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PART - A

It the vertical faces of pattern are perpendicular to parting line, the edges of mould may damaged
when the pattern is removed from the sand. Hence the vertical faces are mode taper for easy removal
of pattern. This slight taper given on the vertical sides of pattern in caused draft allowance.

The various types of pattern allowances normally given are;
Shrinkage allowance

Machining or finish allowance

Draft or taper allowance

Distortion or camber allowance

Rapping or shake allowance

Al e

The main function of the riser is to supply excess molten metal to the solidifying casting it allows the
escape of air.

Pattern is slightly larger in size as compared to the casting. Pattern may be in two or three pieces
where as a casting is in one piece.

Destructive test: Tensile, Impact, Hardness etc.
Non Destructive: Visual, sound, magnetic particles, dye penetration, ultrasonic etc.

Solid or single piece pattern, match plate pattern, split pattern, sweep pattern, skeleton Pattern,
segmental pattern, loose piece pattern, shell pattern.

To provide a hollow surface or recess on the casting, the core is made.

A core print is an extra projection on the pattern. It supports the core.

Caring or heating the cores to obtain enough hardness is called as core setting.
Permeability, refractoriness, strength collapsibility, stability.

Give strength and hardness to core

Process cost is less

It saves time on heating

It can be stored for long use

Green sand, Dry sand, Synthetic sand, Loam sand, Special sand, parting sand.
Green sand: It contains 5 to 8% water and 15 to 20% clay.

Loam Sand: Loam sand is a mixture of fine sands, fine refractoriness, clay, graphite fiber and water.
It contains more clay (50%)

Shovel, Riddle, Rammer, Trowel, Slick, Strike off bar, lifter

Runner:

It is used to make a sprue a hole in the cope.

It receives the molten metal from the pouring basin and passes to the cavity.
Riser:
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It supplies excess molten metal to the solidifying casting.
It allows the escape of air.

Some times it is not possible to provide sufficient support for a core in the mould being poured, if the
cores are bigger in size. In such cases the core is supported with rigid metal pieces called chaplets.

Two difference between green sand mould and dry sand mould.

Green Sand Mould Dry Sand Mould
Less time for making mould | More time consuming
Less surface finish Better surface finish
Low strength Stronger than green sand mould
Less permeability More permeability

The chills are used to provide directional solidification or to increase the rate of Solidification where
the higher hardness required.

Shifts - Two halves mismatching or casting
Hot tear Internal or external cracks

Fins - Thin projection of parting line

Inclusions - Foreign material present in casting

Welding may be defined as the process of joining similar metals by th heat, with or without application
of pressure and filler material.

It produces permanent joints.

The overall cost of the welding equipment is very low.
A Large number of metals can be welded.

A good weld is as strong as base metal.

LN

1. Pressure welding 2. Non-pressure welding
Spot welding, seam welding, lap and butt welding, projection welding.
1. Gas welding 2. Electric arc welding.

The current is passes through the work pieces causes local heating and temperature rises to fusion
point. Subsequent applications of pressure result in permanent joining of work pieces.

Spot welding, seam welding, butt welding, projection welding.

1. Oxy acetylene welding 2. Oxy hydrogen welding 3. Oxy butane welding.

1. Neutral flame 2. Oxidizing flame 3. Reduction flame.

Acetylene cylinder, gas cylinder, trolley, hose and hose fitting, pressure regulator, Welding torch.

1. Left ward welding. 2. Rightward welding.
3. Vertical welding 4. Overhead welding.

1. AC machine 2. DC machine
3. Transformer 4. Transformer with DC rectifier
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To avoid the formation of oxide and get strong perfect weld. It takes away from the impurities
present in the surface of metal.

Borex, sodium chloride.

Electrode made of metallic wire called core wire, coated uniformly protective coating called flux.
1. Bare electrode 2. Dust coated electrode

Low carbon steel rod, mild steel rod, vanadium steel rod.

Direct, indirect, push pulls method.

It is the resistance welding process. The heat is produced due to resistance against current. It is also
called stitch welding.

It is the welding process in which metal fused together by molten slag which melt the filler material

and surface of the work to be welded.

1. The transformer maintenance cost is less.
2. Efficiency is very high.
3. The power available is very less.

The arc is produced between the electrode and the work piece. The arc, end of electrode, the molten
pool is submerged in the molten pool.

It is used to avoid atmospheric contamination of the weld pool. The gases used in the welding
process are argon helium hydrogen.

There is no filler material used in the MIG welding instead OF filler material some inert gases are
used.

It is the welding process employing chemical energy is used to produce high temperature.

1. Crucible 2. Mould 3. Supporting structure.

The heat is generated from the kinetic energy of intense beam of high velocity electron.

1. Dimensional defects: Warpage, incorrect joint preparation, size and profile.

2. Structural defects: porosity, non metallic inclusion, incomplete fusion, inadequate penetration.
3. Defective properties: low strength, toughness.

