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DEPARTMENT OF MECHANICAL ENGINEERING

INSTITUTE VISION AND MISSION
VISION:

To emerge as a Centre of excellence in technical education with a blend of effective student
centric teaching leiaarning practices as well as research for the transformation of lives and

community.

MISSION:

1. Provide thebest class infrastructure to explore the field of engineering and research.

2. Build a pas;sionate and a determined team of faculty with student centric teaching,
imbibing e;éperiential and innovative skills.

3. Imbibe lifelong learning skills, entrepreneurial skills and ethical values in students for

addressing societal problems.

=

PRINCIPAL
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DEPARTMENT OF MECHANICAL ENGINEERING

DEPARTMENT VISION AND MISSION
VISION:

To strive for making competent Mechanical Engineering Professionals to cater the real time
needs of Industry and Research Organizations of high repute with Entrepreneurial Skills and
Ethical Values.

MISSION:

M1. To train thie students with State of Art Infrastructure to make them industry ready
professionais and to promote them for higher studies and research.

M2. To employ} committed faculty for developing competent mechanical engineering
graduates to deal with complex problems.

M3. To support the students in developing professionalism and make them socially

committed mechanical engineers with morals and ethical values.
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DEPARTI:VIEN T OF MECHANICAL ENGINEERING

PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEO 1: Excel in priofession with sound knowledge in mathematics and applied sciences
PEO 2: Demonstrate leadership qualities and team spirit in achieving goals

|
PEO 3: Pursue higher studies to ace in research and develop as entrepreneurs.

¢

i

PROGRAM SPECIFIC OUTCOMES (PSOs)

PSO1. The students will be able to apply knowledge of modern tools in manufacturing
enabling to é:onquer the challenges of Modern Industry.

PSO2. The studenté will be able to design various thermal engineering systems by applying
the principles of thermal sciences.

PSO3. The students will be able to design different mechanisms and machine components of

transmission of power and automation in modern industry.
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PROGRAM OUTCOMES (POs):

Engineering Graduates will be able to:

L. Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of complex
engineering problems.

2. Problem analysis: Identify, formulate, review research literature, and analyse complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with
appropriate considgration for the public health and safety, and the cultural, societal, and
environmental considerations.

4. Conduct mvestlgatlons of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the 1nf‘ormat10n to provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and-modelling to complex engineering
activities with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of,
and need for susta;inable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

9. Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive
clear instructions.

11. Project manaoement and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member
and leader in a team to manage projects and in multidisciplinary environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of technological change.
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| REVISED Bloom’s Taxonomy Action Verbs

Definitions I. Remembering | II. Understanding lll. Applying IV, Analyzing V. Evaluating VI. Creating
(
Bloom’s Exhibit memory | Demonstrate Solve problems to | Examine and break| Present and Compile
Definition of previously understanding of new situations by | informationinto | defend opinions | information
learned material | facts and ideas by applying acquired | parts by identifying| by making togetherin a
by recalling facts) organizing, knowledge, facts, | motives or causes. judgments about | different way by
terms, basic comparing, techniques and Make inferences | information, combining
concepts, and translating, rules in a differeng. and find evidence | validity of ideas, | elements ina
answers, interpretirig, giving | way. " | to support or quality of work | new pattern or
descriptions, and ‘generalizations. based on a set of | proposing
stating main ideas. criteria. alternative
solutions.
Verbs e Choose . lCIassify e Apply ® Analyze e Agree e Adapt
e Define e Compare ® Build * Assume * Appraise * Build
e Find Contrast * Choose ® Categorize ® Assess e Change
e How ‘Demonstrate * Construct e (Classify e Award * Choose
e label Explain = Develop * Compare e Choose * Combine
@ e |ist {Extend ® Experimentwith| ® Conclusion e Compare ® Compile
® Match lustrate e |dentify * Contrast e Conclude = Compose
* Name {infer * Interview e Discover e (riteria * Construct
* Omit Interpret * Make use of * Dissect e (riticize ® (Create
Recall * Outline Model ® Distinguish ® Decide * Delete
Relate Relate Organize * Divide ® Deduct * Design
e Select Rephrase ® Plan . * Examine e Defend * Develop
e Show e Show e Select v | 45 Function * Determine * Discuss
e Spell e  Summarize e Solve * Inference ® Disprove e Elaborate
e Tell e Translate « Utilize ‘e - Inspect e Estimate e Estimate
* What e List ® Evaluate | e Formulate
®  When * Motive Explain * Happen
*  Where * Relationships | « Importance | o Imagine
®  Which * Simplify * Influence * Improve
* Who * Survey * Interpret * |nvent
=  Why * Take partin * Judge * Make up
* Test for = Justify * Maximize
e Theme * Mark ® Minimize
@ * Measure * Modify
Opinion * Original
Perceive ® Originate
Prioritize ® Plan
* Prove ® Predict
® Rate ® Propose
ok ® Recommend | e Solution
* N * Ruleon e Solve
' * Select ® Suppose
® Support * Test
* Value * Theory

derson, L. W., & Krathwohl, D. R. (2001).

iA taxonomy for learning, teaching, and assessing, Abridged Edition. Boston, MA: Allyn and Bacon.
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I B. TECH I SEMESTER

IETROLOGY AND INS’
N I

After successful completion of this course, the students will be able to:

il

C213.1

Explain the design tslerances and fits for selected product quality.

C213.2

Illustrate the standards of length, angle measurement.

C213.3

Demonstrate the concepts of limit gauges and optical measurements.

C2134

Explain of various transducers to measure displacement.

C213.5

Analyze various temperature and pressure transducers for engineering applications.
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' Narasaraopeta Engiﬁéering College

55\’0‘;;’,_
= N&E (Autonomous)
. Yallamanda(Post);:Natasaraopet- 522601
- Department of Mechanical Engineering
COURSE INFORMATION SHEET
S N INTONVIALION SHEET
PROGRAMME: B.Tech Mechanical Engineering ‘
COURSE: METROLOG;Y & Year/Semester : TI/I CREDITS: 3
INSTRUMENTATION -
COURSE CODE: (R20ME2103) COURSE TYPE (CORE /ELECTIVE / BREADTH/ S&H): CORE

REGULATION: Autonomous R20

COURSE AREA/DOMAIN : Production PERIODS: 6 Per Week.

1

COURSE OUTCOMES:

SNO

Course Outcome Statement

C213.1Explain the design tolerances and fits for selected product quality.

C213.2|Ilustrate the standards of length, angle measuremént.*+

:

C213.3|Demonstrate the'concepts of limit gauges and optical measurements.

6 C213.4|Explain of variou;s transducers to measure displacement.

SYLLABUS: '

C213.5{Analyze various témperature and pressure transducers for engineering applications.

1
I

UNIT

DETAILS

SYSTEMS OF EMTS AND FITS: Introduction, nominal size, tolerance, limits, deviations,
fits -Unilateral and bilateral tolerance system, hole and shaft basis systems- interchangeability,

I and selective assembly. International standard system of tolerances, selection of limits and
Tolerances for correct functioning.
LINEAR MEASUREMENT: Length standards, end standards, slip gauges- calibration of the
slip gauges, dial indicators, micrometers.

I MEASUREMENT OF ANGLES AND TAPERS: Different methods — bevel protractor, angle

slip gauges- spirit levels- sine bar, rollers and spheres used to measure angles and tapers.
‘ RN

é I

LIMIT GAUGES: Taylor’s principles-design of GO. and NO GO gauges; plug, ring, snap, gap,
taper, profile and position gauges.

OPTICAL MEASURING INSTRUMENTS: Tools maker’s microscope

and  uses, autocollimators, optical projector, optical flats and their uses. Need of]
inspection, surface testing, surface finish, Laser instrumentation..

v

BASIC PRINCIPLES OF INSTRUMENTATION: Selection of instrumentation, Units and
standards — Static measurements — Scale and pointer type instruments — Definition of range,
sensitivity, hysteresis, accuracy, precision, reliability, repeatability, linearity, drift, Static and

dynamic response, rieproducibility, calibration procedure, errors in measuring instruments, source
of errors.

MEASUREMENT OF DISPLACEMENT: Theory and construction of various transducers to
measure displacement - LVDT, piezo electric, inductive, capacitance, resistance.

b .'P,:;,.
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’ ‘MEASUREMEI}IT OF TEMPERATURE: Classification, ranges,

various principles of

, ‘V measurement, expansion, electrical resistance, thermistor, thermocouple.
ASUREMENT OF PRESSURE: Units - classification — different principles used.
anometers, piston, bourdon pressure gauges, bellows - diaphragm, gauges. Low pressure
measurement, McLeod pressure gauge, . T "
" 4
TEXT BOOKS

T BOOK TITLE/AUTHOI{S/PUBLISHER

T1 Engineering Metrology, Mahajan, DhanpatRai Publishers

T2 Measurement Systems Applications & design by D.S Kumar, Khanna Publishers

REFERENCE BOOKS |
R BOOK TITLE/AUTHORS/PUBLISHER
R1

. [Engineering Metrology, R.K.Jain, Khanna Publishers.

R2  [Engineering Metrology by I.C.Gupta, DhanpatRai Publishers.
R3

echanical and Industrial Measurements, R.K. Jain, Khanna Publishers.

@ TOPICS BEYOND SYLLABUS/ADVANCED TOPICS:

-~

3

SNO DESCRIPTION ™+ = Associated PO & PSO

1 CNC machining PO1, PO3, PO5 & PSO1
2 Basics of non-conyentional machining PO1, PO3, POS5 & PSO1
WEB SOURCE REFERENCEES:

1 | http//www.ktunotes.in/ktu-me3 12-metrology-instrumentation-notes/

2 https://lecturenotes.in/subject/239/engineering-metrology-and—me‘asur.emgnts&mm

download-pdf

3 http://www.faadooengineers.conﬂﬂmreads/l009S-Metrology-and-instrumentation—fulI-notes-ebook-free-

https://nptel.ac.in/courses/112106 179/

https:/nptel.ac.in/courses/112106138/

https://nptel.ac.in/syllabus/112106179/

http://www.nptelvideos.in/2012/12/mechanical-measurements-and-metrology.html

https://freevideolectures.com/course/2370/mechanical-measurements-and-metrology

\DOO\IO\.U.-h

metrology/mechanical-engineering/ebe8812410£00287~85e97ale40ccaec9.html

https://www.btechgu’ru.com/engineeringvideo§/video-lesson/mechanical-measurements-and—

-t

-k ;'— .
DELIVERY/INSTRUCTIONAL METHODOLOGIES:

o

&

-t

-le

o Chalk & Talk | & PPT O Active Learning
&’ Web Resources l I¥ Students Seminars O Case Study

O Blended Learning; & Quiz @ Tutorials

O Project based learning - & NPTEL/MOOCS O Simulation

O Flipped Learning O Industrial Visit E1/Moy onst
O Brain storming O Role Play




MAPPING CO’S WITH PO’S

CO PO1| PO2| PO3| PO4| PO5| PO6 PO7| PO8| PO9| PO10| POI11 PO12 | PSO1| PSO2| PSO3
C213.1 3 3 . - - . - - . 3 . 2
C213.2 3 2 2 - - - - - - 3 - 2
C213.3 3 2 - - - - - - - 3 - 2
C213.4 3 2 - - - - - - - 3 - 2
C213.5 3 2 - - - - - ! - 3 2 2

Average | 3.00 | 2.00 | 2.00 - - - - - 3.00 2.00 2.00
MAPPING COURSE WITH POs & PSOs
Course | PO1| PO2| PO3 | PO4 PO5| PO6| PO7| PO8| PO9| PO10 PO11| PO12| PSO1| PSO2| PSO3
C213 3.00 [ 2.00 | 2.00 - - - - - - - 3.00 2.00 2.00
COURSE OUTCOME RUBRIC (ASSESMENT PER STUDENT):
ASSESMENT ATTAINMENT | ATTAINMENT | ATTAINMENT ATTAINMENT
TOOL WITH | METHOD LEVEL 3 LEVEL 2 LEVEL 1 LEVEL 0
WEIGHTAGE (EXCELLENT) (GOOD) (AVERAGE) (POOR)
Student secured > Studenfwsec{lfed Student secured Student secured
Internal tests Direct 60% marks of >60% and <50% | >50% and <40% | < 40% marks of
(40%) allocated marks for | marks of allocated | marks of allocated | allocated marks
that CO marks for that CO | marks for that CO for that CO
Student secured Student secured Student secured Student secured
Assignments et > 80% marks 270% and <80% | >60% and <70% | < 60% of marks
(20%) allocated for that marks allocated marks allocated allocated for that
CO for that CO for that CO CO
End Semester Student secured Student secured Student secured Student secured
Examination Direct grades A*&S* in | grades C*&B* in grades D*&E* in grades F* in
(30%) External Exam External Exam External Exam External Exam
Course end ; Student selected Student selected Student selected Student selected
Indirect p : : ;
Survey (10%) option option option option
* Grade Definition: S: >= 90%; A: 80%-89%; B: 70%-79%; C: 60%-69%:; D: 50%-59%; E: 40%-49%; F: <40%

ad

Course Coordinator

I

ment



ANNEXUREI:
(A) PROGRAM OUTCOMES(POs) Engineering Graduates will be able to: .
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and an engineering
specialization to the solution of complex engineering problems. ' ®
2. Problem analysis: Identify, formulate, review research literature, and analyze complex engineering problems reaching
substantiated conclusions using first ¢ ‘ principles ' of mathematics,
natural sciences, and engineering sciences. )
3. Design/development of solutions: Design solutions for complex engineering problems and design system components or
processes that meet the specified needs with appropriate consideration for the public health and safety, and the cultural,
societal, and environmental considerations.
4. Conduct investigations of complex problems: Use research-based knowledge and research methods including design of
experiments, analysis and interpretation of data, and synthesis of the information to provide validconclusions.
S.Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering and IT tools including
prediction and modeling to complex engineering activities with an understanding of the limitations.
6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal, health, safety, legal and
cultural issues and the consequent responsibilities relevant to the professional engineering practice.
7. Environment and sustainability: Understand the impact of the professional engineering solutions in societal and
environmental contexts, and demonstrate the knowledge of, and need for sustainable development.

. Ethics: Apply ethical principles and committo professional ethics and responsibilities and norms of the engineering practice.
9. Individual and team work: Function effectively as an individual, and as a member or leader in diverse teams, and in
multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the engineering community and with society
at large, such as, being able to comprehend and write effective reports and design documentation, make effective presentations, and
give and receive clear instructions. T .

11. Project management and finance: Demonstrate -knowledge and understanding of .the engineering and management
principles and apply these to one’s own work, as a rigtmber and leader in a team, to ‘manage projects and in multidisciplinary
environments. |

12. Life-longlearning: Recogn;ize the need for, and have the preparation and ability to engage in independent and life-long learning
in the broadest context of techmi)logical change.

(B)PROGRAM SPECIFIC/OUTCOMES (PSOs):
PSO1.The students will be able;to understand the modern tools of machining which gives them good expertise on advanced

manufacturing methods.
PS02.The students will be able to design different heat transfer devices with emphasis on combustion and power production.
PS03.The students are able to design different mechanisms and machine components suitable to automation industry.

Cognitive levels as per Revised Blooms Taxonomy:

L

Cogmtfve Level Key words
Domain ,
Remembering K1 Choose, Define, Find, How, Label, List, Match, Name, Omit, Recall, Relate,
Select, Show, Spell, Tell, What, When, Where, Which, Who, Why.
Understanding K2 , Classify, Compare, Contrast, Demonstrate, Explgin, Extend, Illustrate, Infer,
Interpret, Qytline, Relate, Rephrase, Show, Summarize, Translate.
Applvi K3 Apply, Build, Choose, Construct, Develop, Experiment With, Identify,
pplying Interview, Make Use of, Model, Organize, Plan, Select, Solve, Utilize.
Analyze, Assume, Categorize, Classify, Compare, Conclusion, Contrast,
Analyzing K4 Discover, Dissect, Distinguish, Divide, Examine, Function, Inference, Inspect,

List, Motive, Relationships, Simplify, Survey, Take part in, Test for, Theme

‘Agree, Appraise, Assess, Award, Choose, Compare, Conclude, Criteria,
- : Criticize, Decide, Deduct, Defend, Determine, Disprove, Estimate, Evaluate,
Evaluating K5 Explain, Importance, Influence, Interpret, Judge, Justify, Mark, Measure,
Opinion, Perceive, Prioritize, Prove, Rate, Recommend, Rule on, Select,
Support, Value

.« Adapt, Build, Change, Choose, Combine, Compile, Compose, Construct,

, - Create, Delete, Design, Develop, Discuss, Elaborate, Estimate, Formulate,

Creating K6 Happen, Imagine, Improve, Invent, Make up, Maximize, Minimize, Modify,

Original, Originate, Plan, Predict, Propose, Solution, Solve, Suppose, Test,
C Theory .

e
-b
i
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Unit wise Sample assessment questions

COURSE OUTCOMES: Students are able to

CO1:
CO2:
CO3:
CO4:

Explain the design tolerances and fits for selected product quality.
Illustrate the standards of length, angle measurement.

