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Abstract— This paper deals with the design of a shutdown 

controller for a Sphere tank in oil refinery using 

Programmable Logic Controller (PLC). PLCs are sequential 

control systems which are used to implement safety 

interlock system in industrial plants. The sphere tanks are 

used to store flammable products like LPG and must be 

isolated in case of fire or gas leakage PLC are switch type 

devices we, closing all the inlet and outlet (ROVs) valves. 

According to predefined conditions, the safety instruments 

located both at the field and at the console will function. 

This system also includes gas leakage detection. 

Keywords: Sphere, Programmable logic controller (PLC), 

shutdown, Liquefied Petroleum Gas (LPG), Remote 

Operating Valves (ROV). 

I. INTRODUCTION  

NEED OF SPHERE TANK 

The industrial plant and its environment must be managed 

and equipped with efficient and safe control instruments. 

Sphere tanks are spherical shaped tanks consisting of inner 

sphere and an outer sphere to store liquefied gases like 

ethylene, nitrogen, LPG, propylene etc. The pressurised gas 

containers must be spherical or cylindrical so as to eliminate 

corner sides there by reducing the chance to develop 

pressure inside. The key features of sphere tank are its 

strong structure and also same pressure will be acting on all 

the surfaces. More over sphere vessels have a smaller 

surface area than any other vessel. This means that the 

amount of heat transferred from the warmer surroundings to 

the liquid on the vessel will be less than that for the 

rectangular and cylindrical vessels. 

 
Fig. 1: Sphere Tank 

II. INTERLOCK SYSTEM 

The principle of working of interlock systems rest on the 

fact that actions performed in a correct sequence are safe, 

but can be potentially lethal if the correct sequence is not 

followed.. 

 

 
Fig. 2: Boiling Liquid Expanding  

Vapour Explosion (BLEVE) 

The operations on dangerous machineries and equipments 

and process valves can be controlled by interlocking. 

Interlocking system needs a controller to take necessary 

actions based on some predefined criteria 

BLEVE (Boiling Liquid Expanding Vapour Explosion) is a 

type of explosion that can occur when a vessel containing 

pressurised liquid substantially above its atmospheric 

boiling point is ruptured. Such explosions‟ can be extremely 

hazardous by destroying the storage vessel and project 

fragments over the surrounding area.[3]If the substance 

involved is flammable, resulting cloud of the substance will 

ignite after the BLEVE forming a fire ball and a fuel-air 

explosion called Vapour Cloud Explosion (VCE).[3][4] 

 
Fig. 3: VCE after BLEVE 

III. PROGRAMMABLE LOGIC CONTROLLER (PLC) 

The programmable Logic Controller (PLC) is used to 

execute the safety interlock system in a plant. It has a dual 

redundant processor to execute the interlock logic, Input-

Output nest which connects the field I/O to the 

processor.[7][5] 

PLCs are implemented in 60s/70s for the purpose of 

automation.  

The microprocessor based unit are used in processors for 

controlling and tracking sophisticated manufacturing 

 

Sphere Tank Safety Interlock Using PLC 
  

Anjali.V1 
1
Department of Electronics and Communication Engineering 

1
Mangalam College of Engineering, Ettumanoor, Kerala, India 

 

 

 



Sphere Tank Safety Interlock Using PLC 

(IJSRD/Vol. 1/Issue 9/2013/0089) 

 

 
All rights reserved by www.ijsrd.com 2041 

process. One such example is GE-FANUC manufactured by 

GE Intelligent Platforms, at Charlottesville, Virginia. 

 
Fig. 4: Internal structure of Programmable logic controller 

 
Fig. 5: Ge-Fanuc PLC 

A. Components 

Input relays, Internal Utility relays, Counters, Timers, 

Output relays, Data storage units etc are the main input 

output components in a PLC controller. 

B. Input Module 

The type of input module used is dependent upon the real 

world inputs to the PLC. Some examples of inputs are limit 

switches, Electric eyes, push buttons etc. DC inputs, such as 

Thumb wheel switches can be used to enter integer values  

which is to be manipulated by the PLC. DC input cards are 

used for this application. Most of the industrial power 

systems are noisy and therefore isolations are required 

between the  input,  output units and the processor. 

