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1a.  

Renewable sources of energy: 

i. Solar energy 

ii. Hydroelectric energy 

iii. Wind energy 

iv. Biomass energy 

v. Geothermal energy 

Non- renewable sources of energy: 

i. Fossil fuels 

ii. Coal 

iii. Oil 

iv. Natural gas 

v. Nuclear fuels 

NUCLEAR ENERGY  

 The nuclear fuels obtained from earth’s crust contain nuclear energy that 

can be harnessed by: nuclear fission/fusion of atomic nuclei. 

 The energy is released in the form of heat and light rays. 

 It is a conventional as well as non –renewable energy source. 

 Nuclear fusion requires high temperatures, therefore not practical. 

 Nuclear fission reactions are popular and technology for harnessing it is 

well developed. 

 Uranium-235 is an ideal fissile element found occurring naturally. 

 One gram of U235 nucleus produces about 0.95MW power per day. 

 Radiation hazards is one of the main harms of nuclear energy. 

 Use of nuclear fuels is inevitable for meeting the ever growing need for 

energy. 

 

Nuclear Fission 

•Involves splitting of nucleus of heavy atoms like uranium, plutonium, thoriumetc. 

In a controlled chain reaction. 



•During fission, heat is released and this can be used to generate high pressure 

steam to drive turbines and hence generate electricity. 

•U-235isotopeisafissilematerialwhichisuseddirectlyasnuclearfuel. 

Nuclear Fusion 

•Involvesfusionoftwolighteratomstoformthenextheavierelement.E.g.fusionofdeuteri

umandtritiumtoformhelium. 

•Enormous amount of energy is released during nuclear fusion process. 

1b. 

 

 



 

 

 



1c. 

 

 

 

 

  

2a. 

ii. First Law of Thermodynamics 



 

 

 

 

 

 



 

iii. Second Law of Thermodynamics 

 

 

 

 

 

 

 

 

 

 

 

 



2b. 

 

 



 



 

 

 

 



2c. 

 

 

 



3a. 

 



 



 



 



3b. 

Prime movers are defined as any machine that converts energy from any energy 

source into mechanical (shaft) power. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4a. 

 



 

Boiler Mountings: 

 



 

  



4b. 

Hydraulic pump is a mechanical device used to convert mechanical power into 

hydraulic energy. 

 



 

 

 



5.a) 

 



 



5b. 

 



 

 

 

 

 

 



6a) Vapor compression system 

 
 

The liquid ammonia vapouries in the evaporator coils, absorbing the latent heat from the freezing 

compartment thus keeping it cool and subsequently gives off heat when it condenses in a 

condenser. Dry ammonia vapour is dissolved in the cold water contained in the absorber, which 

will produce a strong ammonia solution which is flowing back from the heater-separator from 

the heat exchanger. The warm high pressure strong ammonia solution is passed to the heater-

cum-separator provided with the heating coils. Heating of the high pressure strong ammonia 

solution will drive out the ammonia vapour from it and consequently the solution in the heater-

separator becomes weak which in turn flows back to the heat exchanger. Where it warms up the 

strong ammonia solution passing through it. The high pressure ammonia vapour from the heater-

separator now passes to a condensed. The high pressure ammonia liquid is now expanded to a 

low pressure and low temperature in the throttle valve. The low pressure condensed ammonia 

liquid at low temperature is passed onto the evaporator coils provided in the freezing 

compartment, where it absorbs the heat and evaporates. 

 

 

 

6b) i) Ton of Refrigeration 



A ton of refrigeration is defined as the quantity of heat absorbed in order to form one ton of ice 

in 24 hours when the initial temperature of the water is 0 C. 

 

ii)COP 

The COP of a refrigeration system is defined as the ratio of heat absorbed in a system to the 

work supplied. 

 

iii) Ice making capacity 

The amount of ice produced by the ice making machine in one hour from water at 0oC in to ice 

at 0 C. 

 
 

6.c) Commonly used refrigerants 
 

1. Chloro fluoro carbon (CFC)  

These refrigerants have been identified as the most harmful ones for the ozone layer by the 

Montreal Protocol and are not in commercial use. They are used in large centrifugal chillers 

and air-conditioners of old cars.  

E.g. Freon-11 (trichloro monofluoro methane), Freon-12 (dichloro difluoro methane), Freon-

113 (trichloro trifluoro ethane).  

 

2. Hydro chloro fluoro carbon (HCFC)  

These refrigerants have been identified as slightly less harmful by the Montreal Protocol and 

will be phased by the year 2030. These are used in reciprocating compressors and 

centrifugal chillers as a temporary replacement for R-11 (Freon-11).  

 E.g. Freon-22 (monochloro difluoro methane), Freon-123 (dichloro trifluoro ethane).  

 

3. Hydro fluoro carbon (HFC)  

These are a new class of refrigerants that do not harm the ozone layer and are being used 

as a replacement for CFCs and HCFCs. These are used as replacement for R-12 and R-22 

refrigerants and are being used in air-conditioners of new cars  

 

 

7.a) 

 



 

7.b) 

 



 

 

 

 



 

 

 

7.c)  



 

 

 

 

 

 

 

 



8.a) 

 



 

8.b) 

 

 

 

 

 

 

 

 



 

8.c)  

Different types of gears -  

 SPUR Gear 

 Bevel gear 

 Helical gear 

 Worm gear 

 Rack and pinion  

-Helical Gear  

 Used to transmit power between parallel or non parallel but non-intersecting shaft. 

