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D e v e l o p m e n t of A Smal l / M e d i u m Scale Grading System 

D M S P Bandara, H M A P Rathnayake and M D Fernando 

Abstract : This s tudy was unde r t aken to develop appropr ia te and low cost grading device for a variety 
of economically impor tan t agricultural produce , in order to increase their marke t demand . This grader 
was tested for tomato wi th three grades which raise the value of the p roduce significantly d u e to that 
worked on the principle of rolling the p roduce a round the axis of m i n i m u m mass inertia was evaluated. 
Two grades were separa ted based on the opening size and a third g rade consisted of p roduce that 
overflowed the largest opening . The open ing for g rade I, II and III we re 55mm to 65mm, 65 m m to 75 
m m and >75mm respectively. The grader w a s tested for tomatoes at s lope of 08 degrees , 10 degrees and 
12 degrees and the 10 degree w a s the best slope. The rates for which the grader was tested were 192 
k g / h , 288kg /h and 5 7 6 k g / h and the percentage of tomato correctly g raded were 90%, 89% and 72% at 
s lope of ten degree respectively. 

Keywords : Agro Processing, Grad ing , Machinery, Graders 

1. Introduction 

Within thedomest ic food sector or non-plantat ion 
agriculture sector, the p a d d y cultivation plays 
an impor tan t role, as rice is the stable food for 
the nation. The main policy dr iven is to achieve 
self-sufficiency in p a d d y product ion . Next 
to p a d d y sector, the perishable sub sector is 
the most p rominen t in the agricul ture sector, 
as vege tab les / fruit are g rown th roughou t 
the country and large n u m b e r of farmers are 
involved in vegetable / f ru i t cultivation. 

As being a poor and developing country, 
Sri Lanka is facing many prob lems in the 
agricul ture system, especially in market ing 
of the agricultural p roduce . The majority of 
farmers in Sri Lanka are poor and ignorant . 
And the high tech practices are less available 
or cannot be afforded. Therefore, they are still 
us ing improper techniques in cult ivation as well 
as in post harvest practices, which lead to a low 
profit and a low marke t va lue for their produce. 

The g rad ing and sort ing techniques have to be 
done after harves t ing as a me thod for va lue 
addi t ion. This can be done according to the size, 
variety, color, matur i ty , presence of pests and 
diseases, etc. This will minimize the physical 
damages and spread of pes t and disease spread; 
eventual ly giving a high profit a n d marke t value. 
In Sri Lanka sort ing and g rad ing of fruit and 
vegetable to some extent is being practiced bu t 
very less in vegetables unless at super marke t 
level. For expor t or processing some vegetable 
and fruits have to be graded for size and quali ty. 
After grading, the different sizes of p roduce 

could be sold in different rate of prices. The 
normal g rad ing is being done manual ly which is 
t ime consuming. Due to unavailabil i ty of proper 
sort ing and grading devices or g rad ing houses 
and lack of knowledge and interest, this practice 
is not been done effectively. 

Especially tomatoes (Solanum lycopersicum), 
mangoes (Mangifera) and passion fruit 
(Passiflora) are sold in the marke t w i thou t 
grading in Sri Lanka. If those were sold after 
grading, this wou ld be beneficial to both 
producers and consumers . 

To give the different prices for the same harvest 
in different sizes such as tomato , mango , 
orange, those h a v e to be graded for size and 
quality. Further operat ion for g rad ing of those 
agricultural p roduce is done manual ly , it is a 
labor consuming. 

Therefore, this s tudy was under taken to deve lop 
appropr ia te a n d low cost g rad ing devices for a 
variety of economically impor tan t agricultural 
p roduce such as passion fruit, m a n g o and 
tomato, in order to increase their marke t 
demand . The main objective of this s tudy was 
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to design and develop of appropr ia te and cost 
effective size separation mechanisms for grading 
ol economically important agricultural produce 
and therein to enhance the efficiency of the 
grading practices in the post harvest channel. 

2 . Materia ls and M e t h o d 

Two grades were separated based on the SLze 
and a third grade consisted of produce that 
overflowed the largest opening. The open ing for 
g rade I, g rade 11 and grade III were 55 to 65, 65 to 
75 and >75 mm respectively. 

The grader was m a d e of locally available 
materials to keep the cost low. It was fabricated at 
the w o r k s h o p of Engineering Division of Institute 
of Post Harvest technology, Anuradhapura . 

Ihe grader consisted of a main s t ructure as 
shown in Figure: 1 fabricated with M S angled 
bars Eleven VA inch a luminium tubes fixed in 
both ends were used to make the converging 
opening of 55mm at the feed end and 75mm at 
discharge end and those facilitate the produce 
to flow over the flowing area properly. Anyway 
these openings are adjustable by moving bearing 
along the groove as desired according the variety 
and type of produce. 

