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Q. 

No 

 M CO PO LO BL 

1A. Using both a counter and arithmetic function blocks, draw a ladder 

logic for a light to be ON only when the number of pulses are between 

34 and 41. 

 

4 2 1 1 3 

1B. “Wheatstone bridge cannot be used for measurement of low 

resistance” Justify the statement. Sketch and explain the modified 

version of Wheatstone bridge which can be utilized for the 

measurement of low resistance. 

 

4 3 1 1 4 

1C. Out of the following optical sensors: Diffuse reflective, Thru-beam, 

Retro-reflective, identify and explain the operation of the most 

common type opto sensor known to the general public; since they 

appear in action movies in which thieves attempt to thwart a matrix of 

optical burglar alarm sensors setup around a valuable museum piece. 

 

2 3 1 17 4 

2A Identify one OSI layer of networking for each of the below given 

services in industrial process automation: 
 

     a) Mozilla Firefox, Instagram   

     b) Secured data transmission  

     c) Error detection in the data  

     d) Time-out of Student Life Cycle Management (SLCM) 

 

4 4 2 2 4 

2B A barium titanate piezoelectric material has the dimensions of 5 mm 

x 5 mm x 1.25 mm. The force acting on it is 5 N. The charge sensitivity 

of barium titanate is 150 pC/N and its permittivity is 12.5 x 10-9 F / m. 

If the Modulus of elasticity of barium titanate is 12 x 106 N / m2, 

calculate the following: 

i. Strain acting on the material 

ii. Charge developed 

iii. Capacitance 

3 3 1 1 3 

Instructions to Candidates: 

 Answer ALL the questions. 

 Missing data (if any) can be suitably assumed and justified. 
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2C IEC 61508 has become a foundation for international standard of 

safety-related system such as airborne systems, railway, nuclear 

power plants, medical equipment, energy and process systems, 

machinery, furnaces and automobiles emphasizing the complete 

safety installation from sensor to actuator with its technical as well as 

management issues. The failure of such system could have significant 

impact on the safety of humans and/or the environment.   

Mention the major steps which are involved in such risk assessment 

procedure. 
 

3 3 6 9 4 

3A I. Consider the use of a thermocouple for the measurement of 

temperature of a furnace. The cold junction is measured to be 

40°C. Using the K-type thermocouple table, find the true value of 

the temperature of the furnace if the thermocouple shows a reading 

of 33.521 mV.  

II. Refer the datasheet of the Platinum RTD sensor as shown in Fig. 

Q3B. For Pt-1000, calculate the accuracy of the sensor at a 

temperature of 200°C.  Also, considering linear approximation of 

the RTD resistance-temperature characteristics, calculate the 

resistance of the sensor at 100°C.  

Fig. Q3B: RTD Datasheet 

5 3 1 1 3 

3B A Robotic gripper, shown in Fig. Q3A should lift objects while 

applying the necessary pressure on the objects. A pressure feedback 

through pressure sensors on each finger is very important for the 

purpose. Suggest suitable pressure sensors that can be used if the 

measurable pressure range is between 0-5 kg/cm2. Justify your 

choice.  

3 3 2 2 4 
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Fig. Q3A: Robotic gripper 

 

3C While measuring speed of a steam turbine with stroboscope, single 

line images were observed for stroboscope setting of 3000, 4000 and 

5230 rpm. Calculate the speed of the turbine.  

 

2 3 1 1 3 

4A Suggest and elaborate the operation of the most appropriate 

transducers:  

i) To measure the flow-rate of the fluid   

ii) To measure the rpm of the turbine  

For the following application:  

A chemical industry manufacturing brine solution (electrically 

conductive solution) produces a huge quantity of waste water which 

should be treated before being disposed or recycled. The brine 

solution is passed through a turbine that rotates at a rate that is 

proportional to the rate of flow of the solution. Turbine also has 

toothed rotor to measure the speed. 

 

4 3 2 2 4 

4B A compressive force is applied to a structural member. The strain is 5 

micro-strain: Two separate strain gauges are attached to the structural 

member, one is a nickel wire strain gauge having a gauge factor of        

-12.1 and the other is nichrome wire strain gauge having a gauge 

factor of 2. Calculate the value of resistance of the gauges after they 

are strained. The resistance of strain gauges before being strained is 

120 ohm. 

 

4 3 1 1 3 

4C A well-known chemical manufacturer was experiencing repeated 

product (thermistor) failure and the key problems that were causing 

the failure, were the high pressure environment, and the high 

temperature of a  vessel containing the reaction of partial oxidization 

of natural gas to carbon monoxide (POX).The products had to last for 

a two-year plant rebuild cycle. The customer needed to be supplied 

full material, process control, testing and safety documentation. 

Mention the steps to guide the customer to avoid such sensor failure 

risks. 

2 5 6 9 4 

5A Two conveyors (A and B) feed a main conveyor. The main conveyor 

count can only be determined from count of parts entering from other 

two conveyors. The count on each conveyor is determined by a 

counter. Assume ADD function is enabled every 30s. If the main 

4 2 1 1 3 
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conveyor count exceeds 20, a light should go ON. Draw a ladder logic 

for this application. 

5B The modern vehicles are embedded with many functionalities 

including steering and braking data which are communicated 

electronically from the driver to the actuators. The implementation 

strongly depends on the choice of braking mechanics (e.g., hydraulics, 

pneumatics, electro-hydraulics, or even electro-mechanics), the 

availability of a transmission ECU, and the interface to the engine 

ECU. Therefore, in order to have a smooth and bumpless transfer of 

data within all the ECUs of such vehicles, a standardized protocol is 

required for proper communication within the control system. Suggest 

and elucidate the most suitable communication protocol for this 

purpose. 

3 4 1 2 4 

5C Explain the construction and working principle of the most suitable 

flow-meter for a ten-storey residential apartment, where water is to be 

pumped from the ground floor to the top floor. It is required to 

measure the flow-rate per hour for economical assessment. 

3 3 1 2 4 

 

 

 

Table 3A: K Type Thermocouple table (For Q3A) 
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