It is a defect in the welding process in which failure to remove the slag after each layer in a multilayer

in the welding operation lead to slag inclusion.

1. Hot cracking It occurs at high temperature just below freezing point. Excessive sulpher and carbon
content in promotes the cracking.
2. Cold cracking - It occurs at room temperature. It occurs due to change in volume at weld cool.

1. Torch method 2. Furnace and hot plate method
3. Soldering iron method 4. Induction method.
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51.

Sol.  Soldering is the metal joining process with the help of the low melting point metal by the use of filler
material and heat. The melting point of filler metal is below 427°C.

52.
Sol.  Brazing may be defined as the technique of joining two similar or dissimilar materials by the addition
of filler material whose melting point is above 427°C.

53.
Sol. Different between soldering and brazing :
Soldering Brazing
v Joints require finishing V Little finishing is required
v Soldering joints are very weak and v Joints are strong with good
are used for electrical contact, fluid resistance to fatigue and corrosion.
toughness, or sealing characteristics. v Used for joining metal and alloy
v Used for joining metal and alloy above 427°C
below 427°C v It has very high shearing strength
v It has very weak shearing strength

54.
Sol.  Porosity in the materials largely eliminated
Better mechanical properties
Ability of forging to withstand unpredictable loads
Rapid duplication of the components
Wide range of forgeable metals is available

55.

Sol.  Those processes, which are working below the recrystallisation temperature, are called cold working
of metals.

56.

Sol.  Those processes which are working above the recrystallisation temperature is called hot working of
metals.

57.

Sol. Hot working requires less to get necessary deformation
Brittle materials can also be hot worked.

58.

Sol. It is defined as the ratio of the cross sectional area of the billet to the cross section area of the
product.

59.

Sol.  The ratios of the difference in cross sectional area before and after drawing to the initial Cross
sectional area.
RA=1-(Do)?/ (Di)*

60.

Sol.  Extrusion, piercing

61.

Sol. % reduction= D-d/Dx100
62.

Sol.  Bloom fast break down of ingot into the size of 150mm x 150 mm to 250 mm x 300mm
Billet a reduction of bloom of 50mm x 50mm to 125mm x 125mm by hot rolling.

63.

Sol.  Slab: Obtained from bloom by rolling
Plate: The thickness, which is having minimum 6.35 mm
Sheet: Thin partner of plate -
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Strip: A narrow sheet having maximum with of 6.00mm
Foil: strip with maximum width of 300mm and maximum thickness of 1.5m.
It is the process of forming a very smooth, accurate polished shape on punch.

Coining - pressing operation
Embossing forging operations

During the bending operations, when the pressure on the metal release the bend angle may slightly
change this is called spring back.

The approximate minimum temperature at which complete recrystallisation of a cold worked metals
take place within a specified time.
Recrystallization: Formation of new grain when the metal undergoes working.

It is used to produce the seamless tube by using mandrel. It is used to produce the pierce at the
center of the ballet.

1. Two high rolling mills 2. Three high rolling mills
3. Three high rolling mills 4. Cluster rolling mills

1. Pitting 2. Cold shut and laps
3. Dents 4. Cracks
1. Direct or forward extrusions 2. Indirect or backward extrusion.

Wire drawing is carried out by pulling a rod through the die which causes the reduction in cross
section area of the rod.

High intensity between the coils
Eddy current

Coil compression

Flux concentration

Forming process occurs in

Small interval of time

Very high compact densities can be obtained
Mixtures of metal can be easily compacted

It includes a number of process in which part are formed at a rapid rate by extremely high pressure.
The energy needed for processing the material is released in a very short time. It is called high-
energy rate forming process.

It is used for compacting metal powder
It is used for forging and cold welding
It is also used for bending and extruding
Metal cutting process is also possible

Explosive forming, Electro hydraulic forming, Electromagnetic forming, Dynapak high speed forming
process.

The commonly used die materials are concrete, world, epoxy, plastics, plaster of paris and CI, stud
etc.

@ +91-9828747676, +91-9462447676, +91-6367244454 L. F-26/A, Gatta Stand, Tonk Road, Jaipur



Manufacturing Engineering ZONE TECH

80.

Sol.

81.

Sol.

82.

Sol.

83.

Sol.

84.

Sol.

85.

Sol.

86.

Sol.

87.

Sol.

88.

Sol.

89.

Sol.

90.

Sol.

91.

Sol.

The basic principle is that discharging of a capacitor through coil over a period of micro seconds, the
magnetic flux densities of the order of hundreds of kilogauss can be produced.

A Flexible Manufacturing System [FMS] is a highly automated GT machine cell, consisting of a group
of processing workstations, interconnected by an automated material handling and storage system,
and controlled by a distributed computer system

Flexible Manufacturing Systems [FMS] consists of the following four components.
1. Processing stations or workstations

2. Material handling and storage

3. Computer control system

4. Human labor

The Objectives of FMS are

1. To provide flexible manufacturing facility for pan family components.
2. To provide the benefits of grouping the operation in single location.
3. To provide the flexibility in producing small and medium parts.

