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1. INTRODUCTION

Computer Aided Drafting is a process of preparing a drawing of an object on the screen of a
computer. There are various types of drawings in different fields of engineering and sciences. In
the fields of mechanical or aeronautical engineering, the drawings of machine components and the
layouts of them are prepared. In the field of civil engineering, plans and layouts of the buildings
are prepared. In the field of electrical engineering, the layouts of power distribution system are
prepared. In all fields of engineering use of computer is made for drawing and drafting.

The use of CAD process provides enhanced graphics capabilities which allows any designer
to

e Conceptualize his ideas

e Modify the design very easily

e Perform animation

e Make design calculations

e Use colors, fonts and other aesthetic features.

REASONS FOR IMPLEMENTING A CAD SYSTEM

1. Increases the productivity of the designer: CAD improves the productivity of the designer
to visualize the product and its component, parts and reduces the time required in
synthesizing, analyzing and documenting the design

2. Improves the quality of the design: CAD system improves the quality of the design. A CAD
system permits a more detailed engineering analysis and a larger number of design
alternatives can be investigated. The design errors are also reduced because of the greater
accuracy provided by the system

3. Improves communication: It improves the communication in design. The use of a CAD
system provides better engineering drawings, more standardization in the drawing, and better
documentation of the design, few drawing errors and legibility.

4. Create data base for manufacturing: In the process of creating the documentation for these
products, much of the required data base to manufacture the products is also created.

5. Improves the efficiency of the design: It improves the efficiency of the design process and
the wastage at the design stage can be reduced.

APPLICATION OF CAD

There are various processes which can be performed by use of computer in the drafting
process.

1. Automated drafting: This involves the creation of hard copy engineering drawings directly
from CAD data base. Drafting also includes features like automatic dimensioning, generation
of cross — hatched areas, scaling of the drawing and the capability to develop sectional views
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and enlarged views in detail. It has ability to perform transformations of images and prepare
3D drawings like isometric views, perspective views etc.,

2. Geometric modeling: concerned with the computer compatible mathematical description of
the geometry of an object. The mathematical description allows the image of an object to be
displayed and manipulated on a graphics terminal through signals from the CPU of the CAD
system. The software that provides geometric modeling capabilities must be designed for
efficient use both by computer and the human designer.

BENEFITS OF CAD

The implementation of the CAD system provides variety of benefits to the industries in
design and production as given below:

1. Improved productivity in drafiting

2. Shorter preparation time for drawing

3. Reduced man power requirement

4. Customer modifications in drawing are easier

5. More efficient operation in drafting

6. Low wastage in drafting

7. Minimized transcription errors in drawing

8. Improved accuracy of drawing

9. Assistance in preparation of documentation

10. Better designs can be evolved

11. Revisions are possible

12. Colours can be used to customize the product

13. Production of orthographic projections with dimensions and tolerances
14. Hatching of all sections with different filling patterns

15. Preparation of assembly or sub assembly drawings

16. Preparation of part list

17. Machining and tolerance symbols at the required surfaces
18. Hydraulic and pneumatic circuit diagrams with symbols
19. Printing can be done to any scale

LIMITATIONS OF CAD

1. 32 — bit word computer is necessary because of large amount of computer memory and
time

2. The size of the software package is large

Skill and judgment are required to prepare the drawing

4. Huge investment

w
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AutoCAD - INTERFACE

The topmost part of the window is called title block. In the new version it has been enhanced to
hold some additional options apart from Filename & Software Version details. The large button
on the top left gives File Menu. There is some file handling commands near it. On the top right
there are usual windows options to minimize, maximize or close the window. In the middle there
are options for help.

Note: For information on a particular command just rest the cursor on the button for a while. Or
press F1 when command is active.

The bottommost line is called status bar. It holds tabs for model space (which is a space for
working out the drawings) and layout space (Which is for setting the drawing on paper). Then
there are some drawing aids (like snap, grid, object snap, ortho etc...) which help in creation of
the drawing.

Just above the status bar is the command line which is where all the proceedings of the commands
appear. It is suggested that you always keep observing command-line to follow instructions given
to avoid any problems.

The black screen in the middle is model space which is where the result of our work is displayed.
At the left bottom of model space is UCS - User Coordinate System. UCS stays at the origin when
the origin is visible on screen, else it stays at the lower left corner.

Then there is the plotter which is controlled by mouse & which does all the work in AutoCAD.
There are cross hair pointing along the x, y & z directions & at the middle there is a box known as
pickbox. Its function is to select objects on which it overlaps. In drawing mode this is replaced by
another such box known as Aperture. Aperture's function is to highlight snap points in drawing
mode.
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DEVICES
Keyboard & Mouse are the most widely used devices for operation AutoCAD.
Keyboard is the fastest way of giving a command. A few things to note:

1.

ok wn

Space bar works just like enter in most of the cases.

Every command has a shortcut which can be typed to activate that command.

ESC button can be used to come out of any command.

Pressing space bar when no command is active selects the most recently used command.
Previous commands can be browsed using arrow keys.

The basic windows functions like cut (ctrl+x), copy (ctrl+c) etc can be used here as well.

Mouse is the fastest way to select objects & points in the model space and can also be used to
activate commands. A few notable points:

1.
2.

Left click is used for selection of point or object as the case may be.

Clicking in the empty space activates a window for selecting objects. Left to right is blue
& selects objects completely inside. While Right to left is green this selects objects on
boundary as well.

Clicking & Dragging results in an area selection mode with irregular boundary.

Right click is sometimes used as enter. When no command is active it gives a quick menu
for previous commands & other navigational options.

The Scroll Button when rotated zooms the window. Whereas when pressed, it pans the
window. Double clicking this button zooms to extents.

Shift + Scroll Button is used for 3D orbit, i.e. it rotated the model space in 3D.

Ctrl + Scroll Button is used for scrolling in 2 directions.
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8. Shift + Right Click displays a menu with all object snap points from which temporary
single object snap can be chosen. (Useful for selecting mid of selected points).

NAVIGATION
Moving around the model space is easy when the mouse is fully functional. However in cases
when there are problems with the mouse following points will be helpful.

COORDINATE SYSTEMS

Absolute: In this method all the points are measured from the fixed origin. The coordinates can be
entered directly separated by commas like {x,y,z} (without space).

Relative: In this the next point is measured relative to the previous point taking it as origin. For
using this method we need to type {@x,y,z}. Just typing @ will reselect the previous
point. Negative values can be used to get to the opposite side.

Polar: In this method the points are represented as radial distance & angle from positive x axis.
Mostly it is used in relative format. So we need to enter it in the format - {@r<theta}.

CAD SOFTWARES

The software is an interpreter or translator which allows the user to perform specific type
of application or job related to CAD. The following softwares are available for drafting

1. AUTOCAD
CRO

CATIA

SOLID WORKS
NX Unigraphics
FUSION 360
INVENTOR
SOLID EDGE

N O WD

The above software’s are used depending upon their application.

AutoCAD

Auto CAD package is suitable for accurate and perfect drawings of engineering
designs. The drawing of machine parts, isometric views and assembly drawings are possible
in AutoCAD. The package is suitable for 2D and 3D drawings.
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2. AutoCAD - BASICS
2.1 STARTING WITH ACAD
CAD uses four basic elements for preparation of any drawing:

1. Line 3. Text
2. Curves 4. Filling point.

Computer Aided Drafting is done by the operator by placing the mouse pointer by
placing the mouse pointer at the desired location and then executing the command to
draw the graphic elements using different methods.

Advanced computer aided drafting packages utilize four areas on the screen.

1. Drawing Area 3. Menu Area
2. Command Area 4. Tool boxes.
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2.2 DRAWING ENVIRONMENT

ACAD provides two drawing environments for creating and laying out the
drawing.

i. Model Space
ii. Paper Space.

ACAD allows creating drawing, called a model, in full scale in an area known as
model space without regard to the final layout or size when the drawing is plotted on the

paper.

In the space opened for the first time, it is possible to create floating viewports to
contain different views of the model. In the paper space, floating viewports are treated as
objects which can be moved and resized in order to create a suitable layout.

a. Limits: This sets and controls the drawing boundaries.
At the command prompt, enter limits
ON/OFF/<LOWER LEFT CORNER> <current>: Specify a point, enter on or
off, or Press Enter.

LTSCALE
This sets the line type scale factor. Use LTSCALE to change the relative length of the

dash — dot line types per drawing unit

At the Command prompt, enter Itscale
New scale factor <current> : Enter a positive real value or press enter
Changing the line type scale factor causes the drawing to regenerate.

b. Units: The format for display co — ordinates and measurement can be selected
according to the requirement.
Several measurement styles are available in ACAD. The main methods are
engineering and architectural, having specific base unit assigned to them.
i.  Decimal: select to enter and display measurements in decimal notation
ii. Engineering: Display measurements in feet and decimal inches.
iii. Architectural: Display measurements in feet, inches and fractional inches
iv. Fractional: Display measurements in mixed numbers notation
v. Scientific: Display measurements in scientific notation.

The precision that is specified controls the number of decimal places or fractional
size to which we want linear measurements displayed.

c. Measure: This places point objects or blocks at measured intervals on an object. At
the command Prompt, enter measure
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Select object to measure: Use an object selection method <segment length> / Block:
Specify a distance.

d.

Angles: Select the format in which we want to enter and display angles.
i. Decimal Degrees: Display partial degrees as decimals

il. Deg/Min/Sec: Display partial degrees as minutes and seconds.

iii. Grades: Display Angles as grades

iv. Radians: Display angles as radians.

v. Surveyor: Displays angles in surveyor units.

Angle measure: Select the direction of the zero angle for the entry of angles:

I. East: Select to specify the compass direction east as the zero angle.

ii. North: Select to specify the compass direction north as the zero angle.

iii. West: Select to specify the compass direction west as the zero angle.

iv. South: Select to specify the compass direction south as the zero angle.

v. Other: Select to specify a direction different from the points of the compass as the
zero angle.

Area: Enter the approximate width and length which is planned to draw in full scale

units. This limits the area of the drawing covered by grid dots when the grid is turned

on. It also adjusts several default settings, such as text height, line type scaling and

snap distance to convenient values. It is possible to adjust these settings.

. Title block: Select the description of an ACAD drawing file of a title block to insert

as a symbol in the new drawing. It can add or remove drawing files of title blocks
from the list with the Add or Remove buttons

. Layout: Paper space is often used to create complex multiple view drawings. There

are three types of paper spaces:

1. Work on the drawing while viewing the layout.
2. Work on the drawing without the layout visible
3. Work on the layout of the drawing.

The following procedure is used for this purpose

. From the File menu or from the standard tool bar, choose New

. In the startup dialog box, choose Use a wizard, and select Advanced wizard

. Choose OK

. In the Advanced Setup Dialog box, select Title Block.

. Select Title Block Description and Title Block file Name from the lists and then
choose Add.

. In the Select Title Block File dialog box, Select a title block, then choose open

. In the Advanced Setup dialog box, a sample of that title is displayed.

8. Choose Done.

[S2 S~ GO RN\ G

~N o
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I. Co-Ordinate System: The co- ordinate system can be modified in the AutoCAD.
There are two types of co- Ordinate systems used.
The WCS (World co- ordinate system) is a universal system in which its origin is

at the fixed position.
The UCS (User co- ordinate system) is a system in which User can fix his origin

at any point.
1. UCS : This manages user co- ordinate systems

At the command prompt enter ucs
Origin / z axis/ 3 point/ object/ view/ X/Y/Z | Prev/ Restore/Save/ Del/?/< world>:

enter an option or press enter
2. WCS: This manages world co- ordinate system

J. Layers (LA): These are like transparent sheets of paper.

Display | Create | Modify
Off No Yes Yes
Freeze | No No No
Lock Yes Yes No

Note: Current layer cannot be freezed.

2.3 ELEMENTS OF DRAWING

2.3.1 BASIC GEOMETRIC COMMANDS

Line: A line is specified by giving its two end points or first point and the distance of
line along with its angle of inclination. A line can be drawn by using two
commands.

Command: line

Specify first point: Specify a point (1)

Specify next point or [Undo]: Specify a point (2)

The second point can be indicated by @d<a

Where d is the distance of line and a is the angle of inclination in degrees.

Pline: This is a poly line which allows continuous segment of the line and it is drawn
similar to the line command. The polyline allows to change the thickness of the
line according to the requirement.

11
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From the Draw tool bar choose the Polyline flyout.
Draw pull down menu: Polyline

At the command prompt, enter pline

Curves: Following are the various types of curves used in the drawings:

i. Circle

ii. Ellipse

iii. Arc

iv. Regular or any other type.

i.  Circle: The circle can be drawn by using two types of commands

a. Circle
b. Donut

a. Circle: This command draws the circle by using four methods:

Center point and radius

Two point circle

Three point circle

Tangent circle

At the command prompt, enter circle

Specify center point for circle or [3P (Three Points)/2P (Two Points)/Ttr]: Specify a
point or enter an option

b. Donut: This draws filled circles and rings.
Donuts are constructed of a closed polyline composed of wide arc segments.

At the command prompt, enter donut

Specify inside diameter of donut <current>: Specify a distance or press ENTER

If you specify an inside diameter of 0, the donut is a filled circle.
Specify outside diameter of donut <current>: Specify a distance or press ENTER
Specify center of donut or <exit>: Specify a point (1) or press ENTER to end the

command

ii. Ellipse: Creates an ellipse or an elliptic arc. It is a curve having major and minor
axis with a center.

The ellipse can be prepared by four methods.
12
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Axis endpoint
Arc

Centre

Iso circle

Axis end point: Defines the first axis by two specified endpoints. The angle of the first
axis determines the angle of the ellipse. The first axis can define either the major
or the minor axis of the ellipse.

Arc: Creates an elliptical arc. The angle of the first axis determines the angle of the
elliptical arc. The first axis can define either the major or the minor axis of the
elliptical arc.

Center: Creates the ellipse by a specified center point.
Isocircle: Creates an isometric circle in the current isometric drawing plane.
At the command prompt, enter ellipse.

iii. Arc: The arc is a curve specified by center and radius as well as the start angle
and end angle. There are seven method used for drawing an arc.

. Three point method
Start point-center point —end point
Start point-center point-length of chord

Start point-end point-direction

1

2

3

4. Start point-end point —angle of inclusion
5

6. Start point-center point-angle of inclusion
7

Start point-end point-radius

These methods can be used by executing the arc command

e Arc: creates an arc.