Demonstrate the concepts of limit gauges and optical measurements.
Explain of various transducers to measure displacement

CO 5: Analyze various temperature and pressure transducers for engineering applications
- j KNOWLEDGE
SNO QUESTION co
LEVEL
UNIT I
Distinguish between hole basis system and shaft basis system. K2 CO1
Discuss in detail the salient features of the systems of limits and fits as per Indian
2 standard. ' o : K2 co1
Determine the dimensions and tolerances, of the shaft and hole having the’size of
25H7/f8. 25mm falls in diameter steps of'18-30. Also indicate the type of fit and
show the tolerances with sketch.
Assume the following data,
3 | The fundamental deviation for shaft ‘f is -5.5Do.41, K2 Co1
The standard tolerance unit i=0.45 D15+0.001D, where D is the geometric mean
6 of the lower and upper limits of diameter step in which the diameter consideration
lies, D is in mm,
The standard tolerance for IT7=16i and IT8=25i.
4 On what factors the variation in size depends in any manufacturing process K1 Co1
UNIT 2
1 State the essential requirements for accuracy in the construction-of a sine bar., K4 Co2
Why the sine bar is'not recommended for angles larger than 45 with reference plain.
2 . . . K3 CO2
Discuss briefly the working and operation bevel protractor.
3 State the meaning wriniging? What are the essential conditions for wringing of K3 cOo2
slip gauges? What precautions should be taken while using slip gauges?
4 Explain how you determine the taper angle of a taper ring gauge using spheres K4 co2
and Depth micrometer. Derive the expression used,
. 5 Enumerate the sources of errors in micrometers, ‘ K3 CcO2
# UNIT 3
State and explain the; Taylor’s principle of gauge design with neat sketch of K3 COo3
1 Plug gauge and Snap; gauges.
‘Mention the materialé used for the manufacture of GO and NOGO gauges. :
2 | Explain the disposition of tolerance on GO and NO GO gauges by taking K4 CO3
reference to work tolerances.
3 Exp]aiﬁ how you detérmine the taper angle of a taper ring gauge using spheres K4 Cco3
and Depth micrometer. Derive the expression used. -
With a sketch, explain the construction of a tool maker’s microscope. What are
4 1. . . g - K4 CO3
its applications?

o




%

Write short notes on optical projector and their uses, K3 CO3
What are interferometers? What are their advantages over optical flats? K3 CO3
| Explain the importance of inspéction need in manufacturing & surface finishing K2 COo3
UNIT 4 ;
What are the various errors occur in the measuring instruments and explain the
methods of elimination.” - . K3 Co4
Sketch and expla;in generalized measufé;ﬁenf system and its functional elements, K4 CO4
Explain various dynamic performance characteristics with sketches, K3 CO4
§
Describe the terms (i) Linearity (ii) Calibration K3
What is the relationship between sensitivity and range? Co4
Explain L ith neat sketch
xplain LVDT with neat sketc K2 CO4
Classify the differ;ent types of errors. . K4 Co4
A Fixplam piezo eleﬁmc ;inductive ,capacitance, resistance K5 Co4
| UNIT 5
Pxplam different types of Manometers K2 CO5
Explain bourdon pressure gauge
. o : K4 CO5
With suitable diagram construct the bourdon tube pressure gauge K3 CO5
Distinguish between thermistor and thermo couple K4 CO5
| Explain about bellow-diaphragm gauges and low pressure measurement K5 Co5 |
Explain Mc Leod pressure gauge K5 COs5

o .
B S
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“ Model Question Paper )
T Code:ll B.Tech Il Semester Regular Examinations -
Month/Year: OCTOBER/2021 °

Sub Code: R20ME2103

SUBJECT NAME: METROLOGY AND INSTRUMENTATION
: (ME)
MODEL PAPER
Time: 3 hours - Max. Marks: 70

Note: Answer All FIVE Questions.
All Questions Carry Equal Marks (5 X 14 = 71M)

Time: 3 Hrs _ Max. Marks: 70
Note: 1.Answer FIVE Questions, choice from each unit.
r Execution Plan
SL No iy Activities . Time (Minutes)
1 To study the Question;Paper and choose to attempt - 5
i 3 . “. 33 Minutes x 5 Questions 165
b 4 : Quick revision & Winding up ' 10
i Total 180

r

Answer any FIVE Questions

Q.No. : - — Questions . Marks
Unit-I
Distinguish between hole basis system and shaft basis system.
a R ' [14M]
1 ' OR
Q b Discuss in detail the salient features of thé systems of limits and fits as per Indian [14M]
standard. |
| Unit-II
State the essfential requirements for accuracy in the construction of a sine bar. Why the [7M]
sine bar is not recommended for angles larger than 45 with reference plain
a, ! .
Discuss briefly the working and operation bevel protractor.
» = [7M]
2
& . OR 'A 4
State the meaning wringing? What are the essential conditions for wringing of slip gauges?
What precautions should be taken while using slip gauges?
b [14M]
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Unit-ITI

Mention

disposition of tolerance on GO and NO GO gauges by taki
tolerances.

the materials used for the manufacture of GO and NOGO gauges. Explain the

ng reference to work

[14M]

Explain how you determine the

OR

aper angle of a taper ring gauge using spheres

-and Depth micrOmetgr. Derive the expression used,

[14M]
f Unit-IV
@@ Exp!ai:n various dynamic pegf;om_gance characteristics with skeiches.
(ii) Explain piezo electric transdticers. . [14M]
OR
Classify the different types of errors.
" [™M]
Explain LVDT with neat sketch
e . [7M]
f Unit-V
| .
(i)Explain ‘diﬁ'erent types of Manometers [14M]
(i) Explain bourdon pressure gauge
OR
(1)Explain|Mc¢ Leod pressure gauge ; co T
(ii) Distinguish between thenni‘s}gr and thermo couple [14M]

O/
**
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ACADEMIC CALENDAR
(B.Tech. 2021 Admitted Batch, Academic Year 2022-23)
' 2021 Batch 2 Year 1° Semester
Description Frdim Date To Date | Duration
Commencement of Class Work 5-09-2022
st . 7 Weeks
1 Spell of Instructions 5-09-2022 22-10-2022
Assignment Test-I 26-9-2022 31-09-2022
I Mid examinations | 24-102022 | 29-10-2022 1 Week
24 Spell of Instructions 31-102022 | 17-12-2022
7 Weeks
Assignment Test-I1 21-11-2022 26-11-2022
II Mid examinations 19-12-2022 24-12-2022 1 Week
Preparation & Practicals | 26-12-2022 31-12-2022 1Week
Semester End Examinations 02-01-2023 14-01-2023 2 Weeks
E 2021 Batch 2™ Year 2% Semester
R A
Commencement of Class Work 16‘-'(;)1-2023
1%t Spell of Instructions 16-01-2023 04-03-2023 7 Weeks
Assignment Test-I 06-02-2023 11-02-2023
I Mid examinations 06-03-2023 - | 11-03-2023 1 Week
2" Spell of Instructions 13-03-2023 29-04-2023
7 Weeks
Assignment Test-1I 03-04-2023 08-04-2023
11 Mid examinations 01-05-2023 06-05-2023 1 Week
Preparation & Practicals | 08-05-2023 13-05-2023 1 Week
Semester End Examinations, 15-05-2023 27-05-2023 2 Weeks
Commencement of 3™ ';Year 1%t Sem Class Work 05-06-2023
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Section-A
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SUBJECT

Numerica] Methods and Transformations
FM&HM _ Fluid Mechanicg &Hydrauljs Machinery
M&} Metrologyg, Instrumentation .
TD Thermodynamyics Mr.K.Jail Sing
MOS Mechanics of Solids ) Mr.MD. Tajy *
FM&HM LAB " Fluid Mechanics &Hydraulic Machinery Lap Mr. K.John Baby/ A.Pavan Kumar
MOS&M LAB . MOS & Metallurgy I.ab Dr.P.Suresh Bapy/ MD. Taju
M&ILAB Metrologyé; Instrumentation Lab Dr.M.Venkanna Babu/R.Ching Rao
- SM Solid Modelling Dr. T.R. Santhosh kumar /Mr.M.Srinivasa Rao
ES - Environmenta] Studies Dr.K Srinivasufy
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- INTERNAL | EXTERNAL | TOTAL
IsléﬁgS%R oL T P MARKS MARKS MARKS | CREDITS
3 100 30 70 100 3
Code: R20ME2103 METROLOGY ANDf INSTRUMENTATION
| 1
COURSE OBJECTIVES:

e Inspection of engineellving parts with various precision instruments,

® Design of part, tolerances and fits.

* Principles of measuring instruments and gauges and their uses.

* Imparting the principles of measurement which includes the working mechanism of various
displacement transducers, measurement of temperature and pressure gauges.

[ . FEEEE N
COURSE OUTCOMES: v T
After successful completion of this course, the students will be able to:
CO 1: Explain the design tolerances and fits for selected product quality.
CO 2: Illustrate the standards of length, angle measurement.
CO 3: Demonstrate the concepts of limit gauges and optical measurements.

CCO 4: Explain of various transducers to measure displacement

CO 5: Analyze various temperature and pressure transducers for engineering applications

3
UNIT-1 '
SYSTEMS OF LIMITS AND FITS: Introduction, nominal size, tolerance, limits, deviations, fits -
Unilateral and bilateral tolerance system, form tolerance, Assembly tolerance and tolerance estimation
methods, hole and shaft |basis systems- interchangeability and selective assembly. International
standard system of toleranc'es, selection of limits and tolerances for correct functioning.

UNIT-II
LINEAR MEASUREMENT: Length standards, end standards, slip gauges- calibration of the slip
gauges, dial indicators, micrometres. _ :

! ' L
MEASUREMENT OF ANGLES AND TAPERS: Different methods — bevel protractor, angle slip
gauges- spirit levels- sine bElII‘, rollers and spheres used to measure angles and tapers.

UNIT-III
OIMIT GAUGES: Taylor’s principles-design of GO and NO GO gauges; plug, ring, snap, gap, taper,
profile and position gauges. ,

OPTICAL MEASURING INSTRUMENTS: Tools maker’s microscope and uses, autocollimators,
optical projector, optical flats and their uses. Need of inspection, surface testing, surface finish, Laser
instrumentation. i

UNIT-IV |

BASIC PRINCIPLES OF INSTRUMENTATION: Selection of instrumentation, Units and
standards — Static measurements - Scale and pointer type instruments — Definition of range,
sensitivity, hysteresis, accurdcy, precision, reliability, repeatability, linearity, drift, Static and dynamic
response, reproducibility, calibration procedure, errors in measuring instruments, source of errors.

MEASUREMENT OF DISPLACEMENT: Theory and construction of various transducers to
measure displacement - LVDT, piezo electric, inductive, capacitance, resistance.



. DEPARTMENT OF MECHANICAL ENGINEERING
¢  UNIT-V |

MEASUREMENT OF TEMPERATURE: Classigﬁcéfibn, ranges, wvarious principles of
measurement, expansion, electrical resistance, thermistor, thermocouple.

MEASUREMENT OF PRESSURE: Units - classification — different principles used. Manometers,
piston, bourdon pressure gauges, bellows - diaphragm gauges. Low pressure measurement, McLeod
pressure gauge. : .

TEXT BOOKS:
1. Engineering Metrolo gy, Mahajan, Dhanpat Rai Publishers. :
2. Measurement Systems Applications & design by D.S Kumar, Khanna Publishers.

REFERENCE BOOKS: I
1. Engineering Metrology, R.K.Jain, Khanna Publishers.
2. Engineering Metrology by LC.Gupta, DhanpatRai Publishers.
3. Mechanical and Industrial Measurements, R.K. Jain, Khanna Publishers.

xﬁ:" {1_ o
.

WEB REFERENCES: ' Lo
Q 1. https://www.youtube.com/watch?v=HpIEeBtJqu&Iist=PLbMVongSnJSZiwuh_tpSOdKrySmCx
zKA&index=1 '

E-BOOKS: :
1. http://www. gvpce.ac.in/‘syllabi/Engineering%ZOMetroIogy.pdf
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COURSE OUTCOMES: Students are able fo

CO1: Understand the design tolerances and fits for selected product quality. [ K2]

CO2: Illustrate the standards of length, angle measurement. [K2]

CO3. Explain the concepts of limit gauges and optical measurements. [K2]

COA4. Explain of various transducers to measure displacement (K2)

COS. Analyze various temperature and pressure transducers for engineering applications (K4)

I[\Ijglt Outcome | Topics/Activity Rgf;l)‘;xt PTegZ?jls 112/?;;;2?
: Unit-1
SYSTEMS OF LIMITS AND FITS:

1.1 | Introduction, nominal size, TLRLR2 | 2 Chalk &
tolerance, limits, Talk, PPT
deviations Chalk &

12 TLRLRz | 1 Talk, PPT
fits -Unilateral and bilateral Chalk &

CO1: Understand the design | 1.3 | tolerance system, hole and shaft TLRLR2 | 2 Talk, PPT,
1 tolerances and fits for; selected basis systems — _
) Interchangeability, selective Chalk &
product quality. [K2] 14 assembly. T1,R1,R2 1 Talk, PPT,
International standard system of Chalk &

15 tolerances, TLRLR2 | 2 Talk, PPT,
Selection of limits and tolerances Chalk &

L6 for correct functioning. T, RLR2 1 Talk, PPT,
Problems on Chalk &

17 tole.rar.lce,allowance,ﬁmdmental TLRIR2 | 4 Ta{k,
deviations Active

Learing
Unit-2
LINEAR MEASUREMENT: Chalk &
[ 2.1 | Length standards, end standards, TLRLR2 | 2 Talk,
PPT
slip gauges- calibration of the slip Chalk &
CO2: Illustrate the standards of 29 gauges, T1, RLR2 9 Talk,
length, angle measurement. [K2] PPT
2 Dial indicators, micrometers. Chalk &

2.3 TL,RL,R2 | 2 Talk,

l PPT
MEASUREMENT OF ANGLES Chalk &

l 2.4 | AND TAPERS: Different methods — | T1,R1R2 | 1 Talk,

' bevel protractor PPT
angle slip gauges- spirit levels Chalk &

2.5 TL,RLR2 | 2 Talk,

f PPT




Manometers nistan

_ sine bar, rollers and spheres used Chalk & Talk,
2.6 | to measure angles and tapers T1, RL,R2 PPT
v 4o Unit-3
. v
. rinciples i
Explain the concepts of limit princip Quiz,PPT
gauges  and  optical design of GO and NO-GO gauges; Chalk & Talk,
measurements. [K2] 32 | plug, ring, T1,R1,R2 Quiz
| PPT"
snap, gap, taper, profile and Chalk & Talk,
position gauges, Problems on GO TL. RLR2 PPT, Active
33 | & NO-GO gauge T Learing
1 MID EXAMINATIONS
OPTICAL MEASURING Chalk & Talk,
34 | INSTRUMENTS: Tools maker’s | T1, R1,R2 Tutorial, Web
microscope and uses PPT
3.5 Autocollimators, optical projector, T1. RLR2 Chalk & Talk,
"~ | optical flats and their uses. T PPT
i i halk & Talk,
{ 36 Nee:d of 1nspect10n§_.sur!~f;a.1~ce TL RLR2 Chalk & Talk
testing, ‘ X PPT
- | Surface finish, Laser . Chalk &
. - - T H b
37 mstrumentation. 1, RLR2 Talk,PPT
CO 4 Unit-4
Explain of various BASIC PRINCIPLES OF
| transducers to measure INSTRUMENTATION: Units -
\ Chalk & Talk,
displacement (K2) 4.1 | and standards — Static T2,R3
. NPTEL,PPT
measurements — Scale and pointer
type instruments
Definition of range, sensitivity, Chalk & Talk,
42 hysteresis, accuracy, precision, T2.R3 Web
) reliability, repeatability, linearity, ? Resources,
drift PPT
Static and dynamic response,
- oq e . . Chalk & Talk,
4.3 | reproducibility, calibration T2,R3 PPT 2
procedure
.| Errors in measuring-insttuments, Chalk & Talk,
" 4.4 | source of errors. T2,R3 Student
Seminar,PPT
' MEASUREMENT OF
45 DISPLACEMENT: Theory and 2R3 Chalk & Talk,
’ construction of various transducers ? NPTEL, PPT
to measure displacement
' - LVPT, plezo§lectr1c, inductive, Chalk & Talk,
4.6 | capacitance, resistance. T2,R3 P
PT
3. ! Unit-5
Analyze various temperature
and pressure transducers for MEASUREMENT OF
engineering applications 51 TEMPERAT.URE: C!as§1ﬁcatlon, T2,R3 Chalk & Talk,
(K4) ranges, various principles of PPT
Measurement, expansion
. Electrical resistance, _g:}pnnlstor, T2,R3 Chalk & Talk,
+9-2 " | thermocouple. , PPT
MEASUREMENT OF
PRESSURE: Units - classification | T2, R3 Chalk & Talk,
53 . . .
— different principles used. PPT




Electrical resistance, thermistor, T2.R3 Chalk &
5.2 | thermocouple. ’ Talk,
PPT
MEASUREMENT OF Chalk &
53 PRESSURE: Units - classification — | T2, R3 Talk
" | different principles used. PPT
Manometers, piston
Bourdon pressure gauges, bellows - Chalk &
. T2,R3
54 | diaphragm gauges. Talk,
PPT
Low-pressure measurement, Chalk &
5.5 | McLeod pressure gauge. 12,83 Talk,
PPT
Total No. of Classes 62

2" MID EXAMINATIONS

END EXAMINATIONS

TEXT BOOKS:

T1. Engineering Metrology, Mahajan, DhanpatRai Publishers

T2. Measurement Systems Applications & design by D.S Kumar, Khanna Publishers.

