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ABSTRACT—Water is a resource that need to be conserved. Large volume of water is wasted due to the manual way of water supplied
to chick from the batten houses to the chicken grown up cages. This traditional water drinking practice of placing a container of water
for chicks to drink does not only waste the water, but it also leads to high mortality when a chick mistakenly falls into the water full
container. Similarly, when the chicks pour away the water in the container or drink all the water at night, they will remain stave till the
owner noticed and refilled again. This paper proposed an automatic water drinking system using the three not-or (NOR) gates of CD4001
as the heart of the design. Two probes were used as water sensors, which are fixed at different level in the water container to enable
completed the logic circuit and triggered a 12 V relay. The relay acted as a switched that energizes and de-energizes a mini water pump,
which on/off the water supplied respectively to the container through a complex logic strategy. The chicks water drinking system provided
an efficiency of about 79% as compared to the traditional practice of manual refilling of the water container with the same number of

chicks.
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INTRODUCTION

Chicks usually drink water from any available source for
survival, sometimes they do drink the water even when they
do not need it to an extend that it become harm to the chicks
[1-3]. Occasionally chick die as a result of falling into the
water way pan. Research has been conducted ad is ongoing in
this area of interest to enable provide an automatic way of
water supply to the chicks. In this paper, an automatic chick
drinking water was proposed, which used logic gates and
solid-state components.

Section Il of this paper describes the design of the
circuitry and the mathematical analysis of the proposed
design based on the components used. Testing results are
shown in section I11 with respect to the traditional practice of
drinking water. Section IV concludes on the presented results.

V. DESIGN OF AN AUTOMATIC CHICK DRINKING
SYSTEM

Water is essential in life, but the amount of drinking water
needs to be regulated to in such a way that the water will only
be available to a safe level when needed by the chicks. Hence
the control of water flow to the chicks drinking pan is
necessary. The proposed drinking system was controlled as
shown in Figure I, which only allows water flow when needed
and cased when not.
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Figure I. Water Refilling Control Diagram

This water refilling circuit is designed and constructed
using quad 2 - input NOR gate CMOS IC1 (CD 4001) as the
active component that generates the oscillation. The
arrangement of the logic gates is a deliberate design to pump
water to the metal container whenever water in the container
fall below to a set safety level and to cut off water supply
when the water reaches the desired safety level.

A. Pumping Water to the drinking Container

When the steel rods (probes) are not immersed into water
the input pins 1 and 2 of ICLA NOR gate will be high and its
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output pin 3 will be low. The output of pin 3 will serve as one
of the input of IC1B pin 6 due to the deliberate design any
signal at the second input (pin 5 of IC1B) will not have effect
on the output pin 4, hence pin 4 which remain high. The low
signal of pin 4 will serve as one of the input terminal of IC1C
pin 8, while the second input pin 9 of the same IC1C will be
high since the longest probe is not in the water and so the
output pin 10 of the gate will be low. Pin 10 will be connected
to the input terminals (pin 12 and 13) of IC1D, this holds the
output of IC1D pin 11 high and hence saturate the transistor,
which in turn energies the relay to switch - ON the water
pump and fill the container to the required safer level.

B. Stop Refilling Water to the drinking Container

When the two probes are both immersed in the water
(container fills up to required level) the input terminals of
IC1A will be tied low and the output terminal pin 3 will be
high. Pin 3 is connected to pin 6 as one of the new input of
IC1B will assume the feedback high signal from pin 10 of
IC1C, hence the output of pin 4 will be low. Pin 4 is connected
to one of the input of IC1C pin 8, since both probes are
immersed in water pin 9 will be low and this results in making
pin 10 high. Pin 10 is tied to both inputs of IC1D (pin 12 and
13) hence, the output pin 11 will be low. The low signal from
pin 11 is fed to the base of transistor QB, which cut off the
transistor and results in de-energizing of the relay RLB.
Therefore, the water pump stops pumping water to the
drinking container [3]

C. Design of the water Refilling Control Circuit

From data sheet, the specifications of the transistor Qg are
Bis 220, Vgg is 0.7 Vand Iy is 1.36 mA.Using equation (1)
[4] the value of resistor Rg is obtained as:
Vee — Vee

Ig

R €]

Ry is 8.3 kQ

where Vecis12V. A standard value of 10kQ+20%
tolerance is used.

Rg is a current limiting resistor to the LED Dg,which is
designed using equation (2) as [5]:

Vee — Va

I

RG = (2)

From data sheet, it was found that voltage drop
across Dy is V4 = 2.2V, it can also take current I’ ranging
from10 mA to 15 mA. In this design, a minimum I; of
10 mA was selected for safety.

Using equation (2) R was calculated as:

R is 0.92 kQ.

A standard value of 10kQ+20% tolerance was used.

Quad 2 input NOR gate CMOS IC CD4001 can operate on
the current li, ranging from 0.5mA to 1mA. In this design a
current of 0.8 mA was used since it falls within the accepted
range.

The two input limiting resistors are selected to be of equal
value(Rp is Rg) Rp and Re are calculated using equation (3)
as [6]:

V
Rp = cc

3)

Iin

RD = RE iS 15 kQ

A germanium diodeD (IN4148) was used as the
freewheeling diode to prevent a reverse emf, which may be
generated in the relay’s coil. Relay ‘RLg: is SPDT with 2A at
220V switch, coil voltage 12 V, coil resistance of 200Q to
300 Q was used for safety.

Two steel rods (probes) of same length are used as sensors
to switch ON/OFF the water pump to provide water in the
drinking container when empty/full respectively. A summary
of the components required and used is as shown in Table I.

Table 1. Water Refilling System Components

COMPONENT | CALCULATED | STANDARD
VALUE (kQ) VALUE
(kQ2)
Rp 15 15
Rg 15 15
Rg 8.3 10
F¢ 0.92 1
V. RESULTS

The automatic drinking water system was compared with
the traditional method of pouring water in a container for 120
chicks. A reservoir of water was provided were the automatic
chick drinking system gets its supply from. Same volume of
reservoir was provided for the traditional practice of pouring
the water for the chicks manually. The two methods were
compared for a period of two weeks. Table Il shows the
comparison when a preset safer volume of 1000 cm?® was set.

Table 1. Results Comparison

o | S 09 | G i
(cm?)
1 984 1202
2 999 1350
3 1000 1104
4 978 1026
5 1000 1207
6 1000 1224
7 1000 1193
8 996 1211
9 997 1009
10 998 1312
11 998 1233
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12 1000 1215

13 970 1032

14 960 1239
Average 991.428571 1182.64286
Total

From Table Il a significant variation was recorded from
the desire level in day 1, 4, 13 and 14 with a shortest set value
of 984 ¢cmd, 978 cm?, 970 cm? and 960cm?®. These fall in the

proposed method of using logic gave in implementing the
chick drinking water is encourage to the used by poultry
farmers than the traditional method.
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