4. To maximize the utilization of facilities.

5. To have a good management control.

FMS classified based on level of flexibility are
1. Production flexibility 2. Machine flexibility
3. Mix flexibility 4. Product flexibility

The FMS is classified based on number of machines are
1. Single Machine Cell (SMC)

2. Flexible Manufacturing Cell (FMC)

3. Flexible Manufacturing System (FMS)

. Increased machine utilization

. Fewer machines required

. Reduction in the amount of factory floor space required
. Reduced inventory requirements

. Lower manufacturing lead times

. Greater responsiveness to change

NOUT WD -

Metal cutting is "the process of removing unwanted material in the form of chips, from a block of
metal, using cutting tool"

The metal in front of the cutting tool rake face gets immediately compressed first elastically and then
plastically. This zone is traditionally called as shear zone in view of the fact the material in the final
form would be removed by shear from the parent metal.

Machining is the manufacturing process by which parts can be produced to the desired dimensions
and surface finish from a blank by gradual removal of the excess material in the form of chips with
the help of a sharp cutting tool.

Steel is an alloy of iron and carbon, which typically includes a mix of iron ore, coal, limestone and
other elements. It is the most common steel utilized in metal fabrication, and has an almost endless
list of uses from construction materials to machinery and weaponry.

Cutting tools may be classified according to the number of major cutting edges (points) involved as
follows:
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* Single point: e.g., turning tools, shaping, planning and slotting tools and boring tools.
* Double (two) point: e.g., drills.
* Multipoint (more than two): e.g., milling cutters, broaching tools, hobs, gear shaping cutters etc.

Angle of inclination of rake surface from reference plane.

Angle of inclination of clearance or flank surface from the finished surface.
It helps reduce cutting force and thus cutting power requirement.

It is used to simplify design and manufacture of the form tools.

It is used to increase edge-strength and life of the tool.

The portion of the tool bit which is not ground to form cutting edges and is rectangular in cross
section.

The surface against which the chip slides upward.

The surface which face the work piece. There are two flank surfaces in a single point cutting tool.
One is principal flank and the other is auxiliary flank.

The lowest portion of the side cutting edges.

The conjunction of the side cutting edge and end cutting edge. It provides strengthening of the tool
nose and better surface finish.

The form of machined chips depends mainly upon:

1. Work material

2. Material and geometry of the cutting tool.

3. Levels of cutting velocity and feed and also to some extent on depth of cut.

4. Machining environment or cutting fluid that affects temperature and friction at the chip-tool and
work-tool interfaces.

The basic two mechanisms involved in chip formation are:
1. Yielding:- Generally for ductile materials.
2. Brittle fracture:- Generally for brittle materials.

In machining ductile metals like steels with long chip-tool contact length, lot of stress and temperature
develops in the secondary deformation zone at the chip-tool interface. Under such high stress and
temperature in between two clean surfaces of metals, strong bonding may locally take place due to
adhesion similar to welding. Such bonding will be encouraged and accelerated if the chip tool materials
have mutual affinity or solubility.

Built-up-edges are characterized by its shape, size and bond strength, which depend upon:
*  Work tool materials.

* Stress and temperature, i.e., cutting velocity and feed.

* Cutting fluid application governing cooling and lubrication.

Advantages of Merchant's circle diagram are:

* Easy, quick and reasonably accurate determination of several other forces from a few known
forces involved in machining.

* Friction at chip tool interface and dynamic yield shear strength can be easily determined.

* Equations relating the different forces are easily developed.
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Limitations of Merchant's Circle Diagram:

* Merchant’s circle diagram (MCD) is only valid for orthogonal cutting.

* By the ratio, F/N, the MCD gives apparent (not actual) coefficient of friction.
* It is based on single shear plane theory.

Tool life generally indicates the amount of satisfactory performance or service rendered by a fresh
tool or a cutting point till it is declared failed. Tool life is always assessed or expressed by

* Number of pieces of work machined.

* Total volume of material removed.

* Total length of cut.

Wear and hence tool life of any tool for any work material is governed mainly by the level of the
machining parameters i.e., cutting velocity (V), feed (f) and depth of cut (t).
Taylor's Tool Life Equation=V _T"=C
Cutting velocity affects maximum and depth of cut minimum.
With the slope, n and intercept, ¢, Taylor derived the simple equation as,

The life of the cutting tool is affected by the following factors:
* Cutting speed.

* Feed and depth of cut.

* Tool geometry.

* Tool material.

e Cutting fluid.

* Work piece material.

* Rigidity of work, tool and machine.

A fixture may be described as a special chuck built for the purpose of holding, locating and machining
a large number of identical pieces which cannot be easily held by conventional gripping devices.
Fixtures also serve the purpose of accurately locating the machining surface.

The main function of the shaper is to produce flat surfaces in different planes. In general the shaper
can produce any surface composed of straight line elements. Modern shapers can generate contoured
surface.