REFERENCES:

R1. Engineering Metrology, R.K.Jain, Khanna Publishers
R2. Engineering Metrology by I.C.Gupta, DhanpatRai Publishers.
R3. Mechanical and Industrial Measurements, R.K. Jain, Khanna Publishers.

ol

Faculty

—




%2 NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

CO-POs & CO-PSOs MAPPING

(COURSE ARTICULATION
MATRIX)




O

o b

. 7
Y E

A ,{ : . : :
2 NARASARAOPETA
NELC ENGINEERING COLLEGE *

TAUTONOMOLS)

DEPARTMENT OF MECHANICAL ENGINEERING
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R20-REGULATION

Explanation of Course Articulation Matrix Table to be ascertained:
> Course Articulation Matrix correlates the individual COs of a course with POs and

PSOs. , - A
» The Course Outcomes are mapped with POs and PSOs in the scale of 1 to 3.
> The strength of correlation is indicated as 3 for Substantial (High) correlation, 2 for

Moderate (Medium) correlation, and 1 for Slight (Low) correlation.
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Course Code: Course Name: METROLOGY AND INSTRUMENTATION
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| WEB SOURCE REFERENCES:

1 http://www.ktunqtes.in/ktu-me3 12-metrology-instrumentation-notes/

2 https://lecturenotés.in/subject/239/engineering—metrology-and-measurements-emm
http://www.faadooengineers.com/threads/1 0095-Metrology-and-instrumentation-full-notes-

3 | ebook-free- ;
download-pdf a . . A

4 | https://nptel.ac.in/courses/112106179/

5 | https://nptel.ac.in/courses/112106138/

6 | https://nptel.ac.in/syllabus/112106179/

7 | http://www.nptelvideos.in/2012/ 12/mechanical-measurements-and—metroIogy.html

8 https://freevideoléctures.com/course/2370/mechanical-measurements-and-metrology

9 https://www.btecﬁguru.com/engineeringwéideos/video-lesson/mechanical-measurements—and—

metrology/mechanical-engineering/ebe 12410f00287~85¢97ale40ccaec9.html
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NARASARAOPETA ENGINéERING COLLEGE (AUTONOMOUS) :: NARASARAOF;ET
DEPARTMENT OF MECHANICAL ENGINEERING
1l B.Tech | Sem
SECTION-A
S.No |HTNo Name of the Student
1 |20471A0301 |ALAVALA ADITHYA VARA PRASAD
2 |20471A0302 [BATTULA RAJESH 5
3 |20471A0303 [BHIMAVARAPU HEMANTH KUMAR
4 |20471A0304 |BONAM JAYA PRAKASH |
5 |20471A0305 |BOYAPATI PAVAN KUMAR
6 |20471A0306 [DADDANALA VEERANJIREDDY
7 |20471A0307 |DERANGILA PARDHU GANESH
8 |20471A0308 |DOPPALAPUDI S S NAGA RAVITEJA
9 |20471A0309 [EEDARA MOHON SAI
10 |20471A0310 |GANESH SAI PAVAN
11 |20471A0311 |GANGARAPU VENKATA REDDY
12 |20471A0312 |GERA KOTESWARA RAO
13 |20471A0313 |KARASALA PRASANTH
14 |20471A0314 |KARASANI PAVAN KUMAR REDDY
15 |20471A0315 |KATTA MAHESWAR |
16 |20471A0317 |KESARI DHANUNJAYA REDDY
17 |20471A0318 |KOMARAGIRI SASIKUMAR
18 |20471A0319 |KOMERA SIVA NAGARAJU
19 |20471A0320 [KOTHA GOPI
20 |20471A0321 |KUNDURTHI NAVEEN
21 |20471A0323 |MADANU JOSEPH VINAY KUMAR
22 |20471A0324 |[MADDUMALA RAMAKRISHNA
23 |20471A0325 |MAGANTI SASI PAVAN
24 |20471A0326 |MAKKENA SAMBASIVA RAO
25 |20471A0327 [MIRIYALA SASHANK e A
26 |20471A0328 [NALLA ABHIRAM CHOWDARY
27 |20471A0329 [NUTHAKKI RAKESH
28 |20471A0330 |ARAVAPALLI SAI SRINIVAS
'29  [20471A0331 |PALETI JOHN HOSANNA
30 |20471A0332 |PERUMAALLA SRIKANTH
31 |20471A0333 |POLURI KRISHNA CHAITHANYA




32

20471A0334

!
PONNAGANTI CHANDU HARSHA VARDHAN

33 20471A0336 |PATHAN MEERA VALI
34 20471A0337 {POTTIMURTHI PURNA CHANDRA RAO
35 20471A0338 [PRUDHVI DURGA BHARATH CHANDAN
36 20471A0339 |RAMAVATHU BADDUNAIK
37 20471A0341 |SHAIK APPAPURAM MAHABOOB SUBHANI
38 20471A0342 |SHAIK ASIF
39 20471A0343 |SHAIK GANGARAM ABDUL RAHAMAN
40 20471A0344 SHAIK‘GULI'._APALLI NAGURVALI s
41 20471A0345 |SHAIK LAL AHAMAD BASHA
42 20471A0346 |SHAIK MAHAMMAD FAREED
43 20471A0347 [SHAIK MAHAMMAD YUNUS

.44 20471A0348 |SHAIK MANISHA
45 20471A0349 SHAIK PARVEZ .
46 20471A0350 éHAlK SADHIK
47 20471A0351 |SHAIK SALMAN
48 20471A0352 |TIPPIREDDY AMARNATHREDDY
49 20471A0353 V;ADLAVALLI GANESH
50 20471A0354 V!EERAGANDHAM VENKATA MANIKANTA
51 20471A0356 AiDAK.A GOPIRAJU 7 '_5"’""
52 20471A0357 [ATCHYUTHA PAVAN KUMAR '
53 20471A0358 [BALLE RAMANJANEYULU
54 20471A0359 BEANDARU SAI GANESH

55 20471A0360 BZERAM NARENDRA REDDY
56 20471A0361 |CHEBROLU MANIKANTA SAI NITHIN
57 20471A0362 |CHENNAMSETTY GOPI ‘
58 20471A0363 |[GANGULA SUNNY
59 20471A0364 G!ANJI HANUMA KOT! GANESH
60 20471A0365 |GANNNAVARAPU JAYA SRIKANTH
61 20471A0366 GEUTI'IKONDA AYYAPPA REDDY
62 20471A0367 MADDINENI AJAY o by
63 20471A0368 M'ANIGEPAL'LI VEERA NARASIMHA . |
64 20471A0369 MARAGANI NAGA THIRUMALA RAO
65 20471A0370 P)\RELLA BALA GURAVAIAH

- 66 20471A0371 |SETLAM RANENDRA VAMSHI




SHAIK GUTHIKONDA SALIM

67 20471A0372
68 20471A0373 |SHAIK JAKIR
69 20471A0374 |SHAIK MOHAMMAD TAHEER
-70 20471A0375 |THOTA SRIVAMSI NADH
71 20471A0376 |YAKKANTI SAI KIRAN REDDY
72 21475A0301 |PALLAPOTHU SAIKIRAN YADAV
73 21475A0302 |SYED SARDAR VALI
74 21475A0303 |DERANGULA GOPI KRISHNA
75 21475A0304 |VADDANI RAKESH
76 21475A0305 |SHAIK ADIL
77 21475A0306 |JANAPAREDDI PRASAD L,
78 21475A0307 REPAfLE YASHWANTH )
79 21475A0308 éAMAVATHU PAVAN KUMAR NAIK |
80 21475A0309 |NELAVALLI VIKAS
81 21475A0310 6UDDU JOSEPH
82 21475A0311 |MUNIKOLA SANTHCSH KUMAR
83 21475A0312 l\?/IORAPAKULA CHARAN TEJA ¢
84 21475A0313 éODA SANDEEP
'85 21475A0314 I\}IOGILI PRAKASH
86 21475A0315 |SHAIK MABU SUBHANI
87 21475A0316 |DAGGUPATI VENKATA PRADEEP
88 21475A0317 |[NAGASURENDRA CHARI UPPALAPATI
89 21475A0318 N‘:‘\LLURI NAVEEN T
90 21475A0319 dRCHU VENKATA RAVINDRA
91 21475A0320 |NELLURI YASWANTH
92 21475A0321 PENUMAM PAVAN KUMAR
93 21475A0322 BAANANA PRADEEP KUMAR
94 21475A0323 Bé)JANKl DEMUDU BABU .
95 21475A0324 DAEATI'I CHANDU
96 21475A0325 B(IDRUGADDA NITHIN
97 21475A0326 VlE\RIKUTI KARTHIK VENKATA RAM
98 21475A0327 GbLLA SUNDARA SAMRAJYA SUGNAN
99 21475A0328 |CHATTA VENKATRAMAIAH
100  [21475A0329 |KSHATRIYAJITHENDRASINGH ¢ %+
101 |21475A0330 |BOMMALI BALA SIVA YOGENDRA SAI NANDU
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102 |21475A0331 |REVALLA SAl

103  ]21475A0332 |BANDI SRINIVAS

104 |21475A0333 |GURRAM SIVA GANESH T
105  |21475A0334 |EMANI LEELA SHANKAR

106  [21475A0335 |KUPPALA SRINU
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UNIT-I
SYSTEMS OF LIMITS AND FITS .
Introduction:- | | o
Precision and Accuracy:
— Precision refers to repeatability
— Accuracy refers of result to the true value

* Accuracy can be found by

Accuracy = J (Repeatability)? + (Systematic error)?
where, systematic error =True value- mean of set of readings
Metrology is derived from a Greek word which means "measurement”. It is the science
of measurement and measurement is the language of science. But, for engineering purposes it
has limited to the measufement of length, angles and 6'th‘e';r."quantities that can be expressed in
linear and angular terms. It is concerned with the methods execution and estimation of accuracy

of measurements.

Metrology pilays a vital role in the field of engineering for the designing and
manufacturing of various engineering products. It is used for-measuring the size, shape, etc.
The products obtained should be in the limits of the specification with dimensional accuracy.
In order to improve the process of manufacturing, it is required to develop the means of
measurement. Every type of quantity measured must be followed by the u}ﬁts, Wl';ich gives the

correct meaning to the quantity measured.
! %
Significance of Metrology::
AT
o e
() Metrology is very helpful in the scientific investigation.of our dynamic world.

]

z
-~

e

(b) It plays a critical r;ole in the-fields of chemistry, nanotechnology, etc...

(c) Metrology providies an infrastructure not only for physical and natural sciences but also

I . . .
exceeds to comprise environment, medicine, agriculture and food. )

(d) Various higher level studies demonstrate the impact of measurement to the society.

I , ;

o o -
' ¥
LIMITS:- \ heoo
) \n,' AL A

nb
o
*n5or N

Limits can be defined ?s the permissible variation in dimension that is permitted to account for

variability. Manufacturing process is a combination of three’ elements man, materials and




machine. A change in any one or all of these will result in changes in sizes of manufactured
parts. Usually in mass production, large number of components are to be made by different
operators on different machines. So, it is impossible to make all components with exact

dimensions. ,
Ea N

The difference in dlrnens;ons vary from machine to machine, operator to opérator and quality
of the components. The dimension of the manufactured part can thus only be made to lie
between two limits, maximum and minimum. The maximum limit is the maximum size
permitted for the component whereas the minimum limit is the minimum size permitted for the

component.
TOLERANCE:-

The permissible variation in size or dimension is called tolerance. Thus, the word tolerance
indicates that a worker 1s not expected to produce the part to the exact size, but a definite small
size error is permltted The difference between the upper limit (high. limit) and the lower limit

of a dimension represents the margin for variation in' workmanship, and is called a ‘tolerance
I

Zone', e o ,

Tolerance can also be defined as the amount by which the Job is allowed to go away from
accuracy and perfectness without causing any functional trouble, when assembled with its

mating part and put into actual service.

Tolornng

# » For exomple, & shaft of 98 mm bagic size maoy bo written ag 28 x 0.02,

The maximom poermiasible size (uppor limit) - 265.02 mm and the
minimum pormissible gize (2000 Himit) w= 24,98 i

Then, Tolerance = Uppor limit.—~ Lower Bimit
= 25,02 - 24 98 = 0‘.04; mitn. -

“+ ]

. | .

Systems of Writing Tolerances:-

There are two systems of writing tolerances:
(1) Unilateral system

(ii) Bilateral system




(i) Unilateral System .

In this system, the dimension of a part is allowed to vary only on one side of the basic size i.e.,

tolerance lies whol;ly on one side of the basic size either above or below it.

B2 T vowanca
— - === S

ey |
. ' “olerance - a&mi: Siza

Unilateral Tolornoes .
Examples of unilateral tolorancs aro =

-+ 002 -+ 2 -~ 0,08 & DO
25«&- 002 . o5~ Q«.OO:' o5~ 0.02’_ o5 0,02 ata,

(i) Bilateral system

In this system, the dimension of the part is allowed to vary on both the sides of the basic size

i.e., the limits of tolerance lie on either side of the basic size; but may not be necessarily equally

disposed about it.
. Tatiranca )
2 | | I
Telerance . —F 7 M P G

R, g Basic Ske
Bidateral tolernnce
+ 0LO2
eg., 255002 o001
In this system it is not possible to retain the same fit when tolerance is varied and .the basic
size of one or both of the mating parts is to be varied. This system is used in mass production

where machine setting is done for the basic size.

Advantages of Unilateral Dimensioning System:

1. Unilateral system of dimensioning is the easiest and simplest method to find the deviations,




l
2. It can standardize the ‘Go’ gauge ends without any difficulty.

3. While machining the mating parts, the tolerance under this system facilitates the operator to

a higher extent. [
Advantage of Bilateral Dimensioning System:

This system is used in mass production, as the setting of machine for basic size is the main

criteria.

Maximum and Minimum Metal Limits (or conditions):-
=" g_,_»,.

If the tolerance for the shaft i is- given as 25+0.05, the upper limit will be 25.05 mm and the
lower limit will be 24.94 mm. The Shaft is said to have Maximum Metal Limit (MML) of 25.05
mm, since at this limit the shaft has maximum possible amount of metal. The limit of 24.95
will then be the mu:glmum or “Least Metal Limit” (LML) because at this limit the shaft will

have the least possible amount of metal.

!

Hola
A ¥
- -3
4 L2747 I,
g o
%f g s % B
{ t
‘ =

MML.and LML

Similarly, if the hole gis designated as 30+0.05mm, the upper limit will be 30.05 mm and the
lower limit will be 29 95 mm. Then, the Maximum Metal Limit (MML) of hole will be equal
to 29.95, since at this lower limit the hole has the maximum possible amount of metal; while
the upper limit of 30. 05 mm will be the minimum of ‘Least Metal Limit’ (LML) of hole as, at

this limit the hole will have the least possible amount of metal.
Conventional Diagram of Limits and Fits:-

In the system of limits and fits, we are simply interested in the tolerance on shafts and holes
and not in their sizes. | Therefore, in the conventional simplified diagram the shaft is shown

resting on the hole to I’nake it easy to understand. o,

‘
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Conventional Dingram of Limits

Terminology for Limits and Fits:-

Basic or Nominal Size: It is the standard size of a part with reference to which the limits of
variation of a size are’ determined. It is referred to as a matter of convenience. The basic size is

the same for the hole and its shaft. It is the designed size obtamed by calculations for strength.

Zero line: It is a straight line drawn horizontally to represént the basic size. In the graphical
representation of hmlts and fits, all the deviations are shown with respect to the zero line (datum
line). The positive devxatlons are shown above the zero line and negative deviations below as

shown in Fig (Conventional diagram of limits above).

Deviation: Deviation is the algebraic difference between the size (actual, maximum etc. ) and

the corresponding basm size.

Upper Deviation: It is the algebraic difference between the upper (maximum) limit of size and

the corresponding basig size. It is a positive quantity when the maximum limit of size is greater




than the basic size !and a negative quantity when the upper limit of size is less than the basic

size as shown in Fig. It is denoted by ‘ES’ for hole and “e$*for a shaft.

2

Lower Deviation:|It is the algebraic difference betweeri the lower limit of size and the
corresponding basic size. It is a positive quantity when the maximum limit of size is greater
than the basic size and a negative quantity when the lower limit of size is less than the basic

size.

Fundamental Deviation: Fundamental deviation is that one of the two deviations (either the
upper or the lower) -‘Which is the nearest to the zero line for either hole or a shaft, It fixes the

position of the “Tolerance Zone’ in relation to the zero line as shown in Fig.
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Lower deviation s fimdamental devintion

The fundamental deyiation for the hole is denoted by capital letters A, B, C,..... ZC and the

same for shaft is denoted by small letters a, b, ¢ zc etc. as explained later.
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Upper devintion as fandamoental deviation

From Fig it is clear that when the tolerance zone is above the zero line, lower deviation is the
fundamental deviation. While, when the tolerance zone is below the zero line, upper deviation
|

is the fundamental deviation.

FIT:- :
Fit may be defined as :51 degree of tightness or looseness, between two mating parts to perform

a definite function when they are assembled together.




The fit given the relationship between two mating parts that is shaft and hole. A fit can either
provide a fixed joint or movable joint. For example a shaft running in a bearing can move in

relation to it and thus forms a movable Joint, whereas, a pulley mounted on the shaft forms a

fixed joint.

Shaft: A term used by con\;éntion to designate all external features of a part, incl’uding those which

are not cylindrical.

Hole: A term used by convention to designate all internal features of a part, including those which are

not cylindrical.
Types of fits:-

On the basis of positive, zero and negative values of Clearance, there are three basic types of

fits:

{
]

|
(1) Clearance Fit (2) Transition Fit and, (3) Interference Fit.

These are further classified in the following manner:
Bl 2_ .
.4‘. , F its
.t - %
] ol ' i
Clearance Fie Transition Fit Interference Fit
*{a) Slide Fit (e)Poshfit «{a} Foree Fit
(b) Basy slida Fit (b)Y Wringing Fit Oy Tight Fit
{2) Running Fit (¢} SBrink it
{d) Slack running Fit
{e) Loose running Fit ,

I
(1) Clearance Fit: In this type of fit aha& is always smaller than the hole i.e., the largest
permissible aha& diameter is smaller than the diameter of the smallest hole. So that the

shaft can rotate or slide through with different degrees of freedom according to the

purpose of maﬁng part.
VW . A Max.Clearance | Min. Clearance
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Clearance fit exists when the shaft and the hole are at their maximum metal conditions. The

tolerance zone of the hole is above that of the shaft as shown in Fig.

Maximum Ck%arance: It is the difference between the minimum size of shaft and

maximum size of hole.

Minimum Clearance: It is the difference between the maximum size of shaft and

minimum size of hole.

e
.