At the command prompt, enter arc

Center/<start point>: specify a point, enter c, or press enter

e Polyarc: the second method of the drawing the arc is poly arc by use of pline
command. This command allows drawing of filled arc of any width .it also allows
for drawing of a regular or irregular curve.

Rectangle: A rectangle can be drawn by LINE command or by Rectangle command. The
PLINE command also allows for drawing of hollow or filled rectangle .A SOLID
command is also used for drawing of filled rectangles.

1. Rectangles: draws a rectangular polyline

13
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At the command prompt, enter rectangle
First corner: specify point (1)
Other corner: specify point (2)
2. Solid: creates solid —filled polygons .solids are filled only when fill system
Variable is set to on view is set to plan.

At the command prompt, enter solid

First corner: specify point (1)

Other corner: specify point (2)

The first two points define one edge of the polygon.

Third point: specify a point (3) diagonally opposite the second
Forth point: specify a point (4) or press enter

Polygon: Creates an equilateral closed polyline .A polygon is a polyline object.
AUTOCAD draws polyline with zero width and no tangent information.

At the command prompt enter polygon

Number of sides <current>: enter a value between 3 and 1024 or press enter
Edge/<center of polygon>: specify a point (1) or enter.

Point: Creates a point object .points can act as nodes to which you can snap objects .you
can specify a full 3D location for a point.

At the command prompt, enter point
Point: specify a point

Array: This creates multiple copies of objects in pattern.
Each object in an array can be manipulated independently.

At the command prompt enter, array Rectangular or polar array<current>: enter
an option or press enter specify a point

2.3.2 EDITING COMMANDS

1. Erasing Of Object: The object can be removed or erased by use of erase command
ERASE.This removes object from drawing

At the command prompt, enter erase
Select objects: use an object selection method.

2. Colouring Of Object:

The object can be drawn with any variety of colour which ranges from 0 to 256.

14
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The setting of colour can be done by color command

Hatch: This fills an area with a pattern. HATCH fills the specified hatch boundary
with non-associative hatch.
A non —associative hatch is not updated when its boundaries are modified. a hatch
boundary consists of an object or objects that completely enclose an area At the
command prompt, enter hatch

Pattern (? Or name/ U, style) <current>: enter a predefined pattern name, enter u,
enter? Or press enter.

3. Scaling Of Drawing: zoom command displays the object at a specified scale factor.
the value entered is relative to the limits of the drawing .for example ,entering 2
doubles the apparent display size of any objects from what it would be if it were
zoomed to the limits of the drawing

If you enter a value followed by xp, auto CAD specifies the scale relative to paper
scale unit’s .for example, entering 0.5xp displays model space at half the scale of
paper space unit’s .the following illustration shows a number of viewports arranged
in paper space. the view in each view port is scaled relative to paper space .the first
view is scaled 1=1 relative to paper space (1xp) ,the second is scaled 0.5=1 relative
to paper space (0.5xp),and so on.

4. Trim: Trims objects at a cutting object defined by other objects. Objects that can
be trimmed include arcs ,circles, elliptical arcs, lines, open 2D and
3Dpolylines,rays and splines

At the command prompt, enter trim

Select cutting edges: Select objects: use object selection method

<Select object to trim>/project/edge/undo: select an object, enter an option, or
press enter
5. Break: This erases an object or splits the object in to two parts

From the modify toolbar select break flyout

At the command prompt, enter break

Select objects: use an object selection method

First point of the mirror line: specify a point (1) on an object

Enter second point: specify the second break point (2) or enter F

6. Area: This allows calculation of the area and perimeter of objects or of defined
areas From the object properties toolbar, choose the inquiry flyout, then At the
command prompt, enter area

<First point>/object/add/subtract: specify a point or enter option

15
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7. Fillet: Rounds and fillets the edges of the object At the command prompt enter

fillet

Polyline / Radius / Trim / <Select first object>: use an object selection method or
enter an option Select first object

Select second object: use an object selection method

Enter radius <current>: specify a distance or press

Chain / Radius <Select edge>: Select edges or enter c or r their intersection

8. Explode: This breaks a compound object into its component objects

At the command prompt enter explode
Select objects: use an object selection method.

9. Union: This measures the distance and angle between two points.

At the command prompt, enter union
Select object: Use an object selection method

10. Dist: This measures the distance and the angle between two points.

11.

12.

13.

At the command prompt area enter dist

First point: Specify a point (1)

Second point: Specify a point (2)

Distance = calculated distance

Angle in XY plane = angle from XY plane = angle
Delta X = change in X

Delta Y =change in Y

Delta Z = change in Z.

Regeneration Of Drawing: ACAD provides a facility of regenerating a drawing
to clear the cross points or marks on the screen.

e REDRAW

e REGEN

e REGENALL
e REGENAUTO

Tolerance: This creates geometric tolerances. Geometric tolerances define the
maximum allowable variations of form or profile, orientation, location and run out
from the exact geometry in a drawing. They specify the required accuracy for
proper function and fit the objects drawn in AutoCAD
Sketch: This creates a series of free hand line segments.
From the miscellaneous toolbar, choose

16
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At the command prompt enter sketch

Follow the prompting
14. TEXT: The text in software is indicated by font’s .the fonts define the shapes of

the text characters that make up each character set. In AUTOCAD, you can use
true type fonts in addition to AUTOCAD’s own compiled shape (SHX) fonts.

A font is indicated by various parameters like

I.  Style :these are four types: normal, bold, italic, underline

ii. Size: this is the size of characters

iii. Colour: there are facilities to colour the characters selecting layer.

iv. Type: different types of fonts may be used:

Mono text: COMPUTER AIDED DESIGN
Romans: COMPUTER AIDED DESIGN
Romand: COMPUTER AIDED DESIGN

Dtext: This displays text on the screen as it is entered .AutoCAD can create text with
a variety of character patterns, or fonts. These fonts can be stretched,
compressed, oblique, mirrored, or aligned in a vertical column by applying a
style to the font .text can be rotated, justified, and made any size.

At the command prompt, enter text
Justify/style/<start point>: specify a point or enter an option

Text: This creates a single line of text .AutoCAD can create text with a variety of
character patterns, or fonts. These fonts can be stretched, compressed, oblique,
mirrored, or aligned in a vertical column by applying a style to the font.

At the command prompt, enter text

Justify/style/<start point>: specify a point or enter an option

QTEXT: This controls the display and plotting of text and attribute of objects.
At the command prompt, enter text
ON/OFF <current>: enter on or off, or press enter

2.3.3 DISPLAY CONTROL COMMANDS

PAN: This moves the drawing display in the current viewport. At the command prompt,
enter Pan
Displacement: Specify a point (1)
The point which specify indicates the amount to move the drawing or the location of
the drawing to be moved.
Second point: Press or specify a point (2)
17
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If pressed, ACAD moves the drawing by the amount which is specified in the
Displacement

Prompt. If we specify a point, ACAD moves the location of the drawing to that
point.

Z0OOM

This increases or decreases the apparent size of objects in the current view port

At the command prompt, enter zoom
All/center/dynamic/extents/left/previous/vmax/window/<scale(x/xp)>: enter an
option or value, specify a point ,or press enter

2.3.4 TRANSFORMATIONS
These are the modifications in the drawn objects.
There are different types of transformations used

1. Move: This allows to move or displace objects a specified distance in a specified
direction
At the command prompt, enter move

Select objects: use an object selection method
Base point or displacement: specify a base point (1)
Second point of displacement: specify a point (2) or press enter
2. Copy: This is used for producing a duplicate copy of the drawing.
At the command prompt, enter copy
Select objects: use an object selection method
<Base point or displacement >/multiple: specify a base point (1)
For a single copy or enter m for multiple copies
3. Rotate: It moves objects about a base point
At the command prompt, enter rotate
Select objects: use an object selection method
<Rotate angle >/reference: specify an angle or enter r
4. Stretch: This moves or stretches objects .AutoCAD stretches lines, arcs, elliptical
arcs, splines, rays and polyline segments that cross the selection window.
At the command prompt, enter stretch
Select objects: use the CPOLYGON or cross object selection method(1,2)
Base point or displacement: specify a point (3) or press
Second point of displacement: specify a point ($) or press
5. EXTEND: This extends an object to meet another object. Objects that can be
extended include arcs, elliptical arcs, lines, open 2D, and 3Dpolylines and rays.
At command prompt, enter extend
Select boundary edges
(projmode=UCS, edge mode=no extend)
Select objects: use an object selection method

18
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6.

SCALE: This enlarges or reduces selected objects equally in X and Y directions
At the command prompt, enter scale
Select objects: use an object selection method
Base point: specify a point (1)
<Scale factor>/reference: specify a scale or enter r

TRACE: This creates solid lines.
From the miscellaneous tool bar choose
At the command prompt, enter trace
Trace width<current>: specify a distance, enter a value ,or press enter
From point: specify point (1)
To point: specify a point (2)
To point: specify a point (3) or press to end the command
EXTRUDE: This creates unique solid primitives by extruding existing two-
dimensional objects extrudes also creates solids by extruding two-dimensional
objects along a specified path .we can extrude multiple objects with extrude
At the command prompt enter, extrude
Select objects: use an object selection method
Path/<height of extrusion>: specify a distance or enter p
MIRROR: This is used to producing mirror image of the object
At the command prompt enter, mirror
Select objects: use an object selection method
First point of the mirror line: specify a point (1)
Second point: specify a point (2)

10. OFFSET: This creates concentric circles, parallel lines and parallel curves, offset

creates a creates a new object at a specified distance from an existing
object or through a specified point

At the command prompt enter, offset

Offset distance: specify a distance, enter t or press enter

2.5 3D FUNCTIONS
1. Box: This creates a three dimensional solid box.

At the command prompt enter box

Center/<corner of the box><0,0,0> :

Specify a point (1), enter c, or press enter

Corner of a box

Specifying a point or pressing defines the first corner of the box.
Cube/length /<other corner>: specify a point (2) or enter an option center
Creates the box by a specified center point

2. Cone: This creates a 3D solid cone. A cone is solid primitive with a circular or

elliptical based tapering symmetrically to a point perpendicular to its
base.

19
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At the command prompt enter cone
Elliptical /<center point> <0,0,0> : specify a point , enter e or press enter

3. Cylinder: This creates a 3D solid cylinder. A cylinder is solid primitive with a
circular or elliptical based to a point perpendicular to its base without a
taper.

At the command prompt enter cylinder
Elliptical /<center point> <0,0,0> : specify a point , enter e or press enter

4. Sphere: This creates a 3D solid sphere. A sphere is positioned so that its central axis is
parallel to the Z-axis of the current UCS. Latitudinal lines are parallel to the
XY plane.

At the command prompt enter sphere

Center of the sphere <0,0,0> : specify a point , enter e or press enter

5. Wedge: This creates a three dimensional solid with a sloped face tapering along X
axis.

At the command prompt enter wedge
Center <corner of the wedge> <0,0,0> : specify a point , enter e or press enter
Follow the prompting
6. Elev: This sets an elevation and extrusion thickness of new objects. The current
elevation is the Z value that is used whenever a 3D point is expected but only X
and y values are supplied.

At the command prompt enter elev Follow the prompting

7. Shade: This displays a flat shaded image of the drawing in the current view port.
SHADE removes hidden lines and displays a shaded picture of the drawing.

From the render toolbar, choose

At the command prompt, enter shade

8. Region: This creates a region object from a selection set of existing objects. Regions
are 2Dimensional areas you create from closed shapes.

9. Reinit: This reinitializes the input/output ports, digitizer, display and program
parameters file.

10. Replay: This displays a GIF, TGA or TIFF image.

From the tools menu, choose image, then view.
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11.

12.

13.

14.

15.

16.
17.

18.

Revolve :This creates a solid by revolving a two — dimensional object about an axis.
From the solids toolbar, choose

At the command prompt, enter revolve

Shape : This inserts a shape. Before inserting a shape, you must load the file
containing the desired shape.
Rotate 3d: This moves objects about a three dimensional axis

From the modify toolbar, choose the rotate flyout then
Follow the prompting

Section: This uses the intersection of a plane and solids to create a region.

AutoCAD creates regions on the current layer and inserts them at the location of
the cross — section. Selecting several solids creates separate regions for each solid.

Slice: This slices a set of solids with a plane.

Shell : This accesses operating system commands.
Revolve: This creates a solid by revolving a two dimensional object about an axis.

Render: This creates a realistically shaded image of a three dimensional wireframe
or solid model. RENDER produces an image using information from a scene, the
current selection set, or the current view.
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3. 2D DRAWINGS

FIGURE 1

Aim: - Draw the plan and elevation of the given drawing using autocad-2008.

Hardware specification:-

Zenith premium PC with Intel Pentium 4 Processor 3.06GHZ, 533 MHZ FSB 1MB
cache, Intel 615 chip set mother board, 8GB SATA hard disk.1GB DDR RAM.
Maximum 3d/2d resolution of 2048x1536, 16 million colors (shared memory using
dynamic video memory technology) On board 10/100 LAN chip. PS2, 107keys keyboard,
Optical Mouse, 17 pure flat CRT monitor.

Commands used: - Construction line, circle, fillet, Tangent trim offset.

Procedure:-
1) Invoke auto cad -2008 from the menu or from shortcut icon on the desktop.
2) Set limits for the working window
limits <enter> (0,0)<enter>(150, 150) <enter>
x| <enter> select horizontal line and again.
x| <enter> select vertical line. The origin is considered as O1.
3) Draw a circle of diameter 28 mm from the origin (O1)
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4) Now take an offset command with a distance of 60mm and draw a vertical line on
right side. The origin is considered as O2. From origin O2 draw a circle of diameter
28mm.

5) Draw the circle of radius 27mm from the originsO1 and O2.

6) With an offset command, draw a horizontal line with a distance of 40mm in the
upward direction from the origins O1 and O2 lines. Draw a vertical line on the right
side with an offset distance of 26mm from the origin O1 line. This gives us an origin
O from the origin O3; draw a circle of dia 20mm.

7) With an offset command, draw a horizontal line with a distance of 82mm in the
upward direction from the origin O1 andO2 line. We get origin O4 from origin
O4draw a circle of 28mm dia and 27mm radius

8) Use the fillet command to get an arc on the large circle of origin O1 and O4 with a
30mm radius and on the large circle of origin O1 andO2 with a radius 10mm.