 Teeth are curved and helical in shape 

 Smooth operation as it results in gradual gear engagement 

 Used in smooth and quiet running  

 

 

 

9a) 

Turning: 

Turning is a lathe operation in which the cutting tool removes metal from the outside 

diameter of a workpiece. In other words, reduction in the diameter of the workpiece due to 

cutting is called turning 

 
 

Facing 

 
Facing is defined as an operation performed on a lathe to produce either flat surface or shoulder 

at the end of the workpiece.  In facing, the direction of feed given is perpendicular to the axis of 

the lathe. The workpiece is held in the chuck and the facing tool is fed either from the end of the 

workpiece towards its centre or vice versa.  

 



 
 

Thread cutting 

 
 

 A thread is a helical groove formed on a cylindrical or conical rod. Thread cutting is 

the operation of producing helical grooves on a cylindrical or conical surface. Threads may 

be square or „V‟  threads. The threads of any pitch, shape and size can be cut on a lathe. A 

single-point cutting tool (V-tool or square tool) is used to cut threads on the work piece. It is 

of two types: external thread cutting and internal thread cutting.  

 Here the tool is moved longitudinally with a uniform motion while the workpiece is 

rotating at a uniform speed. By maintaining an appropriate gear ratio between the spindle 

on which the workpiece is mounted and the lead screw of the lathe, a screw thread of 

required pitch can be cut.  

 During thread cutting, both work piece and lead screw rotate at the same speed. The 

pitch of the lead screw is equal to pitch of workpiece. To cut threads, the tool is brought in 

contact with the workpiece. The tool is moved along the axis, generates the threads on the 

workpiece. This process is repeated several times till the required depth, pitch and finish is 

obtained. To produce V-threads, a pointed tool is used. To cut square threads, the tool is 

ground to a squared end.  

 

9b) Horizontal Milling machine 



 
 

9.c) 
Plane milling: The plain milling is the operation of production of a plain flat horizontal surface 

parallel to the axis of rotation of a plain milling cutter. The operation is also called slab milling. 

 

 
 

 

 

 

 

Angular Milling 

• Milling operations in which the cutting tool’s axis of rotation is at an angle relative to 

the surface of the workpiece. The process employs single-angle milling cutters—

angled based on the particular design being machined—to produce angular features, 

such as chamfers, serrations, and grooves 

 

 
 



 

Gang Milling 

• Gang milling refers to milling operations which employ  two or more cutters—typically 

of varying size, shape, or width—on the same machine arbor. 

•  Each cutter can perform the same cutting operation, or a different one, 

simultaneously, which  produces more intricate designs and complex parts in shorter 

production times. 

 
 

 

10a)  

 
 

1. Central processing unit (CPU)  

The central processing unit (CPU) is the brain of the MCU. It manages the other components in 

the MCU based on software contained in main memory. Thc CPU can be divided into three 

sections: (1) control section, (2) arithmetic-logic unit (ALU), and (3) immediate access memory. 

The control section retrieves commands and data from memory and generates signals 10 

activate other components in the MCU. In short, it sequences. coordinates. and regulates all of 

the activities of the MCU computer. The ALU consists of the circuitry to perform various 

calculations (addition, subtraction, multiplication), counting and logical functions required by 

software residing in memory. The immediate access memory provides a temporary storage for 

data being processed by the CPU. It is connected to main memory by means of the system data 

bus.  

2. Memory The immediate access memory in the CPU is not intended for storing CNC software, A 

much greater storage capacity is required for the various programs and data needed to operate 

the CNC system. As with most other computer systems, CNC memory can be divided into two 

categories: (I) main memory and (2) secondary memory. Main memory (also known as primary 

storage) consists of ROM (read-only memory) and RAM (random access memory) devices. 

Operating system software and machine interface programs are generally stored in ROM. These 

programs are usually installed by the manufacturer of the MCU. Numerical control part programs 



are stored in RAM devices. Current programs in RAM can he erased and replaced by new 

programs as jobs are changed. High-capacity secondary memory (also called auxiliary storage or 

secondary storage) devices are used to store large programs and data files, which are 

transferred to main memory as needed. Common among the secondary memory devices are 

floppy diskettes and hard disks. Flash devices are portable and have replaced much of the 

floppy or punched tapes traditionally used to store part programs. Hard disks are high-capacity 

storage devices that are permanently installed in the CNC machine control unit. CNC secondary 

memory is used to store part programs, macros, and other software. 
 

 

 

10.b) Robots and general applications 

An industrial robot is a programmable, multi-functional manipulator designed to move 

materials, parts, tools, or special devices through variable programmed motions for the 

performance of a variety of tasks 

Applications  

1. Hazardous work environments 2. Repetitive work cycle 3. Consistency and accuracy 4. 

Difficult handling task for humans 5. Multi-shift operations 6. Exploratory robots explore 

environments that are inhospitable to humans such as space, military targets or areas of 

search and rescue operations. 7. Assistive robots help handicapped individuals by assisting 

with daily tasks including wheelchair navigation and feeding. 8. Material transfer, 9. 

Machine loading, 10. Welding, 11. Spray painting, 12. Processing operation, 13. Assembly 

and 14. Inspection 

 

10.c) CNC Machining center 

A machining center can be defined as a sophisticated CNC machine tool controlled by a 

computer running programs driven by numerical data, which can perform multiple machining 

operations like milling, drilling, tapping and boring operations at the same location control by 

making use of several area and a variety of tools with Automatic Tool Changer (ATC) unit: 

The CNC machining centers can be broadly categorized into two varieties. 

a) Vertical machining centers (VMC) 

b) Horizontal machining centers (HMC) 

 
 

 

 

 

 

 

 

 

 



 

 

 

 


