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Abstract : This paper presents a network-based automation system for the detection of metallic objects in food and
livestock. A metal detector is a core equipment used for the inspection required by HACCP. Since the existing metal
detectors are manufactured as a single-body equipment, it is difficult to take into account various user requirements
for the system. In order to overcome the drawback, this study presents a network-based automation system for metal
detector utilizing an industrial fieldbus and modular components. The proposed system can effectively consider the
various customer requirements and control schemes. The proposed system can also achieve the improvement in speed
and success rate of detecting metallic objects. The effectiveness of the proposed system is demonstrated through a
various experiments.
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Fig. 2. Conveyor belt
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Fig. 3. Relationship of forces in slope movement
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Fig. 10. Automation system flow chart
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Table 1. Motor specifications

model name GMB6A — 3229F
rated torque 62gfcm

rated speed 5,0007pm

rated current 210mA

no load speed 6,200 pm

no load current 60mA

rated power 31TW

H 2. 457 2E AMS
Table 2. Reducer motor specifications

T2l 13, Hiokst AARIel T35 ALK
Fig. 13. Picture of proposed system
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2. HMI 718

VB oErellA AAG Az thekd HMI S ¥3)
stal glh a9 14 54 A2 A, 2718 A" W
i EF F (target value) 913 A AT FEFS wlE F
Qo] AASE As BAAFH, 553 ng&e HE |
&5 49 Slh

5 3, AlaEl a7 B, 3 s AR, SED B
59 dolg #5& st 9k
B Azl s Felsly] 8 Rdde B 4%
Eof AA &% Alele]l 93 TElal H§4 ol wdE
of g dolelE FSsth ' 174 AAG 2=}
o] MEQS B¥ &L V =85mm/sec+10%] tla] x|

model name GMVBGA — 3229 \ CONVEYOR CARRYING METAL DETECTOR

reducer length 29.6mm ‘ START H GREEN ‘

weight 1929 | reser || veuow | ‘

reduction ratio 1/104 ‘ o H - ‘

rated torque 3.8kgfem L
rated speed 48 rpm ‘ Target Value Input : 60 EA ‘ = METAL

no load speed 59rpm

a2 14, HMI 3 1
Fig. 14. HMI screen configuration 1

[ DIGITAL INPUT STATE |

Sup_Fwd Sup_Rwd [ Conv_Sup_Fwd ][ Conv_Sup_Rwd |
Drill_Down Drill_Up [ Metal Fwd ][ Metal Rwd |
Magazine Capacitive
\ DIGITAL OUTPUT STATE ]
[ Sup Fwd [ Sup Rwd ][ Conv Sup Cyl || Drill Cyl |
[__Metal Cyl ][ Conveyor CW ]
T2l 15, HMI 3t T+ 2
Fig. 15. HMI screen configuration 2
‘ CONVEYOR CARRYING METAL DETECTOR
Non_Metal 54 EA Identification_Performance 99.80 %
Metal 6 EA Cycle_Time_Transfer 0.18 sec
Total 60 EA Motor_RPM 53.82 RPM
Defect_Rate 10 % Motor_RPS 0.84 RPS
Quality_Rate 90 % Sup_Cyl_Run_Count 60 EA
Conveyor_Velocity 4998.91 mm/min ||Ceonv_Sup_Cyl_Run_Count 60 EA
Conveyor_Velocity  77.80 mm/sec ||Metal_Cyl_Run_Count 6 EA
Current_Scan_Time 23.235 ms

a2l 16, HMI 31 7 3
Fig. 16. HMI screen configuration 3
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765

—Settling Range[UP] —Settling Range[Down] »¢Current Velocity[mm/s] -o-Average Velocity

a2 17, HMI 83 T 441
Fig. 17. HMI screen configuration 4-1
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Fig. 18. HMI screen configuration 4-2
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35 [ 2022/12/15 15:56:43

34 | 2022/12/15 15:55:43

33 [ 2022/12/15 15:54:44

2022/12/15 15:63:44

31 | 2022/12/15 15:52:44
300 [12022/12/15 15:51:44
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21 [ 2022/12/15 15:42:43

: ldentification_Performance[min]

a2 19, HMI & 7744 5
Fig. 19. HMI screen configuration 5
H 3 25 HZS oE 45 A5

Table 3. Metal, non-metal discrimination performance index

Number of
heavy metal
foods

Number of
foods
containing
heavy metals
[EA]
480
240

Number of
foods free of
heavy metals detected

[EA] [EA]
0 480
240 240
380 100
470 10
480 0
1570 830

Detection
rate [%]

100
100
100
100
100
100

1st
2nd
3rd 100
4th 10
5th 0
830
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