to avoid rust caused by 

fertilizers. Another part which was improved 

was hopper. In prototype-3, hopper was not 

attached directly above the metering device in 

order to minimize the fertilizer accumulation in 

the metering housing. This prototype-3 was 
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also equipped with brushes to hold excess 

fertilizers from entering the rotor.  

Another modification was the use of 

transparent acrylic as the hopper material to 

replace stainless steel plate used in previous 

studies. This replacement was intended to 

avoid rust due to the reaction between hopper 

material and fertilizers. The volume of 

fertilizer inside the hopper could easily be 

observed and the operator would know when to 

refill. These modifications were expected to 

achieve the design goals.  

This study aimed to design an edge-cell 

type metering device which provided accurate 

metering. Two types of metering 

configurations were tested. The first one was 

conventional type where hopper was attached 

directly above metering device. The second 

one was modification type where the flow of 

fertilizer from hopper continuously came from 

the left side of metering device, distributed to 

the right side, and discharged to field.  

2. MATERIALS AND METHODS 

2.1 Time and Venue 

The study was carried out from January to 

November 2012 at workshop of Department of 

Mechanical and Biosystem Engineering, Bogor 

Agricultural University.  

2.2 Tools and Equipment 

Tools and equipment used were: workshop 

equipment, CPU, AutoCAD, stopwatch, digital 

camera, scale, acrylic (3 and 5 mm thick), 

stainless steel shaft (12 mm diameter), 

polyethylene cylinder shaft (60 mm diameter), 

glue (Araldite, Dextone, and Power Glue), 

sprocket and chains, 1.5 inch PVC socket 

coupling, 3-mm thick equal angle bar, AC 

motor variable speed, and fertilizers (urea, TSP, 

and KCl).  

2.3 Procedurs 

2.3.1 Experimental Methods  

Experimental testing included: (a) 

discharge accuracy testing, and (b) discharge 

uniformity testing. For the test, hopper and a 

variable speed electric motor were attached to 

metering device in a set of experiments in the 

laboratory. Discharge accuracy testing aimed 

to observe the metering accuracy. In this test, 

its rotor opening was varied: 50, 75, and 100%. 

Rotor rotation was 15, 25, and 35 RPM, 

respectively. Three types of granular chemical 

fertilizer used were urea, TSP, and TSP-KCl 

mixture (2:1). The testing was carried out by 

filling fertilizers to hopper, switched on 

variable speed AC motor for a minute. Its 

rotational movement was transferred from 

motor to metering shaft using sprocket and 

chains mechanism. The discharged fertilizer 

was collected using a bucket and weighed. 

Testing set-up can be seen in Figure 1 below.  

 
 

 

 

 

Figure 1. Testing arrangement 

Uniformity testing aimed to observe 

whether the mass of discharged fertilizer was 

uniform even though fertilizer volume in 

hopper changed. In this test, fertilizer volume 

in hopper was varied: 25, 50, and 100%. Rotor 

rotation and fertilizer types used in this testing 

were similar to discharge accuracy testing. 

There were two types of metering 

configuration used in both testing. The first 

one was conventional type where hopper was 

attached directly above metering device. It was 

to simulate the previous study configuration 

using modified materials. The second one was 

modification type where the flow of fertilizer 

from hopper continuously came from the left 

side of metering device, distributed to the right 

side, and discharged to field. A set of brush 

was only used in the second configuration.   

2.3.2 Design Analysis 

The main part of fertilizer applicator is its 

metering device and hopper. The metering 

device was designed to discharge fertilizers 

about 14.99, 19,99, and 29.99 g/rotation for 

urea, TSP, and TSP-KCl mixture. The amount 
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3) Hopper  

4) Metering device 
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of discharged fertilizer was obtained from the 

equations below. 

   (1) 

   (2) 

Where:  

Pplm : mass of discharged fertilizer per 

meter in a furrow (g/m) 

Dp : fertilizer dosage (kg/ha) 

a : inter-row spacing (m) 

P1put : mass of discharged fertilizer per 

rotation (g) 

drp : driving-wheels diameter (m) 

krp : driving wheel congestion 

(decimal) 

Nrt : the number of rotor shaft tooth  

Nrp : the number of driving wheel tooth 

The calculation results is displayed in 

Table 1 below.  