The top and side of the table of a shaper have T-slots for clamping the work piece. The work piece
may be supported on the shaper table by using any one of the following work holding devices
depending upon the geometry of the work piece and nature of the operation to be performed.

1. Machine vise.

2. Clamping work on the table.
3. Angle plate.

4. V-blocks.

5. Shaper centre.

It may be considered as an extension of the machine spindle on which milling cutters are securely
mounted and rotated. The arbors are made with taper shanks for proper alignment with the machine
spindles having taper holes at their nose. The arbor may be supported at the farthest end from the
overhanging arm or may be of cantilever type which is called stub arbor.

1. Dimensional accuracy and good surface finish.
2. Good form and locational accuracy.
3. Applicable to both hardened and unhardened material.
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Dressing is the conditioning of the wheel surface which ensures that grit cutting edges are exposed
from the bond and thus able to penetrate into the work piece material. Also, in dressing attempts are
made to splinter the abrasive grains to make them sharp and free cutting and also to remove any
residue left by material being ground.

Abrasives may be classified into two types:

1. Natural abrasives:- Emery (50 - 60 % crystalline Al,O, + Iron Oxide), Sandstone or Solid Quartz,
Corundum (75-90 % crystalline Al,O, + Iron Oxide) and Diamond.

2. Artificial abrasives - Aluminium Oxide (ALQO,), Silicon Carbide (SiC), Artificial diamond, Boron
Carbide and Cubic Boron Nitride (CBN).

Grinding processes are generally classified based on the type of surface produced.
They are:

1. Cylindrical grinding process.

2. Surface grinding process.

3. Centreless grinding process.

Honing is a low abrading process which uses bonded abrasive sticks for removing stock from metallic
and non-metallic surfaces. This process is used primarily to remove the grinding or the tool marks
left on the surface by previous operations. However, it can be used for external cylindrical surfaces
as well as flat surfaces. It is most commonly used for internal surfaces.

The advantages of honing are:

1. Correction of geometrical accuracy.

2. Dimensional accuracy.

Lapping is a surface finishing process used on flat or cylindrical surfaces. Lapping is the abrading of
a surface by means of a lap (which is made of a material softer than the material to belapped), which
has been charged with the fine abrasive particles.

* Geometrically true surface.

* Extreme accuracy of dimension.

* Correction of minor imperfections in shape.

¢ Refinement of the surface finish, and

* Close fit between mating surfaces.

Broaching is a machining process for removal of a layer of material of desired width and depth
usually in one stroke by a slender rod or bar type cutter having a series of cutting edges with
gradually increased protrusion.

PART -B

Different between orthogonal cutting and oblique cutting:

Orthogonal Cutting Oblique Cutting
Cutting edge of the tool is perpendicular to | Cutting edge of the tool is inclined to the
the direction of tool travel direction of tool travel
The direction of chip flow is perpendicular | The direction of chip flow is angled to the
to the cutting edge cutting edge
The chip coils in a tight flat spiral The chip flows sideways in a long
Produces sharp corners. Produces chamfer at the end of cut.
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A machine tool may have a large number of various features and characteristics. But only some
specific salient features are used for specifying a machine tool. All the manufacturers, traders and
users must know how machine tools are specified.

The methods of specification of some basic machine tools are as follows:
Specification of Centre lathe machine tools:

* Maximum diameter and length of the jobs that can be accommodated.
* Power of the main drive (motor).

* Range of spindle speeds and range of feeds.

* Space occupied by the machine.

Specification of Shaper machine tools

Shaper

* Length, breadth and depth of the bed.

* Maximum axial travel of the bed and vertical travel of the bed/tool.
* Maximum length of the stroke (of the ram/tool).

* Range of number of strokes per minute.

* Range of table feed.

* Power of the main drive.

* Space occupied by the machine.

Specification of Drilling machine tools

Drilling machine (column type)

* Maximum drill size (diameter) that can be used.

* Size and taper of the hole in the spindle.

* Range of spindle speeds.

* Range of feeds.

* Power of the main drive.

* Range of the axial travel of the spindle/bed.

* Floor space occupied by the machine.

Specification of Milling machine tools

Milling machine (knee type and with arbor)

* Type; ordinary or swiveling bed type.

* Size of the work table.

* Range of travels of the table in X - Y - Z directions.

* Arbor size (diameter).

* Power of the main drive.

* Range of spindle speed.

* Range of table feeds in X - Y - Z directions.

* Floor space occupied.

The metal cutting process is mainly classified into two types. They are:
1. Orthogonal cutting process (Two-dimensional cutting)

The cutting edge or face of the tool 0 is 90 to the line of action or path of the tool or to the cutting
velocity vector. This cutting involves only two forces and this makes the analysis simpler.
2. Oblique cutting process (Three-dimensional cutting)

The cutting edge or face of the tool 0 is inclined at an angle less than 90 to the line of action or
path of the tool or to the cutting velocity vector. Its analysis is more difficult of its three dimensions.

