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INTRODUCTION
The aim of this assignment is to give a strong foundation of Control Systems concepts in Electrical and Electronics systems. 
In the business, control framework is utilised generally. The modern control framework incorporates related instrumentation which incorporates the gadgets, frameworks, organisations, and controls used to work and additionally robotise modern cycles. Every ICS capacities contrastingly relying upon the business and is intended to effectively oversee undertakings electronically. ICS gadgets and conventions are currently utilised in essentially every modern area and basic foundation, including fabricating, transportation, energy, and water treatment.
It oversees, orders, coordinates, or directs the conduct of different gadgets or frameworks utilising control circles. It can go from a solitary home warming regulator utilising an indoor regulator controlling a homegrown kettle to enormous modern control frameworks which are utilised for controlling cycles or machines.








TASK 1 SOLUTION
1.1) Explain the industrial applications of Control systems with example.
The term "industrial control system" alludes to different sorts of control frameworks and related instrumentation, which incorporate the gadgets, frameworks, organizations, and controls used to work as well as robotize modern cycles. Every ICS capacities diversely relying upon the business and is intended to productively oversee errands electronically. ICS gadgets and conventions are presently utilized in essentially every modern area and basic framework, including fabricating, transportation, energy, and water treatment.
The most widely recognized sorts of ICSs are Administrative Control and Information Obtaining (SCADA) frameworks and Appropriated Control Frameworks (DCS). Neighborhood tasks are regularly overseen by Field Gadgets, which get administrative orders from remote stations.
Types of Industrial control systems:
Contingent upon the usefulness and intricacy of the control activity, Modern Control Frameworks are ordered into a few kinds. Here is a rundown of the most regularly utilized control frameworks:
Programmable Logic Controllers (PLCs) - A strong state control framework with a client programmable memory for putting away guidelines that carry out explicit capacities, for example, I/O control, rationale, timing, counting, three modes (PID) control, correspondence, number juggling, and information and record handling.
Distributed Control Systems (DCS) - A modern control framework that is conveyed and controlled in a dispersed way, taking into account individual control of different circulated control frameworks or cycles. In a control framework, alludes to control accomplished by knowledge circulated all through the cycle to be controlled instead of by a solitary unit found midway.
Supervisory control and data acquisition (SCADA) - A nonexclusive term for a modernized framework equipped for gathering and handling information just as applying functional powers over significant distances. Force transmission and dispersion, just as pipeline frameworks, are normal applications. SCADA was made to address the extraordinary correspondence challenges (like postponements and information trustworthiness) presented by the different media that should be utilized, for example, telephone lines, microwave, and satellite. Ordinarily, instead of being devoted, it is shared.
Remote Terminal Units (RTUs) - A RTU is a microchip based electronic gadget utilized in modern control frameworks (ICS) to interface different equipment to appropriated control frameworks (DCS) or SCADA. Far off units of telemetry and distant units of telecontrol are different names for RTUs. RTUs course sensor information from control circle input streams to a yield stream for transmission to ICS concentrated order. RTUs arrange associations with one or the other neighborhood or controllers.
Industrial Automation and Control Systems (IACS) - Modern mechanization control framework arrangements incorporate a safe foundation for information moves and interchanges, just as brilliant gadgets for information assortment. This is normally refined by sensors on machines and hardware. Modern mechanization control frameworks likewise incorporate equipment, programming, and correspondence choices for changing over sensor information into data.
Programmable Automation Controllers (PACs) – The expression "programmable robotization regulator" (PAC) alludes to any mechanization regulator that contains more elevated level guidelines. The frameworks are utilized for hardware in a wide scope of ventures, including basic foundation and modern control frameworks (ICS).
Intelligent Electronic Devices (IEDs) - An astute electronic gadget (IED) is an electronic part, (for example, a controller and circuit control) that contains a chip and can convey, commonly carefully through Fieldbus, realtime Ethernet, or other modern conventions.