: H e
i. Slide Fit: This type of fit has a very small clearance, the minimum clegrance being zero.
Sliding fits are employed when the mating parts are required to move slowly in relation to
each other e.g., tailstock spindle of lathe, feed movement of the spindle quill in a drilling

machine, sliding change gears in quick change gear box of a centre lathe etc. .

ii. Easy Slide Fit: This type of fit provides for a small guaranteed clearance. It serves to
ensure alignmeqt between the shaft and hole. It is applicable for slow and non-regular
motion, for example, spindle of lathe and dividing heads, piston and slide valves, spigots

etc.

iii. Running Fit: Running fit is obtained when there is an appreciable clearance between
the ~mating parts. The clearance provides a sufficient space for a lubrication film between
mating friction surfaces. It is employed for rotatiort. at moderate speed, e.g., gear box

bearings, shaft pulleys, crank shafts in their main bearings etc.

iv. Slack running Fit: It is obtained when there is a considerable clearance between the
mating parts. This type of fit may be required as compensation for mounting errors e.g.,

arm shaft of I.C. engine, shaft of certifigual pump etc.

v. Loose running Fit: Loose running fit is employed for rotation at very high speed, eg.,

idle pulley on their shaft such as that used in quick return mechanism of a planer.

|
(2) Interference Fit: In this type of fit the minimum permissible diameter of the shaft is
larger than the maximum allowable diameter of the hole. Thus the shaft and the hole

members are intended to be attached permanently and used as a solid component.
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i. Force Fit: Force fits are employed when the mating parts are not required to be disassembled
during their total service fife. In this case the mterference is quite appreciable and, therefore,
assembly is obtamed only when high pressure is applied. This fit, thus, offers a permanent type

of assembly, e.g. , gears on the shaft of a concrete mixture, forging machine etc.

ii. Tight Fit: It prov1des less interference than force fit. Tight fits are employed for mating
parts that may be replaced while overhauling of the machine, for example, stepped pulleys on

the drive shaft of a conveyor cylindrical grinding machine etc.

fii. Heavy force and Shrink Fit: It refers to maximum negative allowance. Hence considerable
force is necessary for the assembly. The fitting of the frame on the rim can also be obtained

first by heating the frame and then rapidly cooling it in its position.

(3) Transition Fit: Trans1t1on fit lies mid-way between clearance and interference fit. In this
type the size limits of mating parts (shaft and hole) are so selected that either clearance or
indifference may occur depending upon the actual sizes of the parts. Push fit and wringing fit

are the examples of this type of fit.
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In this type of fit the tolerance zones of the hole and shaft overlap completely or in part.

i. Wringing Fit: A wringing fit provides either zero interference or a clearance. These are used
| d e [

where parts can be replaced ﬁVithc?'ut difficulty during minor repairs.

ii. Push Fit: The fit proxifides small clearance. It is employed for parts that must be disassembled

]

during operation of a machine for example, change gears, slip bushing etc.

Allowance:

Allowance is the prescribed difference between the dimensions of two mating parts for any

type of fit.

It is the intentional difference between the lower limit of hole and higher limit of the shaft. The

Allowance {- ¥
‘_./ {interference)

1.

Y N

allowance may be positive or negative.

The positive allowance is called clearance and the negative allowance is called interference.

Difference between Tolerarice and Allowance:-

Allowance t+}

| .JL (etoarance)
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Allowance

It i the permissible varintion in
dimension of a part (sither o hole or
ashoft), _

It is the difference between higher
and lower Jimits of o dimension of
mrt!

The tolerance is provided on o
dimnn&ionl of @ pirt os it i3 nof
possible to maoke o part 1o exact
specified dimension,

- Ithag a!:sa':}nm valge without sign,

“dimengion of mating parts to ohtain

It is. the prescribed difforomce |
between the dimensions of twol
mating parts (hole and shaft),
It is the intentional diﬁ&mmef
between the lower limit of hale and |
higher lmit of shaft,

Allowance is to be provided on the

desired type of ik,

Allowanes  may  be positive
(clenvance) or nogative  {inter- |

feranco),
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Systems of Obtaining Different Types of Fits:-
There are two systems of fit for obtaining clearance, interference or transition fit. These are:
(1) Hole basis system. i(Z) Shaft basis system.

(1) Hole basis system: In the hole basis system the hole is%kept constant and the shaft sizes are
varied to give the various types of fits. In this system lower deviation of the hole is zero ie.,
the low limit of hole is the same as basic size. The high limit of hole and the two limits of size

for the shaft are then varied to give the desired type of fit, as shown in Fig.
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Shaft basis System. In the shaft basis system the shaft is kept constant and the sizes of the hole

L

B

are varied to give various types of fits.

In this system the upper deviation (fundamental deviatioil) of shaft is zero i.e., the high limit
of shaft is the same as basic size and the various fits are obtained by varying the low limit of
shaft and both the limits of hole.

(2) Shaft basis system:

g? Shitt 1oberance

{e¥Clearance Fit 15} Transition Fit 4¢3} Interforence Fit

R ﬂ;ﬁn’@

SO ]

The hole basis system is; most commonly used because it is more convenient to make correct
holes of fixed sizes, since the standard drills, taps, reamors and broaches etc. are available for
producing holes and their sizes are not adjustable. On the other hand size of shaft produced by

turning, grinding etc. can be very easily varied.

Shaft basis system is used when the ground bars or drawn bars are readily available. These bars

do not require further machining and fit are obtained by varying the sizes of hole.
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Difference between ‘Hole Basis’ and ‘Shaft Basis’ Systems:-

Hole Basis Syatem

Shiaft Basis Systern

@) 1.

2

3
1
'3‘

s

&.

ﬁl&

Size of hiele whose lower devintion
s zorn (FH-hole} is assumed gy the
basis size,

Limdts on the bole ore kopt constont
and those of shaft mre varied to
abtoin doesired type of fit.

Holo bania systom s proferved in
mass  production, beesuse It is
convoniont nnd less costly to male
a hole of correct size duc to
avoilability of standwrd drills an
FURIMers, . )
It js much mors ecogy to vory t
ghaft sizes occording te the fit
rocpuired,

Ik roquires loss amount of enpltnl

and stosoge spaco for tesle needed

o produee sliadts of different sizes,

Cranping of shfis can be eusilyand

conveniently dons with adjustable |

ERp gavges,

Size of shaft whoase upper devintion
is zero Ue-shaft) is nssumed as basie

Hige,
Limits on the shalt are hept

| wonatany nnd thoss on the hole nro
| varied te hove necessary fit.

Thiz system is not sultnble for moss |
- productlon beeatae it is sonventont, |
e conggming aod costly tv mal |
o shueft of corrent nize,

s

1t it vathor diffiealt to vary the hale |
- sinns acording to the it required,

I aweds lnrge senounts of eapital |

ol etorage space for large number
of tuals pequived to prodatce holes of}
diffarent gizes, '
Helng  internal  messursmient,
gmuging of holes eannotbe essily
and edovenfently done,

Types of Assemblies:-

There are three ways by which the mating parts can b

|

|

manner. These are: Pow

b
3

£

e made to fit together in the desired
L.

(1) Trial and Error (2) Interchangeable Assembly (3) Selective Assembly

(1) Trial and Error: when a small number of similar assemblies are to be made by the same
operator the necessary fit|can be obtained by trial and error. This technique simply requires one

part to be made to its nominal size as accurately as possible, the other part is then machined




with a small amount at a time by trial and error until they fit in the required manner. This
method may be used for “one off jobs”, tool room work etc. where both parts will be replaced

at once. i

(2) Interchangeable A}ssembly:

5T

Toleruner

¥

It is a system of fproducing the mating parts in which large number of mating parts are
produced. In earlier day:s, a single operator was confined with number of units and assemble it,
which used to take long time and it was not economical. So to reduce the cost and time, mass
production ‘system was developed. In most production systems, the components are produced

in one or more batches by different operations on different machines.
bl 4

g

Advantages of Interch:imge'éibili.i'ty:
1. This system reduces the production cost and increases the output

2. The operator need not Waste time in assembling the parts by trial and error method.
3. Worn out parts and deifective parts can be easily replaced.

4. By this method, it is possible to produce mating parts at different places by different

operators. f

5. Maintenance cost and shut down period is reduced.

Example: ,

Any M6 bolt wilgi fit to-any M6 nut randomly seleci‘:ed,

|
|
|
|



(3) Selective Assembly:

The need of the iconsumer is not only the quality, .precision and trouble-free products
but also the availability of products at economical prices. This is possible by automatic gauging
for selective assembly. In this system, the parts are manufactured to rather wider tolerances
and the products produlced are classified into various groups according to their sizes by
automatic gauging. Classification is made for formatting parts and only matched groups are

assembled together.

If hole and shaft are fo be produced with in a tolerance of 0.02 mm ;md both are in the
curve of normal distributiion, then automatic gauging divides 'them into parts with a 0.002 mm
limit for selective assemibly of individual pans. Consider an example of piston with cylinder.
Let the size of the above be 60 mm and the clearance of 0. 12 mm is required for the assembly.

Let the tolerance on bore and piston each be 0.04 mm. Then




JE_

Prozass Capalility of Stk and Holn ”
Dimension of bore diameter is 60**!2 mm and Dimension of piston is 59.88*%'2 mm
The pistons and bores may be selected to give the clearance of 0.12 as given below.
Cylinder bore 59.98 60.00 60.02

Piston . 59.86 59.88 59.90

Ca AN
What is the differencefbetw"‘een international and British standards? °

i
There are a few diffg'erent standards, British standards, European Standards, American

standards, Canadian....

The International Standards (IEC) are worldwide, European ones cover European countries

and country specific ones cover that country. Many countries have similar standards.

The ones that co!ver larger areas (International and European) are used by the countries
when they write their standards. An example might be BS EN numbered standards which are
British standards that cover the requirements of the European standard. Some are country
specific only (BS) and some cover international standards (IEC). It can be confusing but there

. e %‘.‘» .
should be a standard in each country to cover most engineering things.

The main differeﬁce is the geographical area that they cover. If you are say working in
Britain and follow the BS requirements (or BS EN, or IEC) that applies then you can say that

you are working to best practlces and can't be faulted for that.

There will be small differences between them based on custom and practices for the countries

Indian Standard Systengl of Limits and Fits (IS-919 and 2709)
!
The Indian standards are in line with the ISO (International Organizations for Standards)

recommendations.
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It consists of suitable combination of 18 grades of fundamental
toleraness or in other words grades of necurney for mannfacturs, and 25
types of fundamental deviations,

The 18 grades of fundamental tolerances are designated ag IT01, 170,
IT1 to IT16. While, the fundamental devintions sre indiented by letter
#ymbols far both hole and shaft (capital lotters ‘A to Ze' for hales and amall
lettors a to 5, for shafts. These arc : 4, B, C, D, EFGH J,JE M H,

BRET.U,V,X Y,2,2,, 2, 2o, - “

toloranaes, | ]
For shafts ‘&’ ta ‘b’ the upper deviation is balow the zere lingand for
shafls i to ‘27 it is abeve the zoro lins, , '
For holes ‘A’ to ‘B lower deviation is above the zers ling nred fig | go Fe
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Grades of Tolerance:

Grade of Tolerance: It is an indication of the level of accuracy. There are 18 grades of
tolerances — ITO1, ITO,iand IT1to IT16

ITO1 to IT4 - For production of gauges, plug gauges, measuring instruments
IT5 to IT 7 - For fits in precision engineering applications

IT8 to IT11 — For General Engineering

PR

IT12 to IT14— For Sheet metal working or press working
IT15 to IT16 — For processes like casting, general cutting work

Standard Tolerance: Yarious grades of tolerances are defined using the ‘standard tolerance
unit’, (i) in pm, which is a function of basic size.

P 1=0.453 D +0.001D
where, D (mm) is the géometric mean of the lower and upper diameters of a particular
diameter step within which the chosen the diameter D lies.

Diameter steps in 1.S.I are: (a-b, where a is above and b is up to, Refer Table in the following
sheet)

1-3, 3-6, 6-10, 10-18, 18-30,,30-50, 50-80, 80-120, 120-1%0, 180-250, 250-315, 315-400 and
400-500 mm ' ’

It is understood that the tolerances have parabolic relationship with the size of the products. As

the size increases, the tolerance within which a part can be manufactured also increases.
ITO1 -0.3 +0.008D

IT0-0.5+0.012D !

e .

IT1-0.8 + 0.020D
Grades of Tolerance

IT2 to IT4 — the values of tolerance grades are placed geometrically between the tolerance
?. 1
grades of IT1 and IT5.

IT6 — 10 i; IT7 — 16i; IT8 — 25i; IT9 — 40i; IT10 — 64i; IT11 — 100i; IT12 —160i; IT13 — 250i;
IT14 — 400i; IT15 — 640i; IT16 — 1000i.




Problems:- ’ ‘

Exasirre I. Find the volues of allownnos, ond toloronees for Binles geet
shaft nssembly for the following dimensions of rnmbng porks @

& TG e QLT
Hole ¢ oE+ 400 Shoft ¢ 2086
SERLETION.

(3 Hola:  Tolepnnoe = High Dimdt = Low it
‘ = 25,06 — 25 = 0.05 anix
(FEY Shadt 2 Tolerance = Hiph Hmit— Low Bk

Mow, High limmit = 95 — .02 24 98 e
Eovwr Jindt = 25 = 0,06 = 24,05 mas
e Taleranoe = 24.98 — 24.895 = 0.0F mun

ey Allowonen = Low Hmit of holy e Higls Utk o' shalt
= Ml motal sonditives 6T lole— Miewimum wootal
wonditivn of shindt
= 2500 — 24,98 = .0% mm . .
Bxaspns 2. A 50 mm: dinmeter shafk is mods terobate i e bugh, The
taloranecs for hoth shalt and bush arc 0080 wiras Datormmino the dimonsion

ol the shnfe snd the bosk Jo glve nomashmam sloabargee of 0TE oawg srid
the-holg basts avston. ‘ )
Sopuriow. In the hele bonis syatom lewae deviation of holy i sero

Ebsersbars Juww Lot oF Wl = 5O i
Mﬁ%

¥ B 4T feide

igh Tmit op nols = Low Hmie Tislavu i
= 0000 4+ 0.000 = 50,050 nun
High Hmit of vhnlt = Low lmit of hels - Allownsge
"o BOLOD ~ (078 & 40,028 mm
Tevwy 1imoit ol wlinfe e MHgh Wt s Tolarmins
= AGGER = 0,050 = 48875 mm
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Problem:

Evaluate limits and fits for a pair of — Diameter 6 H7/ 26
Solution: The size 6 mm lies in the diametral step of 3-6, therefore, D is given
by — D =3%6 = 4.24mm

The value of fundamental tolerance unit is given by —
i=10.453D +0.001D
i=0.4534.24 + 0.001x4.24

- g_ o

i=0.7327um !
Limits of tolerance for hole H7 '
The standard tolerance is - 16 i = 16x0.7327 = 11.72 = I2 um
The fundamental deviation H hole is—0

Limits of tolerance for g6 shaft
The standard toleranceis — 107 10x0.7327 = 7.327 = 8 tm
Fundamental deviation for g shaft =—2.5D%% — —2.5(4.24)** = —4.085=—4um

6.012

12pm | |4 sH7 Hole” o8 6.000
— g TR R ST X <'— 4ﬂm
5.996 [= geiShamn, }  8um
5988 ——

Disposition of tolerance zone around the zero line
Fit |
Maximum clearance = Maximum size of hole - Minimum size of shaft
T =6.012 - 6.988 = 0.624"mm = 24 y 7/
Minimum clearance?: Minimum size of hole - Maximum size of shaft
l =6.000 - 6.996 = 0.064 mm = 4 sz
The type of fit i!s Clearance.

1

Problem: )
Calculate the limits of sizes for ¢ 20 P7/h6 and identify the fit.
Therefore, D is given by —

D =+/18%x24 =20.78mm

|
The fundamental tolerance unit 7 is given by —

i=0.453/20.78 ,+ 0.001x20.78 =1.258um

Limits evaluation for P7 Hole

The fundamental deviation for p shaftis — IT7’ +0to5

The fundamental deviation P7 hole — IT6 + 0 t0 5 =107 4 5
: 10%1.258+5=17.58 = 18um

For grade 7 the standard tolerance is — 16 7 = J 6x1.258 = 20.128 = 2] yri

’




Limits evaluation for hé Shaft
The fundamental deviation for h shaftis -0

For grade 6 the standard tolerance is — 10i=10x1.258 = 12.58 = 13 Am

20.000 ‘ ms
1 o R
gum ———— —10.082 he'Shat 19.987
21 um Hole
*' 19.961

}Siséosi.tion of tolerance zone around the zero line

Fit

Maximum clearance = Maximum size of hole - Minimum size of shaft
=19.982-19.987 =-0.005=-5 um

Maximum Interference = Minimum size of hole - Maximum size of shaft

=19.861 -20.000 —=- 0.039 mm = - 39 M

The fit is Interference. But it can become Trahsition if you choose some vake
of FD for p shaft between IT7 + 1 to 5 o

Problem:
Calculate the limits of folerance and allowance for a 25 mm shaft and hole pair
designated by H8d9. .

