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UNIT-2 

Measurement: Temperature, pressure, velocity, flow, strain, force and torque measurement, concept of 

measurement error & uncertainly analysis, measurement by Vernier calliper, micrometer, dial gauges, slip 

gauges, sine-bar and combination set; introduction to lath, drilling, milling and shaping machines. 

 

Methods of Measurement  

 

1) Method of direct measurement:  The value of the quantity to be measured is obtained directly without the 

necessity of carrying out supplementary calculations based on a functional dependence of the quantity to be 

measured in relation to the quantities actually measured. Example:  Weight of a substance is measured directly 

using  a physical balance. 

 

2) Method of indirect measurement: The value of the quantity is obtained from measurements carried out by 

direct method of measurement of other quantities, connected with the quantity to be measured by a known 

relationship.  Example: Weight of a substance is measured by measuring the length, breadth & height of the 

substance directly and then by using the relation   

Weight = Length x Breadth x Height x Density  

 

3) Method of measurement without contact:  The sensor is not placed in contact with the object whose 

characteristics are being measured. 

 

4)  Method of combination measurement closed series: The results of direct or indirect measurement or 

different combinations of those values are made use of & the corresponding system of equations is solved. 

 

5)  Method of fundamental measurement: Based on the measurements of base quantities entering into the 

definition of the quantity. 

 

6)  Method of measurement by comparison: Based on the comparison of the value of a quantity to be 

measured with a known value of the same quantity (direct comparison), or a known value of another quantity 

which is a function of the quantity to be measured (indirect comparison). 

 

7)  Method of measurement by substitution:  The value of a quantity to be measured is replaced by a known 

value of the same quantity, so selected that the effects produced in the indicating device by these two values 

are the same (a type of direct comparison). 

 

8)  Method of measurement by transposition :  The value of the quantity to be measured is in the beginning, 

balanced by a first known value A of the same quantity, then the value of the quantity to be measured is put in 

place of this known value and is again balanced by another known value B.  If the position of the element 

indicating equilibrium is the same in both the cases, the value of the quantity measured is equal to A & B. 
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9) Method of differential measurement: Based on the comparison of the quantity to be measured with a 

quantity of the same kind, with a value known to be slightly difference from that of the quantity to be 

measured, and the measurement of the difference between the values of these two quantities. 

 

10)  Method of measurement by complement:  The value of the quantity to be measured is complemented by 

a known value of the same quantity, selected in such a way that the sum of these two values is equal to a 

certain value of comparison fixed in advance. 

 

11)  Method of measurement by interpolation :  It consists of determining value of the quantity measured on 

the basis of the law of correspondence & known values of the same quantity, the value to be determined lying 

between two known values. 

 

12)  Method of measurement by extrapolation :  It consists of determining the value of the quantity measured 

on the basis of the law of correspondence & known values of the same quantity, the value to be determined 

lying outside the known values. 

 

Precision & Accuracy of Measurement  

 

Precision: It is the degree which determines how well identically performed measurements agree with each 

other. It is the repeatability of the measuring process.  It carries no meaning for only one measurement.  It 

exists only when a set of observations is gathered for the same quantity under identical conditions.  In such a 

set, the observations will scatter about a mean.  The less is the scattering, the more precise is the 

measurement. 

 

Accuracy: It is the degree of agree e t et ee  the easured alue a d it s true alue.  The differe e 
between the measured value & the true value is known as Error of easure e t .  Accuracy is the quality of 

conformity. 

  To distinguish the Precision from Accuracy, the following simple example can be said.  A repaired 

needle-watch will give Precision readings (same time) all the times, but will give Accurate readings (correct 

time) only 2 times in a day. 

  Of the two, Precision & Accuracy, only the former is required though the latter is usually sought for in 

a measuring process.  Achieving high precision is easier & cheaper than achieving high accuracy.  If the 

measuring instrument is of high precise & is calibrated for its error, then the true value can be easily obtained 

from the measured average value after deducting the instrument error.  So, high precision - instrument is 

required rather than the high accurate – instrument, considering cost and reliability of the measuring 

instrument. 