Different types of chips of various shape, size, colour etc. are produced by machining are
Continuous chips without BUE

The following condition favors the formation of continuous chips without BUE chips:

*  Work material - ductile.

* Cutting velocity - high.

* Feed - low.

* Rake angle - positive and large.
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* Cutting fluid - both cooling and lubricating.

Discontinuous chips

This is also called as segmental chips.

The following condition favors the formation of discontinuous chips:

* Of irregular size and shape: - work material - brittle like grey cast iron.

e Of regular size and shape: - work material ductile but hard and work hardenable.
* Feed rate - large.

* Tool rake - negative.

* Cutting fluid - absent or inadequate.

Continuous chips with BUE

The following condition favors the formation of continuous chips with BUE chips:
*  Work material - ductile.

* Cutting velocity - low (~0.5 m/s,).

* Small or negative rake angles.

* Feed - medium or large.

e Cutting fluid - inadequate or absent.

The cutting tool material of the day and future essentially require the following properties to resist

or retard the phenomena leading to random or early tool failure:

* High mechanical strength, compressive, tensile, and TRA.

* Fracture toughness - high or at least adequate.

* High hardness for abrasion resistance.

* High hot hardness to resist plastic deformation and reduce wear rate at elevated temperature.

* Chemical stability or inertness against work material, atmospheric gases and cutting fluids.

* Resistance to adhesion and diffusion.

* Thermal conductivity - low at the surface to resist incoming of heat and high at the core to
quickly dissipate the heat entered.

* High heat resistance and stiffness.

* Manufacturability, availability and low cost.

1. High Speed Steel (HSS)

The basic composition of HSS is 18% W, 4% Cr, 1% V, 0.7% C and rest Fe. Such HSS tool could
machine (turn) mild steel jobs at speed only up to 20 ~30 m/min
2. Stellite

This is a cast alloy of Co (40 to 50%), Cr (27 to 32%), W (14 to 19%) and C (2%). Stellite is quite
tough and more heat and wear resistive than the basic HSS (18 - 4 -1) But such stellite as cutting tool
material became obsolete for its poor grindability and especially after the arrival of cemented carbides.
3. Sintered Tungsten carbides

The advent of sintered carbides made another breakthrough in the history of cutting tool materials.
4. Plain ceramics

Inherently high compressive strength, chemical stability and hot hardness of the ceramics led to
powder metallurgical production of indexable ceramic tool inserts

Generally, surface finish of any product depends on the following factors:
* Cutting speed

Better surface finish can be obtained at higher cutting speeds. Rough cutting takes place at lower
cutting speeds.
* Feed

Surface finish will not be good when coarse feed is applied. But better finish can be obtained in
fine feeds.
* Depth of cut

Lighter cuts provide good surface finish to the work piece. If depth of cut increases during
machining, the quality of surface finish will reduce.
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Therefore, higher cutting speeds, fine feeds and low depth of cuts or applied to ensure good
surface finish. Usually, it is done in finishing cuts. But, lower cutting speeds, coarse feeds and heavier
depth of cuts are applied in rough cutting operations.

The machining operations generally carried out in centre lathe are:

Rough and finish turning:- The operation of producing cylindrical surface.

Facing:- Machining the end of the work piece to produce flat surface.

Centering:- The operation of producing conical holes on both ends of the work piece.
Chamfering:- The operation of beveling or turning a slope at the end of the work piece.
Shouldering:- The operation of turning the shoulders of the stepped diameter work piece.
Grooving:- The operation of reducing the diameter of the work piece over a narrow surface. It is
also called as recessing, undercutting or necking.

Axial drilling and reaming by holding the cutting tool in the tailstock barrel.

Taper turning by

* Offsetting the tailstock.

* Swiveling the compound slide.

* Using form tool with taper over short length.

* Using taper turning attachment if available.

* Combining longitudinal feed and cross feed, if feasible.

Boring (internal turning) straight and taper:- The operation of enlarging the diameter of a hole.
Forming; external and internal.

Cutting helical threads; external and internal.

Parting off:- The operation of cutting the work piece into two halves.

Knurling:- The operation of producing a diamond shaped pattern or impression on the surface.

S.No. | Capstan Lathe Turret Lathe

1. Turret head is
mounted on a ram
which slides

over the saddle.

2. The turret

Turret head is directly
mounted on saddle.
But it slides on the bed

The turret moves on

movement is the entire length of the
limited. bed without any
restriction.

3. Hence shorter Longer work piece
work piece can be | can be machined.
machined.

4. | Tts construction It provides rigidity
does not provide | and strong.
rigidity due to
overhanging of
ram beyond the
bed.

5. | Itis suitable for It is suitable for
light duty heavy duty
applications. applications.
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131.
Ans.

132.
Sol.

133.
Sol.

S.No. Shaper Planer
1. [ The tool reciprocates| The work reciprocates
and the work is and the tool is
stationary. stationary.