Solution
25 mm diameter lies in the standard diameter step of 18-30 mm

D=+/18x% 30 =23.238
Fundamental tolerance unit = = 0.45¥% + 0.0010
i= ‘L3|9? [}

$

For HE hole . T ,
Fundamental tolerance {tolerance grade table) = 25t = 32.5~33y ~0.033 mom
For*H' Hole, fundamental daviationJs o {from FD Table}
Herscc;s, hole limits are 25 mm and 25:0.038 = 25,038 mm
Hole '%oleranca = 25,033~ 25=0,033 mm

I

For d9 shait
Fundamental mter}ance, (folerance grade table) = 401 =40 % 1.3 <52 f = 0.052 mm
For 'd"shaft, fundatmental deviation {from FD Table) =—360%* = - 0064 mm
Hence, shaft limits are 25— 0.064 <24.936 mm and 25 — {0.084+0.052) =24.884 mm

aw e

Shait Tolerance = 24,936 - 24.884 = 0.052 mm - 2

B Fl




Problem:

2. Determine the tolerance on the hole and the ghaft for a pfectsxan tunning fit
designated by 50 H?gs

Given: 1} 50 mim lies beiween 30- 50 mm
2} i {mitrons) = 0.450%2 + 0.001D
3} Fundamental deviation for ‘H* hole = &
4} Fundamental deviation for g’ shaft = —2 5044
)7 =161 andITE = 10}

State the actual maximum and minimum sizes of the hold and shaft and maximum

and minimuem: clzarance,
Solution

50 mm diameter lies in the standard diamstar slep of 30-50 mm
D=430% 50 =38.7.mm , b
Fundamental folerance unit = [ {microns} = 0A50%% £ 0.001D = 1.5507 1}

2

For H7 hole |

Fundamental tolefance {tolerance grade able} = 161 = 24,9y = 0.055
For 'H Hole, undamental deviation is © {from FD Table)

Hence, hole limils are. Sggégzs mmn

For g6 shaft

Fundamental tolerance {tolerance grade table} = 10i = 18p = 0016 rmim
For g’ shatt, fundamental ﬁeviafmn s -2.50%% ngpy

- b
" N
+

Hence, shait limits are. 5{;2;5%09 mm ‘
Hole Toleranee = 25.033 - 25 = 0.033 1
Maximum clearance = 50,025 - 48.975 « 008 mm
Winimum clearance = 50,000 - 48591 = 0.008




Problem:

Calculate the Tolerances, Fundamental Deviation and limits of sizes for the hole
and Shaft designated to 25H8/d9. The basic size is lies between 18 and 30.
t

Solution:

This means the basic size is 25 and the tolerance,grade for the hole is 8(i.e ITB)
and the shaft tolerancé grade is 9 (i.e. IT9) ’

The geometric mean diameter is
D =V (18x30) = 23.24 mm
The standard tolerance unit is
i =0.45YD +0.001D
~ Where D =The géeometric mean diameter
i=0.45 ¥(23.24) + 0.001 x 23.24
i=0.45x2.854 + (;).02324 '
i=1.3074 (In microns) |
i=1.3074 x.001 = 0.0013074 mm

The relative magnitudes for the tolerance grades from the below table

Tolerance
ITS IT6 IT7 IT8 IT9 IT10 IT11 IT12 IT13 IT14 IT15 IT16

Grade

H

1
Magnitude 7it 100 161 251 401 64i *100i 160i 250i 400i 640i 1000i

Tolerances for Hole gqade (IT8) = 25/ =25 x 0.0013074 = 0.033mm
Tolerances for Shaft grad (IT9) = 40i = 40 x 0.0013074 = 0.052mm

Fundamental Deviation Calculations for the Hole




In this case, The'designated hole is “H”

The Lower devia:tion (El) of the hole always be zero ,
El=0 i
|

The upper deviation is represented by ES

~Where EI=ES-IT (or)ES=El+IT
La %v.:.
ES =0+ 0.033 (~ whére in this case grade 8 = 0.033mm from above)
‘ ' .

ES = 0.033mm

Therefore Hole tolerance can be calculated as

The lower limit for the hole = Basic size + Hole Lower deviation = 25 + 0
=25.000mm |

The upper limit for the hole = Basic size + Hole Upper deviation = 25+ 0.033
=25.033mm

Fundamentalil Deviation Calculations for the Shaft

From the above table, thg“ upper deviation (es) for tl;e;shaﬁs is =-16 (D)o ’
es= -16 (23.24)p4

es=-16 x 3.9915 |

es = -63.86 microns

es =-63.86 x 0.001 mm
es=-0.064mm |

The lower deviatioril (ei) can be calculated form the following relation
ei=es—IT (or) es:=ei+ IT

ei = -0.064 - 0.052

ei =-0.116mm




Q@
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Therefore Shaft tolerance can be calculated as

|
The lower limit f?r the Shaft = Basic size + Shaft Lower deviation = 25 + (-0.116)
= 24.884mm

The upper limit for the Shaft = Basic size + Shaft Upper deviation = 25+ (-0.064)
= 24.936mm "




Unit -1l

METROLOGY

Introduction: E
Linear measurement applies fo measurement of

e Length, Diameters, Hgights, Thickness, Internal &!External measurements.
These have series of accurately spaced lines (for example a'scale).

Linear measuring instruments are designed either for:

- % Line measurement
< End measurement

Linear instruments can be classified as:

1. Direct measuring instruments
. L.
2. Indirect measuring instruments

Direct measuring instruments:

(X

i Graduated '
ii. Non-graduated instruments

Graduated instruments include of:

e Rules
~ e Vernier callipers
e Height gauges
® Depth gauges
e Micrometres
e Dial indicators

Non-graduated instruments include of:

Callipers
Straight edges ' :
e Slip gauges

¢ Radius gauges

The different types of standards of length are:

1. Materials standa!rds:
a. Line standard: when length is measured as the distance between centres of two
engraved lines!.
Ex: scale, rulers.



b. End standard: when length is measured as the distance between to flat parallel
faces. Ex: slip gauges

Characteristics of line standards:
i

e Scale can be accdrately embalmed, but the engraved lines posses’ thickness and it is not
possible to accurately measure.

® Scaleis used over a wide range.
® Scale markings are subjected to wear. However, the ends are subjected to wear and this

leads to undersize measurements.
® Scales are subjected to parallax error. .

-

Steel Rule: : :

It is the simplest and most common measuring instruments in inspection. The principle
behind steel rule is of comparing an unknown length to the one previously calibrated.
é The rule must be graduated uniformly throughout its length. Rules are made in 150, 300,

500 and 1000 mm Iength. There are rules that have got some attachment and special features with them
to make their use more verisatile. They may be made in folded form so that they can be kept in pockets.
The degree of accuracy when measurements are made by a steel rule depends upon the quality of the

rule, and the skill of the user in estimating part of a millimetre.

Calipers:

R T
Calipers are used for measurement of the parts, which cannot be measured direétly with the scale.
Thus, they are accessories to scales. The calipers consist of two legs hinged at top, and the ends of

legs span part to be inspect?ad. This span is maintained and transferred to the scale.

. |
Calipers are of two types: s'pring type and firm joint type.
i

Outside Spring Calipers
l
These are designed to measure outside dimensions. The accuracy in caliper measurement
depends upon t:he inspectors’ sense of feel. The legs are held firmly against the end of the
proper dimensi]ons by adjusting nut with the thumb and forefinger. For accurate settings,
the distance between the outside calipers may be set by slip gauges or by micrometer

anvils. |
t

Figure 5.1 shows the diagrams of Outside spring calipers. A steel rule must be used in
conjunction with them if a direct reading is desired,” ,

Fulcrum Spring
roller ’
Salid nut *
washer

el

Knuried solid nut

Ball
Adjusting screw ~

Figure: Outside Spring Caliper

o | @201




Inside Spring Calipers:} |
They are designed to méasure the inside dimensions. An inside spring caliper is exactly similar
to an outside caliper with its legs bent outward as shown in Figure. Adjustment in them is
generally made by knurled solid nut. They are used for comparing or measuring hole diameters,
distances between shoulders, or other parallel surfaces of any inside dimensions. To obtain a

specific reading, steel scale must be used as with the outside calipers.

Fulcrum
roller

CES

>

solid nut
ezza.0R )

' «— Leg
' Section of leg

Figure: inside micrometere

Depth gauge:

This tool is used to meaere the dqpth of blind holes, grooyes, slots, the heights of shoulders in
holes and dimensions ofl similar character. This is essér;tia}ly a narrow steel rule to which a
sliding head is clamped at the right angles to the rule as shown in Figure. The head forms a
convenient marker in pla:ces where the rule must be held in a distance from the point being

|
i

measured. |

|

| ; . , .
The depth gauge is made precisely so that the beam is perpendicular to the base in both
directions. The end of the beam is square and flat like the end of the steel rule and the base is
flat and true, free from curves or waviness.

|
It has the advantage of having a large measuring range without having to resort to the use of

extension rods as compared to depth micrometer. o

o+

Following are the different parts of Vernier depth gauge: '




Main scale

Vernier scale

Locking screw , -
Fine adjustment screw

Movable head |

Measuring face

Bw

QNP ODN -

Main Scal
Fine Adjustment ain * cale
Screw Locking
; Serews
Vernier i‘ ‘
Scale 3 g
6 2Ll
PO 4 Messuring Face

Figure: Vernier depth gauge
Vernier height gauge:

In the Vernier height gar.Jge, the graduated scale or bar is held in a vertical position by a

finely ground and lapped base. A precision ground surface plate is mandatory while using a
»

6 height gauge. PR o e

OThe feature of the job to be measured is held between the base and the measuring jaw. The
measuring jaw is mounted on the slider which moves up and down, but held in place by

tightening of a nut. A fine adjustment clamp is provided to ensure very fine movement of the

slide in order to make a delicate contact with the job. OThe main scale in a height gauge is

¥

stationary while the slider moves up and own.

The Vernier scale mounted on the slider gives readings up to an accuracy of 0.01mm.

e
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Figure: Vernier Height gauge
6 Characteristics of End standard:

* Highly accurate and used for measurement of closed tolerances in precision engineering
as well as standard Iaboratorles tool rooms, 1nspect10n departments.
¢ They require more time for measurement and measure only one dimension.

» They wear at their measuring faces.

Micrometers:

f
Micrometer is one of the most widely used precision instruments. It is primarily used to
measure external dimensions like diameters of shafts, thickness of parts etc. to an accuracy of

0.01 mm. The essential parts of the instruments shown in Figure consist of

e . ,

(@) Frame

(b) Anviland spindle

(c) Screwed spmdle o e

(d Graduated sleeve 6r ban'el g
(¢) Thimble ‘

(f)  Ratchet or friction stop
(g) Spindle clamp




_ B Spindle clamp
Anvil Measuring range A to B [ Fiducial line
~—A— -g— 4
Measuring / ~ - Z
Faces s Friction or
. Spindle Barrel " ratchet drive

-

' 'Thumbie

™

Frame

| Figure: outside micrometer

The frame is made of sté:el, malleable cast iron or light alloy. The anvil shall protrude
6 from the frame for a dis;tance of at least 3-mm in order to permit the attachment of

measuring wire support, The spindle does the actual measuring and possesses the threads

of 0.5 mm pitch. The barrel has datum and fixed graduations Thimble is tubular cover

fastened with the spindle. The bevelled edge of the spindle is divided into 50 equal parts,

: T
every fifth being numbered. Fhe r'a_z‘chet is a small extension to the thimble. It slips when the

pressure on the screw exceeds a certain amount. It prodﬁcés uniform reading and prevents
damage or distortion of tihe instruments. The spindle clamp is used to lock the instrument at

any desired setting.

r

Procedure for Reading|in a Micrometer:

The graduation on the barrel is in two parts divided by a line along the axis of the barrel
6 called the referenc{e line. The graduation above the reference is graduated in 1 mm
intervals. The first jand every fifth are long and numbered 0, 5, 10, 15, etc. The lower
graduations are marked in 1 mm intervals but each graduation shall be placed at the

middle of the two successive upper graduations to be read 0.5 mm.

Y

The thimble advanc;;es a distance of 0.5 mm in one complete rotation. It is called the
pitch of the micrometer. The thimble has a scale of 50 divisions around its
circumference. Thus, one smallest division of the circular scale is equivalent to
longitudinal movement of 0.5 O 1/50 mm = 0.01mm. It is~ the least count of the

micrometer. \




The job is measured between the end of the spindle and the anvil that is fitted to the
frame. When the ?nicrometer is closed, the line marked zero on the thimble coincides
with the line marked zero on the barrel. If the zero graduation does not coincide, the

micrometer requires adjustment.

To take a reading from the micrometer, (1) the number of main divisions in
millimetres above the reference line, (2) the number of sub-divisions below the
reference line excecdmg only the upper graduation, and (3) the number of divisions
in the thimble have to be noted down. For example if 3 micrometer shows areading

of 8.78 mm When

!
8 divisions above the reference line = 8.00 mm
1 division below the reference line =0.50 mm
28 thimble d%visions =0.28 mm

' 8.78 mm

Inside Micrometer Caliper:

The measuring tips of inside mlcrometer are constituted by.jaws with contact surface, which
are hardened and ground to a radlus Unlike the conventional micrometer, an inside

micrometer does not have any U-shape frame and spindle.

One of the jaws is held stationary at the end and second one moves by the movement of the
thimble. A locknut is provided to check the movement of the movable jaw. This facilitates

6 the inspection of small internal dimension. :

Figure: Inside micrometer
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The inside micrometer is intended for internal measurement to an accuracy of 0.001 mm. In

principle, it is similar to an external micrometer and is used for measuring holes with a

diameter over 50 cm.

It consists of*

e Measuring unit

* Extension rod with or without spacing collar, and

e Handle.

When the micrometer screw is turned in the barrel, the distance between the measuring

faces of the micrometer|can vary from 50 to 63 mm. to:measure the holes w1th a diameter over

63 mm, the micrometer is ﬁtted with extension rods. The extension rods of the sizes 13,

25,50,100,150,200 and 600 mm are in common use.

The measuring tips of inside micrometer are constituted by jaws with contact surface, which

are hardened and ground to a radius. Unlike the conventional micrometer, an inside micrometer

does not have any U-shape frame and spindle. One of the jaws is held stationary at the end and

second one moves by the movement of the thimble. A locknut is provided to check the

movement of the movable Jaw. This facilitates the inspection of small internal dimension.

(1) Micrometer
(2) Anvil

(3) Handle

(4) Extension Rod

® The measuring screw

micrometer.

i

Le

has a pitch of 0.5 mm. The barrel or sleeve is provided with a scale of
13 mm long and graduated into half-millimeter and millimeter divisions as in the external




r~ l oM

@ Asecond scale is eingraved on the beveled edge of the?fh'ii%ﬁle. The beveled edge of the thimble
Is divided into 50 scale divisions roundv the circumference, -

® Thus, on going through one complete turn, the thimble moves forward or backward by a thread
pitch of 0.5 mm, and one division of its scale Is, therefore, equivalent to @ movement of
0.5 X1/50 = 0.01 mm,

Dial indicator or dial gauge:

¢

| Dial indicators are small indicating devices using
mechanical means suchi as gears' and pinions or levers for magnification. system. They are
basically used for making and checking linear measurements. - Many a times they are also used
as comparators. Dial ind;icator, in fact is a simple type of mechanical comparator. - When a dial
indicator is used as an essential part in the mechanism any set up for comparison measurement
purposes; it is called as a gauge. - The dial indicator measures the displacement of its plunger
or a stylus on a circular dial by means of a rotating pointer. - Dial indicators are very sensitive
and versatile instruments:. - They require little skill in their use than other precision instruments,
such as micrometer vernier callipers, gauges etc. However, a dial indicator by itself is not of
much unless it is properly mounted and set before using for inspection purposes.

Uses:

LI
i

et

By mounting a dial indicator on any-suitable base and with various attachmenté, it can be used for

variety of purposes as follows.
1. Determining errors in geometrical forms, e.g., ovality out-of-roundness, taper etc.

2. Determining positional errors of surfaces, e.g., in squareness, parallelism, alignment etc.

3. Taking accurate meas!urements of deformation (extension compression) in tension and

compression testing of material.

4. Comparing two heights or distances between narrow limits (comparator).

- b

The practical applications of the use of dial indicator are:

1. To check alignment of lathe centers by using a suitable accurate bar between centers.




2. To check trueness of milling machine arbors.

3. To check parallelism of the shaper ram with table surface or like.

Bl poinioy
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| BHard contaat pains
Gt} Diaf indicator

{B) Mechanism of diul indim;ur

b
The necessary high magniﬁ(;ation' ratio m this instrument is achieved by thh use of gears and
pinions arrangement in a small area, by arranging the gear train in a manner similar to a clock
moverhent. Method of magnification used is shown in Fig.

There is a plunger which is a perfect sliding fit in its own bearings. This carries a rack which
accurately meshes With a pinion A. The rotation of the plunger about its own axis is
prevented by a pin attached to it, which is located in a slot in a rack guide G. In order to keep
the plunger in an extended or normal position a light coil spring S is employed. The spring
exerts a pressure of approximately 6 oz. A small movement of the contact point causes the
rack to turn the piniorm A with which it is meshed. A large gear B is attached to the same

spindle as pinion A. The gear B is further meshed w1th a leon C, which thus magnifies the

movement of pinion A. Attac’:hed to the second pinion C 1s another gear D which meshes with



 DIAL GAUGE

Dial gauges are used for femiser. =
checking flatness };}f surfaces
and parallelism of bars and
rods. t :

|
Used for linear |
measurement

o+

Two pointer arms lactuated
by rack and pinion AN P
arrangement i R g

Rack is cut in spinidle and
spindle is made tolcome in
contact with the work-piece

Step 4

To get the final measurement 4.00 mm
- add up the measurements
from Steps 1,2, & 3.

8.30 mm




Requirement of a good dial indicator: .

I. it should give trfouble free and dependable readings over a longer period
Il the pressure required on measuring head to obtain zero reading must remain constant
over the whole range.
III.  The pointer should indicate the direction of movement of measuring plunger.
IV.  The accuracy of the reading should be with in close limits of the various sizes and
ranges. ' - b
V.  The movement of the""mea.suring plunger should be either in direction without
affecting the accuracy. '

Slip Gauges: .
|

Slip gauges or gauge blc!)cks are universally accepted end standard of length in industry. These

O were introduced by Johr'-ison, a Swedish engineer, and are also called as johanson gauges

!
l

Figure: Dimension of a slip gauges

Slip gauges are rectangular blocks of high-grade steel with exceptionally close tolerances.