1.2) Explain Open loop and closed loop control systems with its block diagram and transfer function.
Open Loop Control System:
The yield of this sort of control framework doesn't change the activity of the control framework in some other manner; the working of the framework that is time-subordinate is otherwise called an open-circle control framework. It gets no criticism. It is extremely basic, requires little support, works rapidly, and is economical. This present framework's exactness is low and its constancy is low. The open-circle type is represented beneath. The fundamental benefits of an open-circle control framework are that it is basic, requires little security, and is fast and modest to work. The drawbacks are that it is untrustworthy and has low precision.
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G1 = ø1 / øi , G2 =  ø2 / ø1 , G3 = øo / ø2
Overall Transfer Function = G1 * G2 * G3 = (ø1 / øi) * (ø2 / ø1) * ( øo / ø2 ) = øo / øi

Closed Loop Control System:
A shut circle control framework is a kind of control framework where the controlling activity is reliant upon the framework's produced yield. At the end of the day, the yield of the framework controls the information applied to the framework in these frameworks. 
The variety in input dependent on yield brings about more exact framework yield. Hence, controllability in a shut circle framework is accomplished by utilizing an input way to produce yield.
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So, for the system shown above,
[image: Image]
On solving the equations, we get
[image: Image]
On transposing
[image: Image]
The above equation is the transfer function of a closed-loop system with negative feedback.
For a positive feedback system, it is given as:
[image: transfer function of closed loop system eq4]
For a unity feedback system (i.,e H(s) = 0) with a high value of gain. The transfer function is unity.
1.3) For the PD controller system given below 
I) with controller C(S)/R(S) = 144 / (S2+10S+144) 
II) without controller C(S)/R(S) = 2.1 (S+20) / (S2+24S+144)
Find:
a) Damping Frequency of Oscillation 
b) Peak over shoot value %Mp and 
c) Settling time Ts,

Draw the respective waveforms.












I) with controller C(S)/R(S) = 144 / (S2+10S+144)
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[image: Image]II) without controller C(S)/R(S) = 2.1 (S+20) / (S2+24S+144)
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TASK 2 SOLUTION
2.1) Find the Signal flow graph for the given network given below.
[image: Image]



Using Mason’s Gain formula,
[image: Image]
where,
TF = transfer function
Δ = 1 – [sum of individual loop gains] + [sum of gain products of all combinations of two non-	touching loops] − [sum of gain products of all combinations of three non-touching loops] + 	    ……... [Note the alternate change of signs.]
pk = gain of the kth forward path
Δk = the part of Δ not touching the kth forward path.
Forward Paths are:
[image: Image]
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Loops:
[image: Image]
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2 non-touching loops:
[image: Image]
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Δ = 1 – [sum of individual loop gains] + [sum of gain products of all combinations of two non-	touching loops] − [sum of gain products of all combinations of three non-touching loops]           + ……... [Note the alternate change of signs.]
Δ = 1 - [- G4 H1 – G5 H2] + [- H1 G1 H2 G8 + G4 H1 G5 H2]
Δ1 = G2 G4 G6 (1 - [- G5 H2]) 
Δ2 = G3 G5 G7 (1 - [- G4 H1])
Δ3 = G1 G2 G7 (1 – 0 + 0)
Δ4 = G3 G8 G6 (1 – 0 + 0)
Δ5 = – G2 G1 H2 G8 G6 (1 – 0 + 0)
Δ6 = – G3 G8 H1 G1 G7 (1 – 0 + 0)
Answer:
[image: Image]








2.2) Using block diagram reduction approach solve the system given below.
Given:
[image: Image]
Steps to solve:
[image: Image]






Step 1: Moving the take-off point A to the right side to B. 
[image: Image]
Step 2: Resolving the cascaded blocks: G3 & G4 
[image: Image]







Step 3: Resolving the positive feedback loop: G3 -> G4 -> H1
[image: Image]
Step 4: Resolving the cascaded blocks: G2 & G3 G4 / (1 – G3 G4 H1)
[image: Image]







Step 5: Resolving the negative feedback loop
[image: Image]Step 6: Resolving the cascaded blocks
[image: Image]








Step 7: Resolving the negative feedback loop
[image: Image]
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