  However, of the two, precision & accuracy, which one is more vital, depends on the situation.  For 

example, for a carpenter entrusted with the job of fitting a shelf into cupboard, precision is more important.  

This can be achieved only when he uses the same scale to measure the cupboard & the board for shelf. It 

hardly matters whether his scale is accurate or not. If however, such a board is ordered for purchase from    a 
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pre-cut board from outside, accuracy becomes more vital than precision.  He must measure the size of the 

cupboard very accurately before placing the order. 

 

  Interchange ability  is the all of the da .  Not o l  a ut fro  its lot should fit on any bolt of its lot, 

both manufactured in the same plant by same men, but also, it should fit on a bolt from some other 

manufacturer.  The simplest way to maintain compatibility of parts for interchangeable manufacture is by 

adopting accuracy in measurement everywhere. 

 

Factors affecting the accuracy of measuring system  

a) Factors affecting the standard of measurement: 

 co-efficient of thermal expansion 

 elastic properties 

 stability with time 

 geometric compatibility 

b) Factors affecting the work piece to be measured: 

 co-efficient of thermal expansion 

 elastic properties 

 arrangement of supporting work piece 

 hidden geometry 

 Surface defects such as scratches, waviness, etc. 

c) Factors affecting the inherent characteristics of instrument: 

 repeatability & readability 

 calibration errors 

 effect of friction, backlash, etc 

 inadequate amplification for accuracy objective 

 deformation in handling or use 

d) Factors affecting person: 

 improper training / skill 

 inability to select proper standards / instruments 

 less attitude towards personal accuracy measurements 

e) Factors affecting environment: 

 Temperature, humidity, atmospheric pressure, etc. 

 cleanliness 

 adequate illumination 

 heat radiation from lights / heating elements 

 

Errors in Measurement  

 

Error in measurement is the difference between the measured value and the true value of the measured 

dimension. 

Error in measurement = Measured value – True value 
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The error in measurement may be expressed as an absolute error or as a relative error. 

1)  Absolute error:  It is the algebraic difference between the measured value and the true value of the 

quantity measured.  It is further classified as; 

a) True absolute error: It is the algebraic difference between the measured average value and the conventional 

true value of the quantity measured. 

 

b) Apparent absolute error: It is the algebraic difference between one of the measured values of the series of 

measurements and the arithmetic mean of all measured values in that series. 

 

2)  Relative error:  It is the quotient of the absolute error and the value of comparison (which may be true 

value, conventional true value or arithmetic mean value of a series of measurements) used for the calculation 

of that absolute error. 

 

Types of Errors  

 

A) Error of Measurement  

1) Systematic error: It is the error which during several measurements, made under the same conditions, of 

the same value of a certain quantity, remains constant in absolute value and sign or varies in a predictable way 

in accordance with a specified law when the conditions change.   

The causes of these errors may be known or unknown.  The errors may be constant or variable.  Systematic 

errors are regularly repetitive in nature. 

 

2) Random error: This error varies in an unpredictable manner in absolute value & in sign when a large 

number of measurements of the same value of a quantity are made under practically identical conditions.  

Random errors are non-consistent.  Random errors are normally of limited time duration. 

 

3)  Parasitic error:  It is the error, often gross, which results from incorrect execution of measurement. 

 

B) Instrumental error  

1)  Error of a physical measure:  It is the difference between the nominal value and the conventional true value 

reproduced by the physical measure. 

 

2)  Error of a measuring mechanism:  It is the difference between the value indicated by the measuring 

mechanism and the conventional true value of the measured quantity. 

 

3)  Zero error: It is the indication of a measuring instrument for the zero value of the quantity measured. 