In this s tudy, all the testing was carried out 
using tomatoes. Graded Tomatoes collection 
mechanism is provision of plastic crates at 
each end of the collection chutes. T w o persons 
were required to run the grader successfully. 
O n e person suppl ied tomatoes and other one 
drove the gear system to facilitate the rotation 
of a luminum tubes. Figure: 6 show the grader 
in operation. 

The tomato was moved through grader and the 
percentage of fruit that moved through each 
opening which was correctly graded at three 
different feed rates was determined. The data 
were analyzed statistically by S A S and opening 
was determined by the best percent of tomato 
correctly graded . 

2.1 Des ign of Main St ructure 

The frame was made of 40mmx40mmx6 mm 
M . S angle bars. The main s t ructure was fixed at 
10 degrees angle to the horizontal after doing 
preliminary trials and the results were tabulated 
in Table: 1 and Table: 2. The dimension of the 
frame are shown in Figure 1. 

2.2 Des ign of g rad ing table 

Feeding Hopper 

1 l/2"x1 1/2"x1/8" MS Angle iron Irame 

Figure 1: Main Structure of the Grader 
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D i a 2 5 m m 
A l u m i n i u m l u b e 

D i a 6 2 5 
m m N u t a n r t 
B o l l 

D i a 2 5 m m 
( 1 " ' B e a r i n g 

1 8 x 1 8 x 3 m m 
A n g l e i r o n 

D i a 3 7 . 5 m m (1 .1_ /2"J 
P l a s l i c S p r o c k e t w h e e l 

3 7 5 x 3 7 5 x 3 
m m A n g l e 
i r o n 

D i a 3 7 5 m m ( 1 1 / 2 " ) 
P l a s t n S p r o c k e t w h e e 

1 '2" F l a t i r o n 

D i a 2 5 m m 
(.1 " ) B e a r i n g D i a 2 5 m m 

A l u m i n i u m l u b e 
D i a 2 5 m m 
i " ~ i B e a n n g 

1 8 x 1 8 x 3 m< 

A n g l e i r o n 
3 7 . 5 x 3 7 5 x 3 m m 
A n g l e i r o n 

Figure 2: Fabricated grading table with Aluminum rubes 

It is t rapezium in shape d u e to converging 
effect of metal pipes with length 650 mm at 
the top and 930 mm at the bottom. Eleven light 
weight A luminum metal pipes ot d iameter 24 
m m and 1500 m m length are at tached to 25mm 
(60S) plastic bearing. The pipes a re ar ranged 
divergently with smaller open ing of width 55 
m m and large opening of width 75mm at the 
ends . The motion to the pipes is given by rotating 
handle. The hand le can be rotated manual ly or 
with the help of motor. 

2.3 Des ign of H o p p e r 

It was m a d e out of p lywood boards (18 gauges) in 
shape ol traditional w innowing pan and placed 
on a rectangular frame made of MS angled bars. 

2.4 Design of Trays (Chutes) 

Collection chutes made out of p lywood 
boards were provided and at tached below the 
grading table. It is d ivided into 3 sections to 
collect the tomatoes of 3 grades. According to 
the preliminary result the collector is given 
inclination at 100 perpendicular to horizontal 
plane so that the tomatoes slide directly in crates 
through the outlets. The collector is parti t ioned 
with p lywood sheets of 18 gauges to avoid 
mixing of tomatoes of different grades. 

Figure 3: Fabricated chutes and hopper with 
plywood 
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mm Angle iron 

Figure 4: The grader driving system 

Figure 5: The grader driving system 

Figure 6: The IPHT grader in operation 

2.5 Cushioning material 

The chutes were covered with sponge sheets. In 
fact tomatoes bear the impact as they fall from 
slots in pipes upon the collector and are damaged 
in the process. The physical damage/injury to 
the tomatoes can be avoided by providing foam 
(5 mm thickness) on the collector. The foam is 
also pasted the hopper to avoid the initial impact 
too. 

2.6 Design of Gear assembly 

The plastic gears of diameter 37 ± 2 mm are 
attached to metal pipes. Plastic gears further 
mesh with the gears upon the worm gears. 
The handle is attached to the sprocket gear of 
diameter 72 mm mounted on the main frame, 
which can be rotated manually, or motor driven. 
In this study, tubes were rotated manually at the 
average speed of 

2.7 Operation of Grader 

The tomatoes roll down the pipes due to gravity 
and fall immediately where they find the space 
of their diameter. Tomatoes fall in the collector 
which is partitioned into 3 sections for obtaining 
different grades of tomato i.e. 55 to 65,65 to 75 and 
> 75 mm and can be designed as grade I, II and 
III respectively (Fig 5). The collector is inclined 
at 100 perpendicular to the grading table so that 
the tomatoes slide directly in chutes. Tomatoes 
graded and collected in chutes were labeled as 
undersize, normal and oversize. The important 
feature of grader is its ability to adjust the gap 
between the pipes, inclination of grading table 
and hopper. 