10) Using OSNAP function, ->settings—> tangent draw a line on O4 and O2.
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FIGURE 2
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Aim: to draw the following figure using ACAD

PROCEDURE

STEP 1: Draw axis lines in the respective format with their intersection point at (0,0)

e Goto PROPERTIES tool bar

e Load line type as ISO LONG DASH SHORT DASH in the line type
area.

e Select line type ISO LONG DASH SHORT DASH in the line type area.

STEP 2 a: Draw circles of given dimensions using circle command with their centre as
the intersection of the axis lines.

e 3 circles of diameters 94, 74 and 54 are to be drawn
e The circle with 74 diameter is of ISO LONG DASH SHORT DASH
format

STEP 2 b: Using POLAR ARRAY draw the 6 holes on the circle of diameter 74 each of
12 dia as shown in the figure below

25



CAD / CAM LAB
2018-2019

Rectangular Aray @ Polar Amray Select objects

0 objects selected
Center paint: ¥ |0.0000 Y |0.0000

Method and values

Method: % 0
Total number of iterns & Angle ta fill |z|

(] + -
Total number of iters: K
Angle to fill: 260 (7 %
Angle between items: —’ﬂ

1) Forangle tafill, 2 positive value specifies
& counterclockwise rotation. A negative value
specifies clockwize rotation.

. More ¥
/| Rotate itemns as copied

STEP 3: Draw two construction lines at an angle of 30° to
the vertical axis line

STEP 4: With A as center an radius 100 draw an arc
between the above lines

STEP 5: Offset the arc on the either side by the distances
as mentioned in the figure.

STEP 6: Complete the figure by using fillet command.

STEP 7: Give dimensions to the completed figure.
Command: _gsave

PRECAUTIONS:

Put ORTHO ON where ever necessary.

Use the required modify tool bar commands like TRIM, ERASE, COPY, MIRROR
ETC,,
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FIGURE 3

Aim: to draw the following figure using ACAD

22 12

8 holes 14Dia

Cover

PROCEDURE

Set the limits of the drawing screen
STEP 1: Draw axis lines in the respective format with their intersection point at (0,0)

STEP 2: Draw circles of given dimensions using circle command with their centre as the
intersection of the axis lines.

STEP 3: Using POLAR ARRAY draw the 6 key holes on the circle of diameter 58 of
given dimensions

STEP 4: For the outer cover use CIRCLE command and the in command prompt area
type TAN TAN RADIUS. This gives the idea of drawing the outer cover

STEP 7: Give dimensions to the completed figure.
Command: _gsave

PRECAUTIONS:

Put ORTHO ON where ever necessary.
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Use the required modify tool bar commands like TRIM, ERASE, COPY, MIRROR
ETC,

PRACTICE FIGURE 1

150

ASSIGHMENT #3 — ACCLIRATE INFUT
1.1 +1,1 SET-UP: UNTS=CECIMAL / AREA= 10"X7"
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PRACTICE FIGURE 2

8 haoles 10

din

AR200000 .
34,0000
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PRACTICE FIGURE 3

_—Ri19.0000
R9.0000-.

e R

a0,0000

~——{E0,0000

DO THE HATCHING USINH HATCH COMMAND IN THE DRAW TOOL BAR.
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PRACTICE FIGURE 4

Quadrant
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PRACTICE FIGURE 5
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PRACTICE FIGURE 6
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PRACTICE FIGURE 7
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PRACTICE FIGURE 8
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PRACTICE FIGURE 9
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PRACTICE FIGURE 10

- .750

1
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4. ISOMETRIC DRAWINGS

For all isometric figures right click GRID in drafting tool bar <setting> change grid snap
to ISOMETRIC SNAP. And check ORTHO ON

F5 — TOGGLE KEY BETWEEN ISOPLANE TOP, ISOPLANE LEFT AND
ISOPLANE RIGHT

FIGURE 1
Aim: to draw the following figure using ACAD

COMMANDS USED
Line, Dimensions, Drafting commands

PROCEDURE

<Ortho on> <lsoplane Top> <Osnap on>
Command: _line Specify first point:
Specify next point or [Undo]: 104
Specify next point or [Undo]:
Command: _gsave

Command: _dimaligned

Specify first extension line origin or <select
object>:

Specify second extension line origin:

Command: _dimlinear

Specify first extension line origin or <select object>:

Specify second extension line origin:

Specify dimension line location or [Mtext/Text/Angle/Horizontal/Vertical/Rotated]:
Dimension text = 48.0000

Command: _dimedit

Enter type of dimension editing [Home/New/Rotate/Oblique] <Home>: o
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Select objects: 1 found

Enter obliquing angle (press ENTER for none): 30 Command: _qgsave

FIGURE 2

Aim: to draw the following figure using ACAD
COMMANDS USED

Line, Drafting commands, Dimension aligned, Dimension linear, Dimension oblique,
Layers

Command: _line

Specify first point:  <Isoplane
Left>

Specify next point or [Undo]: 12

Specify next point or [Undo]:
<lsoplane Top> 25

Command: _gsave
Command: _dimlinear

Specify first extension line origin
or <select object>:

Specify second extension line
origin:

Specify dimension line location
or [Mtext/Text/Angle/Horizontal/Vertical/Rotated]:

Dimension text = 12.0000

Command: _dimaligned

Specify first extension line origin or <select object>:
Specify second extension line origin:

Specify dimension line location or [Mtext/Text/Angle]:
Dimension text = 25.0000

Command: _dimedit
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Enter type of dimension editing [Home/New/Rotate/Oblique] <Home>: o

Select objects: 1 found

Enter obliquing angle (press ENTER for none): 30 or -30 Command: _gsave

PRACTICE FIGURE 1
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PRACTICE FIGURE 2

****APART FROM THESE PRACTICE OTHER FIGURES GIVEN IN THE
TEXT BOOK. THIS IMPROVES YOUR SKILL OF DRAWING
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CAM

Computer-aided manufacturing

Computer-aided manufacturing (CAM) is the use of computer-based software tools
that assist engineers and machinists in manufacturing or prototyping product components.
Its primary purpose is to create a faster production process and components with more
precise dimensions and material consistency, which in some cases, uses only the required
amount of raw material (thus minimizing waste), while simultaneously reducing energy
consumption. CAM is a programming tool that makes it possible to manufacture physical
models using computer-aided design (CAD) programs. CAM creates real life versions of

components designed within a software package

CNC Technology

Numerical Control (NC) is a software-based machine tool control technique developed
at Massachusetts Institute of Technology (MIT) in early 1960s. It has now evolved
into a mature technology known as Computer Numerical Control (CNC). Although
major applications of CNC even today continue to be in machining, it finds
applications in other processes such as sheet metal working, non-traditional machining
and inspection. Robots and Rapid Prototyping machines are also CNC controlled. In
fact, any process that can be visualized as a sequence of motions and switching
functions can be controlled by CNC. These motions and switching functions are input
in the form of alphanumeric instructions. CNC is the basis of flexible automation
which helps industries cut down time-to-market and enables launch of even low
volume products. Unlimited muscle power, unmanned operation, independent axes
coordinated through software, simplified generic tooling even for the most complex

jobs and accurate construction are some of the salient features of CNC.

CNC Machining
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Automats and Special Purpose Machines (SPMs) require special cams/ templates and
clutch settings for each part. Manufacture of these cams/ templates is costly and slow.
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Furthermore, changing over from one part to the other on these machines also
consumes considerable time. The high cost and long time of these hard automated
machines to produce parts can be justified only in mass production. With the advent of
fast, rigid and accurate CNC machines and sophisticated CAM packages, generation
of NC programs and change over from one product to the other are easy and fast as it
does not require any mechanical change. These in conjunction with advanced cutting
tools have made High Speed Cutting (HSC) of hard materials a reality. Therefore,
CNC machining has become a standard means to produce dies and molds; tool makers
today require EDM only for producing inaccessible regions, sharp corners, tiny
features and desired surface quality. Intricate aerospace parts are realized through 5
axis CNC machining. Internet technology in a global village enables designing in one
place, NC programming and verification in another place and actual machining in yet
another place.

Advantages of CNC
]

Flexibility

Accuracy

Speed

Simplified fixturing and generic cutting tools
Storage of machining skill in NC programs
Less skilled operators will do

Less fatigue to the operators

G-codes

G-Code, or preparatory code or function, are functions in the Numerical control
programming language. The G-codes are the codes that position the tool and do the actual
work, as opposed to M-codes, that manages the machine; T for tool-related codes. S and
F are tool-Speed and tool-Feed, and finally D-codes for tool compensation. The
programming language of Numerical Control (NC) is sometimes informally called G-
code. But in actuality, G-codes are only a part of the NC-programming language that
controls NC and CNC machine tools.
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A basic list of "G' operation codes is given below. These direct motion of the tool.

GO0 - Rapid move (not cutting)

GO1 - Linear move

GO02 - Clockwise circular motion

GO03 - Counterclockwise circular motion

G04 - Dwell

GO5 - Pause (for operator intervention)

GO08 - Acceleration

GO09 - Deceleration

G17 - x-y plane for circular interpolation

10.  G18 - z-x plane for circular interpolation

11.  G19 - y-z plane for circular interpolation

12. G20 - turning cycle or inch data specification

13.  G21 - thread cutting cycle or metric data specification
14.  G24 - face turning cycle

15.  G25 - wait for input #1 to go low (Prolight Mill)

16.  G26 - wait for input #1 to go high (Prolight Mill)

17.  G28 - return to reference point

18.  G29 - return from reference point

19.  G31 - Stop on input (INROB1 is high) (Prolight Mill)
20.  G33-35 - thread cutting functions (Emco Lathe)

21. G35 - wait for input #2 to go low (Prolight Mill)

22.  G36 - wait for input #2 to go high (Prolight Mill)

23. G40 - cutter compensation cancel

24.  G41 - cutter compensation to the left

25.  G42 - cutter compensation to the right

26.  G43 - tool length compensation, positive

27.  G44 - tool length compensation, negative

28. G50 - Preset position

29.  G70 - set inch based units or finishing cycle

30.  GT71 - set metric units or stock removal

31.  G72 - indicate finishing cycle (EMCO Lathe)

32.  G72 - 3D circular interpolation clockwise (Prolight Mill)
33.  G73 - turning cycle contour (EMCO Lathe)

34.  G73 - 3D circular interpolation counter clockwise (Prolight Mill)
35.  G74 - facing cycle contour (Emco Lathe)

36.  G74.1 - disable 360 deg arcs (Prolight Mill)

37.  G75 - pattern repeating (Emco Lathe)

38.  G75.1 - enable 360 degree arcs (Prolight Mill)

39.  G76 - deep hole drilling, cut cycle in z-axis

40.  GT77 - cut-in cycle in x-axis

41.  G78 - multiple threading cycle

42.  G80 - fixed cycle cancel

43.  (81-89 - fixed cycles specified by machine tool manufacturers
44, G81 - drilling cycle (Prolight Mill)

©CooNO~ LN E
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45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

M-Codes

G82 - straight drilling cycle with dwell (Prolight Mill)

G83 - drilling cycle (EMCO Lathe)

G83 - peck drilling cycle (Prolight Mill)

G84 - taping cycle (EMCO Lathe)

G85 - reaming cycle (EMCO Lathe)

G85 - boring cycle (Prolight mill)

G86 - boring with spindle off and dwell cycle (Prolight Mill)
G89 - boring cycle with dwell (Prolight Mill)

G90 - absolute dimension program

G91 - incremental dimensions

G92 - Spindle speed limit

G93 - Coordinate system setting

G94 - Feed rate in ipm (EMCO Lathe)

G95 - Feed rate in ipr (EMCO Lathe)

G96 - Surface cutting speed (EMCO Lathe)

G97 - Rotational speed rpm (EMCO Lathe)

G98 - withdraw the tool to the starting point or feed per minute
G99 - withdraw the tool to a safe plane or feed per revolution
G101 - Spline interpolation (Prolight Mill)

M-Codes control machine functions and these include,

MOO - program stop

MO1 - optional stop using stop button

MO?2 - end of program

MO3 - spindle on CW

MO4 - spindle on CCW

MO5 - spindle off

MO6 - tool change

MOQ7 - flood with coolant

MO8 - mist with coolant

MO8 - turn on accessory #1 (120VAC outlet) (Prolight Mill)
MQ9 - coolant off

MQ9 - turn off accessory #1 (120VAC outlet) (Prolight Mill)
M10 - turn on accessory #2 (120VAC outlet) (Prolight Mill)
M11 - turn off accessory #2 (120VAC outlet) (Prolight Mill) or
tool change

M17 - subroutine end

M20 - tailstock back (EMCO Lathe)

M20 - Chain to next program (Prolight Mill)

M21 - tailstock forward (EMCO Lathe)

M22 - Write current position to data file (Prolight Mill)
M25 - open chuck (EMCO Lathe)

M25 - set output #1 off (Prolight Mill)

M26 - close chuck (EMCO Lathe)
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23.
24,
25.
26.
27.

28.

29.
30.
31.
32.
33.
34.
35.
36.
37.

M26 - set output #1 on (Prolight Mill)

M30 - end of tape (rewind)

M35 - set output #2 off (Prolight Mill)

M36 - set output #2 on (Prolight Mill)

M38 - put stepper motors on low power standby (Prolight Mill)
MA47 - restart a program continuously, or a fixed number of times
(Prolight Mill)

MT71 - puff blowing on (EMCO Lathe)

M72 - puff blowing off (EMCO Lathe)

M96 - compensate for rounded external curves

M97 - compensate for sharp external curves

M98 - subprogram call

M99 - return from subprogram, jump instruction

M101 - move x-axis home (Prolight Mill)

M102 - move y-axis home (Prolight Mill)

M103 - move z-axis home (Prolight Mill)

48



CAD / CAM LAB 2018-
2019

CNC PROGRAMMING

- The coordinates are almost exclusively cartesian and the origin is on the workpiece.

- For a lathe, the infeed/radial axis is the x-axis, the carriage/length axis is the z-axis. There is
no need for a y-axis because the tool moves in a plane through the rotational center of the
work. Coordinates on the work piece shown below are relative to the work.

Head Tail Stock

WALRNING: Be cautious, the x

axis is intuitively the radius
@( —@:- of the workpiece. But, many

systeras use the diraension
{ ' as a diareter. Ivlake sure you
¥ know what the coordinate
values are for.