 

4)  Calibration error of a physical measure:  It is the difference between the conventional true value 

reproduced by the physical measure and the nominal value of that measure. 

 

5)  Complementary error of a measuring instrument:  It is the error of     a measuring instrument arising from 

the fact that the values of the influence quantities are different from those corresponding to the reference 
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conditions. 

 

6)  Error of indication of a measuring instrument:  It is the difference between the measured values of a 

quantity, when an influence quantity takes successively two specified values, without changing the quantity 

measured. 

 

7)  Error due to temperature:  It is the error arising from the fact that the temperature of instrument does not 

maintain its reference value. 

 

8)  Error due to friction:  It is the error due to the friction between the moving parts of the measuring 

instruments. 

 

9)  Error due to inertia:  It is the error due to the inertia (mechanical, thermal or otherwise) of the parts of the 

measuring instrument. 

 

C)  Error of observation  

1)  Reading error:  It is the error of observation resulting from incorrect reading of the indication of a 

measuring instrument by the observer. 

 

2)  Parallax error:  It is the reading error which is produced, when, with the index at a certain distance from the 

surface of scale, the reading is not made in the direction of observation provided for the instrument used. 

3)  Interpolation error:  It is the reading error resulting from the inexact evaluation of the position of the index 

with regard to two adjacent graduation marks between which the index is located. 

 

D)  Based on nature of errors  

1)  Systematic error:  (already discussed) 

 

2)  Random error:  (already discussed) 

 

3)  Illegitimate error:  As the name implies, it should not exist.  These include mistakes and blunders, 

computational errors and chaotic errors.  Chaotic errors are random errors but unlike the latter, they create 

chaos in the final results. 

 

E)  Based on control  

1)  Controllable errors:  The sources of error are known and it is possible to have a control on these sources.  

These can be calibration errors, environmental errors and errors due to non-similarity of condition while 

calibrating and measuring. 

 

2) Calibration errors:  These are caused due to variation in the calibrated scale from its normal value.  The 

actual length of standards such as slip gauges will vary from the nominal value by a small amount.  This will 

cause an error of constant magnitude. 
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3) Environmental (Ambient /Atmospheric Condition) Errors: International agreement has been reached on 

ambient condition which is at 20 C temperature, 760 mm of Hg pressure and 10 mm of Hg humidity. 

Instruments are calibrated at these conditions.  If there is any variation in the ambient condition, errors may 

creep into final results. Of the three, temperature effect is most considerable. 

 

4) Stylus pressure errors: Though the pressure involved during measurement is generally small, this is sufficient 

enough to cause appreciable deformation of both the stylus and the work piece.  This will cause an error in the 

measurement. 

 

5) Avoidable errors:  These errors may occur due to parallax in the reading of measuring instruments.  This 

occurs when the scale and pointer are separated relative to one another.   

 

The two common practices to minimise this error are: 

i) Reduce the separation between the scale and pointer to minimum. 

ii) A mirror is placed behind the pointer to ensure normal reading of the scale in all the cases. 

These avoidable errors occur also due to non-alignment of work piece centres, improper location of measuring 

instruments, etc. 

 

2)  Non-controllable errors:  These are random errors which are not controllable. 

 

 

Causes of Errors  

1)  Errors due to deflection (Errors of supports):  When long bars are supported as beam, they get deformed or 

deflected.  This elastic deformation occurs because long bars, supported as to ends sags under their own 

weight.  The amount of deflection depends upon the positions of the supports.  This problem was considered 

by Sir G.B. Airy, who showed that the positions of the supports can be arranged to give a minimum error.  Slope 

and deflection at any point can be calculated from the theory of bending.   