3. R e s u l t s a n d D i s c u s s i o n 

Table 1 shows the average percent of the correctly 
graded tomato that passed through opening for 
each of the three slope angle 8,10 and 12 degrees, 
respectively. 
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Table 1: The percentage correctly graded tomato that 
passed through the each opening for the different 
slope at the rate of 288 kg/h 

Table 4: The percentage correctly graded tomato that 
passed through the each opening at the feed rate of 
288kgrti 

Slope / 
(degrees) 

The percentage correctly 
g r a d e d / ( % ) 

S lope / 
(degrees) 

Grade I G r a d e II G r a d e III 

8 70.00 91.66 100.00 

10 78.57 95.45 100.00 
12 63.63 96.15 100.00' 

Table 2; The average percentage correctly graded 
tomato for the different slope at the rate of 288 kg/h 

Slope 1 
(8°) 

Slope 2 
(10°) 

Slope 3 
(12°) 

Ave. 
percent 
g raded 

87.22(B)* 91.34(A)* 85.59(B)* 

*Any two means in the s ame raw followed by 
different letters differ significantly according to 
Duncan ' s mul t iple range test (P<0.05). 

Ten Degrees slope was found to be significantly 
(p=0.0212) super ior to 8 degrees a n d 12 degrees. 
It is possible that for the lower 8 degree s lope 
which was a lmost flat the fruit was not rolling 
with sufficient velocity. Whereas , wi th the 
higher 12 degree slope, the fruits were reaching 
a higher velocity that caused them to over flow 
and collected as the third grade . Thus , both these 
cases resulted in a lower g rad ing percentage. The 
in termedia te 10 degree slope seemed to correct 
these deficiencies. 

A single person manual ly opera ted the grader , 
the time taken for complete sort ing of the sample 
was noted and the capacity of the machine per 
hour was calculated. [7]. Table: 3, 4 a n d 5 show 
the percentage of the correctly g raded tomato 
that passed through open ing for each of the three 
feeding rates 192kg /h , 2 8 8 k g / h and 5 7 6 k g / h 
respectively. 

Table 3: The percentage correctly graded tomato that 
passed through the each opening at a feed rate of 
192kg/h 

The percentage correctly 
g r a d e d / (%) 

Mean 

Grade I Grade II G r a d e 
III 

Mean 

SD 
82.96 

3.84 

85.73 

7.18 

100.00 

0 

89.56 

(A)* 

The percentage correctly 
g r a d e d / (%) 

Mean 

Grade I G r a d e II Grade 
m 

Mean 

SD 

90.00 

6.57 

76.92 

6.83 

100.00 

0 

88.71 
(A)* 

Table 5: The percentage correctly graded tomato that 
passed through the each opening at the feed rate of 
576 kg/h 

The percentage correctly 
g r a d e d / (%) 

Mean 

Grade I Grade II Grade 
III 

Mean 

SD 

71.67 

2.89 

72.33 
3.21 

73.33 
1.53 

72.44 

*Any two means in the s ame row followed by 
different letters differ significantly according to 
Duncan ' s mul t iple range test (P<0.05). 

For each of the three feed rates, the resul t was 
highly significant (p=0.0001). But for the feed 
rate of 192 k g / h and 288 k g / h , the percentage 
of correctly g raded tomato was not significant 
(A). It shows that the correctly g raded tomato 
was decreased with an increase in feed rate. The 
reason for such the decreased efficiency may 
have been that increased feed rate resulted in 
increased blocking of the g rader open ing and 
faster rolling of tomato which resulted in smaller 
tomato getting d r o p p e d into a larger category. 

The present s tudy revealed that the very t ime and 
labour consuming task of grading tomato can be 
greatly improved with the grader . And the trials 
u p o n the other fruits especially mango , passion 
fruits also were carried out . Of these fruits, 
passion fruits can be graded better, because this 
g rad ing mechanism is well performed on round 
shaped produces . Main advan tage of this g rader 
is that the grader mechanism is adjustable 
according to the different size of p roduces 
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Conclusion 

The results obtained from the s tudy are 
s u m m a r i z e d a n d concluded as follows. 

1. Machine was able to operate at the 
capacity of 576 k g / h with the 72% grading 
efficiency 

2. The highest g rad ing efficiency 89% was 
obtained at the capacity of 288kg /h 

3. The suitable s lope of g rad ing table is 100 
for g rad ing tomatoes proper ly . 

4. Because the operat ional methodology of 
this mach ine is the principle of rolling the 
p roduce a round the axis of min imum mass 
inertia, any round shaped agricultural 
p roduce can be graded proper ly adjusting 
s lope and sizes of open ing of each grade 
according to the size of produce . It is 
recommended that testing had better do 
on other p roduces too. 

5. The physical d a m a g e could not be 
observed du r ing the testing per iod 
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