CNC lathe / CNC turning center

T"‘

—_—

CNC lathes are rapidly replacing the older production lathes (multispindle, etc) due to their
ease of setting and operation. They are designed to use modern carbide tooling and fully
utilize modern processes. The part may be designed and the tool paths programmed by the
CAD/CAM process, and the resulting file uploaded to the machine, and once set and trailed
the machine will continue to turn out parts under the occasional supervision of an
operator.The machine is controlled electronically via a computer menu style interface; the
program may be modified and displayed at the machine, along with a simulated view of the
process. The setter/operator needs a high level of skill to perform the process, however the
knowledge base is broader compared to the older production machines where intimate
knowledge of each machine was considered essential. These machines are often set and
operated by the same person, where the operator will supervise a small number of machines
(cell).
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PLAIN TURNING AND FACING OPERATION

To write the part program for component shown in Fig. 01. Assuming the work piece
is Aluminum and the speed is 1200 rpm, feed 20 mm/min and maximum depth of cut is 1

mm.

a. With Canned cycle
b. Without Canned cycle.
MATERIAL REQUIRED: Aluminum Rod of 30 mm diameter and 80 mm length.

PART DRAWING:

[
1
=] _=r _
A8 [aN
r
|
30 o0 3
FIGURE: 01
PART PROGRAM:
(A)WITH CANNED CYCLE
N 00 G21 G90 <EOB>
N 01 M 03 S 1200 <EOB>
N 02 G00 X30 ZO <EOB>

N 03 G71 z-3 X0 I1 F20 <EOB>
N 04 G00 X30 ZO <EOB>
N 05 G72 X24 7Z-50 I1 F20 <EOB>
N 06 G00 X50 Z10 <EOB>
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N 07

N 00
N 01
N 02
N 03
N 04
N 05
N 06
N 07
N 08
N 09
N 10
N 11
N 12
N 13
N 14
N 15
N 16
N 17
N 18
N 19
N 20
N 21

RESULT:

M 30

G21
M 03
G 00
G 01
G 01
G 00
G 01
G 01
G 00
GO0l
GO0l
G 00
GO0l
GO0l
G 00
GO0l
GO0l
G 00
GO0l
GO0l
G 00
M 30

G 90
S 1200
X 30
Z-1
X 00
X 30
Z-2
X 00
X 30
Z-3
X 00
X 30
Z-50
X 28
X 30
Z-50
X 26
X 30
Z-50
X 24
X 50

(B)

Z1

Z 00

Z 00

Z00

Z00

Z00

Z10

WITHOUT CANNED CYCLE

<EOB>

F 20
F 20

F 20
F 20

F 20
F 20

F 20
F 20

F 20
F 20

F 20
F 20

<EOB>

<EOB>

<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB

<EOB>
<EOB>
<EOB

<EOB>
<EOB>
<EOB

<EOB>
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The program is written and simulated and stored in System No...and file name as...

piece as AL the speed is 1200rpm, feed given is 20mm/min.

STEP TURNING OPERATION

To write the part program for the component shown in fig 2. assuming work

(a) Without canned cycle
(b) With canned cycle.
MATERIAL REQUIRED: Aluminum Rod of 30 mm diameter and 80 mm length.

PART DRAWING:

@80

|

|
024

|

|

|

218

PART PROGRAM:

N 00
N 01
N 02
N 03
N 04
N 05
N 06
N 07
N 08
N 09

G21
M 03
G 04
G 00
GO0l
G 00
GO0l
Go01
G 00
Go01

G 90

S 1200

X 02
X 30
Z -50
X 30
X 26
Z-50
X 30
X 24

28 22

(A) WITHOUT CANNED CYCLE

Z00
F 20
Z00
F 20
F 20
Z 00
F 20

<EOB>

<EOB>

<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
<EOB>
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N 10 G01 Z-50 F20 <EOB>
N 11 G00 X30 ZO00 <EOB>
N 12 G01 X22 F20 <EOB>
N 13 G0l Z-22 F20 <EOB>
N 14 G00 X30 Z00 <EOB>
N 15 G01 X20 F20 <EOB>
N 16 G0l Z-22 F20 <EOB>
N 17 G00 X30 ZO00 <EOB>
N 19 G00 X50 Z10 <EOB>
N 20 M 30 <EOB>

(B) WITH CANNED CYCLE:

N 00 G21 G90 <EOB>
N 01 M 03 S 1200 <EOB>
N 02 G04 XO03 <EOB>
N O3 G000 X30 Z00 <EOB>

N 04 G72 X24 7Z-50 101 F20 <EOB>

N 05 G72 X20 Z-22 101 F20 <EOB>

N 06 G00 X30 Z00 <EOB>

N 08 X50 Z10 <EOB>

N 09 M 30 <EOB>
RESULT:

The program is written and simulated and stored in System No...and file name as...
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PATTERN REPEATED CYCLE

To write the part program for the component shown in Fig. 3. Assuming work
piece is Aluminum and the speed is 1200 rpm, feed given is 20 mm/min,using pattern
repeated cycle.

MATERIAL REQUIRED: Aluminum Rod of 30 mm diameter and 80 mm length.

PART DRAWING:

&) N ©
T s | 8§ 7 T %
L c8 ee
FIGURE. 3.
PART PROGRAM:
N 00 G21 G90 <EOB>
N 01 M 03 S 1200 <EOB>
N 02 G04 X04 <EOB>
N 03 G00 X30 Z00 <EOB>

N 04 G73 P05 Q09 101 <EOB>
N 05 G0l X18 F20 <EOB>
N 06 G01 X24 Z-22 F20 <EOB>
N 07 G0l Z-50 F20 <EOB>
N 08 G00 X 30 <EOB>
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N09 GO0 Z00 <EOB>
N10 GO0 X50 Z05 <EOB>
N1l ~ M30 <EOB>

RESULT: The program is written and simulated and stored in System No...and file

name as...

THREAD CUTTING

To write the part programming for the component shown in Fig 4. Assuming
work piece as Aluminum and the turning speed is 1200 rpm and feed is 20 mm / min
and the depth of cut is 1 mm. For thread cutting reduce the speed to half of the
turning speed and pitch is 0.1mm.

MATERIAL REQUIRED: Aluminum Rod of 30 mm diameter and 80 mm length.

PART DRAWING:

M 20
— = 4 —
A0 5 33
FIGURE 4.
PART PROGRAME:
N 00 G21 G90 <EOB>
N 01 M 03 S 1200 <EOB>
N 02 G00 X30 Z00 <EOB>
N 03 G01 Z-01 F20 <EOB>
N 04 G01 XO00 F20 <EOB>
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N 05 G00 X30 Z00 <EOB>
N 06 G72 X20 Z-40 101 F20 <EOB>
N 07 G00 X30 Z05 <EOB>
N 08 M 05 <EOB>
N 09 T 0202 <EOB>
N 09 M 03 S 600 <EOB>
N 10 G04 X02 <EOB>
N 11 G01 X20 Z00 F20 <EOB>

N 12 G93(or)92 X20 Z-35 101 FOl <EOB>

N 13 G00 X30 zZ01 <EOB>
N 14 M 30 <EOB>
RESULT:

The program is written and simulated and stored in System No...and file name as...
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CIRCULAR INTER POLATION

AIM:

To write the part programming for the figure shown in Fig.5. speed is 1200 rpm,
feed is 20 mm / min. Assuming work piece as Aluminium.

MATERIAL REQUIRED: Aluminum Rod of 30 mm diameter and 80 mm length.
THEORY:

Circular interpolation is used to simplify the programming of arcs and circles. It
required of four bits of information those are.

The direction of cutter travel (GOZ for cw and G03 is for CCW)

Start point for arc (s zs) for lathe and (xs, ys) for milling

Center of arc (xz)) for lathe and (x,y1) for milling machine

The final point of the arc except for (xrzs) for lathe and (xs,yr) for milling.

PART DRAWING:

v

? 30

60

-

FIGURE.S.
PART PROGRAM:

NOO G21 G90 <EOB>
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N0l MO03 S1200 <EOB>
N02 GO04 X04 <EOB>
NO03 GO0 X30 Z00 <EOB>
NO04 G72 X20 Z-55 101 F20 <EOB>
NO5 GO0 X30 Z00 <EOB>
NO06 GO0 X20 Z00 <EOB>
NO7 GO01 X18 F20 <EOB>

N08 GO02 X20 Z-01 K-1 10 F20 <EOB>
N09 GO0 Z00 <EOB>
N10 GO01 X16 F20 <EOB>
N11 GO02 X20 Z-02 K-2 10 F20 <EOB>
N12 GO00 ZO00 <EOB>
N13 GO01 X14 F20 <EOB>
N14 GO02 X20 Z-03 K-3 10 F20 <EOB>
N15 GO0 Z00 <EOB>
N16 GO01 X12 F20 <EOB>
N17 GO02 X20 Z-04 K-4 10 F20 <EOB>
N18 GO0 Z00 <EOB>
N19 GO01 X10 F20 <EOB>
N20 G02 X20 Z-5 K-5 10 F20 <EOB>
N21 GO0 ZO00 <EOB>
N22 GO01 X8 F20 <EOB>
N23 G02 X20 Z6 K-6 10 F20 <EOB>
N24 GO0 Z00 <EOB>
N25 GO01 X6 F20 <EOB>
N26 G02 X20 Z-7 K-7 10 F20 <EOB>
N27 GO0 Z00 <EOB>
N28 GO01 X4 F20 <EOB>

N29 GO02 X30 Z-8 K-8 10 F20 <EOB>
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N30 GO0 ZO00 <EOB>
N31 GO01 X2 F20 <EOB>
N32 G02 X20 Z-9 K-9 10 F20 <EOB>
N33 GO0 ZO00 <EOB>
N34 G001 X0 F20 <EOB>
N35 GO02 X20 Z-10 K-10 10 F20 <EOB>
N36 GO01 Z-31 F20 <EOB>
N37 GO01 X28 F20 <EOB>
N3 GO03 X30 Z-32 KO 12 F20 <EOB>
N39 GO0 Z-31 <EOB>
N40 GO01 X26 F20 <EOB>
N4l GO03 X30 Z-33 KO 14 F20 >EOB>
N42 GO0 Z-31 <EOB>
N43 GO01 X24 F20 <EOB>
N44 GO3 X30 Z-34 KO 16 F20 <EOB>
N45 GO0 Z-31 <EOB>
N46 GO1 X22 F20 <EOB>
N47 GO03 X30 Z-35 KO I8 F20 <EOB>
N48 GO0 Z-31 <EOB>
N49 GO01 X20 F20 <EOB>
N50 GO03 X30 Z-36 KO 110 F20 <EOB>

N51 GO0 X35 Z10 <EOB>
N52 M30 <EOB>
RESULT:

The program is written and simulated and stored in System No...and file name as...
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1.CALIBRATION OF PRESSURE CELL.

AlM:

Calibrate the given Pressure Cell with Pressure Gauge for its performance

APPARATUS REQUIRED :

Pressure cell

Hydraulic dead weight Pressure gauge Tester to develop the pressure
Digital pressure indicator

Dial type pressure indicator

THEORY BEHIND:

Pressure is defined as force per unit area and is measured in Newton per square
meter (Pascal) or in terms of an equivalent head of some standard liquid.

Thus a pressure gauge is connected to the hydraulic line and the gauge itself stands
In atmospheric pressure.

Pressure transducer is basically an electro mechanical devices, especially
manufactured and designed or wide range application in pressure measurement.

The pressure transducer comprises of diaphragm and an inputs to facilitate
pressure measurement. The strain gauges are bonded directly to the sensing member to
provide excellent linearity, low hysteresis and repeatability.

Fluid medium whose parameter has to be measured is allowed to deflect the
diaphragm (sensing member), which is a single block material and forms an integral part
of the pressure transducer.

Usually the Pressure Transducers are made up non-magnetic stainless steel and
thus has the advantage of avoids the yielding effects and leakage problems. The slight
deflection of the diaphragms due to the pressure provides an electrical output.

The material most commonly used for manufacture of diaphragms are steel,
phosphor bronze, nickel silver and beryllium copper. The deflection generally follows a
linear variation with the diaphragm thickness.




PANEL DETIALS:

MAINS ON INDICATOR: To indicate the Power given to the system.
CONSOLE ON SWITCH: Provided to activate the system.

PRESSURE INDICATOR: To indicate the Pressure in digital format with Zero knob
facility.

SOFTWARE: Facilitates to do things in computer format.

PREPARATION OF EQUIPMENT:

1. Connect the pressure cell to the pressure indicator with given cable.
2. Connect the instrument to 1ph, 230V AC supply which is having proper earthing.
3. Adjust the zero pot of the indicator to indicate zero.

4. Close the release valve of pressure gauge tester and apply the 10kg dead weight on
flange.

PROCEDURE:

1. Slowly rotate the screw road in clockwise direction with the help of handle until
flange lift up (so that pressure is developed up to applied load). Now observed the
digital reading. If it is not showing zero then make it zero by rotating ZERO knob.
Now instrument is calibrated.

2. Apply the load up to 10Kgs one by one on the flange and give pressure by rotating
the screw rod such that the dial gauge reads 1 to 10 with respect to load applied.

3. Note down the readings of dial gauge and pressure indicator, simultaneously in
every step.

4. Calculate the error and % error.




TABULATIONS:

SI. No

Pressure in
Dial gauge,
P, kg / cm?

Pressure in
Digital
indicator, Py kg
/ cm?

Correction

P.— P,

Error

Py— P,

% Error

(Pg — Po)/ Py
*100

CONCLUSIONS OF THE RESULTS TABULATED:

Summarizing the entire operation

Describing the possible error factors

Techniques which can be adopted to minimize the errors in all aspects i.e., from startup to

end.

LIMITATIONS

1. Range of Pressure Cell ---- Max. 10kg/cm”2

APPLICATIONS:

1.In compressors

2.In boilers




VIVA-VOCE QUESTIONS:

1.0ne atmospheric pressure is equivalent to?

2.A barometer is used to measures?

3.A piezometer tube is used to measure?

4.The stagnation(total) pressure at a point is measured by?

5.A U-tube differential manometer is used inverted when pressure difference is ------------

6.A well-type manometer is used in preference to a simple U-tube manometer to
obtained-----

7.Which manometer is likely to have the highest sensitivity and accuracy?

8.Mercury is used in barometers because?

9.In a bourdon tube pressure gauge incorrect readings may be encountered due to?