Table 1. Calculation of Discharged Fertilizer 

per rotor rotation 

Fertilizer   Dp 

(kg/ha) 

a (m) P1pm 

(g/m) 

P1put 

(g/rotation) 

Urea  150 0.75 11.25 14.99 

TSP 200 0.75 15.00 19.99 

TSP+KC

l (2:1) 
300 0.75 22.50 29.99 

Volume of discharged fertilizer in one 

rotor rotation (cm
3
) was calculated using 

fertilizer density (g/cm
3
) and obtained from the 

equation below.  

   (3) 

Where:  
V1put : volume of discharged fertilizer per rotation 

(cm
3
) 

P1put: mass of discharged fertilizer per rotation (g) 

ρp    : fertilizer density (g/cm
3
) 

The proposed metering device was an 

edge-cell type. It is a positive feed metering 

device and its rotational movement is delivered 

from shaft movement. The discharge rate of a 

given rotor is controlled by changing the rotor 

speed (Srivastava et al, 2006). To calculate the 

surface area, some measurements were 

calculated which can be seen in Figure 2 

below.  

 

Figure 2. Edge-cell section 

(4) 

Where: 

Apc : surface area of metering device (cm
2
) 

AI : surface area of sector I (cm
2
) 

AII : surface area of the triangle (cm
2
) 

AIII : surface area of the rectangular (cm
2
) 

AIV : surface area of the curve (cm
2
) 

AV : surface area of quadrant (cm
2
) 

 

The calculation of rotor length was 

determined using the formula below. The 

results of rotor length calculation is displayed 

in Table 2.  

    (5) 

Table 2. The results of rotor length calculation

  

Based on the calculation listed above, final 

length of rotor was 80 mm to anticipate higher 

dosage in the field. A rotor casing could be 

used to accommodate lower fertilization 

dosage. It was made from a 1.5 inch PVC 

socket coupling. Metering rotor and its casing 

design is displayed in Figure 3 below.  

 

Figure 3. Design of rotor and its casing 

Hopper was made using 5-mm thick 

acrylic sheets. Acrylic was chosen for its rust 

resistance characteristics. Volume of hopper 

was determined using the equation below. 

   (6) 

Fertilize

r 

P1pm 

(g/rot) 

V1put 

(cm
3
) 

Apc 

(cm
2
) 

Lr 

(cm) 

Urea  14.99 13.73 1.038 2.20 

TSP 19.99 15.87 1.038 2.55 

TSP+K

Cl (2:1) 

29.99 24.15 1.038 3.88 
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Where:  

Vhp : volume of hopper (cm
3
) 

A  : surface area covered in full capacity 

(1000 m
2
) 

D  : dosage (kg/ha)  

u  : number of fertilizer applicator (1 

unit) 

ρP : fertilizer density (g/cm
3
)

 

The results of volume calculation is listed 

in Table 3. 

Table 3. Volume of hopper calculation 

Fertilizer  A 

(m
2
) 

Dosage 

(kg/ha) 

ρp 

(g/cm
3
) 

Vhp (cm
3
) 

Urea 1000 150 1.09 13736.26 

TSP 1000 200 1.26 15873.02 

TSP+KCl 

(2:1) 

1000 300 1.24 24154.59 

Hopper was attached above the metering 

device and there would be fertilizer flow due to 

gravitational force. In order to ensure the 

continuous flow, hopper slope should be higher 

than fertilizer angle of repose. It was known 

that the fertilizer angle of repose ranging from 

27º to 31º and in hopper design, its slope was 

45º. Hopper length, width, and height was 400, 

80, and 400 mm, respectively. The design is 

displayed in Figure 4. 

 

Figure 4. Design of hopper 

3. RESULTS AND DISCUSSIONS 

3.1 Modifications  

Some parts were modified to improve the 

performance of corn fertilizer applicator. First, 

its hopper. In prototype-2, it was made from 

stainless steel plate (1 mm thick). Then it was 

modified by changing its material. A 5-mm 

thick transparent acrylic was used. By using a 

transparent material, the operator could 

observe the remaining volume of fertilizer 

inside the hopper during the operation in the 

field. Another modification for hopper was its 

position which was not attached directly above 

metering device. In order to minimize fertilizer 

accumulation when entering metering device, 

it was attached to above the left side of 

metering device. Figure 5 showed the 

modification in prototype-2 and protoype-3.  

