




 

Plumbing Leakage Detection System With Water Level Detector 

Controlled by PLC CPM2A 
 

 

 

 

 

 

Abstract  

There is a potential of leakage in the water distribution network, whether caused by water 

pressure in problematic pipes, improper installation of pipe connections or external influences 

such as earthquakes. To detect leakage, a system is made that places the detector on the shaft of 

water lines in the building or at the point where a potential of leakage occurs. Leakage point can 

be detected by a Water Level Detector (WLD) controlled by the PLC CPM2A. This research is 

focused on measuring and analyzing the stability of the power supply and measuring the 

performance of the Water Level Detector (WLD). From this research, it is desired that the 

plumbing leakage detection system work well when a plumbing leakage occurs. 

Keywords: PLC; WLD; Leakage; HMI.  

I. Introduction 
With the development of high-rise 

buildings, many challenges arise. One of 

them is how to detect technical disturbances 

that can cause damage to building 

equipment, such as electrical disturbances 

that can damage other components, 

disturbances in plumbing installations that 

can cause leakage and cause serious damage 

to a system, and so on. Due to the many 

floors and equipment that must be 

considered, it is necessary to have a system 

that efficiently monitors and operates all 

equipment based on information from 

sensors. 

To efficiently monitor and operate a 

clean water distribution system in a building, 

generally water from the water supply is 

transferred to the Raw Water Tank (RWT), 

then to the Clean Water Tank (CWT) and 

finally to the top floor (Roof Tank) with the 

lift pump system. The collected water is then 

distributed to the floors by a gravity system 

whose input pressure is 20 Bar and the 

output pressure is controlled by a Pressure 

Reducing Valve (PRV) system between 3 to 

5 Bar on each floor of the building. 

In this clean water distribution, the water 

line installation uses pipes of various sizes 

according to the water pressure used, such as 
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cast iron pipes for the main installation 

(Main Line) and Poly Propylene Random 

(PPR) pipes for distribution installations. 

The emergence of potential leakage is 

generally caused by water pressure in 

problematic pipes, improper installation of 

pipe connections or external influences, such 

as earthquakes. Water leakage that are 

detected too late can cause damage to other 

systems through which water leakage pass, 

such as electrical panels, elevators, and so 

on. 

In this research, a plumbing leakage 

detection system controlled by the PLC 

CPM2A and placed the detector on the 

building's water line shaft or at the point of 

potential leakage so that it could find out 

more specifically the point of leakage. This 

research is focused on measuring and 

analyzing the stability of the power supply 

and measuring the performance of the Water 

Level Detector (WLD) in the plumbing 

leakage detection system controlled by the 

PLC CPM2A. 

II. Methodology 
To design a plumbing leakage detection 

system through the following steps as shown 

in Figure 1. 

 
 

Figure 1. Flowchart of Research 

Methodology  

 

1. Designing the optimal model form of the 

system to be made, which is 

distinguished by designing hardware, 

which includes making the design of the 

device to be made, determining the 

components and dimensions of the 

device to be made; and designing 

software, which includes making ladder 

diagrams on the CX Programmer which 

is then programmed to the PLC. 

2. Testing the device, which is testing the 

hardware and software that has been 

made. Hardware testing includes testing 

the WLD function, supporting modules 



 

and relays. Software testing includes the 

accuracy of data processing by PLC and 

an appearance on the HMI. 

3. Making analysis, namely analyzing the 

tests carried out on the system with 

measurements of electronic circuits on 

The Water Level Detector and the power 

supply output. 

4. Making conclusions, namely making 

conclusions from research data that has 

been analyzed. 

A. Designing The Overall Model System 

The design of the plumbing leakage 

detection system controlled by the PLC 

CPM2A can be seen in Figure 2 below.  