10.Most common material chosen for the fabrication of bellows of a bellows pressure

gauge is?
11.A dead weight tester is used for?




2.CALIBRATION OF LVDT.

AlM:

Calibrate Linear Variable Differential Transformer (LVDT) for the performance
using Micrometer.

APPARATUS REQUIRED :

LVDT
Digital LVDT indicator
MICROMETER

THEORY BEHIND:

LVDT is an inductive transducer used to translate the linear motion into electrical
signal LVDT consists of a single primary winding ‘P’ and two secondary windings (S1 &
S2) wounds on a cylindrical armature. An AC source is connected to the primary
winding. A movable soft iron core attached with an arm placed inside the armature.

The primary winding produces an alternating magnetic field which induces
alternating voltage in the secondary windings. Single voltage is obtained by connecting
the two secondary windings in series. Thus the output voltage of the transducer is the
difference of the two voltages.

When the core is at null position, the flux linking with both the secondary
windings is equal. Since both the secondary winding have equal number of turns, M the
induced emf is same in them. The output voltage is the difference of the two emf say E1
& E2. When they are equal, the voltage is zero at null position.

When the core is moved to the left side from null position more flux links with S1.
The output voltage is V=E2-E1, is greater, the V value is negative (-ve). Means the
voltage is read in terms of mm length on the display board indicates the negative value.
When the core is moved to the right side of the null position, more flux links with S2
induces voltages which is +ve. The display board indicates the +ve value in mm of
length.




The voltage output is linear and is depending on the position of the core. Hence
LVDT can be conveniently used to measure the thickness ranging from fraction of mm to
a few cms. Normally LVDT can give better result up to 5mm.

PANEL DETIALS:

MAINS ON INDICATOR: To indicate the power given to the system.
CONSOLE ON SWITCH: Provided to activate the system.

LVDT INDICATOR: To indicate the Distance moved.

SOFTWARE: FACILITATES TO DO THINGS IN COMPUTER FORMAT.

PREPARATION OF EQUIPMENT:

1. Make the Micrometer to Read 10mm on the scale.(ZERO POSITION of LVDT)
2. Connect the instrument to 1ph, 230V AC supply which is having proper earthing.
LIMITATIONS

Range of Pressure LVDT: -10mm to +10mm

PROCEDURE:

1. Slowly rotate the screw head of the micrometer either clockwise or anticlockwise
to measure 1mm on it.

2. Note the Reading on the LVDT indicator

3. Repeat step 1 and step 2 until 20mm on either side.

4. Note down the readings of Micrometer, simultaneously in every step.
5. Calculate the error and % error.

Note: Clockwise will give readings in —ve direction and Anticlockwise will give in +ve
direction.




TABULATIONS:

Sl. no Actual Reading, Measured Error % Error

‘Ry’ mm Reading, ‘R,,” mm B

RESULT: ---=

Note: Plot a graph between Ra Vs Rm

APPLICATIONS:
1.In pressure cells
2.In force cells

3.In accelerometers

VIVA-VOCE QUESTIONS:

1.The abbreviation LVDT stands for?

2.What is the difference between active and passive transducers?

3.What information is needed to describe a transducer for a particular measurement?

4.What are the major considerations which govern the selection of an instrument
transducer?

5.Define displacement?

6.What is the use of wire wound potentiometer for the measurement of linear and rotary




Transducers?
7.What are the advantages of wire wound potentiometer?
8.What are the disadvantages of wire wound potentiometer?
9.What are the advantages of capacitive transducers?

10. What are the disadvantages of capacitive transducers?




3.CALIBRATION OF STRAIN GAUGE.

AlM:

To determine the elastic constant (modulus of elasticity) of a Cantilever beam
subjected to concentrated end load by using STRAIN GUAGES.

APPARATUS REQUIRED :

LOAD CELL with Strain Guage
Digital Strain indicator
Weights

THEORY BEHIND:

A Dbody subjected to external forces is in a condition of both stress and strain.
Stress can be directly measured but its effect i.e., change of shape of the body can
be measured. If there is a relationship between stress and strain, stresses occurring
in a body can be computed if sufficient strain information is available. The
constant connecting the stress and strain in elastic material under the direct stresses
Is the modulus of elasticity,

l.e., E=0/¢

the principle of the electrical resistance strain gauge was discovered by Lord
Kelvin, when he observed that a stress applied to a metal wire, besides changing
resistance strain gauges are made into two basic forms, bonded wire and bonded
foil. Wire gauges are sandwiched between two sheets thin paper and foil gauges
are sandwiched between two thin sheets of epoxy.

The resistance factor ‘R’ of a metal depends on its electrical resistively, p, its area,
a and the length I, according to the equation R = pl / a.

Thus to obtain a high resistance gauge occupying a small area, the metal chosen
has a high resistively, a large number of grid loops and a very small cross sectional
area. The most common material for strain gauge is a copper - -nickel alloy known
as Advance.
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The strain gauge is connected to the material in which it is required to measure the
strain, with a thin coat of adhesive. Most common adhesive used is Eastman, Deco
Cement, etc. as the test specimens extends or contracts under stress in the direction
of windings, the length and cross sectional area of the conductor alter, resulting in
a corresponding increase or decrease in electrical resistance.

GAUGE FACTOR:

The dimension less relationship between the change in gauge resistance and
change in length is called Gauge factor of the strain, which is expressed
mathematically,

Gauge Factor, 6g = (AR/R) / (Al/l)

In this relationship R and | represent, respectively the initial resistance and initial
length of the strain gauge filament, while AR & Al represents the small change in
resistance and length, which occurs as the gauge is strained along with the surface
to which it is bonded. This gauge factor of a gauge is a measure of the amount of
resistance change for a given strain. The higher the gauge factor greater the
electrical output for indication or recording purpose. The gauge factor is supplied
by the manufacturer and may range from 1.7 to 4.

The usual method of measuring the change of resistance in a gauge element is by
means of Wheatstone bridge as shown in figure. It consists of Galvanometer, 4
resistor & a battery. Resistance R; is the strain gauge is used for strain
measurement, which is mounted on the specimen. The three resisters R, Rzand R,
are internal to the device.

Let us assume that the resistance have been adjusted so that the bridge is balanced.

I.e. Voltage Epq= 0.

11




The most common bridge arrangements are single arm, two arm and four arm
mode.

Single Arm Mode (Quarter bridge).

This bridge arrangement consists of a single active gauge in position, say R; and
three resistor are internal to the device. Temperature compensation is possible only
if a self temperature compensating strain gauge is used.

Two Arm Mode ( Half bridge).

In this mode, two resistor are internal to the device and the remaining two are
strain gauges. One arm of this bridge is commonly labeled as active arm and the
other as compensating arm. The bridge is temperature compensated.

Four Arm Mode (Full Bridge).

In this bridge arrangement, four active gauges are placed in the bridge with
one gauge in each of the four arms. If the gauges are placed on a beam in bending
as shown in fig of the elastic constant by bending test experiment, the single from
each of the four gauges will add. This bridge arrangement is temperature
compensated.

12




PANEL DETIALS:

MAINS ON INDICATOR: To indicate the Power given to the system.

CONSOLE ON SWITCH: Provided to activate the system.

STRAIN INDICATOR: To indicate the Distance moved.

SOFTWARE: FACILITATES TO DO THINGS IN COMPUTER FORMAT.

PREPARATION OF EQUIPMENT:

1. Connect the instrument to 1ph, 230V AC supply which is having proper
earthing.
2. Switch on the Console
3. Select the BRIDGE Mode
4. Connect the Strain wires accordingly in the table below
Sl. . :
NGO Bridge Mode Color No of Wires Connect To
1 Quarter ORANGE 2 A&B
ORANGE 2 A&B
2 Half
GREEN 2 B&C
WHITE 2 A&D
ORANGE 2 A&B
3 FULL
GREEN 2 B&C
BLACK 2 C&D

5. Make the Indicator to Read Zero.(ZERO POSITION )

6.

Prepare the Loads to be added

13




LIMITATIONS

Range of Load cell: 10kg

PROCEDURE:

1. For the Bridge selected and connected wires, slowly add the Weights in steps
of 1kg.

2. Note the Reading on the Strain indicator

3. Repeat step 1 and step 2 until 10kg is loaded.

4. Note down the weights added, simultaneously in every step.
5. Calculate the error and % error

6. Modulus of Elasticity of the given load cell.

TABULATIONS:

Sl. | Load Strain Measured Bending Modulus of
No | Applied Indicator Strain stress. elasticity.
W (N) Reading €n=c*10°/ |o=6wl/bh’® |[E=0/€y
W [N € —micro | No. of Bridge (N/nm?)
strain

CONCLUSIONS OF THE RESULTS TABULATED:

Summarizing the entire operation
Describing the possible error factors
Graph Plotting

Techniques which can be adopted to minimize the errors in all aspects i.e, from startup to
end.

14




APPLICATIONS:
1.In the ropes
2.In in the beams

VIVA-VOCE QUESTIONS:

1.Define strain?

2.Define gauge factor of a resistance strain gauge?

3.What are the various types of strain gauges for different applications?

4.What is the difference between bonded and unbounded type of resistance strain gage?
5.What are the advantages of semi-conductor strain gauges?

6.Whar are the requirements of materials for strain gauge?

7.What do you mean by resistance strain gauges?

8.Mechanical strain gauges can measure----------

9.The gauge factor of a resistance strain gauge depends upon--------

10.The wire material of strain gauges should have----------

11.Which gauge can be detached from the test specimen and used again?

15




4. MEASUREMENT OF ANGULAR DISPLACEMENT.

AIM: Measurement of angular displacement using capacitive transducer.

APPARATUS REQUIRED :

CAPACITIVE ANGULAR DISPLACEMENT CELL
Digital ANGULAR indicator

STEPPER MOTOR ASSEMBLY with Controller

THEORY BEHIND:

Capacitance is well known to be a function of effective area of the conductors,
separation between them, the dielectric strength of the material in the separation.
Capacitive transducers convert the physical quantity to be measured into a change of
capacitance which is processed by the measuring circuit of the transducer. The
capacitance of a parallel plate capacitor may be changed by varying the separation
between the plates, varying the effective area of the plates or varying the dielectric.

Capacitive type transducers are used essentially for displacement or positioning
measurements. But they are more susceptible to environmental factors such as dust or
moisture in the atmosphere than inductive type transducers.

The meshing area between two stator and rotor plates of the capacitor goes on
changing as the shaft capacitor is rotated. The arrangement is used to demonstrate the
measurement of angular displacement.

The transducer is mounted on to the face of a protractor which indicates the angle of
displacement and the readout display the amount of displacement.

16




PANEL DETIALS:

MAINS ON INDICATOR: To indicate the Power given to the system.
CONSOLE ON SWITCH: Provided to activate the system.

ANGULAR INDICATOR: To indicate the Distance moved.

STARTER: To Start the Motor and to Select the Mode of Operation
INCREMENTAL.: To Give Step input to the Motor according to mode selected.
SOFTWARE: FACILITATES TO DO THINGS IN COMPUTER FORMAT.

PREPARATION OF EQUIPMENT:

1. Connect the instrument to 1ph, 230V AC supply which is having proper earthing
2. Press the STARTER switch and select MANUAL MODE.

3. Set ZERO position on the Manual Indicator by pressing the INCREMENTAL
Button.

LIMITATIONS

1. Range of ANGULAR DISPLACEMENT : Up to 360deg
2. In AUTO Mode the Incremental will be in steps of 22.5deg.

PROCEDURE:

1. After the Preparation of equipment, Now press the INCREMENTAL button so the
stepper motor sets accordingly with the selected mode of previously.

2. Note the Reading on the Angular Displacement indicator

3. Repeat step 1 and step 2 until required.

4. Note down the readings of Manual Angular, simultaneously in every step.
5. Calculate the error and % error.

Note: Rotation will be in Clockwise direction only.

17




TABULATIONS:

Sl. no The displacement Measured displacement meter Deviation
protractor reading reading

CONCLUSIONS OF THE RESULTS TABULATED:

Summarizing the entire operation
Describing the possible error factors
Graph Plotting

Techniques which can be adopted to minimize the errors in all aspects i.e., from startup to
end.

APPLICATIONS:
1.In the rotating shafts

VIVA-VOCE QUESTIONS:

1.What is the difference between speed counter and tachoscope?
2.What is the difference between tachoscope and tachometer?
3.What is the difference between speed counter and tachometer?
4.What are the different type of mechanical tachometers?

5.The average speed measurements are given by--------

18




6.Tachometers are used to measure-------

7.The speed of a sealed compressor units can be measured by

8.What are the advantages of stroboscope?

9.What are the different type of electrical tachometer?

10.Tachoscope speed upto----------
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5.CALIBRATION OF PHOTO SPEED SENSOR.

AlIM:

Calibrate PHOTO SPEED SENSOR for the performance using MAGNETIC Speed
Sensor.

APPARATUS REQUIRED :

PHOTO & MAGNETIC SPEED SENSORS
Digital SPEED indicators
MOTOR with Controller.

THEORY BEHIND:

The measurement of rotational velocity is more common. For velocity (speed)
measurement the most convenient calibrator scheme uses a combination of toothed
wheel, a simple magnetic proximity pickup a photo couple sensor and an electronic
indicator to measure the speed. The angular rotation is provided by some adjustable speed
drive of adequate stability. The toothed wheel mounted with iron rods while passing
under magnetic and photo pickup produces an electric pulse. These pulses are fed to
signal conditioner unit and displays reading visually. The stability of the rotational drive
Is easily checked by observing the variation of display reading.

PANEL DETIALS:

MAINS ON INDICATOR: To indicate the Power given to the system.
CONSOLE ON SWITCH: Provided to activate the system.

SPEED INDICATORS: To indicate the SPEED.

MOTOR CONTROLLER: To run the motor at various speeds.

SOFTWARE: FACILITATES TO DO THINGS IN COMPUTER FORMAT.

20




PREPARATION OF EQUIPMENT:

1. Keep the Speed controller knob in minimum position.

2. Connect the instrument to 1ph, 230V AC supply which is having proper earthing.

3. Switch on the Console to activate the panel.

LIMITATIONS

Maximum RPM: 2500rpm

PROCEDURE:

1. Once the equipment is prepared, slowly rotate the Speed controller to set the speed

desired in range.