 

 

 

 

 
 
 

Another modified part was metering 

device. In this research it was made from 

polyethylene cylinder (20 mm diameter). It had 

6 cells and its diameter and length was 40 mm 

and 80 mm, respectively. This model replaced 

prototype-2 which was made from stainless 

steel shaft (22 mm diameter, 70 mm long) and 

stainless steel plate (2 mm thick) as the blades. 

It had 4 cells and 4 blades. Volume of fertilizer 

carried by rotor could be set by changing the 

length of working rotor using rotor casing. In 

prototype-2, rotor casing was made from 

polyethylene cylinder (35 mm diameter). In 

prototype-3, its casing was made from PVC 

socket coupling. Figure 6 below showed rotor 

and its casing of both prototypes.  
 
 

 

 
 

 

 

 

 

 

(a) prototype-2, (b) prototype-3 

Figure 6. Rotor and rotor casing 

A set of brushes was added to the metering 

device in order to hold excess fertilizers. It 

aimed to achieve better discharge accuracy and 

uniformity. It also aimed to reduce the friction 

between fertilizers and rotor housing. 

3.2 Performance of Corn Fertilizer 

Applicator 

Three types of granular chemical fertilizer 

were used in this study: urea, TSP, and a 

       

Figure 5. Hopper prototype-2 (left) and  

prototype-3 (right) 

 
       (a) 

  
                   (b)     
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mixture of TSP and KCl (2:1). KCl could not 

be discharged due to interlocking arc took 

place in metering device of both configurations. 

Interlocking arc could take place if the hopper 

base opening is smaller than material critical 

characteristic. However, it was still unknown 

whether the change of material flow which 

would affect the event of interlocking arc (To 

et al., 2002). KCl could be discharged by 

adding agitator in hopper or by mixing it with 

TSP. Therefore, a ratio of 2:1 TSP-KCl was 

used.  

 

Figure 7. Interlocking arc 

3.3 Particle Size Distribution 

The measurement of particle size 

distribution was conducted to determine the 

size distribution of each fertilizer (Hofstee, 

1989). It was later needed for analysis (Dee, 

1990). The particle size of the fertilizer have a 

great influence on the movement of the 

particles. Measurement of particle distribution 

was done by sieving fertilizer through several 

sieve size. The distribution of the particle size 

distribution of fertilizers are presented in Table 

4 below. 

Table 4. Particle size distribution 

Fertilizer  

Particle size distribution (%) 

<1.4 

mm 

1.44-

2.36 mm 

2.36-

4.76 

mm 

>4.76 

mm 

Urea 4.86 84.74 10.5 0 

TSP 19.02 11.97 59.70 9.31 

KCl 100 0 0 0 

TSP+KCl 

(2:1) 

39.49 5.85 45.35 9.31 

Table 4 above shows that particle size of 

urea which was smaller than 1.4 mm was not 

more than 5% of the total mass of measured 

fertilizer and no particles larger than 4.76 mm. 

As for TSP, the dominant size was 2.36-4.76 

mm. On the other hand, KCl texture was fine 

powder and all particles were less than 1.4 mm. 

The mixture of TSP and KCl values are evenly 

spread because the extreme difference of TSP 

and KCl size.  

3.4 Discharge Accuracy Testing 

Discharge accuracy was measured from 

the openings of rotor casing. Theoretically, the 

wider the opening, the higher amount of 

discharged fertilizer. It means that the amount 

of discharged fertilizer would significantly 

different if 100% rotor surface used compare to 

only 50% rotor surface. Figure 8 below shows 

the results of accuracy testing of both metering 

configuration. 

 

Figure 8. Discharge Accuracy Testing of 

Conventional Type (left) and Modification 

Type (right) for Urea 

Figure 8 shows that the change of width 

rotor casing gives significant effect on the 

amount of discharged fertilizer. The average 

amount of discharged fertilizer in modification 

type was 20.76, 26.00, and 33.56 g/rotation 

respectively, with the opening width was 50, 

75, and 100%, respectively. The results of 

theoretical calculations were 27.21, 40.81, and 

54.42 g/rotation for rotor opening of 50, 75, 

and 100%, respectively. Discharged fertilizer 

testing showed smaller results than theoretical 

results due to the shape of developed metering 

device. Moreover, fine size of urea gave 

significant difference if it slipped through the 

rotor gaps when the variable motor was 

switched off.  

