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A Study of a Load Cell Based High Speed
Weighting Method for a Potato Sorter

SUMMARY

Potatoes, together with tangerines, are one of the major agricultural products in
Jeju, and the production account for more than 30 % of the domestic
production. Recently some kinds of sorting machine for potatoes are available,
but they are not extensively used because their performance is not satisfactory
and/or they are very expensive. This paper presents a load cell based high speed
weighting method for sorting the potatoes. This method is based on the fact that
the linear momentum of a potato is proportional to the mass of it.

To test the performance of the weighting system, we developed load cell based
automatic sorting system for potatoes. The system does not adopt an additional
mechanism for weighting the potato such as a cup conveyer. It uses normal flat
conveyers themselves so that the cost for maintenance and establishment will be
lower than other system. Through sets of experiments, the developed weighting
system was proved to be very reliable, and its performance is good enough to

use as a practical sorting system.
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Table 1-1 Size of potatoes for each grade

Weight
S <100g [100~200g| 200~300g | 300~400g 400g =
ize
L (avg.) 5.84 771 9.30 10.73 12.57
S (avg.) 494 6.32 7.56 8.32 8.84
L/S(avg.) 1.21 1.22 1.26 1.31 1.43
L/S(std.) 0.12 0.13 0.16 0.15 0.14
Maximum size 7.8 10.1 12.2 14.6 16.5
* L ‘semimajor radius, S : semiminor radius
Table 1-2 Range of weight for each grade
. Extra
Grade Extra large| Large Medium Small
small
g >400 300-400 200-300 100-200 <100




Table 1-3 Sorting results

Grade Small Medium Large
avg.(g) 60.6 106.1 180.5
std. 20.8 184 52.6
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R 2

(CAS, BCL-1L)

Fig. 2-1 Load cell



Table 2-1 Specifications of a load cell

Detail Testing Result
Rated Load lkgf
Operating Temperture -20C ~ 70T
Rated Output 0.9510 mV/V
Combined Error 0.030 % R.O.
Non-Repeatability 0.010 % R.O.
Input Resistance 402.4. Q
Output Resistance 350.4 Q

Insulation Resistance

2000 MQ@50Vdc

Maximum Excitation

15V DC or AC

Safety Overload

150 % R.L.
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Fig. 2-2 Experimental set—up for testing the load cell
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Fig. 2-3 Response characteristics of the load cell
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Fig. 2-4 Amplifier and filtering circuit

a. Before filtering b. After filitering

Fig. 2-5 Effect of the filter
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Fig. 2-6 Linear pattern of the load cell output
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Table 2-2 Output characteristics according to the impact direction of potatoes

Impact direction avg. std.
Direction of semimajor axis 1.133 0.029
Direction of semiminor axis 1.029 0.038

_16_



Table 2-3 Output characteristics according to the impact direction with buffer

Impact direction avg. std.
Direction of semimajor axis 0.843 0.034
Direction of semiminor axis 0.860 0.041

Table 2-4 Physical properties of buffer

Material

PVA (Poly Vinyl Alcohol)

Density (g/cm) 0.082
Tensile strength(Kg/cm?) 2.0
30% compressive strength (g/cm®) 75
porosity (%) 90
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Table 2-5 Results of various signal treatments

Mass Integral method Average method Maxium method
(g) avg.(V) | std. |Error(g)|avg.(V)| std. |Error(g)|avg.(V) | std. |Error(g)
100 1763.6 | 68.40 12.7 0.302 0.020 10.9 0.356 0.031 9.7
200 2231.1 | 9941 18.6 0.483 0.042 23.1 0.678 0.071 22.2
300 28279 | 237.36 44.3 0.663 0.091 495 1.005 0.148 46.4
400 3369.1 | 186.32 34.8 0.849 0.067 36.8 1.314 0.107 335

V/100g | 535.2 0.182 0.319

25 r
(W)
2 s
1
—s+— Integral
0.5 —s— Average ||
—— Maxium
n L
10039 200g S00g A00g

Fig. 2-9 Linear patterns of the weighting method
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Fig. 2-10 Level detector circuit
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Table 2-6 Standard values of the weighting method

Signal treatment Maximum
Buffer thickness Zcm
Belt speed 1.5m/s
Impact distance 18cm
100g : 0.356
Threshold voltage gggg ?ggg
400g : 1.314
Voltage/g 0.00319
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Erroris )

100g 200g 300g A00g

Fig. 2-12 Output characteristics according to buffer thickness
( Impact distance : 18cm, Belt speed : 1.5m/s )

HIZ=CHSi D S =AM S

Fig. 2-13 Error characteristics according to buffer thickness
( Impact distance : 18m, Belt speed : 1.5m/s )
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Fig. 2-14 Error characteristics according to buffer thickness
( Impact distance : 16cm, Belt speed : 1.5m/s )

R8T SYEME

1004 2001 3001 40049

Fig. 2-15 Error characteristics according to impact distance
( Belt speed : 1.2m/s, Buffer thickness : 2cm )
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Fig. 2-16 Error characteristics according to impact distance
( Belt speed : 1.5m/s, Buffer thickness : 2cm )
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Fig. 3-1 Schematic diagram of the sorting system
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Fig. 3-2 Photo of the sorting system
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Table 3-1 Specifications of the sorting system

items unit spec. Type
L x Wx H mm |1345x445x1160
brush EA 10 PE
Cleaning part ;
speed rpm 1720 variable
speed
motor A 200 AC motor
stepl m/s 0.15 flat belt | veriable
speed
Spreading and step2 m/s 0.8 V-velt //
line~up part step3 m/s 0.25 V-velt //
step4 m/s 15 V-velt //
Load cell kgt 1 CAS
ThicksSesRor mm 20 PVA sponge
Weighting buffer
part Lpad cell mm 120
distance
Weighting Maximum
methool value
No. of steps step 2
Discharging |[No. of grades| grade 4
part
variable
speed rpm 200 DC motor speed
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Sy 100y 15y 0y Xy g Eete] 400y 400900
Fig. 3-8 Weight distributions of pofatocs
Table 3-1 Sorting results
Number of potatos| 0 ~100g | 100~200g | 200~300g | 300~400g | 400g -

Total 708 921 309 147 75
Over 104 33 27 14 X
Under X 39 16 9 14

Error (%) 14.6 7.8 139 15.6 186

Total error (%) 11.8

- 32 -




Table 3-2 Characteristics of error

0~100g |100~200g | 200 ~300g | 300 ~400g | 400g-
o avg.
Within the grade (o) 69.52 1455 248.9 353.2 435.1
g
avg.
(@) 110.2 214.4 311.3 417.2 X
Over g
std. 11.6 13.2 12.4 3.8 X
avg.
X 92.5 194.0 288.6 387.3
Under (g)
std. X 8.2 9.3 10.2 12.7

Table 3-3 Repeatability of the method

. Total Error
Weight (number) (number) Error (%)
0~100g 682 46 0.8
100~200g 893 91 10.1
200~300g 359 35 9.7
300~400g 145 19 13.1
400g- I6) 11 14.6
Total 2154 202 9.37
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