 

Two conditions are considered, as follows; For a bar of length L, supported equidistant from the centre on 

supports  dista e l  apart, the  for o slopes at the e ds,                 l = 0.577 L suita le for li e sta dards 
and end bars).  For minimum deflection of the beam, l = 0.544 L (suitable for straight edges)  

 

2   Errors due to isalig e t:  A e s pri iple of alig e t should e follo ed i  easure e ts to a oid 
osi e errors, si e errors, et .  A ordi g to A e s pri iple, the a is or li e of easure e t of the easured 

part should coincide with the line of measuring scale or the axis of measurement of the measuring 

i stru e t . 
 

3)  Error due to contact pressure: The variations in the contact pressure between the anvils of the instrument 

and the work piece being measured produce considerable difference in reading.  The deformation of the work 

piece and the anvils of instrument depend upon the contact pressure and the shape of the contact surfaces. 

 

4)  Error due to vibrations:  The errors due to vibrations can be avoided by 
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a) locating the laboratory  away from the sources of vibration 

b) keeping slipping cork, felt, rubber pads under the gauge 

c) mounting the gauge pedestal or floor sections on tar mastic 

d) Putting a gauge on a surface plate resting in turn on a heavy plate. 

 

5)  Error due to dirt: If the datum surface is not flat or if the foreign matter such as dirt, chips, etc are present 

between the datum and the work piece surface, then error will be introduced in the reading taken. 

 

6)  Error due to poor contact:  To avoid this type of error, the gauge with lesser area of contact should be used 

while measuring irregular or curved surface and correct pressure should be applied while making the contact. 

 

7)  Error due to wear in gauges:  Wear of measuring surfaces of instrument occurs due to repeated use.  This 

error can be avoided by hardening the surfaces or by using chrome plated parts for contact surfaces. 

 

8)  Error due to looseness :  Looseness can be tested by setting the gauge contact on gauge anvil and zeroing 

the meter; and then applying finger pressure or a light tab to each location, where looseness might be 

expected and noting the reading again. 

 

9)  Error due to location:  Figure drawn below shows how imperfect location of surface causes errors. 

Reading = a + b     = c tan  + t sec   

Error      = a + b - t = c tan  + t (sec  - 1) 

 

10)  Error due to parallax effect:  Parallax error occurs when; 

i) The line of vision is not directly in line with the measuring scale. 

ii) The scale and the pointer are separated from each other. 

 

Slip gauges:  

Slip gauges are rectangular blocks of steel having cross section of 30 mm face length & 10 mm face width as 

shown in fig. 
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Slip Gauge 

  Slip gauges are blocks of steel that have been hardened and stabilized by heat treatment. They are 

ground and lapped to size to very high standards of accuracy and surface finish. A gauge block (also known 

Johansson gauge, slip gauge, or Jo block) is a precision Length measuring standard consisting of a ground and 

lapped metal or ceramic block. Slip Gauges were invented in 1896 by Swedish machinist Carl Edward 

Johansson. 

 

  When correctly cleaned and wrung together, the individual slip gauges adhere to each Other by 

molecular attraction and, if left like this for too long, a partial cold weld will take place. If this is allowed to 

occur, the gauging surface will be irreparable after use, hence the Gauges should be separated carefully by 

sliding them apart. They should then be cleaned, Smeared with petroleum jelly (Vaseline) and returned to their 

case. 

 

Protector Slips: 

In addition, some sets also contain protector slips that are 2.50mm thick and are made from a hard, wear 

resistant material such as tungsten carbide. These are added to the ends of the slip gauge stack to protect the 

other gauge blocks from wear. Allowance must be made of the thickness of the protector slips when they are 

used. 

 

Wringing of Slip Gauges: 

Slip gauges are wrung together to give a stack of the required dimension. In order to achieve the maximum 

accuracy the following precautions must be taken. 

• Use the minimum number of blocks. 

• Wipe the measuring faces clean using soft clean chamois leather. 

• Wring the individual blocks together by first pressing at right angles, sliding & then twisting. 

