Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.3.232

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 18, No. 3 pp. 232-241, 2017

FololF2 R A 24k8 FH A2 AL 2 AF

OLMA! O|REF SX|Z2 O|HEY
R AREATE T RRAREY, SHe st MAE s

Development and Verification of the Automated Cow-Feeding System
Driven by AGV

Sung-Su Ahn', Yong-Chan Lee’, Ji-Hun Yoo’, Yun-Jung Lee”
'Machinery & Robot Research Division, Daegu Mechatronics & Materials Institute
’School of Electronics Engineering, Kyungpook National University

2 & & =TdAE ddstda 7IgstH ot sl e =Rk AGvsa} zaAFAoo] Wk AF 2ALE
FEAN 28] gl Aasleit), Aok A aAlE %%A]i%ﬂ}% gl Ay £ ALRIF AR E = a9, Sl A
AAY RS WIS TR olFATE 2afdlolol & AT o] &, MEZHolol2 TAE MET B A2 o]FS

A A = FELA ] AGVE AU AR AR FAE o)FHe] aHtel 913 2 o) FAE)
W AF Aol X 5= RFID TAGe W2 AE AR siEH 18 Alz=gle] gjo] Aajzl dutF o] AlRE Alzgle] 3
A BiESHAlE T S HI2EA SRS AlFEle] AR $H THE A3 AR o]$F-e] 23R o4, 237

A, 225 A 1 5 Lk saARAolo] A% = % dstor £l WAAAES 4T 334

Rt ==

ko)
A AEE AT AES % 3] %IH T*}Oﬂ *}Eﬁv}iﬁi A 7]7] 913

71 4
< H AE ZF2 5mY 7%?4—% 0.1 m/sec«] %E
2 FYsir 7 vhert FEEE 3 e Skl 223 F 21 kg«] AlRE z% 420 go 2 dUsH TFo] s
Fgelste] Mt S98 FAANEFTFAI2He] FAsE Fu SAbEvtel A4E 5 e 7HsdS ERlslt

Abstract This paper presents an automated cow-feeding system based on an AGV and screw conveyor for domestic
livestock farms, which are becoming larger and more commercialized. The system includes a hopper module for
loading pellet-type mixed feed at the top of the system, a transfer module mounted with a screw conveyor to transfer
feed from the hopper module to the outlet module, an outlet module composed of belt conveyors, and an
electromagnetic guided driving-type AGV. The weight of the loaded feed is measured by a load cell located under
the transfer module. The system reads the feed discharge information stored in RFID tags installed in each cowshed
cell, and a predetermined amount of feed is discharged while the AGV is moving. A cow-feed test system was
constructed to determine the design parameters of the screw conveyor in the transfer module that determine the
feeding capacity. These parameters include the screw's outer diameter, the screw shaft outer diameter, and screw pitch.
The parameters were applied to the finalized cow-feed system construction. A DSP-based main controller and
cow-feeding algorithm for different scenarios were also developed to control the system. Experimental results
confirmed that the system could supply a total of 21 kg of feed uniformly at 420 g/s for a cowshed cell which has
7 cows. The driving distance was 5 m and the speed was 0.1 m/s. Thus, the proposed system could be applied to
standardized domestic livestock farms.
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Fig. 1. Examples of cow-feeding systems (a) Rail type

(b) Electric driven type (c) Tractor driven type

(d) Car driven type
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Fig. 3. Concept of feeding system operation (a)
Cowshed standard size and feeding method
diagram (b) RFID tag position according to
the system moving direction in feed emission
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Table 1. Cross section efficiency

Feed type ]
Pellet 80 %(estimated value)
Grains, such as rice & beans 45 %
Aluminous, Coal, Lime hydrate 38 %
Limestone, Lime 31 %
Cement, Zinc oxide, Sulfur 25 %

Table 1 o|$E9] Fiol e dHE &S Yehd
Aoz WY MRS B LS A, T Fo| Fhunk
& Flsh ulad 27) ool of 80% 4= 439
t}.

H] %2 800 mm(L)x420 mm(W)x120 mm(H), 25 kg
o] Abw X ©91E 7|2 oF 0.624 %ot A(1)ell
| Aste] AAlR ~AFZAWolo] AAl A, HAEH
9 A4 AZHE AFTM 1357]2 Table 2, Fig. 5%} Fig.
60l ZH2 YEp et

Table 2. Screw conveyor design specifications for

AFTM no. 1
Item Value
External diameter of screw(D) 370 mm
External diameter of screw shaft(d) 140 mm
Screw pitch(P) 200 mm

Max 40 RPM(R i
Number of revolutions(N) ax 40 (Reduction gear

ratio 50:1)
Cross section efficiency(F) 80 %
Specific gravity of feed(E) 0.62
L 22094 mm
1157 el 1983 mm » {107 MM
I A 31
-\ A S = '_15 g
Vil 849

Fig. 5. Design drawing of AFTM no. 1 screw conveyor
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Fig. 6. Constructed AFTM no. 1
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Table 3. Design specifications to meet feed goal

1848 mm
1551.5 mm

150 mm

-
-
=
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=
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.
=
©195 mm

Item Value E
2
External diameter of screw(D) 190~200 mm ©
External diameter of screw shaft(d) 70~80 mm i
Screw pitch(P) 150~160 mm
. Max 20 RPM(Reduction gear
Number of revolutions(N) ratio 100:1)
Cross section efficiency(F) 80 %
Specific gravity of feed(E) 0.62
AFTM 13.7]9] do]] AFg 7|¥Ho 2 AFTM 2

7= 2afzddele] 117 AEE = s A
Atk 232570 Gl 949 5o 974E 7= v At
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Table 4. Design specifications of AFTM no. 2

Item Value

External diameter of screw(D) 195 mm
External diameter of screw shaft(d) 75 mm
Screw pitch(P) 150 mm

Max 25 RPM(Reduction

Number of revolutions(N) gear ratio 100:1)
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Fig. 8. 3D modeling of AFTM no. 2 (a) Hopper module
(b) Load cell module (¢) Transfer module (d)
Outlet module (e) Assembly model
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Fig. 9. Constructed AFTM no. 2
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Fig. 11. 3D modeling of AGV
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Fig. 15. Flow chart of feeding algorithm
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Table 5. Experimental results for feed transfer capacity

of AFTM no. 2
RPM Discharge time(sec) | Transfer capacity(g/sec)
25 508.43 786.73
13 940 425.53
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