These blocks are suitably hardened through out to ensure maximum resistance to wear.-

Slip gauges are rectangular blocks of steel having a crbss-séction of about 30 by 10 mm. The
essential purpose of slip gauges is to make available end standards of specific lengths by
temporarily combining several individual elements, each representing a standard dimension,
into a single gauge bar. The combination is made by pressing the faces into contact and then
irﬂparting a small twisting motion while maintaining the contact pressure. This is called

wringing. Wringing occurs due to molecular adhesion between a liquid film (thickness about



6 Um to 7 Om) and the mating surface. The combination made in that way can be used as
reference for transferrmg the dimensions of the unit of length from the primary standard to
gauge block of lower accuracy. It is also used for the verification and graduation of measuring
apparatus and for direqt measurement of linear dimensions of industrial components. For this
purpose, control geonéletry of form such as flatness and parallelism of the surfaces and
squareness of the gauging surfaces are essential. According to accuracy, the slip gauges can be

graded into three categories, i.e. Grade 0, Grade I and Grade II. Generally,

two sets of slip gauges are available.

o+ N

Normal Set _ ‘
Slip gauges of the following dimensions are available in this type of set.
| Table 5.1 : Normal Set
} Range Step Pieces
1.001 to 1.0068 000 g
1.01to 1.09 .01 . 9
| 1llteld 0.1 9
 1to9 1 9
104090 1 9
Total 45
Special Set
Slip gauges of the fpllowipg dimensions are availablg in this type of set.
| Table 5.2 : Special Set :
E Kange Step Pleces
| 1.001 to £.00D 0.001 5
' 1010140 0.01 4
. 05t095 0.5 19
101090 i L
Total 85

The cross—section of most commonly used rectangular slip gauges are as shown
below. '

l'furmal Bize Cross-sectional Area
{w * d} in mm

Above 10 mm 3 Srﬂ {1 9—0 03




Selection of Slip Gaugé“S:

Standard procedure is| followed in selecting slip gauges. It should be such that minimum

number of slip gauges is chosen for combination of blocks depending on
z
the type of set available. The procedure will be clear if we explain it with an example:

Let us consider the case where we have to arrange a dimension of 56.421 mm and normal sets

of slip gauges are available.

Always the last decimal point is to be considered first, i.e. 0.001 mm. Since gauge of 0.001

mm is not available, 1.001 mm slip gauge is to be selected.

. ‘ - 2.
The dimension left now! is 56.421 — 1.001 = 55.42 mm.
| . .

Now considering the se;cond decimal place, slip gauge with 1.02 mm height is selected. The

dimension left is 55.42 - 1.02 = 54.4 mm.

|
Next for 54.4 mm, slip gauge with 1.4 mm is to be chosen and then 3.0 mm gauge. Finally, 50

. |
mm gauge is to be choseTn.

Thus, we have 50.000 + 3.000 + 1.400 - 1.020 +1.001 =56.421 mm. All these five slip gauges

are wrung properly to get the required dimension.

If special set of gauges be used, the combination in this case would have been 50.000 -+ 5.420

+1.001 = 56.421 mm. ' : o he

EN

Sine Principle an(il Sine .Bars:

The sine principle uses the ratio of the length of two sides of a right triangle in deriving a given

angle. It may be noted that devices operating on sine principle are capable of “self-generation.”

The measurement is usually limited to 450 from loss of accuracy point of view. The accuracy
with which the sine principle can be put to use is dependent in practice, on some form of linear
measurement. -The sine bar in itself is not a complete measuring instrument. Another datum
such as a surface plate is needed, as well as other auxiliary equipment, notably slip gauges, and
indicating device to make measurements. Sine bars uscid in conjunction with slip gauges

constitute a very good device for the precise measurement of angles. -Sine bars are used either

to measure angles very accurately or for locating any work to a given angle within very close




limits. -Sine bars are| made from high carbon, high chromium, corrosion resistant steel,
hardened, ground and stabilized.

) S
B

hardened and grgund bar

gauge blocks

ardened and ground cylinders

Figure: use of Sine bar
Where, L = distance between centres of ground cylinder (typically 5°* or 10°)
H = height of the gauge }Jlocks
©®=the angle of the plane

® =sin (W/l)

Figure: practical use of sine bar

e b
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Use of sine bar:

1.Measuring known angles or locating any work to a given angle.

For this purpose, the surface plate is assumed to be having a perfectly flat surface, so that its

surface could be treated as horizontal.

I
Y R
+

One of the cylinders or rollers of sine bar is placed on the surface plate and other roller is placed

on the slip gauges of height h.

Let the sine bar be set at an angle q.

Then sin 6=h/1, l

where 1 is the distance bietween the centre of the rollers.

Thus knowing, h can be found out and any work could be set at this angle as the top face of

sine bar is inclined at angle Oto the surface plate.

The use of angle plates land clamps could —also be madé‘in case of heavy components. For

better results, both the rollers could also be placed on slip gauges Checking of unknown angles.

Many a times, angle of a component to be checked is unknown.

In such a case, it is nec:essary to first find the angle approximately with the help of a bevel

protector.

Let the angle be 8. Then|the sine bar is set at an angle 0 and clamped to an angle plate. Next,
the work is placed on sin'e bar and clamped to angle plate as shown in Fig. Anda dial indicator
is set at one end of the wé)rk and moved to the other, and deviation is noted.

Bevel protractor:

” .£.~:,-

o+

A simple Protractor is the basic device for measuring angles. At best, it can provide leastcount

of one degree for smaller |protractor and half degree for large protractors.

It is probably the simplest|instrument for measuring the angle between two faces of component.

U1t consists of a base plate attached to the main body, and an adjustable blade which is attached

to a circular plate containing Vernier scale.




OThe adjustable blade,is capable of rotating freely about the center of the main scale engraved
on the body of the inst!rument and can be locked in any position. It is capable of measurement
from 0 to 360 degree. |

OThe Vernier scale has 24 divisions coinciding with 23 main scale divisions. Thus, the least
count of the instrument is 5°. This instrument is most commonly used in workshops for angular

measurements till more precision is required.

Figure: Vernier bevel protractor

M . - ™~ -" .
The universal bevel profractor with 5 minutes accuracy 1s'commonly found in all tool rooms

and metrology laboratones 11t has a base plate or stock whose surface has high degree of
flatness and surface ﬁmsh The stock is placed on the work-piece whose angle is to be
measured. | An adjustable blade attached to a circular dial is made to coincide with the angular
surface. It can be swivelled to the required angle and can be locked into position to facilitate

accurate reading of the circular scale that is mounted on the dial,

The main scale on the dial is divided into four quadrants of 90 degrees each. Each division on
this scale reads one degre?. The degrees are numbered from 0 to 90 on either side of O division.
The Vernier scale has 24 divisions, which correspond to 46 divisions on the main scale.

However, the divisions on the Vernier scale are numbered from 0 to 60 on either side of the O™
: S

Rt

division as shown in figure below. ;




Angle gauges:

Angle gauges, which arie made of high-grade wear resistant steel work similar to slip gauges.
While the slip gauges cegm be built up to give linear dimensions, angle gauges can be built up
to give the required angle. .

OThe gauges come in a‘istandard set of angle blocks that could be wrung together in a suitable
combination to build an|angle.

UC.E. Johansson who developed the slip gauges is also credited with the invention of angle
gauge blocks. '

OHowever, the first set of qombination of angle gauges was devised by Dr. G.A. Tomlinson
of the National Physical

Laboratory in the United Kingdoﬁ. He developed a set i;l the year 1939, which provided the
highest number of angle |combinations. His set of ten blocks could be used to set any ang

le between 0 and 1800 in increments of 5°.

lllustration shows the véfay in which two-gauge blocks could be used in combination to
generate two different a‘ngles.

If a5 degree angle block is used along with 30 degree

angle block as shown on the left, the resulting angle is 35 degree.

If the 5-degree angle bloc{k is reversed and combined with the 30-degree angle block as shown
on the right, the resulting angle is 25 degree. - fa

Angle gauges is a hardened s;éel block approximately 75mm long and 1mm ,wide which lapped
flat working faces lying at a very precise angle to each other. It can be constructed at any angle

from 0 to 360 degree by suitable combination of gauges. Each angle gauge is marked with ‘V’




- b
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which indicates the direction of included angle. To add the angles, all “V’ marks should be in

I
same line and to subtralct, “V’ marks should be in opposite direction.

Total angle =37° 9’ 18;" (Not to scale)

Uses of angle gauges:

)] Direct use of angle gauges to measure the angle in the die insert

(i)  Use of angle gauges with square plate.
Spirit level:

The details of a typical spirit level are shown in figure. The base, called the reference plane, is
seated on the machine part for which straightness or flathess is to be determined. When the
base is horizontal, the bubble rests at the centre of the graduated scale, which is engraved on

the glass. When the base of the spirit level moves out of the horizontal, the bubble shifts to the




highest point of the tube. The position of the bubble with reference to the scale is a measure of

:

angularity of the machine part.

Grossites

510 k
et

. ———e v b

e

Figure: spirit level .
Sine centre: l

Sine centre provides corivenient means for measuring angles of conical workpieces, which are
held between centres as shown in figure.

One of the rollers is pivoted about its axis, thereby allowfng the sine bar to be set to an angle
by lifting the other roller.

The base of the sine centre has high degree of flatness and slip gauges are wrung and placed
on it in order to set the sine bar to the required angle.

‘Conical workpi

S TR 24 e




UNIT -1III
LIMIT GAUGES

Introduction:

Gauging, done| in ﬁanufacturing processes, refers to the method by which it is

determined quickly whether or not the dimensions of-the; checking parts in production, are
within their specified hmlts It is done with the help of some tools called gauges. A gauge

does not reveal the actual size of dimension.

A clear dlstmctlon between measuring instruments and gauges is not always observed.
Some tools that are called gauges are used largely for measuring or layout work. Even some

are used principally for gauging give definite measurement.
“GO” AND “NO GO” LIMIT GAUGES

Manufactured pe!trts must be checked to determine, whether they lie between the given
limits of size. In mass production, it will be very time consuming to measure the dimensions
of each part, therefore mstead of measuring actual dlmensmns of each part, the conformance

of part produced with tolerance spec1ﬁcat10ns can be checked by gauges.

{a) Plug gauge fuxi checking hole {b) Snap gauge for checking shaft

Figure: Go and No-Go gauges



* Gauges are scaleless, inspection tools of rigid design, which are‘ used to check dimensions,
form and relative positions of the surface of parts.

* They do not determine the actual size of part, but define whether deviations in the actual
size or dimension of part produced are within the specified limits or not?

* They check whether the actual dimension of part produced lies between the two permissible
limits of its size. Therefore, gauges consist of two sizes corresponding to their maximum and
minimum limits. '
* These limit gauges used for checkmg holes or shafts have two ends, labelled as 'GO' end
and 'NO GO' end.. |

* End, which can be ezllzsily inserted in or around the component to be gauged (checked) is
called as 'GO End'. |

* And the other end, which cannot be inserted in or around the component to be gauged
(checked), is called as 'NO GO' end.

* During gauging of component produced (either hole or shaft), if ‘GO’ end of the gauge goes
and the ‘NO GO’ end. does not go, then we conclude that, actual size or dimension of

component manufactured lies within the specified permissible limits of size and it is suitable

for assembly and use.
* Limit gauges (GO and NO GO) are widely used in 'e'ﬁgineering industries, due to their
advantages prescribed below. ‘

(i) Very easy to use. l

(i) No need of skilled labour to operate them. Therefore, semi-skilled labour can be
employed

(iii) Reduced inspection %:ost.

(iv) Very quick and less time consuming,

(v) No need of adjustmerits while using them.

(vi) No need of calculations to find variations in size of component produced.

Principle of GO and NO GO Gauges

* For checking the dunel!lsmns of work-piece, limit ' gauges usually have two working sizes;
one corresponding to the low limit size and other to the high limit size of that dimension.
These are known as GO and NO- GO gauges.

* The difference between |the sizes of these two gauges is equal to the tolerance on the work-

piece.




* Go gauge corresponds to low limit of size, whereas NO-GO gauge corresponds to high limit
of size in case of hole. ; ‘

* Go gauge corresponds to high limit of size, whereas NO-GO gauge corresponds to low limit
of size in case of shaft.

* A part is considered iz:o be good, if GO gauge enters it and NO-GO gauge does not enter it.
This indicates that, the 'actual dimensions of part are within the specified limits.

* In case of hole, if both gauges fail to enter, it indicates that, hole is undersize, and in case of
shaft, if both gauges fail to enter, it indicates that, shaft is oversize.

GAUGES AND THEIR CLASSIFICATION S:

+
Gauges are the tools WhICh are used for checking the size, shape and relatlve positions of

™

various parts but not prov1ded with graduated adjustable members. Gauges are, therefore,

6 understood to be single-size fixed-type measuring tools.
. |

Classifications of Gaugf::s

I

a) Based on the standard and limit

|
i. Standard gauges¥
|
ii. Limit gauges or *go” and “not go” gauges

(b) Based on the consistency in manufacturing and inspection

™ ’ .

e

6] Working gauges *
(i)  Inspection gauges

(iii)  Reference or master gauges
6 (c) Depending on the elements fo be checked

1. Gauges for checking holes

ii. Gauges for checking shafts
iii. Gauges for checking tapers
iv. Gauges for checki;ng threads

v. Gauges for checkisng forms
(d) According to the shape or purpose for which each i§ used

i. Plug
ii. Ring

. iii. Snap




iv. Taper

v. Thread

vi. Form |
vii. Thickness

viil. Indicatilglg

ix. Air-operated |

TAYLOR’S PRINCIP(;LE
According to Taylor’s{ principle, ‘GO’ and ‘NO GO’ gauges should be designed to check

maximum and minimum material conditions as below:

'‘GO’ Limit This désignat‘ion is applied to ‘maximum material conditions”’
i.e! upper limit of shaft and lower limit of hole.

*NO GO’ Limit | This designation is applied to ‘minimum. material conditions”
I.e4 lower limit of shaft and upper limit of hole:

'GO' and 'NO GO' plug gauges are used for checking holes.

(i) 'GO' for plug gauge: Size of minimum limit of hole, and

(if) NO GO for plug gauge: Size of maximum limit of hole.

*'GO' and 'NO GO' snap or ring gauges are used for checking shafts.

(1) 'GO' for snap or ring %gauge: Size of maximum limit of shaft, and

(ii) 'NO GO' for snap or l1'ing gauge: Size of minimum limit of shaft.

» Taylor’s principle states that, GO gauges should be of fill-form, such that,

‘GO’ gauge should check all possible elements of dimension at a time (such as roundness,
taper, location etc.), whereas ‘NO GO’ gauge should check only one dimension at a time.

* As GO gauge assembles with mating component, it should check number of dimensions,
including errors of form|such as straightness, roundness, squareﬂess etc., which are outside

the maximum metal limit. ,

* NO-GO gauge can chefck only one dimension of part at a time in order to find out any

|
dimensions, which are oultside the minimum metal limit.

1
I
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Maximum Material (Metal) Conditions and Minimum Material (Metal)

conditions:

'

To understand. this cencept, let us take one shaft and one hole both haying,

XL S S R ‘;\,A“
speciried dimiension 40°7°% mm.

“

Maximum material (metal) conditions |

Mipimum material (metal)
""" conditions

Upper limitiof shaft =40 + 0.05
= 40.05 mum

For shaft, highest diameter- possible. s,

For shaft, lowest diameter possible is;
Lower limit.of shaft.= 40 - 0.05
= 3995 mn:

Lover Tiniit of hole = 40 —0.05
= 39.95 mny

For hole, lowest didmeter permissible. sy |

For figle; highest diameter possiblg is |

Upper limit:of hole =40+ 0.05
= 40.05 mm

High limit—s /s High limit of s A A A AR s
- —_t. e e S R T KT . — e 1
(l\?ll;?rg't?m F — Low limit of hole """"""""""*"""‘"""’""‘""""“""’,f’ o et of shat
material (Both show / (Minimum material.
condition) maximum material / condition)
Basic size for CONOMON) s e e e m e, e e o e xs JR—
hole and shaft
. ’.
L—.‘.—..—-n—:-- — ey ey — . 2 . Shaft ‘_.ga-t:u-m line
7/// 27 , or reference fine
{a) Hole {b) Shaft
Type of Condition For Hole For Shaft
Maximum material condition Low limit of hole High limit of shaft
Minimum material condition Upper/High limit. of hole | Low limit of shaft.

INDIAN STANDARDS [DESIGN OF GAUGES

Important Points for Design of gauges:

1. Shape of 'GO' gauge should exactly coincide with mating parts.

2.'GO' gauge enables sevlcral dimensions to be checked simultaneously.

3. Inspection ‘GO’ gauges|must always be put into conditiens of maximum impossibility.
P g y L

4. 'NO GO' gauges are used for checking single element of component.




5. Inspection 'NO GO' gauges must always be put into conditions of maximum possibility.
* For example, if a hole of size less than 63 mm is to be checked, the double ended plug
gauge can be used. | , - b
* Double ended plug glauge '}orms GO gauge side on one end and NO GO side on another
end. Refer Fig. 3.3.

* While checking or gauging a hole produced, both ends of double ended plug gauge are

made to insert into the hole produced, one by one.

* If the hole produced is undersized, then, both 'GO' and 'NO GO' ends of plug gauge will not
enter inside hole. But, if the hole produced is oversized, then both 'GO' end and 'NO GO' ends
of plug gauge will entef inside hole.

* If the dimension of hole produced is correct (it means, dimension of hole produced lies
between high limit and low limit of size), then end of plug gauge corresponding to lower
limit will enter into the hole and another end of plug gauge corresponding to upper (high)
limit will not insert into|holesproduced. s

* Therefore, end of plug gauge corresponding to low limit of size is 'GO end', whereas
another end of plug gauge corresponding to high limit of size is 'NO

GO' end.