2. Note the Reading on the PHOTO SENSOR PICKUP Indicator

3. Repeat step 1 and step 2 until required within the range.

5. Note down the readings of MAGNETIC PICKUP, simultaneously in every step.

6. Calculate the error and % error.

Note: Clockwise to increase the speed and Anticlockwise to reduce the speed.

TABULATIONS:

Sl. no Actual
Reading,
‘R’ mm

Measured Error
Reading, ‘R’
& Em | E = (Ra- Rm)
mm

% Error

{(Ra- Rm)/Ra}*100
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RESULT: ---=

Note: Plot a graph between Ra Vs Rm

APPLICATIONS:

1.To measure the electric motors shaft speed.
2.To measure the turbine shaft speed.

3.To measure the engines shaft speed.

VIVA-VOCE QUESTIONS:

1.What is the difference between speed counter and tachoscope?
2.What is the difference between tachoscope and tachometer?
3.What is the difference between speed counter and tachometer?
4.What are the different type of mechanical tachometers?

5.The average speed measurements are given by--------

6.Tachometers are used to measure-------

7.The speed of a sealed compressor units can be measured by---------

8.What are the advantages of stroboscope?
9.What are the different type of electrical tachometer?

10.Tachoscope speed upto----------
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6.CALIBRATION OF McLEOD GAUGE.

AlM:

Calibrate the Vacuum Cell (McLeod Gauge) in comparison with Vacuum Dial Gauge.

APPARATUS REQUIRED :

CYLINDRICAL CELL
Digital Vacuum Gauge
Analog Vacuum Gauge

High Capacity Vacuum Pump.

THEORY BEHIND:

In everyday usage, vacuum is a volume of space that is essentially empty of
matter, such that its gaseous pressure is much less than atmospheric pressure. The
word comes from the Latin for “empty”. A perfect vacuum would be one with no
particles in it at all, which is impossible to achieve in practice. Physicists often
discuss ideal test results that would occur in a perfect vacuum, which they simply
call “vacuum” or “free space”, and use the term partial vacuum to refer to real
vacuum. The Latin term in vacuum is also used to describe an object as being in
what would otherwise be a vacuum.

Vacuum is useful in a variety of processes and devices. Its first widespread
use was in the incandescent light bulb to protect the filament from chemical
degradation. The chemical inertness produced by a vacuum is also useful for
electron beam welding, cold welding, vacuum packing and vacuum frying.
Ultra-high vacuum is used in the study of atomically clean substrates, as only a
very good vacuum preserves atomic-scale clean surfaces for a reasonably long
time (on the order of minutes to days). High to ultra-high vacuum removes the
obstruction of air, allowing particle beams to deposit or remove materials without
contamination. This is the principle behind chemical vapor deposition, physical
vapor deposition, and dry etching which are essential to the fabrication of semi
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conductors and optical coatings, and to surface science. The reduction of
convection provides the thermal insulation of thermos bottles. Deep vacuum
lowers the boiling point of liquids and promotes low temperature out gassing
which is used in freeze drying, adhesive preparation, distillation, metallurgy, and
process purging. The electrical properties of vacuum make electron microscopes
and vacuum tubes possible, including cathode ray tubes. The elimination of air
friction is useful for flywheel energy storage and ultracentrifuges.

PANEL DETIALS:

MAINS ON INDICATOR: To indicate the Power given to the system.
CONSOLE ON SWITCH: Provided to activate the system.
VACUUM ON SWITCH: Provided to activate the system.

VACUUM INDICATORS: To indicate the Vacuum inside the cylinder.

PREPARATION OF EQUIPMENT:

1. Make sure the Vacuum On switch is in off condition.

2. Connect the instrument to 1ph, 230V AC supply which is having proper earthing.

LIMITATIONS

Maximum Vacuum Range: 600mm of Hg or 800mbar
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PROCEDURE:

1.
2.

Switch on the Console to activate the Panel.

Close the Valve on the Cylinder.

Start the Vacuum pump and allow attaining maximum vacuum.

Note down the Readings on Digital and Analog gauges.

Now slowly open the Valve on the cylinder and set to the required Vacuum.
Once again note down the Digital and Analog readings.

Repeat Steps 5 and 6 until zero.

Calculate the error and % error.

TABULATIONS:

SI. no Actual Measured Error % Error
Reading, Reading, ‘R’

—_ - - *
‘R,’ mm T E=(Ra-Rm) | {(Ra- Rm)/Ra}*100

RESULT: ----

Note: Plot a graph between Ra Vs Rm

APPLICATIONS:

1.To clear halls
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VIVA-VOCE QUESTIONS:

1.0ne atmospheric pressure is equivalent to?

2.A barometer is used to measures?

3.A piezometer tube is used to measure?

4.The stagnation(total) pressure at a point is measured by?

5.A U-tube differential manometer is used inverted when pressure difference is ------------

6.A well-type manometer is used in preference to a simple U-tube manometer to
obtained-----

7.Which manometer is likely to have the highest sensitivity and accuracy?

8.Mercury is used in barometers because?

9.In a bourdon tube pressure gauge incorrect readings may be encountered due to?

10.Most common material chosen for the fabrication of bellows of a bellows pressure

gauge is?
11.A dead weight tester is used for?
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/.CALIBRATION OF TEMPERATURE SENSOR.

AlM:

Calibrate TEMPERATURE SENSORS for the performance using STANDARD water
bath.

APPARATUS REQUIRED :

STANDARD WATER BATH with Temperature Controller
Temperature Sensors like RTD, J - Type, K—Type & T — type

Individual Digital Temperature Indicators

THEORY BEHIND:

RESISTANCE TEMPERATURE DETECTOR (RTD)

Resistance thermometers, also called resistance temperature detectors or
resistive thermal devices (RTD), are temperature sensors that exploit the predictable
change in electrical resistance of some materials with changing temperature. As they are
almost invariably made of platinum, they are often called platinum resistance
thermometers (PTR). They are slowly replacing the use of thermocouples in many
industrial applications below 600°C, due to higher accuracy and repeatability.

There are many categories like carbon resistors, film and wire wound types are the most
widely used.

e Carbon resistors are widely available and are very inexpensive. They have very
reproducible results at low temperatures. They are the most reliable from at
extremely low temperatures. They generally do not suffer from significant
hysteresis or strain gauge effects.

e Film thermometer have a layer of platinum on a substrate, the layer may be
extremely thin, perhaps one micrometer. Advantages of this type are relatively
low cost and fast response. Such devices have improved performance although the
different expansion rates of the substrate and platinum give “strain gauge” effects
and stability problems.
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e Wire — wound thermometers can have greater accuracy, especially for wide
temperature ranges.

e Coil element has largely replaced wire wound elements in industry. This design
has a wire coil which can expand freely over temperature, held in place by some
mechanical support which lets the coil keep its shape.

THERMOCOUPLES

The common electrical method of temperature measurement uses the
thermocouple, when two dissimilar metal wires are joined at both ends, an emf will
exist between the two junctions, if the two junctions are at different temperatures. This
phenomenon is called Setback effect. If the temperature of one junction is known then
the temperature of the other junction may be easily calculated using the thermoelectric
properties of the materials. The known temperature is called reference temperature and
is usually the temperature of ice. Potential (emf) is also obtained if a temperature
gradient along the metal wires. This is called Thomson effect and is generally
neglected in the temperature measuring process. If two materials are connected to an
external circuit in such a way that current is drawn, an emf will be produced. This is
called as Peltier effect. In temperature measurement, setback emf is of prime concern
since it is dependent on junction temperature.

The thermocouple material must be homogeneous. A list of common
Thermocouple materials in decreasing order of emf chrome, iron and copper platinum
— 10% rhodium, platinum, alumel and constantan (60% copper and 40% nickel). Each
material is thermoelectrically positive with respect to the below it and negatives with
respect those above.

The material used in the Thermocouple probe is:
1. Iron — Constantan (Type J)
2. Copper — Constantan (Type T)
3. Chromyl — Alumel (Type K)
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PANEL DETIALS:

MAINS ON INDICATOR: To indicate the Power given to the system.

CONSOLE ON SWITCH: Provided to activate the system.

TEMPERATURE INDICATORS: To indicate the Temperatures of various sensors.

WATER BATH SETTINGS: To Set the Temperature of Water bath.

SOFTWARE : FACILITATES TO DO THINGS IN COMPUTER FORMAT.

PREPARATION OF EQUIPMENT:

1. Fill the water into the Water Bath to the required level.

2. Make sure the water bath is in off condition.

3. Connect the instrument to 1ph, 230V AC supply which is having proper earthing.

LIMITATIONS

Maximum Temperature: up to 100deg

PROCEDURE:

1. Switch on the Console to activate the Panel and then switch on the water bath.

2. Set the required Temperature of the bath

3. Select the Sensor under study {however other sensors will also be working
condition, this is only done to concentrate on particular sensor type}and Note the
readings of the selected Sensor indicator for every two degree rise of water bath
temperature .

4. Repeat step 2 and step 3 until required within the range.

5. Repeat the above for different sensors.

6. Calculate the error and % error.
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TABULATIONS:

SI. no Actual Measured Error % Error
Reading, Reading, ‘R’ E = (Ra- R Ra- Rm)/Ra1*100
‘Ra’ mm mm - ( a- m) {( a- m) a‘}

RESULT: ---=

Note: Plot a graph between Ra Vs Rm

APPLICATIONS:
1.To control of gas flow
2.In electric iron boxes
3.In domestic ovens

VIVA-VOCE QUESTIONS:

1.What are the types of temperature measuring instruments?

2.The lowest temperature limit for mercury-in-glass thermometer is--------

3.Which substance can be used as thermometric substance for temperature measurements
Below-40°C?

4.What should be the shape of an ideal thermometer bulb?

5.Thermocouples are generally used for temperature measurements up to---------

6.Which thermocouple can measure temperature in a comparatively high range?
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7.Disappearing filament type optical pyrometer works on the principle of-----------
8.In optical pyrometer absorption filter is used to----------
9.Which thermometer is most suitable for the measurement of surface temperature?

10.Which metal/ non-metal has the highest temperature range?
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AIM:

8.ROTAMETER SET - UP

The experiment is conducted to know how to

a. Calibrate Rotameter at different flow rate.

PROCEDURE:

1.

Fill in the sump tank with clean water.

Keep the delivery valve closed.

Paste the Log sheet from zero marking on the rotameter to its
full height and make marking if necessary.

Connect the power cable to 1Ph, 220V, 10 Amps with earth
connection.

Switch on the pump & open the delivery valve.

Adjust the flow through the control valve of the pump.

Set the height from the log sheet sticked on the rotameter
and note the height in cm the rotameter reading in Ipm.

Note down the differential head reading in the Manometer.
(Expel if any air is the by opening the drain cocks provided
with the Manometer.)
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o. Operate the Butterfly valve to note down the collecting tank
reading against the known time and keep it open when the
readings are not taken.

10. Change the flow rate and repeat the experiment.

iii. OBSERVATIONS:
Time for
R7ecm 1 Rotameter m:gs%tz d
. rise in | Reading, 'Q’
y water Lpm on Log
No scale, cm
‘T’ sec
1
2
3
4
iv. CALCULATIONS:
1. Theoretical Discharge, QT1r
2 3
= — " g
Crr 1000 x &0 /

Where,
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Q = Rotameter reading in LPM

2. Actual Discharge, Qa

Where,

A = Area of collecting tank = 0.125 m?2,

R = Rise in water level of the collecting tank, cm.
t = time for ‘R’ cm rise of water, sec

100 = Conversion from cm to m.

3. Co - efficient of discharge, Cp

Ed — I:l_ﬂ
Qry
Where,
QA = Actual Discharge.
QmH = Theoretical Discharge from Venturi or Rotameter.

v. TABULAR COLUMNS AND GRAPHS:

A. For Rotameter:




Height Theoretical | Coefficient | Average
Actual . .
measured ) Discharge | of Discharge
Discharge QTR m3/sec ‘Co’ \CDI
on Log QA m3/sec
scale, cm
B. Graphs

Draw graph of Actual discharge Vs Height on Log scale

Draw graph of Theoretical Discharge Vs Height on log scale

vi. RESULTS:

For Rotameter:

1. Actual Discharge, QA

m3/s

2. Theoretical Discharge, QT m3/s

3. Co - efficient of Discharge, Cd =
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4. PRECAUTIONS

1) Do not run the pump dry.

2) Clean the tanks regularly, say for every 15days.

3) Do not run the equipment if the voltage is below 180V.

4) Check all the electrical connections before running.

5) Before starting and after finishing the experiment the main

control valve should be in close position.

6) Do not attempt to alter the equipment as this may cause

damage to the whole system.

Note: For any further clarifications on how to run the equipment

or for up gradation, please contact us.
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PRODUCTION DRAWING PRACTIECE MANUAL (2018-2019)

PRODUCTION DRAWING PRACTICE LAB
Objectives-
% To prepare the students have Successful Career in Industry and motivate for higher education
% To provide good knowledge of production systems and their applications to Engineering
problems

®,

% Student able to learn about representation of materials fits Limits, estimations & Tolerances

UNIT-I

Conventional representation of Materials — conventional representation of parts — screw joints,
welded joints, springs, gears, electrical, hydraulic and pneumatic circuits — methods of indicating
notes on drawings.

UNIT-II

Limits and Fits: Types of fits, exercises involving selection/interpretation of fits and estimation of limits
from tables.

UNIT-I11I

Form and Positional Tolerances: Introduction and indication of the tolerances of from and position on
drawings, deformation of run out and total run out and their indication.

UNIT-IV

Surface roughness and its indication: Definitions — finishes obtainable from various manufacturing
processes, recommended surface roughness on mechanical components.

UNIT-V

Detailed and Part drawings: Drawing of parts from assembly drawings with indications of size, tolerances,
roughness, form and position errors etc.

Heat treatment and surface treatment symbols used on drawings.

TEXT BOOKS:

1. Production and Drawing — K.L. Narayana & P. Kannaiah/New Age
2. Machine Drawing with Auto CAD — Pohit and Ghosh.PE

3. Machine Drawing by Venkat Reddy and Kannaiah.

REFERENCE BOOKS:

1. Geometric dimensioning and tolerancing- James D. Meadows/B.S Publications.
2. Engineering Metrology,R.K. Jain, Khanna Publications .