Generally an input module can have 8 - 32 input points on 

any one input module, with an unique address to each pin. 

Special input cards with an inbuilt ADC (Analog to digital 

converter) can be used for for Analog inputs. [2][11.I] 

C. Output Module 

Output modules can be used for AC or DC devices like 

solenoids, relays, contractors, pilot lamps and LED read 

outs. Output cards usually have 6 – 32 output points on a 

single module. The output device within the card provides 

the connection from the user power supply to the load. 

Usually SCR (Silicon controlled rectifier), TRIAC, dry 

contact relays etc are used for this purpose. Outputs are rates 

at 2 – 3 amperes. These cards are having isolations between 

the load and the PLC. Special output cards with in build 

DAC can be used for Analog outputs.[2][11.I]  

D. Operation 

A PLC works by the continuous scanning of the program. 

The operation cycle of PLC consist of 3 steps, (1) Check  

Input status, (2) Execution and (3) Check output status. 

 
Fig. 6: PLC operation 

IV. SPHERE TANK CONFIGURATION 

The sphere tank can have 4 I/O lines namely, (1) Minimum 

Circulation Line with valve ROV1, (2) Yield Line from the 

plan to fill the vessel with valve ROV2, (3) Vapour Return 

line to keep the pressure inside the vessel constant during 

the filling and suction with valve ROV3, (4) The output line 

or suction line with valve ROV4. 

 
Fig. 7: Sphere Tank configuration 

A. Specifications of Sphere tank 

1) Tank Number (usually denoted as TK No. A) 

2) Product details ( SPH LPG – sphere tank to store 

LPG) 

3) Capacity (usually 1500L) 

4) Explosive license number (noted as PV[SL]S-I/KL) 

5) Explosive license validity (in dd-mm-yy format) 

6) Last Inspected date (in dd-mm-yy format) 

7) Next Inspection date (in dd-mm-yy format) 

8) Maximum operating level 

B. Instrumentation Used 

1) Differential Pressure Transmitter:  

PARAMETER MATERIAL/VALUE 

Diaphragm Tantalum, Zirconium 

Ambient Temperature -40
0
C to 85

0
C 

Output Signal 4 to 20 mA 

Output Resistance 600Ω 

Mounting method Direct 

Supply voltage 10.5 to 45V 

Table 1: Specifications of DPT 

To measure the level of a Sphere tank, use DP (Differential 

Pressure) transmitter by taking a High Pressure (HP) tap 

from the bottom of the tank and Low Pressure (LP) tap from 



Sphere Tank Safety Interlock Using PLC 

(IJSRD/Vol. 1/Issue 9/2013/0089) 

 

 
All rights reserved by www.ijsrd.com 2042

the top of the tank.[5][6][7] While taking the HP tap from 

the bottom, there is a chance of LPG vapour to get into this 

line. To eliminate this problem, fill the low pressure tube 

with glycerine and at high pressure side, a head of 1.85m 

must be corrected.[5] 

 
Fig. 8: DP transmitter 

2) Relief Valves:  

Relief are automatic valve systems used on system lines and 

equipments to prevent over pressure. These valves simply 

lift open at pre-set pressure and shuts when the pressure 

drops slightly below the lifting pressure. Virtually all relief 

valves are  

 
Fig. 9: Internal structure of relief valve 

Provided with some type of devices ro allow manual 

cycling.[4][5][7] 

3) Gas Monitor: 

Catalytic sensors and IR sensors can be used for the purpose 

of gas monitoring. They cannot differentiate between gases 

but can detect the percentage (even there is an explosive 

mixture). IR sensors are mostly installed in FCCU (Feed 

catalytic control unit), LPG bottling unit etc. 

4) Console Interlock switches: 

Trip switches are installed at different positions in the 

field so as to interlock manually. Separate switches as 

installed to trip each spheres individually. In case of 

tripping, the ROVs (suction and vapour return) will get 

close immediately. 