Discharge accuracy testing of TSP is 

displayed in Figure 9. It could be concluded 

that the difference of rotor openings gave 

significant influence on the amount of 

discharged fertilizer. Total of discharged 

fertilizer for 50, 75, and 100% openings were 

39.81, 50.92, and 62.72 g/rotation, respectively. 

The accuracy for TSP testing was also 

satisfying. 
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Figure 9. Discharge Accuracy Testing of 

Conventional Type (left) and Modification 

Type (right) for TSP 

The average amount of discharged 

fertilizer for 50, 75, and 100% openings were 

32.82, 45.83, and 54.58 g/rotation, respectively. 

The results of theoretical calculations were 

30.95, 46.42, and 61.89 g/rotation. The 

difference between testing and calculation 

results was quite small. Therefore, the 

accuracy for mixture of TSP and KCl was also 

satisfying. The graph of TSP-KCl testing is 

displayed below (Figure 10).  

 

Figure 10. Discharge Accuracy Testing of 

Conventional Type (left) and Modification 

Type (right) for TSP-KCl Mixture 

3.5 Discharge Uniformity Testing 

Discharge uniformity testing was done to 

observe whether the amount of discharge 

fertilizer remains consistent and not affected 

by volume of hopper if tested at the same rotor 

openings. Figure 11 below displayed results of 

discharge uniformity testing for urea.  

According to the picture above, the discharge 

uniformity for modification type gave 

satisfying results. Changes in the fertilizer 

volume did not have significant influence in 

the change of discharged fertilizer. Thus, it can 

be concluded that the metering device of 

modification type could provide uniform 

results in various volume of fertilizer in the 

hopper. The changes of motor speed at 15 and 

25 RPM also did not give significant influence. 

However, at 35 RPM motor speed, the amount 

of discharged fertilizer is the lowest. It might 

be caused by the high rotational speed during 

the operation affect the metering device and 

fertilizer was not entirely filled the cells. 

Despite of the results, at 35 RPM motor speed, 

it also showed satisfying results. 

 

Figure 11. Discharge Uniformity Testing of 

Conventional Type (left) and Modification 

Type (right) for Urea 

 

Figure 12 below showed the discharge 

uniformity testing for TSP. It also showed that 

the changes in the fertilizer volume did not 

have significant influence in the change of 

discharged fertilizer. Therefore, the 

modification type showed satisfying results. As 

for high rotational speed (35 RPM) which also 

gave lowest rate of three motor speed, it also 

caused by the fertilizer did not fill up the cells 

when the rotor moving in high speed. 

Nonetheless, the results also showed satisfying 

results. 

 
Figure 12. Discharge Uniformity Testing of 

Conventional Type (left) and Modification 

Type (right) for TSP 

Figure 13 below shows that the uniformity 

test for mixture of TSP and KCl also provides 

satisfying results. The changes in fertilizer 

volume in the hopper did not give significant 

effect in the changes of discharged fertilizer. 

At 15 and 25 RPM, the results were quite 

similar. However, at 35 RPM motor speed, it 
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shows the lowest results compared to the other 

parameters. It was also assumed that the high 

speed of motor affected in fertilizer filling the 

cells. Overall, the testing also provided 

satisfying results.  

 

Figure 13. Discharge Uniformity Testing of 

Conventional Type (left) and Modification 

Type (right) for TSP-KCl Mixture 

CONCLUSIONS 

An edge-cell type metering device was 

developed and tested. According to accuracy 

and uniformity testing, modification type 

(prototype-3) showed better results compared 

to conventional type. The optimum results for 

urea was at 15 RPM motor speed and 100% 

rotor opening. As for TSP, it was achieved at 

35 RPM. However, at various level of rotor 

rotational speed and rotor casing openings, 

modification type (prototype-3) had shown 

satisfying results. Therefore, the combination 

of motor speed and rotor opening could be 

selected as needed for future use.  
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