 

 

 

 

 

Downloaded from  be.rgpvnotes.in

Page no: 8 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

INDIAN STANDARD ON SLIP GAUGES (IS 2984-1966) 

1. Slip gauges are graded according to their accuracy as Grade 0, Grade I & Grade II. 

2. Grade II is intended for use in workshops during actual production of components, tools & gauges. 

3. Grade I is of higher accuracy for use in inspection departments. 

4. Grade 0 is used in laboratories and standard rooms for periodic calibration of Grade I & Grade II gauges. 

 

Sine Bars: 

It is a precision measuring instrument and is an excellent example of combination of linear measurement and 

angular measurement when used in conjunction with gauge blocks (slip gauges).  It consists of a bar carrying a 

suitable pair of rollers set a known centre distance.  It is made of high carbon, high chromium corrosion 

resistant steel, suitably hardened, precision ground and stabilised.  Relief holes are provided for easy handling 

of sine bar and for reducing the weight of the sine bar. It should be used on a grade A surface plate.  

  If l is the linear distance between the axes of the rollers and h is the height of the slip gauges, then sin 

θ = h/l  

  The design requirements of a sine bar are as follows, and unless these are carefully maintained the 

order of accuracy of angular measurement will fall: 

 

i)  The rollers must be of equal diameter and true geometric cylinders. 

ii)  The distance between the roller axes must be precise and known, and these axes must be mutually parallel. 

iii)  The upper surface of the beam must be flat and parallel with the roller axes, and equidistant from each. 

 

 

 

Working principle of Sine bar: 

 

The sine bar is first kept on the surface plate.  The work piece is then placed on the sine bar such that the 

surface whose taper angle is to be measured is facing upwards.  Place the set of slip gauges under one end of 

the roller of sine bar such that the upper surface of the work piece is approximately parallel with the table 

surface.  Place the plunger of the dial gauge on the upper surface of the work piece.  Take readings with the 

dial gauge at both ends and note their difference, noting which end of the work is low.  Assuming that the end 

nearest the high end of the sine bar is low, and then the slip gauges height must be increased by an amount 

equal to the difference in the dial gauge readings multiplied by the proportion of sine bar length to work 

length.  For example, assuming that the end of a work piece was 0.01mm low, the sine bar being 250 mm long 

and the work 100 mm long, then the required increase in height of slip gauge set will be 0.01 x 250/100 = 0.025 

mm.  This will not give an immediately correct setting from a first approximation, but it is much quicker than a 
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trial and error method. 

 

Advantages of sine bar: 

1. It is used for accurate and precise angular measurement. 

2. It is available easily. 

3. It is cheap. 

 

Disadvantages: 

1. The application is limited for a fixed centre distance between two plugs or rollers. 

2. It is difficult to handle and position the slip gauges. 

3. If the angle exceeds 45°, sine bars are impracticable and inaccurate. 

4. Large angular error may results due to slight error in sine bar. 

 

Metal Casting-Metal Casting is one of the oldest materials shaping methods known. Casting means pouring 

molten metal into a mould with a cavity of the shape to be made, and allowing it to solidify. When solidified, 

the desired metal object is taken out from the mould either by breaking the mould or taking the mould apart. 

The solidified object is called the casting. By this process, intricate parts can be given strength and rigidity 

frequently not obtainable by any other manufacturing process.  The mould, into which the metal is poured, is 

made of some heat resisting material. Sand is most often used as it resists the high temperature of the molten 

metal. Permanent moulds of metal can also be used to cast products. 

Advantages 

The metal casting process is extensively used in manufacturing because of its many advantages. 

1. Molten material can flow into very small sections so that intricate shapes can be made by this process. 

As a result, many other operations, such as machining, forging, and welding, can be minimized or 

eliminated. 

2. It is possible to cast practically any material that is ferrous or non-ferrous. 

3. As the metal can be placed exactly where it is required, large saving in weight can be achieved. 

4. The necessary tools required for casting molds are very simple and inexpensive. As a result, for 

production of a small lot, it is the ideal process. 