2. | Feed is given to the |Feed is given to the tool
work during the  |during the idle stroke
idle stroke of the |of the work table.

ram.

3. | It gives more Less accuracy due to
accuracyas the tool | the overhanging of the
is rigidly supported | ram.

during cutting.

4. | Suitable for Suitable for machining
machining small large work pieces.
work pieces.

5. | Only light cuts can | Heavy cuts can be
be applied. applied.

The standard marking system for conventional abrasive wheel can be as follows:

51 A60 K5V 05
where
* The number '51' is manufacturer's identification number indicating exact kind of abrasive used.
* The letter 'A' denotes that the type of abrasive is Aluminium Oxide (Al,O,). In case of Silicon
Carbide (SiC) the letter 'C' is used.
* The number '60' specifies the average grit size in inch mesh. For a very large size grit this number
may be as small as 6 where as for a very fine grit the number may be as high as 600.
e The letter 'K' denotes the hardness of the wheel. The letter symbol can range between 'A' and 'Z!,
'A' denoting the softest grade and 'Z' denoting the hardest one.
* The number '5' denotes the structure or porosity of the wheel. This number can assume any value
between 1 to 20, '1' indicating high porosity and '20' indicating low porosity.
* The letter code 'V' means that the bond material used is vitrified.
* The number '05' is a wheel manufacturer’s identifier.

It is an adhesive substance which holds the abrasive grains together to form the grinding wheel.
Types of bonds

Bonds are classified into two types:

1. Organic:- Resinoid, Rubber, Shellac & Oxychloride.

2. Non-Organic:- Metallic, Vitrified & Silicate.

Vitrified bond (V)

Vitrified bond is suitable for high stock removal even at dry condition. It can also be safely used
in wet grinding. It can not be used where mechanical impact or thermal variations are like to occur.
This bond is also not recommended for very under centrifugal force.

Rubber bond (R)

Its principal use is in thin wheels for wet cut-off operation. Rubber bond was once popular for
finish grinding on bearings and cutting tools.
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Silicate bond (S)

Silicate wheels are made by mixing abrasive grains with silicate of soda. The mixture is moulded
in a mould and dried for several hours. After drying, the moulded material is kept in a furnace at
about 200 to 260°C for 20 to 80 hours. Silicate bonded wheels are light grey in colour. These wheels
are having a fairly high tensile strength.

Metal bond (M)

Metal bond is extensively used with super abrasive wheels. Extremely high toughness of metal
bonded wheels makes these very effective in those applications where form accuracy as well as large
stock removal is desired.

Shellac bond (E)

Shellac bonded grinding wheels are relatively strong but not rigid. At one time this bond was
used for flexible cut off wheels. At present use of shellac bond is limited to grinding wheels engaged
in fine finish of rolls.

Oxychloride bond (O)

It is less common type bond, but still can be used in disc grinding operation. It is used under dry
condition. It is produced by mixing abrasive grains with oxide and chloride of magnesium.

Resinoid bond (B)

Conventional abrasive resin bonded wheels are widely used for heavy duty grinding because of
their ability to withstand shock load. This bond is also known for its vibration absorbing characteristics
and finds its use with diamond and CBN in grinding of cemented carbide and steel respectively.

Resin bond is not recommended with alkaline grinding fluid for a possible chemical attack leading
to bond weakening. Fiberglass reinforced resin bond is used with cut off wheels which requires
added strength under high speed operation.

Electroplated bond

This bond allows large (30-40%) crystal exposure above the bond without need of any truing or
dressing. This bond is specially used for making small diameter wheel, form wheel and thin super
abrasive wheels. Presently it is the only bond for making wheels for abrasive milling and ultra high
speed grinding.

Brazed bond

This is relatively a recent development, allows crystal exposure as high 60-80%. In addition grit
spacing can be precisely controlled. This bond is particularly suitable for very high material removal
either with diamond or CBN wheel. The bond strength is much greater than provided by electroplated
bond. This bond is expected to replace electroplated bond in many applications.

134.
Sol. Given that,
T,= 20 min at N, = 200 rpm,
T, =5 min at N, = 400 rpm
But Taylor's tool life equation for drilling
N,T "= N, T,» = constant
200(20)" = 400(5)"
40" =2
n=05
Tool life at N, = 300 rpm
N,Tr=N, T
200(20)°5 =300 T

2
T, = 20(@j =8.89 min.
3 300
135.
Sol. The process by which external screw threads can be produced are:

1. Casting:
(i) Sand casting (ii) Die casting (iii) Permanent mould casting (iv) Plastic moulding (v) Shell moulding
(vi) Low-wax casting

2. Rolling
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136.
Sol.

137.
Sol.

3. Chasing:
(i) Single-point tool (ii) Multiple-point tool
4. Die and tap cut
Milling
6. Grinding

o

Given that,
Cutting speed (V) = 200 m/min,
a =10°,
b =2 mm,
t=0.2 mm,
p=0.5,
7, = 400 N/mm?
Friction angle, B = tan™(n) = tan(0.5)
B =26.57°
(i) Using merchant's first solution to find out shear plane angle
2¢ + B — o =90°
90 +10—-26.57