 
Figure 2. Block Diagram of System Design   

 

In Figure 2, the designed system is 

divided into six parts, namely the input 

process using a Water Level Detector 

(WLD) as a water level detector, which then 

activates the Channel Relay Module (CRM) 

as a direct bit information provider to the 

Omron CPM2A PLC. Further, the data 

processing is carried out by PLC Omron 

CPM2A. The results of data processing are 

displayed by graphical visualization by the 

Omron NB7-TW00B HMI, which includes 

the address of the detector bar and the 

detection status of the state whether normal 

or non-normal. The HMI communicates 

with the PLC as input for the alarm 

activate/deactivate commands. In addition, 

the power supply serves to supply power to 

the system via the Omron CPM2A PLC. 

B. Designing The Water Level Detector  

The Water Level Detector (WLD) as 

shown in Figure 3 is made with electronic 

components including a single pole solid 

relay 12 VDC as a relay that will activate 

dry contact NO/NC, diode 1N4001/4002 as 

polarity reverse current protection in the 

relay coil, transistor BD441/D400 NPN as a 

function switching, resistors and capacitors. 

The Water Level Detector (WLD) will work 

when there is induction in positive and 

negative polarities. The voltage source used 

is 12 VDC. 

Two copper rods will act as electrodes 

when immersed in water. The existence of a 

resistance value of the two copper rods 

causes the transistor to work to open the 

channel from the collector to the emitter and 

activate the 12V DC relay coil. The dry 

contact of the relay is used to provide logic 

1 as a trigger for the 3B3D Module.  
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Figure 3. Water Level Detector   

 

The Water Level Detector (WLD) 

requires a standby voltage of 12 VDC which 

is connected to the (+) and (-) terminals, the 

voltage polarity must match. At terminals 

E1 and E2, a cable connection is installed to 

the electrode stick/copper rod as a water 

level detector. At the NO terminal when the 

system is working or the WLD detects water, 

the terminal will issue 12 VDC which will 

be used as a trigger and during normal 

standby the NO standby terminal is at 0 

VDC. In this research the NC terminal was 

not used, but as an option if later 

development or other needs were carried out, 

the working principle of the NC terminal 

when standby this terminal issued a voltage 

of 12 VDC and when WLD worked this 

terminal was 0 VDC.  

C. Designing The Channel Relay Modul 

(CRM)  

The Channel Relay Modul (CRM) modul 

can be seen in Figure 4 below.  

 

 
Figure 4. CRM Modul   
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In the CRM module there is a 3B3D 

Module as a digital timer that can be set 

from 0–999 minutes and there are 4 timer 

options, namely delay off, delay on, delay 

on and off, and consistent delays on and off. 

In designing the plumbing leakage detection 

system, the 3B3D Module is used to adjust 

the pulse signal. The COM terminal is the 

trigger input to activate this module, which 

is positive (+) 12 VDC which is controlled 

by WLD. When the 3B3D Module functions, 

the ground data output through the NO 

terminal of the DIP Switch Module is 

connected to COM terminal on the DIP 

Switch Module. 

The Channel Relay Modul (CRM) serves 

to provide a bit signal to the PLC. The 

active/deactivated relay is determined from 

the input received from the WLD. This 

module uses a voltage of 5V DC and is 

active when the ground is connected to the 

input connectors 1 to 8. The addressing table 

is shown in Table. 1 following: 

 

Table 1. CRM Addressing 

 

D. Designing PLC CPM2A As Controller 

PLC used in this system is PLC CPM2A 

40 CDR-A. PLC OMRON CPM2A-40CDR-

A has the following specifications: 

1. Number of I/O 40 

2. Number of inputs 24 (DC) 

3. Number of outputs 16 (Relay) 

4. Power: 100-240 VAC 

The PLC requires a voltage source of 220 

VAC, for the COM terminal and input it 

uses 24 VDC which comes from the PLC's 

internal voltage source. However, the output 

in this design uses an external voltage 

source of 24 VDC, this is done as a 

protective measure so that if there is a 

problem with the installed equipment, it 

does not damage the PLC. 

The software used to create the Ladder 

Diagram is CX Programmer version 9.5 and 

the type of PLC selected when programming 

the CX Programmer is PLC Omron CPM2A. 