3. Machine Drawing by R.K.Jain/ Khanna Publications, New Delhi.

OUTCOMES:

o Ability to understand and apply differential equations, integrals, matrix theory, probability
theory and Laplace, Fourier and Z transformations for engineering problems

o Ability to understand and apply basic science, circuit theory, control theory signal processing
and apply them to engineering problems.

o Ability to model and analyze transducers.

o Ability to understand and analyze Instrumentation systems and their applications to various
industries.

o Student get exposure of limits, fits, tolerances and different symbols used in drawing
practice.
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UNIT 1
CONVENTION REPRESENTATION

INTRODUCTION

Certain standard conventions are used to represent the following in the draughting

practice, which will help in reducing draughting time:

1. Materials

2. Machine components
3. Welded joints

4. Electrical circuits

5. Hydraulic circuits

6. Pneumatic circuits
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PRODUCTION DRAWING PRACTIECE MANUAL (2018-2019)

Conventional representation of matrials

Type Convention Material

7 Steel Castiron, Copper and its
Alloys, Aluminiumand its Alloys,
/ elc.
Z

Lead, Zinc, Tin, White-metal, etc.

Metals

Glass % % % Glass

rrrrrrr

",l’,:’r RNy,
BRI, Porcelain, Stoneware, Marble,
:: : ::f"l"l"l"l”l”l”l”l”l’ll" s ' ate ' e‘c
, Z ':,‘I’ :" "I"I Al"ll l’ l"l "‘
Packing and 2 :
i i AT AT AN MbestOS, Flbfe, Fel‘l, Synmehc
Insulating material A A A A A A A
o _resin products, Paper, Cork,
;;%%g/ Linoleum, Rubber, Leather, Wax,
[ ZIZ I I Insulating and Filling materals, etc.
e e L R L L L
Liquids Water, Oil, Petrol, Kerosene, etc.

-------------------------

Wood Wood, Plywood, efc.
A mixture of Cement, Sand and
Concrete Gravel

Conventional Representation of Matenals

.
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Conventional representation of machine components

r/mf Subject Convention
st == =

knurling

I
I

Diamond
knurling

Square on
shaft

Holes on
circular pitch

Bearings

External
screw threads AT HINNNNNH
(Detail) VOVOVOWL ~ Ty e ]

Internal
screw threads | £ e U
(Detail) ‘

Screw

threads
255, | e | TEEEe
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Conventional representation of machine

Title Subject Convention

Spined

w | ST
L

Interrupted ========= @

views | =
Semi-elliptic l—-::.—';’
leaf sprng %’?— W
Sematpic | o= Tt

leaf sprng

with eyes
: . Diagrammatic
Subject Convention - Enladian
Cyfindrical %
compression :: o
=
Cyfindrical @ l
tension .
spring T
|

(b)
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Conventional Representation of Machine Components

Title Convention

Spur gear

oo | X

Worm wheel B e
7
we: | = A

- — ~d -
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Elementary welding symbols
No. Designation Illustration Symbol
1 | Butt weid between plates with
s | ks |
being metted down completely)
| snam e | |
——
8 | inglinknt s’ | NV
) —— ) | |/
Single-V butt weld with broad root S
¥ face %’///////’/,\\\\\\\\\\" Y
6 | Single-bevel butt weld with broad = V
root face ma
T | sy | Y
== ) |
9 | Backing run; back or backing weld W -,
10 | Fillet weld

AL,

T i /

DEPARTMNT OF MECHANICAL ENGINEERING -MRCET
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Supplementary welding symbols

T —

Shape of weld surface | Sylgllo?

(a) Flat (usually finished fiush) —
o ety i

(b) Convex : ——
— e —
| A¢) Goncave —_

Combination of elementary and supplementary symbols

; Designation [Mlustration Symbol
Pt s -V bt wel R/, \\ \/
Comex doubl-V bt wekd m X
- \
e A |
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o

No.

Designation

symbol
(Number

refer to

Combination of elementary elements

Illustration

Repr-esentation

Symbolization

either / or

Table 13.3)

Double-V
butt weld

\/3

(X weld)
3-3

Double
bevel
butt weld

|/

' (K weld)

44

MMM §

MMM

Double-U
butt weld

W7
7-7

DM

Fillet weld

10

10-10

MIMMN

:

'y
b+
&
&
L
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Circuit Symbols for Electrical items

S. Description Symbol S. Description Symbol
No. No.
1 Main switch (light) 15 Bracket fan 48
L
2 Main switch (power) I 16 Exhaust fan @
P - P
i
3 Single throw switch, general / 17 | Earth e
4 Double throw switch, general | —— ( —— || 18 | Firealarm
5 | Knife switch, general —X— 19 | D.C
6 | Switch with horn gap L S 2 | AC /'\)
7 | Twoni Single phase alternating 50cls
wo pin socket, 5 Amp X 21 diitreat /\/
Two pin socket with switch Three ph It ti
8 ; phase alternating
5 Amp D: = current 9 /\-/
Three pi i i
9 & A:{;J pin socket with switch, } 23 Neutral N
10 | Single tube light ¢ 24 | Resistor —[___R:j’
11| Double tube light C"" || 25 | Variable resistor —[F‘_j”
/
12 | Horn D<] 26 Inductor —@
13 | Siren |
@ 27 | Capacitor —“l |
‘——'——-/
14 | Ceiling fan CX) 28

Variable capacitor

DEPARTMNT OF MECHANICAL ENGINEERING -MRCET
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Circuit Symbols for Electrical items

r—S_.‘r—_-_Description Symbol S. D oS
No. No. escription Symbol
[ St
29 | Two pin socket 42 | Commutating or —
compensating wiring
. O
30 | Three pin socket oo 45 | Series winding YN
31 Cell l_ ik Shunt winding or
+| 1= g separate winding rYYYH
32 Battery T‘ H H I—_— 45 1-Phase @
33 D.C volt mieter @ 46 2-Phase ®
34 D.C ampere meter 47 3-Phase wye (ungrounded) @
35 D.C/A.C ampere meter 48 3-Phase wye (grounded) @—‘ | |
36 Watt meter @ . 49 3-Phase delta @
37 Ohm meter @ Circuit breakers
7N\
38 Energy meter KWh 50 Air or general _— —
39 Fuse m [D 51 Oil or other types — ® |—
' 3-Pole with thermal ~~
40 | Lamp N 0 52 | overload device =
o 3-Pole with magnetic ~~
Wiring symbols 53 | overload device -
\
41 3-Pole draw-out —~ &)
g General NN 54 -Pole draw-out type ___]

DEPARTMNT OF MECHANICAL ENGINEERING -MRCET
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Symbols for Motors

Description

Symbol

Description

Symbol

Machine (motor or generator) or rotating
armature (basic symbol)

O

Induction motor, single phase, squirrel cage

D:.C motor (M), D.C generator (G)-
General symbol

Induction motor, 3 phase, squirrel cage

A.C motor (M), A.C generator (G)-
General symbol

Induction motor, 3 phase with wound rotor

D.C two wire generator (G) or motor (M)-
Separately excited

Induction motor, 3 phase, squirrel cage,
both leads of each phase brought-out

:ﬁo':‘:’M")’i' e shunt generator (G) or Single phase synchronous generator
Separately excited D.C generator or motor Three phase synchronous motor or
g commutating and/or compensating generator or condenser
winding
) Three phase synchronous motor or generator
One phase magneto-electric generalor or condenser with neutral brought-out
Three phase magneto-clectric genarator

©
- ®
(-
i
KA
:
0
0

S| O | O | @& |[OeE
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Symbols for transformers

S. No. Description Symbol
1 Transformer, general e
YY)
2 Auto transformer, general V\TU
3 Transformer, adjustable ‘—g
4 Single phase transformer with taps —3 F
L Single phase, 2 winding transformer _% g_—
6 Potential transformer _3 E_ :
: Transformer with three separate luv\AJ L\-\AJ
7 windings m
8 Current transformer
Bushing type current \
9 | n 1

transformer

\_/ NS
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Graphical symbols for electronic devices

S. No. Description Symbol
1 Rectifier, diode _H_
o Zaner dioda @—
5 Rectifier equipment in bridge 4§E>_
connector
P
4 Transistor type PNP (}:I_l)
5 Transistor type NPN @
8 Thyristor (general) @7
7 Contactor-make contact -
Ly
8 Contactor-breaak contact [__
9 Photo electric cell —@
10 Microphone ‘D—_‘
11 Loudspeaker I::':——
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Symbols for Hydraulic and Pneumatic Parameters

Description Symbol Description Symbol Description Symbol |
1. Aows i By solenoid l Z
Capactty __< ) y -
. By application of pneumatic e
Indication of direction T 1 3. Control valves pressure
Reguatonivarabity | || Fiow pat By pe t -
|
' T AL
2, Flow lines Flow shut-off T 5. 22 valve ! ¢ M
1
L :
Pipe line ——— || Initial connections S
I :
8. Pressure relief valve _7_
Free end of a pipe line >— 4, Valve actuation symbols T w

Earthed/vented end __.“| Push-buton

7. Sequence valve _— -

|
Fixed throttle —>— || Bylever /ﬂ:

8. Pressure reducing valve - i

Adjustable throttle ——-%—— By roller @: 5

— '.-._ u_]
Pneumatic contact —0 0— || By plunger - ;'D“X | W

—{ 9. Plot operatad valve “nnsiin

L\l

Actuator By spring W [Z] \NV
- ala - )
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Graphic symbols

Parameter/device

Pneumatic

Uni-direction of flow

Bi-direction of flow

Exhaust to atmosphere

1. Fixed displacement pump
Uni-directional

Bi-directional

2. Variable displacement pump
Uni-directional

3. Fixed displacement motor
Uni-directional

4, Variable displacement motor

Eadcaci sttt
|
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UNIT -l
LIMITS and FITS

LIMIT SYSTEM
Following are some of the terms used in the limit system,

Tolerance: The permissible variation of a size is called tolerance. It is the difference between the maximum and
minimum permissible limits of the given size.

Limits: The two extreme permissible sizes between which the actual size is contained are called limits. The
maximum size is called the upper limit and the minimum size is called the lower limit.

Deviation: It is the algebraic difference between a size (actual, maximum, etc.) and the corresponding basic size.
Actual Deviation: It is the algebraic difference between the actual size and the corresponding basic size.

Upper Deviation: It is the algebraic difference between the maximum limit of the size and the corresponding basic
size.

Lower Deviation: It is the algebraic difference between the minimum limit of the size and the corresponding basic
size.

Allowance: It is the dimensional difference between the maximum material limits of the mating parts,
intentionally provided to obtain the desired class of fit. If the allowance is positive, it will result in minimum clearance
between the mating parts and if the allowance is negative, it will result in maximum interference.

;== [ ot
o 0
£l 5| © § 3
5 g g Hole o 3 é
A Sl 17770777/
— [0)]
V V % g %
A A ! ////// a _’V Dv Zero line
A AN TXRNYRN Y \ ‘\orli'ne‘ofzero
E wl g I A deviation
3% 3% GN) | £ ﬁ
SE[EE o l|Es 58| @
sOlET 0 | 20 ER| o
ST|=SD @ Shaft | .Eg 'ég 0
J . : 5o 20 &
I
/ L . | | Y Y Y
/; 7

basic size deviations and tolerances
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FITS : The relation between two mating parts is known as a fit. Depending upon the actual limits of the hole or shaft sizes, fits may
be classified as clearance fit, transition fit and interference fit.

Clearance Fit: Itis a fit that gives a clearance between the two mating parts.
Transition Fit: This fit may result in either an interference or a clearance, depending upon the actual values of the tolerance

of individual parts.
Interference Fit: If the difference between the hole and shaft sizes is negative before assembly; an interference fit is

obtained.
HOLE BASIS SYSTEM, SHAFT BASIS SYSTEM

In working out limit dimensions for the three classes of fits; two systems are in use, viz., the hole basis system and shaft basis system
HOLE BASIS SYSTEM: In this system, the size of the shaft is obtained by subtracting the allowance from the basic size of the hole. In

this system, the lower deviation of the hole is zero. The letter symbol for this situation is ‘H’.
HAFT BASIS SYSTEM: In this system, the size of the hole is obtained by adding the allowance to the basic size of the Shaft.

plied to each part. In this system, the upper deviation of the shaft is zero. The letter symbol for this situation is ‘h’.

Types of fits
1. Clearance fit
2.Transtion fit

3.Interference fit
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Maximum size of shaft

Shaft tolerance

Max. clearance

T

Min dia. of shaft

T

Min. clearance (Allowance)

Hole tolerance

|
I
|
|
I
9

$29.95

Min. size of hole =

Max. dia of hole

Y

I

¢ 30.00

-

basic size

Clearance fit

Max. size of shaft

$30.00

Shaft tolerance

MO

Max. clearance

Y

|
| _$29.95

Min. dia. of shaft

Hole tolerance
-

-

| _Max. interference (Allowance)

|

_ $29.95

Min. size of hole =

Max. dia. of hole

$30.05

(- r

basic size

Hole

/]

Hole

e

PRODUCTION DRAWING PRACTIECE MANUAL (2018-2019)

NN

L
NN

Transition fit

Max. size of shaft

| $30.40

Shaft tolerance

Max. interference (Allowance)

Y

Hole toler: I nte rfe rence flt Min. size of hole =

Max. diameter of hole

| _$30.25

-
>

[ =

Min. dia. of shaft

> Min. interference
—

basic size

Shaft
Shaft
Clearance fit

Shaft

Hole % N
N/ N \NZ
K N //k
N N/ Shaft
Shaft
Transition fit
Shaft

DN

s

Hole

Hole

Interference fit
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Hole

Hole

Shaft
Hole Hole

Shaft Shaft EZZZJ

Shaft

7

Zero
line

N

Shaft

Examples taken from
shaft-basis system

N Shaft shat

Hole Shaft

Hole

Examples taken from
hole-basis system

Basic size

Hole

Symbols representing the characteristics to be toleranced

shaft basis and hole basis systems

Characteristics to be toleranced

Symbols

Form of single features

Straightness

Flatness

Circularity (roundness)

Cylindricity

Profile of any line

Profile of any surface

Orientation of related features

Parallelism

Perpendicularity (squareness)

Angularity

Position of related features

Position

Concentricity and coaxiality

Symmetry

Run-out

N|lo|@|N-[xpD|2|o|Q]
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Datum feature: A datum feature is a feature of a part, such as an edge, surface, or a hole, which forms the basis

For a datum or is used to establish its location

Leader line

//| 0.02

A Datum letter

Toleranced

Tolerance value

feature

Tolerance symbol

LA T LELL VL CELTL

Datum letter

Datum triangle

Datum feature

LELLLLLELLCOALT
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UNIT HlI

FORM AND POSITIONAL TOLERANCES

As per the standard

As prevalent in industry

1. Straightness tolerance

& B=

Permissible

/ unstraightness 0.08

2. Flatness tolerance

Permissible

\/ unevenness 0.08

3. Circularity tolerance

Permissible
ovality 0.2
= O Er
4. Cylindricity tolerance
Permissible

0.1

I—/O’

\/ non-cylindricity 0.2

DEPARTMENT OF MECHANICAL ENGINEERING-MRCET
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5. Parallelism tolerance

[~ ]0.01] D]

[——

|:}1\

non-parallelism 0.01

6. Perpendicularity tolerance

[ L[o.08]A]

Permissible
perpendicularity 5°

7. Angularity tolerance

Permissible
equiangularity 30"

40° + 1°
| Vi
~ ¥ = <&
- _ - 1SS
== - Y
F i
an
9. Symmetry tolerance
(Al  =To0slA]
u _ a T 7 |
\ 4 3 ===~
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10. Radial run-out

Permissible cross
indicator runout

| #1014 D] (Between centres) 0.1
LV
_{__ —al

D]

| = = 1
1 |

11. Axial run-out

Permissible longitudinal
indicator runout (Between

7101 D] centres) 0.1
—— ——] _l A
[D] I;J

Systems of indication of tolerances of form and of position
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UNIT IV

Surface Roughness and its

Indication

Surface Roughness: The properties and performance of machine components are affected by the degree of roughness
of the various surfaces. The higher the smoothness of the surface, the better is the fatigue strength and corrosion
resistance. Friction between mating g parts is also reduced due to better surface finish.

