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Fig.1 Layout of delivery beds in a large scale pig farm’ s delivery room unit
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1. #1Hil # Control box; 2. ¥t f: 11 Flow meter; 3. $ii £ . #l Mixing
motor; 4. i $1:## Mixing tank; 5. 1 F#% Blender; 6. 9 $1 5 7 1% fL
& Mixing tank milk injection solenoid valve; 7. i £ HE V5 H1 % i
Mixing tank discharge solenoid valve; 8. i 325t Feeding terminal ;
9. ¥R 4E Circulating pipeline ; 10. & {31 Liquid level gauge; 11. 7§
IRZE ipi Circulating buffer tank; 12. #ii3% € Transfer pump; 13. 4B
JNFAER Auxiliary heater; 14. [0 9% B3 #% 1] Return milk solenoid valve;
15. 1 28 45 18 HE V5 # % @ Circulating pipeline discharge solenoid
valve; 16. $if $F i 1 7K HL # i Mixing tank water injection solenoid
valve; 17 fF R G2 i 73 /K BB ¥ Circulating buffer tank water injec-
tion solenoid valve; 18. #K £% Water heater; 19. 13 & %5 Filter.

2 FREIDRGEEEEHREE
Fig.2 Schematic diagram of the overall structure of the
piglet milk supplementation system

3 WHEEHMXERTRER
Fig.3 Schematic diagram of the structure and key
dimensions of the mixing tank
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Fig.4 Schematic diagram of the structure and key di-
mensions of the propulsion mixer
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Fig.5 Schematic diagram of the installation

position of the mixer
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Fig.6 Schematic diagram of circulation pipeline layout
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B7 TBINE
Fig.7 Circulating buffer tank
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Fig.8 Auxiliary heater
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Table 1 Hardware selection
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PRI Solenoid 01-4104 o ;
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. FRAR NES-150-24 220 1
Switch power supply
TR
o ek WFS-NBO11G 24 1
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WAL
A (&Mi‘:‘“ i XKCY26 24 4
Liquid level sensor
yH pE }@
T R PT100 24 1
Temperature sensor
4k
Rk EE‘%E RXM2LB2BD 24 2
Electromagnetic relay
A4k Solid
SRR AR Solid 161 1pa/10A 24 1
state relay
JHFHF G Switch HB38 SWITCH \ 1
{55 4T Signal light ~ HBD16-220 S32 220 2
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Fig.9 Workflow of the main program
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Fig.10 Physical picture of automatic milk

supplementation system
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Fig.11 Physical picture of automatic
milk supplementation system
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Table 2 Mixing effect of milk samples with different depths

RIEWT Experimen-  IURERFE/cm BT /g R /(g/mL) V25 % /(g/mL) b2/ (g/mL) SR %
tal sequence Sampling depth Sample quality Sample density Average density S.D. CV
10 51.51 1.030
1 25 51.65 1.033 1.034 0.004 2 0.405
40 52.01 1.040
10 52.36 1.047
2 25 52.28 1.045 1.049 0.004 3 0.412
40 52.74 1.055
10 51.78 1.035
3 25 51.91 1.038 1.040 0.005 1 0.490
40 52.36 1.047
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Fig.12 Results of the milk replenishment
effect test on the milk bowl
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G Detection sequence

SHUK Y Detection sequence

© 44r —e=305 %M Milk bowl 30 v 44r —— 305 KM Milk bowl 30 ® 441 —— 305 %M WEHE Milk bow] 30
= - -
3 43t Z a3t ERpE
g g 42 .8 42 -/\ P
£ TE af el
= =z 40 E = 40 gezgcy IS ]
=S 252391 :2 39
.D =~ 2 38F 38}
=E 37t 37t
K 5 361 36F
sl . S e 35w
0123 45678 910 35012345678910 01 2 3 4 5 6 7 8 910

S YK ¥ Detection sequence
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Fig.13 Verification results of temperature control of milk solution in the milk replenishing bow!(2 C)
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Fig.14 Verification results of temperature control of milk solution in the milk replenishing bowl(1 C)
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Design and experiment of an automatic supplement system of milk for
piglets in farrowing unit of large-scale pig farms

CAO Qing', KONG Xianrui', DING Pan', LI Can',NIU Zhiyou', LI Zhiwei*

1.College of Engineering/Ministry of Agriculture and Rural Affairs Key Laboratory of Smart Farming for
Agricultural Animals, Huazhong Agricultural University, Wuhan 430070, China;
2.Shenzhen Huinong Technology Co., Lid., Shenzhen 518000, China

Abstract An automatic supplement system of milk for piglets in the farrowing unit of large-scale pig
farms with homeothermia circulation was designed to realize the functions including preparing milk, feeding
circularly, and cleaning automatically to solve the problem of low level of automation in nursing piglets in
large-scale pig farms. The overall structure and working principle of the supplement system of milk for pig-
lets were explained. The structural design and theoretical analyses of key components including the mixing
tanks, stirrers, circulation pipelines, delivery pumps, and auxiliary heaters were conducted. A control sys-
tem for the supplement of milk was developed with Siemens S7-200 SMART as the core processor. Hu~
man-computer interaction through a touchscreen was realized by controlling the flow state of the milk sole-
noid valves and relays, and monitoring the physical parameters of milk with flow sensors, temperature sen-
sors, liquid level sensors, etc. A prototype was manufactured and the performance of prototype was tested.
The results showed that the overall average coefficient of variation for the uniformity of the milk prepared
by stirring was 0.435% , and the pipeline pressure ranged from 26.0 kPa to 65.2 kPa. All milk refilling
bowls were filled with milk within 6.1 seconds, with the temperature of milk controlled between 40 ‘C and
42 °C. Tt is indicated that the designed automatic supplement device of milk for piglets in the farrowing unit
has good uniformity of milk, reasonable distribution of pressure, with the temperature of the milk meeting
the requirements of supplementing milk for piglets, thereby satisfying the production needs of automatic
supplement of milk for piglets in the farrowing unit.

Keywords piglet milk supplementation; automatic supplement system of milk; auxiliary heating;

homeothermia circulation ; farrowing unit
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