* Therefore, we conclude that, in case of plug gauge used for gauging or checking dimension
of hole, the end correspcgnding to low limit is GO end and the end corresponding to high limit
is NO GO end.

* Similarly, we can observe that, in case of ring gauges or snap gauges used for gauging or
checking dimension of shaﬁ one ring corresponding to high limit is GO ring gauge and
another ring correspondmg to low limit is NO GO ring gauge

* In case of plug gauges, “NO GO’ end is made shorfer i m length than ‘GO’ end, because it
never enters the hole and| need not have provisions to account for wear or prevent jamming as
in case of ‘GO’ end. Whereas, 'GO' end is made larger in length due to following advantages.
(1) To check all possible idimensions of hole at a time, such as, roundness, taper, straightness
after inserting it into hole: thoroughly.

(ii) Longer end of double|ended plug gauge is GO end, whereas, shorter end is

NO GO end. Thus, GO end and NO GO end of double ended plug gauge can be distinguished
very easily.
(iii) Longer GO end provides good support, while checking/gauge the dimension.




Standard Gauges:

Standard gauges are made to the nominal size of the part to be tested and have the measuring
member equal in size to the mean permissible dimension of the part to be checked. A

standard gauge should ,mate with some snugness.

B

Limit Gauges:

These are also called “go** and “no o™ gauges. These are made to the limit sizes of the work
to be measured. One oti‘ the sides or ends of the gauge is made to correspond to maximum and
the other end to the mi:nimum permissible size. The function of limit gauges is to determine
whether the actual dimensions of the work are within or outside the specified limits. A limit
gauge may be either double end or progressive. A double end gauge has the ,,g0" member at
one end and ,,no go™ nllember at the other end. The ,,g0* member must pass into or over an
acceptable piece but the ,,no go* member should not. The progressive gauge has ,,no go*
members next to each other and is applied to a workpiece with one movement. Some gauges
are fixed for only one s:et of limits and are said to be soli.d gauges. Others are adjustable for

various ranges. oo
Working Gauges: |

Working gauges are thoée used at the bench or machine in gauging the work as it being made.

Inspection Gauges:

These gauges are used by the inspection personnel to inspect manufactured parts when
finished.

Reference Gauges:

These are also called master gauges. These are used only for checking the size or condition

of other gauges and repregser}t as exactly as possible the-physical dimensions of the product.
Hole Gauge

It is used to check the dimensions of the hole present in the element.
Shaft Gauge

It is used to checkithe dimensions of the shaft.

Taper Gauge




o/

It is used to che;:ck the dimensions. of the tapers.
!

Thread Gauge

It is used to check the threading of the element.
Form Gauge :

It is used to check the forms of the elements.

Plain plug gauges are used fo check whether the dimgnstons of hole lie within the specified
limit or not. I

* They are made up off suitable wear resisting steel and the gauging surfaces are suitably
hardened.

i

* The gauging surfaces| are first suitably stabilized using proper ileat treatment process and
then ground and Iapped.% :
* They are provided wit]fa suitable anti-corrosive coating to prevent against corrosion.
* They are of two types:f
a) Double ended type, for sizes upto 63 mm.
b) Single ended type, fo% sizes above 63 mm.
* They are designated with following parameters marked qu handle.
Nominal size. o -
Class of tolerance.
Actual values of tolerance.
‘The word ‘GO’ on Gd side.
The word “NO GO’ on NO GO side.
Some other standards.
* The “‘NO GO’ side is always painted with red band.
* Example: GO and NO GO plain plug gauge 25H7, IS: 3484.
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Figure: Plain plug galigé
|
Plain ring gauges are used to check whether, the obtained dimension of shaft lies within the
specified limit or not. |
* They are made up c!)f suitable wear resisting steel and the gauging surfaces (contact
surfaces) are suitably hardened.
* Gauging surfaces are first suitably stabilized using proper heat treatment process and then
ground (using grinder) and lapped.
* An anti-corrosive coating ié provided on the gauging or contact surfaces, to prevent against
corrosion. T A % ,
* Double ended type rinlg gaﬁges are not found. Only single ended ring gauges are available
in two designs, a) GO rin‘g gauges, b) NO GO ring gauges.
* They are available in two ranges, (1) 3 to 70 mm in 10 steps and (ii) 70 to

250 mm in 17 steps.
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(a) Side view - . {bYyFront view

Figure: 'GO' type of plain ring gauge (single ended)

Figure shows 'GO' type of ring gauge (single ended), used to check diameter of shaft. A shaft
is treated as acceptable, if it enters into hole of ring gauge. Similarly, we can draw a NO GO

type planning gauge (siﬁgle ended) to check diameter of same shaft. Only difference found in

NO GO ring gauge is slight decrease in its hole diameter. A shaft is treated as acceptable if
shaft does not enter into'hole of NO GO ring gauge.
* They are designated Wlth following parameters marked on handle.
Nominal size. ,
Class of tolerance.
Actual values of tolerqncé?'
The word ‘GO’ on G(? side.
The word “NO GO’ ot NO GO side.
Some other standards.
Manufacturer's trademark.

* Example: GO and NO GO plain ring gauge 25h7, IS: 3484.

Snap gauges are used tcg check, whether they obtained or produced dimension of shaft lies
within the specified limit 4or not.

* They are made up of suitable wear resisting steel and the gauging surfaces are hardened to a
hardness value of about 750.

* The gauging surfaces are first Suitably stabilized us:ri‘ng%i’)'roper heat treatment process and

then ground and lapped.




* They are provided with suitable anti-corrosive coating to prevent against corrosion..
* They are available intwo designs, (a) Rib type, (b) Pl'éte"type snap gauges.
* According to dimensijon of shaft to be checked, two types of snap gauges are made available
in market. |
(1) Double ended snap gauges: Used to check shaft having diameter in the range of 3 mm to
100 mm.
(ii) Single ended snap gauges: Used to check shaft having diameter in the range of 100 mm
and 250 mm.
* They are designated with following parameters marked on handle.
Nominal size.
Class of tolerance. |
Actual values of tolel;ancc.
The word ‘GO’ on Gp side.
The word “NO GO’ on NO GO side.
Some other standards!.
* The ‘NO GO’ side is aﬁways painted with red band.

* Example: GO and NO!GO snap gauge 25h7, IS: 3484.
P |

Actual value:

of devigtion
Red band
Nomiingl size Class of L—Naminal size w:th
Pre-sadedl class of tolerance’
j — Actual value:
of deviation

Figure: a. Rib type snap gauge b. plate type snap gauge

Advantages of Gauges are as below:

1. No other auxiliary equipment is needed.
2. Give quick result about conformance or non-conformance of the part produced.
3. No need of adjustment is required while using them.

’ ..
w

4. No need of any calculation.




5. No need of external power supply.
6. No need of skilled workers. Gauges can be easily used by unskilled workers too.
7. Low inspection cost.! .

8. Less time consuming.
!

9. Preferred in mass production.

Disadvantages of Gauges are as below:

1. Gauges cannot measure the dimension/size of component produéed.

Therefore, inspection by gauges does not provide detailed information about the parts
produced. :

2. Their use is limited tfo particular jobs only. For example: Hole and shafis produced in mass
production. Gauges canhot be used for inspection of costly items like diamonds,

3. It is very un-economical to manufacture gauges in small quantity, because of high capital
cost and running cost invqlved in gauge maker inéps’gies. Therefore, gauges should be
manufactured in sufficiently large quantity, to reduce production cost per gauge.

Material for Gauges . -

High Carbon Steel is a relatively inexpensive and suitable material for gauges.

The material used for gauges should have good hardness. For this purpose, gauges are heat
treated before their practical use.

Heat treatment consists of hardening the steel by heating to 730°C followed by quenching
in water. |

After heat treatment, the gauges are stabilized by maintaining them at a tempering
temperature of 200°C foxi' 8-10 hours.

Materials used: High céarbon steel, Mild steel, Oil hardened steel, cast iron etc.

Desirable properties of material used for gauges: g2
(1) Hardness to resist wear. |
(ii) Corrosion resistant,
(iii) Stability to maintain :size and form.
(iv) Ease of Machinability.
(v) Low coefficient of thermal expansion.

Plug Gauges:

These gauges are jused for checking holes of many different shapes and sizes. There
are plug gauges for straight cylindrical holes, tapered, threaded square and splined holes.

Figure 4.1 shows a standard plug gauge used to test the nominal size of a cylindrical hole.

',

3
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Figure 4.2 shows a double-ended limit plug gauge used to test the limits of size. At one end,
it has a plug minimum limit size, the »0" end and; at the other end a plug of maximum limit,
the ,,no go™ end. Thes.le ends are detachable from the handle so that they may be renewed
separately when worn 1n a progressive limit plug gauge. The ,,g0" and ,,no g0 section of the

gauge are on the same[

end of the handle. Large holes are gauged with annular plug gauges,
which are shell—constructed +for hght weight, and ﬂat plug gauges, made in the form of

diametrical sections of cylinders.

1

Figur(%: Progressive and Double Ended Limit Plug Gauges

Ring Gauges: ‘

Ring gauges are used to test external diameters. They allow shafts to be checked more
accurately since they <::mbrace the whole of their surface. Ring gauges, however, are
expressive manufacture! and, therefore, find limited use. Moreover, ring gauges are not
suitable for measuring journals in the middle sections of shafts. A common type of standard
ring gauge is shown in |Figure 4.1. In a limit ring gauge, the ,,g0* and ,.no go“ ends are
identified by an annular' groove on the periphery. About 35 mm all gauges are flanged to
reduce weight and facilitate handling.

Taper Gauges:

- b

3o +

The most satisfactory method of testing a taper is to use taper gauges. They are also
used to gauge the diameter of the taper at some point. Taper gauges are made in both the plug
and ring styles and, in general, follow the same standard construction as plug and ring

gauges. A taper plug and ring gauge is shown in F igure 4.3.
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Figure: Taper Plug and Ring Gauge

When checking a taper hole, the taper plug gauge is inserted into the hole and a slight
pressure is exerted against it. If it does not rock in the hole, it indicates that the taper angle is

correct. e / Tt ,
The same procedure is %‘ollowed in a ring gauge for testing tépered spindle.

The taper diameter is tested for the size by noting how far the gauge enters the tapered hole or
the tapered spindle enters the gauge. A mark on the gauge show the correct diameter for the

large end of the taper.

To test the correctness of the taper two or three chalk or pencil lines are drawn on the gauge
about equidistant along la generatrix of the cone. Then the gauge is inserted into the hole and
slightly turned. If the Iil!les do not rub off evenly, the taper is incorrect and the setting in the
machine must be adjusted until the lines are rubbed equally all along its length. Instead of
making lines on the gauge, a‘thin,coat of paint (red led; carbon black, Purssian blue, etc.) can

]

be applied.

The accuracy of a taper hole is tested by a taper limit gauge as shown in Figure. This has two
check lines ,,go** and »10 go™ each at a certain distance from the end of the face. The go

portion corresponds to the minimum and ,,no go* to the maximum dimension.

—NO GO

Figure: Limit Taper Plug Gaige

MR R T XL T

Snap Gauges:
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These gauges are used for checking external dimensions. Shafts are mainly checked
by snap gauges. They may be solid and progressive or adjustable or double-ended. The most

!
usual types are shown in Figure.

&0 , NO GO

TR

Caliper Gauge Double Ended Solid Gauge

* ' Adjustable Gauge

&) Figure: Snap Gauges

Solid or non-adjustable caliper or snap gauge with ,,go* and ,,no go™ each is used for large

sizes.

(b) Adjustable caliper or snap gauge used for larger sizes.

This is made with two ﬁixed anvils and two adjustable anvils, one for ,,go “and another for the

»10 g0,

The housing of these galiges has two recesses to receive measuring anvils secured with two
screws. The anvils are set for, a specific size, within an‘available range of adjustment of 3 to 8
mm. The adjustable gauges can be used for measuring seties of shafts of different sizes

6 provided the diameters ate within the available range of the gauge.
(iii) Double-ended solid snap gauge with ,,g0™ and ,,no go™ ends is.used. for smaller sizes.
Thread Gauges:

Thread gauges are used to check the pitch diameter of the thread. For checking internal

threads (nut, bushes, etc.), plug thread gauges are used, while for checking external threads

(screws, bolts, etc.), ring thread gauges are used. Single-piece thread gauges serve for

measuring small diameters. For large diameters the gauges are made with removable plugs

machined with a tang. Standard gauges are made single-piece. Common types of thread

3

gauges are shown in Figure.
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Figure: Thread Gauge
Standard plug gauges nﬁlay be made of various kinds:

a) Plug gauge Withf only threaded portion.
b) Threaded portion on.one end and plain cylindrigal plug on opposite end to give
correct “core” diametér. .

c) Thread gauge W%ﬂ‘l core and full diameters.

Limit plug gauges have a long-thread section on the ,,go* and a short-threaded section on the

“no go* end to correspond to the minimum and maximum limits respectively.

Roller rings gauges, similarly have ,,g0" and ,,no go* ends. They may also be solid and

adjustable.
Roller Snap gauges are (I)ften used in production practice for measuring external threads.
They comprise a body, t\:vo pairs ,,go* rollers and two pairs ,,;no go* rollers.

b
Taper thread gauges are wlusedr for checking taper threads. The taper-ring thread gauge are
made in two varieties — rigid (nori-adjustable) and adjustéblé. The “go” non-adjustable ring

gauges are full threaded while the ,,no go** have truncated thread profile.

A profile gauge or contour gaunge is a tool for recording the cross-sectional shape of a
surface. Contour gauges consist of a set of steel or plastic pins that are set tightly against one
another in a frame which keeps them in the same plane and parallel while allowing them to
move independently, peq;endicularly to the frame. When pressed against an object, the pins
conform to the object. The gauge can then be used to draw the profile or to copy it on to

another surface.




@ Applications:

o+

... | , . ,
e Designing in metal or wood working

» For easily decora}tion.

o Used to record the profile of pots (also known as pottery gauge)

Position Gauge: *

« This Gauge Is Used

For Checking The Hole Position With respect to Centre
» We Use High Qualit,y Steel for Making the Gauges.

-

Optical Measuremelilts instruments:

In. this section of the c}llapter, one will learn about basic principles involved in optical .
measurements, interferenbe and interferometry, and also about various instruments used in
optical measurements Iikei tool maker’s microscope (micrometre microscope), autocollimator,
auto dekkor, optical projector, optical square and optical flats. In this section, the major focus
is to get knowledge on optical projectors and microscopes, so that one can use it readily in a
laboratory or a workplace|where these instruments are used.

In engineering measuring instruments of an optical nature, the formation of images by

lens systems represents the basic principle on which mést of these instrpments are based.




Optical methods of measurement can be divided into two general classes; those in which the
object being measured is viewed or magnified by a projector or microscope, and those in
which the application of optics is indirect. Instruments as optical dividing heads, where lens
systems are used to glve the ‘hecessary magnification for the reading of a scale or to provide
magnification of a mechamcal movement by means of optical lever.

Tool maker’s microscope:

The toolmaker's microscope is an optical measuring machine equipped for external & internal
length measurements as well as measurements on screw threaids, profiles, curvatures &
angles.

A toolmakers mlcroscope is a measuring device that can be used to measure up to 1/100th of
an mm. It works on the principle of a screw gauge, but a few changes were added to it to
make its operation easier. It needs application of optics too. A light focuses on the object &
through lens we can see the: shadow of the object, which resembles the object. More clear

shadow would be enhanlce the accuracy of measurement.
.-,

e

Principle of Measurement + :

A ray of light from a light source is reflected by a mirror ‘thr'ough 90°.

It then passes through a transparent glass plate. A shadow image of the outline or counter of
the workspaces passes through the objective of the optical head &.is projected by a system of
three prisms to a ground glass screen. Observations are made through an eyepiece.
Measurements are made by means of cross lines engraved on the ground glass screen. The

screen can be rotated through 360° the angle of rotation is read through an auxiliary eyepiece.
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Fig 3.7. Principe of meaizsurement
Construction: i
TMM (toolmakers microscope) has got a robust & strong base such that it can bear &
withstand sudden loads;. A column with a track is present to carry lens, along with
illuminating source in certain TMM’s. Lens has two perpendicular straight lines marked that
act as reference lines. Object to be measured is placed on glass table. Glass table is provided
with 3 scales on it.
Two scales are meant for measuring in X & Y directions & the movement of table the
respective direction. The o?her scale is meant for mefsu’rfng rotation as well as rotation of

table. +
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Flg 3.8. Tool Maker’s Mlcroscope
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Fig. 3.9. Scales on Microscope

Working:

The component being measured is illuminated by the through light method.

* A parallel beam of light Illummates the lower side of work-plece which is then received by

the objective lens in its way to a prism that deflects the light rays in the direction of the

measuring ocular & the projection screen.

* The direction of illumination can be tilted with respect to the work-piece by tilting the

measuring head & the whole optical system. This inclined illumination is necessary in some

cases as in screw thread measurements.



Applications:
1. Length measurement in Cartesian & polar co-ordinates.

2. Angle measurements of tools.

3. Thread measurements i.e. » profile major & minor diameters, height of lead, thread

4. Angle, profile posmon with respect to the thread axis & the shape of thread.

5. Comparison between centers & drawn patterns & drawing of projected profiles.

6. Used for measuring the shape of different components like the template, formed cutter,

milling cutter, punching die, and cam

Autocollimator:
’..
Ohserver - Objective Cross-hair -
lens eticle

N l'! ¢ D o | e 7
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Fig. 3.10 Principle of ailtocollimator

It is a special form of telescope which is used to measure small angles with high degree of
resolution. It is used for various applications such as precision alignment, verification of
angle standards, and detection of angular movement and so on. ’

It projects a beam of collimated light on to a reflector, which is deflected by a small angle
about the vertical plane. The light reflected back is magnified and focused either on to an
eye piece or a photo detector. The deflection between the beam and the reflected beam is a
measure of angular tilt ofi the reflector.