In the ladder diagram of the input detector 

section as shown in Figure 5, the bit 

information that enters both logics 0 and 1 at 

addresses 0.00 to 0.07 is a binary value that 

will be converted to hexadecimal with the 

BCD (24) instruction on Data Memory 0 

(DM0). Then the incoming bits for 

addresses 0.00–0.07 can be ascertained apart 

from binary with a value of 0, a value above 

1 then logic 1 will activate LR9.04 which is 

used as a relay bit to activate the T0003 

timer, where this timer functions as a time 

lag whether the WLD is in the area is a true 

alarm or only a false alarm and is set at 20 
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ms. If the T0003 time is reached then the 

binary data is considered valid and will be 

forwarded to the data comparison, T0003 

will activate T0004 with a delay of 10 ms, 

T0004 serves to provide input for data reset 

by moving #0 to DM0 using the MOV 

instruction (21).  

 

   
Figure 5. Ladder Diagram of Detector Input 

 

Ladder diagram created as initials of data 

representing decimal constant values into 

initials in the Data Memory (DM), the 

instructions used is the MOV instruction 

(21), the value used is #1-#255 then 

initialized to DM1-DM255 which also 

represents Detector 1-Detector 255. The 

P_On instruction is used because the 

command instructions in this initial data 

section must always be active or the always 

on the flag as shown in Figure 6 below.

 
 

Figure 6. Ladder Diagram of Initial Data 
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To activate the alarm there is only one 

option, namely when the LR9.04 alarm 

occurs. On the bell LR9.04 when a logic 1 

will activate the 10.00 output, which is the 

bell output, LR9.02 is used to activate 

LR.9.03 which will activate T0001 i.e. the 

timer to pause the time the alarm is 

deactivated, If T0001 is active then the 

10.00 outputs will be active again or the bell 

will ring. When the alarm is in progress and 

the bell is deactivated, if a new alarm is 

entered, the bell can be reactivated because 

LR9.04 is the main input. For strobe LR9.04 

will activate output 10.01 which is the 

strobe output address on the PLC, output 

10.01 will be off if input 1.01 is a logic reset 

address 1. During the alarm the strobe will 

remain active can be seen in Figure 7 below. 

 

 
 

Figure 7. Ladder Diagram of Alarm 

III. Results and Discussion  
Testing the device is carried out to 

determine the performance of each 

component used. This test is expected to get 

good results where all components of the the 

plumbing leakage detection system work 

according to their functions. 

When the start button (channel 1.00) is 

pressed on the main menu on the HMI 

screen, the system is completely disabled in 

monitoring status. When a puddle on one 

floor has crossed the water level limit of 30 

mm, the detection rod connected to the 

water causes a resistance value in the Water 

Level Detector (WLD) circuit which then 

puts the transistor in the saturation position. 

This causes the current from the collector of 

the transistor to flow to the emitter so that 

the relay coil gets a voltage of 12 VDC and 

the relay works. Furthermore, the NO 

terminal on the Water Level Detector 

(WLD) gives an output of +12 VDC so that 

it triggers the Channel Relay Module 

(CRM). The design of this the plumbing 

leakage detection system uses 10 Water 

Level Detectors (WLD) with addresses 1 to 

10. Active relays on the Channel Relay 

Module (CRM) module will send bits to the 

PLC input group, namely addresses 0.00 to 

0.07 (8 bits). The 8-bit signal from the 

sensor circuit to the PLC is initialized with 

DM0 (Data Memory 0) and will be 

compared with DM1 to DM 255 which is 

the initial decimal address 1 to 255. If DM0 

is the same as data memory 1 to 255 then the 

alarm will be active on the screen 

monitoring the status of Water Level 

Detector (WLD) with the output address 

used for alarm status is IR20.00 to IR35.14. 

The new alarm will still be displayed on the 
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HMI screen, even though the alarm on the 

other Water Level Detector (WLD) is still in 

alarm status. When the alarm is active, the 

PLC activates the bell output (10.00), strobe 

(10.01). 