5. There are certain parts made from metals and alloys that can only be processed this way. 

6. Size and weight of the product is not a limitation for the casting process. 

Limitations 

1. Dimensional accuracy and surface finish of the castings made by sand casting processes are a limitation 

to this technique. Many new casting processes have been developed which can take into consideration 

the aspects of dimensional accuracy and surface finish. Some of these processes are die casting 

process, investment casting process, vacuum-sealed molding process, and shell molding process. 

2. The metal casting process is a labor intensive process 

Pattern  

The pattern is the principal tool during the casting process. It is the replica of the object to be made by the 

casting process, with some modifications.  

Functions of the Pattern 

1. A pattern prepares a mold cavity for the purpose of making a casting. 
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2. A pattern may contain projections known as core prints if the casting requires a core and need to be 

made hollow. 

3. Runner, gates, and risers used for feeding molten metal in the mold cavity may form a part of the 

pattern. 

4. Patterns properly made and having finished and smooth surfaces reduce casting defects. 

5. A properly constructed pattern minimizes the overall cost of the castings. 

Pattern Material 

Patterns may be constructed from the following materials. Each material has its own advantages, limitations, 

and field of application. Some materials used for making patterns are: wood, metals and alloys, plastic, plaster 

of Paris, plastic and rubbers, wax, and resins. To be suitable for use, the pattern material should be: 

1. Easily worked, shaped and joined 

2. Light in weight 

3. Strong, hard and durable 

4. Resistant to wear and abrasion 

5. Resistant to corrosion, and to chemical reactions 

6. Dimensionally stable and unaffected by variations in temperature and humidity 

7. Available at low cost 

 

LATHE 

  

Lathe is a machine, which removes the metal from a piece of work to the required shape and size 

 Common types of lathes:   

Engine Lathe: The most common form of lathe, motor driven and comes in large variety of sizes and shapes.   

Bench Lathe: A bench top model usually of low power used to make   precision machine small work pieces. 

Tracer Lathe: A lathe that has the ability to follow a template to copy   a shape or contour. 

Automatic Lathe: The lathe in which the work piece is automatically fed and removed without use of an 

operator.  Cutting operations are automatically controlled by a sequencer of some form. 

Turret Lathe: The lathes which have multiple tools mounted on turret either attached to the tailstock or the 

cross-slide, which allows for quick changes in tooling and cutting operations. 

Computer Controlled Lathe: Highly automated lathes, where cutting, loading, tool changing, and part 

unloading are automatically controlled by computer coding.  

 

Lathe specifications 

1. Distance between centres 

2. Swing over the bed 

3. Swing over the cross slide 

4. Horse power of the motor 

5. Number of speeds 

6. Number of feeds  

 

Basic Lathe Operations 
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Facing:  

Facing is used to make a flat surface at the end of the work piece. The work part should be rotating and the 

implied feed should be radial. Feed for facing operation in lathe machine: Radial feed. 

Contour turning:  

In this operation of lathe machine the tool is not fed in a straight path. Instead the tool follows a contour. A 

contoured form is created in the turned part. 

Form turning: 

In this method a special shaped tool is used. The tool is inserted radials. 

Feed for forming: Radial. 

Taper turning: Like contour turning the tool is not fed parallel to the axis of rotation of the work part. The tool is 

fed at an angle. This turning operation gives a conical and taper cylindrical shape. 

Chamfering: Only the cutting edge is used at the corner of cylindrical shapes which is used for stress relieving of 

the work piece. 

Boring: A single point tool head is fed linearly to the end of the work piece (on the inside diameter). 

Threading: A pointed tool is used at the outside surface of the work piece with linear feed.  

Drilling: Drilling and reaming is done by feeding the lathe tool along the axis of the rotating job part. 

Knurling: It is a metal forming method which creates a regular cross hatched pattern. It is not a machining 

process. It does not involve any cutting of the metal 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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