5) Air Filter Regulator (AFR): 

This is a protective device to ensure that the air supply into 

the actuator is free of dust and moisture. This system 

incorporates a guage to regulate or to measure the line 

pressure near the actuator.[5] 

 
Fig. 10: Air Filter Regulator 

6) Quick Exhaust Valve (QEV): 

The operating time of the actuator can be reduced by using a 

QEV which is having an external port larger than the orifice 

of the solenoid valve. When QEV is fitted close to the 

actuator, the air to be exhausted to atmosphere from the 

actuator is released at a much faster rate, thereby reducing 

the operating time.[5] 

7) Thermal Fuse (TF): 

Whenever there is a chance of ambient temperature going 

hing around the actuated valves, especially inflammable 

lines, a thermal fuse is provided in the air supply line to the 

solenoid valve or pressure switch. The fuse will blow out 

once set temperature is exceeded, there by cutting off the sir 

supply to the actuator. 

 
Fig. 11: Thermal Fuse 

 
Fig. 12: Arrangement of Thermal fuses around  

The sphere tank 

8) Remote Operating Valve (ROV): 

This is installed to operate some valves from a distance. The 

gear of such valves may be mechanical, hydraulic, 

pneumatic, electric etc. These valves can be operated locally 

or can be operated from remote stations in case of 

emergency. This system incorporates a position indicator to 

show whether the valve is open or close. 
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Fig. 13: Remote Operating valves (ROV) 

This is installed to operate some valves from a distance. The 

gear of such valves may be mechanical, hydraulic, 

pneumatic, electric etc. These valves can be operated locally 

or can be operated from remote stations in case of 

emergency. This system incorporates a position indicator to 

show whether the valve is open or close. 

9) Sprinkler System: 

 
Fig. 14: Deluge bulbs 

Each sphere is provided with its own safety circuit which is 

designed to operate in case of a temperature rise outside the 

sphere shell. Quatrizoid bulbs installed in sprinkler lines, is 

designed to blow off at high temperatures. 

V. PLC LADDER LOGIC 

The Programmable Logic Controller (PLC) is used as a 

shutdown control for the safety interlock of sphere tanks. 

The Ladder program is used to program the PLC. The 

energized and de energized conditions of the inputs are 

simulated below. The simulation is carried out using 

simulation software i-TRiLOGI 6.24 (educational version) 

build 03.  

The inputs are considers as „Normally open „switches. The 

inputs are there from the pressure switch, emergency trip 

switch in the console of the control panel, Gas monitor 

output from the field, Trip switch in field, and Thermal fuse 

output from the field. The outputs are ROVs in yield line, 

suction line, and vapor return line, Minimum circulation line 

etc. Activation of any one of the input switch will trip all the 

ROVs all of a sudden. Also the system incorporates the 

activation of a sprinkler system in case of a temperature 

detection of a gas leakage. The simulations are show below. 

 
Fig. 15: Energized Condition: Tripping of pressure switch 

closes all the four ROVs 

 
Fig. 16: Energized Condition: Tripping of Emergency trip 

switch in the field closes all the four ROVs 

 

Fig. 17: Energized Condition: Detection of a gas by the Gas 

monitor in the field will close all the four ROVs 

 

Fig18. Energized Condition: Tripping the switch in the 

console manually will close all the four ROVs 

 
Fig. 19: Energized Condition: Blow off of the thermal fuse 

in the field will close all the four ROVs 

 
Fig. 20: Energized Condition of all the inputs 

 
Fig. 21: De-Energized Condition of all the inputs 
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Fig. 22: Activation of sprinkler system in case of 

temperature of gas detection 

VI. CONCLUSIONS 

The design of this interlock system provides safety to sphere 

tanks, particularly in refineries by isolating each sphere in 

case of a fire, gas leakage, over pressure etc., thereby 

closing all the inlet and outlet valves. Also system activates 

a sprinkler system in case of a gas leakage or fire. The 

present interlock system will work satisfactorily and 

provides safety to the plant. 
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