=——=36.7°
¢ 2

_t.bt 400x2x0.2

_ - =267.72N
Shear force, T sing sin ( 36.7)

F =Rcos(¢p+p—a)

267.72

= =447.983N
cos(36.7+26.6-10)

Where R = resultant force of

(i) Cutting force and thrust force or

(if) Normal and friction force at tool chip interface.
Cutting force

E, =R cos(B — o) = 447.983 x c0s(26.57 ~10) = 429.379N

Thrust force, F, =Rsin(B - o) =447.989sin(26.57-10) =127.75N
Given that,

when V, =30 m/min, T, =1 hr = 60 min,

when V,=2V,=60m/min, T, = 2 min,

we can write VT*=C
VI =V,
Taking log on both sides we get,
logV, +nlog T =logV,+nlogT,

lo A
g \% log(2)
n= = = O_
(Tl J log(60/2)
log| —
TZ
C=VTr =30 x (60)* = 68
Now for T=30min, V=?,N=7?
given diameter d=300mm =03m
VIr=C
V(30)°2 = 68
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V =34.44 m/min
and V=nDN = 3444=nx03 xN
N = 36.54 rpm.

138.
Sol. Given that,
The constants in the too life equation are 60, 0.2

o VT2=60
Tool change time =3 min

Tool regrind time =3 min
Machine running cost = Rs. 0.5/min

Depreciation of tool regrind = Rs. 5.0

Direct running cost, C, = Regrind time x running cost/unit time = 3 min x 0.5/min = Rs. 1.5
Tool changing time, T_= 3 min

Depreciation cost, C_=Rs.5.0

Optimum speed, V, for minimum cost,

= C = 60 =31.43m/ min.

Cfrr ] (G )ess)]

Optimum cutting speed, V, for maximum production

= C = 60 =36.5m/ min

6] [

Sol. Centreless grinding: In internal centreless grinding, the work is supported by three rolls. One is the
regulating rolls, and the other is a pressure roll to hold the workpiece firmly against the support and
regulating rolls. This is illustrated in fig. The grinding wheel contacts the inside diameter of the
workpiece directly opposite the regulating roll, thus assuring a part of absolutely uniform thickness
and concentricity. The pressure roll is mounted to swing aside to permit loading and unloading.

Pressure roll ”*

Grinding wheel

v Regulating wheel
Supporting wheel

Internal Centreless grinding

@ +91-9828747676, +91-9462447676, +91-6367244454 L. F-26/A, Gatta Stand, Tonk Road, Jaipur



.m Mains Practice Workbook ZONE TECH

140.
Sol.

141.
Sol.

142.
Sol.

Tool life curves:

Tool life

Cutting speed

Tools are coated to provide certain desirable properties to the tool like wear resistance, hot hardness,
better thermal characteristic.

Common Coating Material:

(i) High speed steel: This type of material significantly improve the cutting speeds 3 to 5 times
carbon tool steels.

(ii) Cast cobalt alloys: This type of material has the property to retain hardness even at elevated
temperatures better than HSS and also used at 25 percent higher cutting speed than HSS.

(iii) Ceramic coating: The ceramic coating provides good abrasion resistance. They have excellent
high temperature properties such as high resistance to diffusion wear, and high hot hardness.

The advantage of climb milling are:

1. Job is forced against table which results in elimination of vibrations.

2. Chips are deposited behind the cutter and out of its way.

3. Cutter do not touch the worked surface, better surface finish.

4. Low power consumption.

5. Thin sheet can be easily machined.

Disadvantages of climb milling:

1. More impact load on cutter on starting each cut.

Grinding ratio is defined as

Volume removed from workpiece GR = Volume removed from grinding wheel

FMS: A flexible manufacturing system integrates all major elements of manufacturing into a highly
automated system. FMS consists of a number of manufacturing cells, each containing an industrial
robot (service several CNC machines) and an automated material handling system, all interacted
with a central computer This system is highly automated and is capable of optimizing each step of
the total manufacturing operation Flexible manufacturing system represents the highest level of
efficiency, sophistication and productivity that has been achieved in manufacturing plants. The
flexibility of FMS is such that it can handle a variety of part configurations and produce them in any
order.

In FMS, the time required for change over to a different part is very short. The quick response to
product and market demand variations is a major attribute of FMS.

FMC: In view of rapid changes in market demand and of the need for more product variety in
smaller quantities flexibility of manufacturing operations is highly desirable. Manufacturing cells can
be made flexible by using CNC machines and machining centres and by means of industrial robots or
other mechanized systems for handling materials.