Surface Roughness Number: The surface roughness number represents the average departure of the surface from
perfection over a prescribed sampling length and is expressed in microns.

B = 1t g + g + + 1,

a
n
The surface roughness may be measured, using any one of the following:
1. Straight edge 2. Surface gauge 3. Optical flat 4. Tool makers Microscopes 5. Profilometer 6. Profilograph
7. Talysurf

Machine Symbols: The basic symbol consists of two legs of unequal length, inclined at approximately 60° to the line,
representing the surface considered. This symbol may be used where it is necessary to indicate that the surface is

machined, without indicating the grade of roughness or the/process to be used.
. Basic symbol.
. Material Removal is
Not Allowed
. Removal Of
(b) ) (d)

Material Is Allowed.
(@) d. Special surface
characteristics

o QL

O

(c
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. Rough
a ¢ (f)
ness
Numb
e d er,
FIT I L L PET . Type
o 2 » of
Indication of Machining Allowance  _ __,.
Roughness values Roughness Roughness
R, um grade number grade symbol
50 N1i2 ~
25 N11 v
12.5 N10
6.3 N9
3.2 N8 N N
1.6 N7
0.8 N6
0.4 N5 NI KANK
0.2 N4
0.1 N3
0.05 N2 NINH R NS
0.025 N1

Indication of Special Roughness Characteristics: In certain circumstances, for functional reasons, it may be necessary
to specify additional special requirements, concerning surface roughness. If it is required that the final surface texture be
produced by one particular production method, this method should be indicated on an extension of the longer arm of the
symbol. Also, any indications relating to treatment of coating may be given on the extension of the longer arm of the

symbol.

27

Equivalent surface roughness symbols




Symbol

Interpretation

Parallel to the plane of projection
of the view in which the symbol is
used

o

="

Direction of

Perpendicular to the plane of
projection of the view in which the
symbol is used

M

@

Direction of
lay
7
Crossed in two slant directions ' —
X relative to the plane of projection
of the view in which the symbol is {
__— g Dlretl:;;;)n of

Multi-directional

Approximately circular, relative to
the centre of the surface to which
the symbol is applied

Approximately radial, relative to
the centre of the surface to which

the symbol is applied

Symbols specifying the directions of lay
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UNITV
DETAILED and PART DRAWINGS

Heat treatment and surface treatment symbols used on drawings

Stuffing Box is used to prevent loss of fluid such as steam, between sliding or turning parts of
machine elements. In a steam engine, when the piston rod reciprocates through the cylinder cover;

stuffing box provided in the cylinder cover, prevents leakage of steam from the cylinder.

J=

|

-

Stuffing box
Parts list
PartNo.| Name Matl | Qty
1 Body Cl |1
2 Gland Brass| 1
3 Bush Brass| 1
4 Stud MS 2
5 Nut, M12 MS | 2




Crosshead is used in horizontal steam engines for connecting the piston rod and connecting rod.
The crosshead, with the help of slide block 4, reciprocates between two guides provided in the engine
frame. The gudgeon pin 3 connects the slide blocks with the crosshead block 1. This acts as a pin joint
for the connecting rod (not shown in figure). The piston rod 2 is secured to the crosshead block by means
of the cotter 5. The assembly ensures reciprocating motion along a straight line for the piston rod and
reciprocating cum oscillatory motion for the connecting rod.
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Parts kst

Part No. Name Matl | Qty
1 Block CS 1
2 Piston rod MS | 1
3 Gudgeonpin | MS | 1
4 Shde block Cl 2
5 Cotter MS | 1

Steam engine crosshead
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Eccentric is used to provide a short reciprocating motion, actuated by the rotation of a shaft.
Eccentrics are used for operating steam valves, small pump plungers, shaking screens, etc. Rotary
motion can be converted into a reciprocating motion with an eccentric, but the reverse conversion is
not possible due to excessive friction between the sheave and the strap. The sheave 2 which is in the
form of a circular disc with a stepped rim is keyed on the shaft. When the shaft rotates, the sheave
rotates eccentrically because of the eccentrically placed hole in it and imparts reciprocating motion to
eccentric rod 6. The straps 1 are semi-circular elements with an annular recess to accommodate the
stepped rim of the sheave. These are held together on the sheave by means of strap bolts 4, with packing
strips 3 placed between them. The eccentric rod is fixed to the eccentric strap by means of the studs
and nuts 5.
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Details of an eccentric
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Connecting rod is used in center crank engines. The bearing bush 4 which is in one piece, is fitted
at the small end of the connecting rod 1. The small end of the rod is connected to the piston. The main
bearing bush, which is split into two halves, is placed at the big end of the connecting rod. The big end
of the rod is connected to the crank pin of the center crank. First, the split bearing brasses 3 are placed

on the crank pin, then the big end of the connecting rod and the cap 2 are clamped onto these, by means
of two bolts 5 and nuts 6.

DIA 4 DRILL. CSK
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Parts bt
Part No
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Details of petrol engine connecting rod
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Screw jacks are used for raising heavy loads through very small heights. In this, the screw 3 works
in the nut 2 which is press fitted into the main body 1. The Tommy bar 7 is inserted into a hole through
the enlarged head of the screw and when this is turned, the screw will move up or down, thereby raising
or lowering the load.
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Screw jack
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Pipe vices are designed for holding pipes, to facilitate operations such as threading or cutting-off
to required length. To assemble the vice, the screw rod 4 is screwed into the base 1 from above. When
the circular groove at the end of the screw rod is in-line with the 6 mm diameter transverse hole in the
housing, the movable jaw 2 is inserted from below. After alignment, two set screws 3 are inserted into
the jaw. This arrangement allows the jaw to move vertically without rotation when the handle is
operated and the screw is turning. The V-shaped base of the housing can accommodate pipes of

different diameters. The serrations provided on the V-shaped end of the movable jaw provide effective
grip on the pipe surface.

$] pat—
- e e——]
o oC 2 74 ;

STETT ; §|-—ai-—a
| | | Elocg22?
! ! 1 O'E = - e -
[ o E; g
| pod 3
I i e
3 1 : 3(£§358 8
T . SEAAL T
Sz | G| g
i Em_t" @ gg — N WO @
AN ' a e
' iSEE|
o—- t

15

ipe vice

SQ THD
DIATD x 3

P




Plummer block is used for long shafts, requiring intermediate support, especially when the shaft
cannot be introduced into the bearing, end-wise. The bottom half 2 of the bearing brass is placed in the
base 1 such that, the snug of the bearing enters into the corresponding recess in the base; preventing
rotation of the brasses. After placing the journal (shaft) on the bottom half of the bearing brass, kept in
the base; the upper half of the bearing brass 3 is placed and the cap 4 is then fixed to the base, by means
of two bolts with nuts 5. The bearing is made of two halves so that the support can be introduced at any
location of the long shaft.
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Lathe tool post supports one cutting tool at a time and is used on small sized lathes. This unit is
fixed on the compound rest of the lathe carriage. The tool post consists of a circular body 1 with a collar
at one end and a threaded hole at the other. A vertical slot is provided in the body to accommodate the
tool/tool holder. The body is slid through the square block 5, which is finally located in the T-slot,
provided in the compound rest. The design permits rotation of the body about the vertical axis. A circular
ring 4 having spherical top surface is slid over the body and the wedge 3 is located in the vertical slot.
The tool / tool holder is placed over the wedge. By sliding the wedge on the ring, the tool tip level can
be adjusted. The tool is clamped in position by means of the square headed clamping screw 2, passing
through the head of the body.

M2z, T A s a L
| -
o [ K==
i ]!
~ w0 ==®)
) = ==15'
4 b ==
I ==
ol 8l 8 = ¥ ﬁ?ojL
" - | 18
[ —— | 4 ~2‘ @
; OI , 25
o
4 | ]
$62 o
¢ L
= ZL..- b s oo L o
@]
o 3
S 1=\ 1 S —
;. B = = 2 AEERE -
ebl-g oc 3
& S-S z|l===="F )
D N
. O
oL @ Q
£
S| « o=
b > 50 OO0 O —_—
1= =0L 0G5
ol = |EDES D O
o - —
2| O
o ‘% 2 - N W
D) i '

36



Oldham coupling is known as a non-aligned coupling and is used to connect two parallel shafts,
whose axes are at a small distance apart. The two flanges 1 are mounted on the ends of shafts 3 by
means of sunken keys 4. The flanges are having rectangular slots in them. These flanges are set such
that, the slots in them are at right angle to each other. The circular disc 2 is now positioned in-between
them so that the projections in the circular disc, enter into the corresponding slots of the flanges.
During rotation of the shafts, the central disc slides in the slots of the flanges.
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Universal coupling is a rigid coupling and is used to connect two shafts, whose axes intersect if
extended. The forks 2 are mounted at the ends of two shafts 1, making use of sunk keys 6. The central
block 3, having two arms at right angle to each other, is placed between the forks and connected to
both of them by using pins 4 and collars 5. A taper pin (not shown) is used to keep the pins 4 in position.
During rotation of shafts, the angle between them can be varied.
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Parts list
Sl. No. Name Matl. | Qty.
1 Shaft MS 2
2 Fork FS 2
3 Central block FS 1
4 Pin MS 2
5 Collar MS 2
6 Key MS 2
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Universal coupling
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Safety or relief valves are used as boiler mountings and they let off steam from inside the boiler
whenever the pressure exceeds the set value. Thus, these valves safe guard the boilers. The pressure
may be set by using a dead weight or a tension spring with tension adjustment arrangement. Spring
loaded relief valve in which a tension spring is used to set a pre-determined value for the steam pressure
in the boiler. Valve 3 is placed vertically inside the valve body 1 and the valve seat is an integral part of
the valve body, in the design considered. Stem 6 is located in the valve, with pointed end entering into
the valve. Flange 7 is now placed over this assembly and fastened to the valve body by fulcrum bolt 4.
Lever 2 is attached to the fulcrum bolt by using the fulcrum pin 5 such that, the lever rests on the stem
6. One end of the tension spring 8 is attached to the lever and the other end to the tension adjusting
bolt 9. The tension adjusting bolt is attached to a base and the spring tension can thus be adjusted to
any required value.
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Air cock valve is used to control air or gas supply. It consists of a plug 2 which is inserted into the
body 1, from the bottom. The rectangular sectioned spring 4 is placed in position at the bottom of the
plug and seated over the screw cap 3. The screw cap is operated to adjust the spring tension. Lever 5
with square hole is used to operate the cock. By a mere 90° turn, the cock is either opened or closed

fully.
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HEAT TREATMENT AND SURFACE TREATMENT

In engineering application: Machine components made of different materials
are subjected to one or more of the following modes of failure: tension or
compression bearing bending torsion shear stress, transverse shear stress wear,
fatigue, corrosion etc.

Its known fact that the surface finish plays a major role in the fatigue life of
the components.

The classification for Heat treatment/ surface treatment is derived from the
treatment that are used in the manufacturing process both heat treatment and
surface treatment process are termed as non shaping processes

Processcodes:

The process classification is used as a generic frame work for creating a
unique and UN ambiguous numeric code to aid in communication and information
retrieval.

000 Material identification and handling
100 Material Removal Processes

200 Consolidation Processes

300 Deformation Processes

400 Joining Processes

500 Heat treatment Processes

600 Surface treatment Processes

700 Inspection

800 Assembly

900 Testing

Decimal
code
Process optional

5§ |-2-11

v —
4-Digit code

Basic process code
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0.5-06
HRC > 80

(a) (b)
() .
, (©) (d)

Process codes for certain heat treatment and surface treatment processes

[ 04-06
@/ HRC > 60 Portions requiring
treatment

- W [vw] \ /G050

06-08
(€)) Suriace hardened (b) HRC : 50-60

Rest HRC < &5
\ / HRC > 60 ‘

- —-— e g — - —_ -

() (d)

Applications of process codes
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Process codes for heat treatment processes

[

Heat treatment process

Process code

Stress relieving

501

Annealing
Tempesing 502
Full 2nne=zling 511
Carburizing 521
Carbonitriding 523
Hardening Cyaniding 524
Nitriding E25
Diffusion hardening EZ0
Flame hardening 527
Induction hardening 528
Process codes for surface treatment processes
Surface treatment process Process code

Surface preparation Abrasive blasting 601
Shot-peening 603
Flame cleaning 607
Chemical pickling 609
Electrocchemical deburring 617
Vapour degreasing 623
Solvent degreasing 624
Surface coating Hot dip coating 642
Fluidized bed coating 644
Combustion flame spraying 651
Plasma arc spraying 652
Sputtering 662
Phosphate 677

Chromate 678 -
Surface modification Shot-peening 683
686

Wire brush finishing
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