A. Power Supply Measurement 

When a 220 VAC power supply which is 

the main power source is supplied to the 

system by activating a single phase MCB 

which supplies a 220 VAC voltage source to 

the power supply, the system works 

normally. By measuring three types of 

power supplies that have three types of 

power supplies, 12 VDC, 24 VDC and 5 

VDC which makes the PLC ON and 

connected to the CRM. In the initial 

observations, all components after the 220 

VAC power supply was provided could 

work well or normally. Measurement of the 

voltage issued by the power supply is 

carried out when the system is working 

(ON) and not working (OFF). 

 

Table 2. Measurement Results of Power 

Supply Voltage Performance 

 
From the results of the power supply 

measurements in Table 2 above, it can be 

analyzed that the output voltage when there 

is a load (the system is working) decreases 

by 0.15 to 0.2 VDC when compared to the 

output voltage when there is no load (the 

system is not working). This decrease is still 

within the safe tolerance value as the supply 

voltage of the components. All power 

supplies work well because from the 

measurement results obtained no-load values 

of 24.2 VDC, 12.1 VDC, 5 VDC which 

indicate the output voltage according to the 

specifications of the power supply. 

B. Water Level Detector Measurement 

From Table 3 below, the results of the 

transistor work measurements can be 

analyzed.  

 

Table 3. Measurement Results of Transistor 

Performance 

 
When the electrodes (E1-E2) are 

connected by water, the transistor in the 

WLD module will work as a switch or 

transistor in saturation position. At 

saturation, the average collector current (Ic) 

is 1.73 mA and the base current (Ic) is 117.8 

mA while the Vce voltage is 205 mV. In this 
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position, the relay on the WLD will work 

because the relay coil gets a voltage of 12 

VDC. When E1-E2 is disconnected or not 

connected, the transistor will be cutoff, i.e. 

the transistor acts as a switch in the open 

position. In the cutoff position, it can be 

seen that Vce has a value of 12 VDC and Ic 

0 mA and Ib 0 mA. In this position, the 

relay in the WLD will be off because the 

relay coil does not get a voltage or 0 VDC. 

All transistors can work well because from 

the measurement results obtained values 

when saturation Vcc 0.203-207 VDC, Ic 

116-118 mA, Ib 1.73 mA and when cut off 

Vcc 12 VDC, Ic 0 mA, Ib 0 mA which 

shows the transistor is working properly. 

 

Table 4. Measurement Results of WLD 

Relay Function 

 
From the measurement results of the 

WLD relay in Table 4, it can be analyzed 

that the relay coil measured 11.8 to 12 VDC. 

When the relay does not work, the 

measurement of the relay coil results in 0 

VDC, the breakdown voltage at the NO 

terminal which should be in the open 

position is 1.8 VDC. Even though there is a 

leakage from the relay contacts of 1.8 VDC, 

it is still considered in a safe condition 

because to provide a trigger to the 3B3D 

Module a minimum of 12 VDC. When the 

relay is not working or off, the measurement 

at the NC terminal is 12 VDC. All relays on 

the WLD are functioning well because from 

the measurement results, the coil input value 

is 11.8 to 12 VDC and when the coil does 

not get a voltage input, the relay will turn off 

which indicates it is in accordance with the 

relay specifications.  

IV. Conclusions  
The main conclusions of the this research 

are: 

1. All power supplies work well because 

from the measurement results obtained 

no-load values of 24.2 VDC, 12.1 VDC, 

5 VDC which indicate the output voltage 

according to the specifications of the 

power supply. 

2. All transistors can work well because 

from the measurement results obtained 

values when saturation Vcc 0.203-207 

VDC, Ic 116-118 mA, Ib 1.73 mA and 

when cut off Vcc 12 VDC, Ic 0 mA, Ib 0 

mA which shows the transistor is 

working properly. 
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3. All relays on the WLD are functioning 

well because from the measurement 

results, the coil input value is 11.8 to 12 

VDC and when the coil does not get a 

voltage input, the relay will turn off 

which indicates it is in accordance with 

the relay specifications. 
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