Flexible manufacturing cells are usually intended, so their design and operation are more exiting
than those for other cells. The selection of machines and robots, including the types and capacities of
end effectors and their control.
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As with other flexible manufacturing systems the cost of flexible cells is high. Cellular manufacturing
generally requires more machine tools and this increases manufacturing cost; however, this
disadvantage is out-weighted by increased speed of manufacture, flexibility and controllability. Proper
maintenance of the tools and the machinery is essential, as is the implementation of two or three shift
operations of the cells.

Disadvantages:

* High cost

* Not suited for mass production
* Skilled manpower needed

143.
Sol.  Factors are:
1. Helix angle 2. Chisel angle
3. Point angle 4. Feed rate
3
MRR = Esz[ﬁj = T (10) % 0.25x 220 2 78 MM ppg.
4 60) 4 60 s
144.

Sol. Causes of poor machinability:
* Low thermal conductivity which does not allow heat generation during machining to dissipate
from the tool edge, causing high tool tip temperature and excessive plastic deformation wear.
* High work hardening tendency leading to high cutting force.
* High chemical reactivity of titanium alloys causes chip to weld to the tool
* Low elastic modulus
General Characteristics of Coating for cutting tools and dies:
* It should have good abrasion resistance
* It should prevent built-up edge formation
* It should be stable at very high temperature
* It should posses property of red hardness

15

Tool life (m) >

100 200 300
Cutting speed (m/min)—»

Variation of tool life with cutting speed for various micro-structure
145.

(70 + 68)

Sol.  Length of uncut chip, /= =216.769 mm

t L, (Lengthof chip) 68.9
. . = — = ¢ = = 0318
Cutting ratio t.  L(Uncutlength)  216.769
ang = rcos(a) _0.318xcos10 033147

l-rsino.  1—-0.318xsin10°
¢ =18.34°
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146.
Sol.

147.
Sol.

F_ = Thrust force

T

F. = Cutting force

F,, = Force normal to shear plane
F, = Force along the shear plane
N = Force normal to rake face

F = Force along rake face

chip
a Tool
F,
Fo/ 0N
F, p-a work piece
—
A%
B N /F

Since the resultants of F, F, and F, F, are the same and those of Fand Nare the same in magnitude;
the tips all these force vectors must lie on an imaginary circle of diameter Ras shown above.

F. = F cosp + F sin

F. = Fcos$ - F sing

F = F_sina + F, cosa

N = F cosa - F_ sina

F, = F osd) -F smd)

F F sing + F L€COSh
It 7, is ultlmate shear stress of the work material, then the shear force F_along the shear plane can be
written as

B = 1b.trs
sin ¢
where b is the width of the workpiece under cutting and t is the uncut thickness
_ Ecos(B-a)
cos(¢+B- )

Assumptions are:

(i) Tool edge is sharp.

(ii) The work material suffers deformation across a thin shear plane.

(iii) There is no side spread (or the deformation is two dimensional).

(iv)There is uniform distribution of normal and shear stresses on the shear plane.
(v) The work material is perfectly plastic and tool material is perfectly rigid.

Diameter of a circular hole to be pierced, d = 20 mm = 0.02 m
(in a mild steel plate)
Thickness of the plate, t = 2 mm = 0.002 m
The shear strength of the work material, t = 350 MPa = 350 x 10° N/m?
(mild steel)
Force required to pierce a circular hole, F = (n d t)t
=m x 0.02 x 0.002 x 350 x 10° = 0.04398 x 10° N = 43.98 kN
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148.

Sol. Given data:
h, = 60 mm;
w =100 mm;
D =40 mm;
n=0.3;
o, = 500 MPa
(a) Highest possible reduction
(Ah)max = HZR
o= (hl _ hz)
R
60—h
03=,/(60h)
200

h, = 60-18 42 mm, i.e. thickness after rolling
Highest possible reduction = h, -h, = 60 - 42 = 18 mm
(b) Length of contact on rolls = AC

L, =/RAh

AC=L, =v200x18 =60mm
(c) Rolling load
P=0c,xL,xw=500x60x100=3000 kN
149.
Sol.  If there are two already drilled holes, in one hole a conical pin is provided and in the other hole, a
diamond pin is provided to accommodate the variation in the centre distance. Two sides of the

diamond pin are relieved and the diamond pins are always kept in the larger hole. Purpose of
diamond pin is to arrest the variation in centre to centre distance between holes.
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Diamond pin located at right
angles to axis between pir{s

)\
\"3

Round pin Diamond pin
I[ B
[

M

/N
\\J/

‘ L]
(€ D]

LK I

Diamond Locating Pin

150.
Sol. The various process variables in wire drawing are:

Approach
Tube / Bearing (Land)
Lubricant l
p— \
Be/II o B Back relief
 —

. . o = Semi die angle
Incoming wire —

Outgoing wire

X B

e\\a

Wire drawing schematic

Edging: Edging is the process of flowing of metal from edges towards centre. it is done with the
help of concave dies.

Fullering: It is the process of flowing of metal from a central area towards outside. it is done with
the help of convex dies.
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