The reticle is an illuminiated target with cross hair pattern, which is positioned in the focal
plane of an objective lens. A plane mirror perpendicular to the optical axis serves the purpose
of reflecting an image of %he pattern back on to the observation point.

A viewing system is requlred to observe the relative position of the i 1mage of the cross wires.
This is done in most of the autocollimators by means of a s1mple eye piece.

If rotation of the plane reﬂec;tor by an angle 0 results In this displacement of the image by an

amount d, then, d = 2f §, where fis the focal length of the objective lens.




b
It is clear from this relationship that the sensitivity of autocollimator depends on the focal

length of the objective lens. Longer the focal length, latger is the linear displacement for a
given tilt of the plane r}eﬂector.
Classification of Auto?collimat_or
Autocollimators may be classified into three types:
1. Visual or conventional autocollimator
2. Digital autocollimator, and
3. Laser autocollimator
Visual Autocollimator

The displacement ,of the reflected image is determined visually in this type of
autocollimator. A pmhole hght source is used, whose reflected image 1s observed by the
operator through an eye piece.

Visual collimators are typically focused at infinity, making them useful for both short
distance as well as long’distance measurements.
Digital Autocollimator
Digital autocollimator u;ses an electronic photo detector to detect the reflected light beam. A
major advantage of thistype of collimator is that it uses digital signal processing technology
to detect and process the reflected beam. This enables filtering out of stray scattered light,
which sharpens the quahty of the image.
Laser Autocollimator
Laser autocollimators represent the future of precmon angle measurement in the industry.
Superior intensity of the, lasér beam makes it ideal for measurement of angles of very small
objects (1 mm in dlameter) as Well as long measuring range extending to 15 meters or more.
Another marked advantage is that a laser autocollimator can be used for the measurement of
non mirror quality surfaces in addition, high intensity of the laser beam creates ultra low
noise measurements, thereby increasing the accuracy of measurement.
Angle Dekker )

Angle dekkor is a small variation on the autocollimator. This instrument is essentially used

as comparator and measures the change in angular position of the reflector in two planes.
It has an illuminated scale, which receives light directed through a prism. The light beam
carrying the image of the illuminated scale passes through the collimating lens as shown in

figure and falls on to the reflecting surface of the work: pléce.
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Fig.3.11 Angle Dekkor

After getting reflected from the work piece it is refocused by the lens in field view of
eyepiece. While doing so, the image of the illuminated scale would have undergone a rotation
of 900 with the optical a?;is.

Now, the light beam ‘will pass through the datum scale fixed across the path of the light
beam as shown in figure.' ‘ , . b

When viewed through the eye piece, the reading.on the illuminated scale measures
angular deviations from (g)ne axis at 90 ° to the optical axis and the reading on the fixed datum
scale measures the deviation about an axis mutually perpendicular to this.
Working | '

Angle dekkor is ca}f)able of measuring small variations in the angular setting i.e.
determining the angular tilt.

For measuring the angle of a component, the working principle is the method of
measurement by comparison.

Thus, first of all, the angle gauge combination is set up to the nearest angle of component

and the angle dekkor is set, such that, zero reading is obtained on the illuminating scale.
. b ,’;u:.-




The angle gauge build up is then removed and replaced by the component under test. A
straight edge is used to ensure that, there is no change in lateral positions.

The new positions |of reflected (illuminated) scale;_.wi_t}} respect to fixed scale gives the

angular tilt of the componen€ 'ﬁom set angle.

B
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Fig. 3.12 Eyepiece view of angle dekkor .

e

Fig. 3.13 Final positions of vertical illuminated scale showing horizontal and vertical

angular displacement
|
Applications of Angle D!ekkor:
In combination with angle gauges, it is used in:
(a) Measuring angle of a component.
(b) Angular setting of machines.
(¢) Checking slope angles|of V-blocks.
(d) Measuring angle of taper gauge...
Optical squares




An optical square is useful in turning the line of sight 90 degrees from its original path. The
incident ray is reflected internally from two faces and emerges out of the square at exactly
900 to the incident lig'ht. Any slight deviation or misalignment of the prism does not affect
the right angle movement of the light ray.
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Fig. 3.14. a) Optical sqlslare b) Use of an optical square to test squareness
e Optical Flats '
1. An optical flat is a dlisk of high quality glass or quartz. When an optical flat is laid over a
flat reflecting surface, lt orients at a small angle 0, because of the presence of air cushion
between the two surfaceis. . o
2. When light from a monochromatic light source is made to fall on an optical flat, which is
oriented at a very small|angle wii:h respect to a flat reﬂe‘ctihg surface, alternate band of light
and dark patches are see?l by the eye.
3..In case of a perfectly flat surface, the fringe pattern is regular, parallel and uniformly
spaced. Any deviation from this pattern is a measure of error in the flatness of the surface

. ¥
being measured.

Eye-% <Q Eye
S _

Fus *

Fig. 3.15. a) Optical flats principle (Fringe formation) b) Interference fringe
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Table 3.1 Fringe patterns and the resulting surface conditions
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Fig. 3.16 Height measurement using an optical flat




Now, let the number of fringes on the reference: bleck be & overa width of I mm. If the -
distance between the two slip gauges is L and3 s the wavelength of the menechromatic fight
source, then the-difference in heigh £ is given by-thefollowing relation:

p=2LN i
2
Important note: Thel term ‘scale’ is used when rulings are spaced relatively far apart,
requiring some type of interpolating device to make accurate settings. The term ‘grating’ is
used when rulings are fnore closely spaced, producing a periodic pattern without blank gaps.
Of course, gratings car;not be either generated or read manually. They require special read-
out systems, usually photoelectric. The only element ‘that makes a microscope a measuring
instrument is the ‘reticlé’.

Examples: 1. the ﬁ*inée patterns shown in Fig. 3.17 were observed for four different

specimens when viewe:d through an optical flat. Give your assessment about the nature of
. !
l

surface conditions.

A i ¢ ol

B

Fig.3.17. Fringe pattenis viewed through an optical flat .

|
Solution ‘
Cése A: The surface is flat from lower right to upper left, but slight curvature
of fringes away from the line of contact indicates that it is slightly concave
Case B: The surface is ﬂe%t in the direction that the fringes run. However, it is
higher diagonally across the centre, where the fringes are more widely spaced,
than at the ends. |
Case C: Circular fringes vsvith decreasing diameters indicate the surface to be
spherical. By applying a small pressure at the centre of:,th,e.‘~ fringes, if the
fringes are found to move to&'ards the centre, the surface is concave. On the
other hand, if the fringes move away from the centre, the surface is convex.

Case D: Parallel, straight, 'and uniformly spaced fringes indicate a flat surface.




-
l"\

Example: 2. Two flat gauges are tested for taper over a length of 25 mm onxa
surface plate using an optical interferometer. Determine the taper of gauge
surfaces if the wavelength of light source is 0.5 pm.

(a) Gauge A: The numI!)er of fringes on the gauge surface is 15 and that on the
surface plate is 5

(b) Gauge B: The number of fringes on the gauge surface is 5 and that on the

surface plate is 8.
Solution y
Amvonmnt of Eaperﬁmr gauge A={15-5) x ?. = 10% %— = 2.5pm,
a Amount of taper for gaﬂve B=(8-5x% ;—‘i- = 3 ;:»: 0‘5 = 0.7 pm.
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1‘ . 3
Introduction
v The toolmaker's microscope is an optical measuring
machine| equipped for external & internal length
measurements as well as measurements on screw threads,
profiles, curvatures & angles.
v A toolmakers microscope is a measuring device that can
be used to measure up to 1/100® of an mm.
{ . .
v' It works| on the principle of a screw gauge, but a few
changes were added to it to make its operation more
easier.
It needs !application of optics too.
A light focuses on the object & through lens we can see
the shadow of the object, which resembles the object.

v More clear shadow would be enhance the accuracy of
measurement.

AR

| Principle of Measurement

v A ray of Elight from a light source is reflected by a mirror
through 90°.

v Tt then passes through a transparent glass plate.

v A shadow image of the outline or counter of the
workspaces passes through the objective of the optical
head & iis projected by a system of three prisms fo a
ground glass screen.

v/ Observations are made through an eyepiece.

v Measurements are made by means of cross lines engraved |
onthe g 'ound glass screen. |

v' The scxlen can be rofated through 360° the angle of
rotation is read through‘an auxiliary eyepiece.
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L] Principle of Measurement

Construction

v TMM (toolmakers microscope) has got a robust & strong
base such that it can bear & withstand sudden loads.

v A column with a track is present to carry lens, along with
illuminating source in certain TMMs.

v Lens has two perpendicular straight lines marked that act
as reference lines.

v Object to be measured is placed on glass table.

v Glass table is provided with 3 scales on it

v Two scales are meant for measuring in X & Y directions
& the movement of table the respective direction.

v The other scale is meant for measuring rotation as well as
rotation of table.




| Working

The component being measured is illuminated by the
through light method.

A parallel beam of light illuminates the lower side of
work-piece which is then received by the objective lens in
its way to a prism that deflects the light rays in the
direction of the measuring ocular & the projection screen.
The direction of illumination can be tilted with respect to
the work-piece by tilting the measuring head & the whole
optical system.

This inclined illumination is necessary In some cases as in
screw thread measurements.

Application

¥ Length measurement in Cartesian & polar co-ordinates.

v Angle measurements of tools.

v Thread | measurements i.e., profile major & minor
diamete%s, height of lead, thread

v angle, profile position with respect to the thread axis & the
shape of thread.

v’ Comparjson between centers & drawn patterns & drawing
of projected profiles.

v Used foL measuring the shape of different components like
the template, formed E:utter, milling cutter, punching die,
and cam
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OPTICAL PROJECTOR:

Optical projector is a device which is works on the principle of optics. It has
become an indispeﬁsable instrument in modern metrological laboratories because of its
versatility and eas? in use. Using optical projectors it is possible to measure those
components which are difficult to be measured by other methods due to typical size, material
composition or dimensional characteristics. It displays the magnified image (which should be
clear, sharp and dimensionally accurate) of the objects located by some handling device or
staging fixture on an appropriate viewing screen (located near the operator’s normal eye level

for his convenience).

the magnified image serves as an aid to more precise determination of

dimension, from. Efc...
an optical projector of
i

(i) a projector (having a light source, a condensor or collimating leens system to direct the

light part and into the optical system),

(ii) suitable work holding table which may be fixed or movable
(iii) projections optics including both mirrors and lenses.

(iv) screen where the image of the work piece is projected and where measurements or

. i
comparisons arc made. 5 -

(v) measuring devices. A good optical projector must have a precise optical system, and

1

means for precise mechanical measurement.

while the optical projector displays a two dimensional projections of a part, it
may be noted that all parts are not ideally suited to optical gauging. The pei"formance of
optical projectors is also depends on its optical design, manufacturing and ;ssembly. All
these factors dﬁec?tly influence the quality of image formed, the accuracy of the magnified

image, and the contrast in the image.

contrast and accuracy of image are also influenced by the aberrations in the optical
system. Actually the aberrations in the optical element make the light rays passing through

optical element to deviate from the desire path.




the most common aberrations found in the optical projectors are distortion

(non- uniform magnification from centre to edge of screen), field curvature (out of focus
centre to edge due to spherical shapes of the screen), chromatic aberrations (dispersion of
white light by optical system and inability to focus all the colours simultaneously in the plane
of screen. Lateral colour (appearance of distinct blue and red fringes at the edge of image
caused by unequal magnification of these two colours in the image) image quality and
contrast. The contrast of image is also influenced by viewing screen mirrors and mechanical

mounting of the optical element to reduce flare and stray light.

The image of the test piece is produced on the screen by a beam of light. The light sources
being a tungsten lamp, filament lamp or high pressure mercury Or zenon arc lamp. A strong
beam of light consisting of concentrated bundle of parallel light rays is produced by optical
means. Beam should be large enough diameter to provide coverage on the test piece and
adequate illumination intensity at the screen. Two common arrangements of light sources

used in optical projectors are (1) shadow (ii) surface

The shadow image of the object may be produced either on horizontal scale or vertical

screen.

Surface illumination produces a reflected image of the face of the object. High intensity light

is required for projecting surface characteristics

the object to be tested is placed (staged) on the work table. The space in which the parts can

be staged is decided by the focal clearance or working distance of the optical system.

The light beam after passing the object to be projected passes into the projection system.
Comprising lenses and mirrors which must be held in accurate alignment on rigid supports.
The lenses are used to obtain the desired magnification and mirrors to direct the beam of light

on screen. It is possible to change the magnification by changing the lenses.
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INTERFEROMETRY:

Interferometry is a family of techniques in which waves, usually electromagnetic waves,
are superimposed causing  the phenomenon  of interference in order to extract
information. Interfefometry is an important investigative technique in the fields
of astronomy, fiberoptics,engineering metrology,opticalmetrology, oceanography, seismolog
y, spectroscopy (and its applications to chemistry), quantum mechanics, nuclear and particle
physics, plasma | physics, remote sensing, biomolecular interactions, surface

profiling, microfluidics, mechanical stress/strain measurement, velocimetry, and optometry.

Interferometers are widely used in science and industry for the
measurement of small displacements, refractive index changes and surface irregularities. In
an interferometer,; light from a single source is split into two beams that travel
different optical p;aths, and then combined again to produce interference. The

resulting interferen(::e fringes give information about the difference in optical path length.
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6.5.1 Autocollimators Angular Measuring
Devices

Principle
The two main principles used in an autocollimator are

(@ the projection and the refraction of a parallel beam of light by a lens,
and

(b) the cha‘nge in direction of a reflected angle on a plane reflecting
surface with change in angle of incidence.

-

To understand this, let us imagine a converging lens with a point source of light O at its
principle focus, as shown in Figure 6.7(2). When a beam of light strikes a flat reflecting
surface, a part of the beam is absorbed and the other part is reflected back. If the angle of
incidence is zero, i.e. incif;lent rays fall perpendicular to the reflecting surface, the
reflected rays retrace original path. When the reflecting plane is tilted at certain angle,
the total angle through which the light is deflected is twice the angle through which the
mirror is tilted. Thus, alternately, if the incident rays are not at right angle to the
reflecting surface they can be brought to the focal plane of the light sources by tilting the
reflecting plane at an angle half the angle of reflection as shown in Figure 6.7(b).

0 Collimating Plane
lens reflector
Point | > '
surfice A . s
O
v 3

(z!&) Reflector is at 90° with the Direction of Rays

Focal X
Plane h\zj
O 1 \\ .\\}]
I B - T\_—-—-\—%-'
O -~ Ml
| v b
O Figure 6.7(b) : Reflector is not at Right Angles to the Direction of the Rays

Now, from the diagram, 00" =20 x f=x, where fis the focal length of the lens.

Thus, by measuring the linear distance x, the inclination of the reflecting surface 6
can be determined. The position of the final jmage does not depend upon the
distance of the reflector from the lens. If, however, the reflector is moved too long,
the reflected ray will then completely miss the lens and o image will be formed.

Working |

In actual practice, the work surface whose inclination is to be obtained forms the
reflecting surface and the displacement x is measured by a precision microscope
which is calibrated directly to the values of inclination ©.

The optical systelgn of an autocollimator is shown in Figure 6.8. The target wires

are illuminated by the electric bulb and act as a source of light since it is not

convenient to visualize the reflected image of a point and then to measure the

displacement x precisely. The image of the illuminated wire after being reflected

from the surface being measured is formed in the same plane as the wire itself.

The eyepiece system containing the micrometer microscope mechanism has a pair

of setting lines which may be used to measure the displacement of the image by

setting to the original cross lines and then moving over to those of the image. 81
[
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Génerally, a calibration is supplied with the instrument. Thus, the angle of

lination of the reflecting surface per division of the micrometer scale can be

Autocollimators are quite accurate and can read up to 0.1 seconds, and may be

for distance up to 30 meters.
Plane reflector
Target Objective Lens \%

Huminator and

CEREL

A

Plane of
sething wires

Figure 6.8 : Optical System of an Autocollimator
SAQ 4

Describe the principle and working of an autocollimator.

6.6 SUMMARY

In this unit, principles and techniques of angular measuring devices have been discussed.
The unit begins with \description of line standard angular measuring devices like
protractor and bevel protractor. Next, face standards angular measuring devices, viz. slip
gauges and sine bars gre discussed. Instruments used for measurement of inclinations,
viz. spirit level inclinofneters are discussed in the next section. The unit finishes with the
discussion of the principle and working of angle comparator, viz. autocollimators.

6.7 KEY WORDS

Protractor . It is the simplest angle-measuring device and can
give reading up to 5.

Clinometer . Itis a device for measuring angle between two
faces. It uses the principle of spirit level.

Sine Bar + Ttisan indirect angle-measuring instrument which
gives measurement up to 2".

It is a precision angular measuring device that can
give accuracy up to 3".

Angle Gauges

The closed glass tube of accurate size in a spirit
level, which is used for storing the liquid, is called
the vial. It is graduated in linear scale and the
bubble moves inside it.

Vial

Autocollimator . Ttis an angle comparator based on the principle of
reflection of light. Least measurement given by
autocollimator is up to 1'.
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| Angle Gauges

Generally, a calibration is supplied with the instrument. Thus, the angle of
[' inclination of the reflecting surface per division of the micrometer scale can be

directly read.
Autocollimators are quite accurate and can read up to 0.1 seconds, and may be

used for distance up to 30 meters.
{fluminator and .
' reflector \\ A

Micrometer
Microscope

/N

e i ¢
~-m‘\\ml
' ‘ "1

'

Plane reflector.

Ayiaysest
PSSty

“Plane of
setling wies

Figure 6.8 : Optical System of an Autocollimator
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[
Describe the principle and working of an autocollimator.

=
6.6 SUMMARY

In this unit, principles and techniques of angular measuring devices have been discussed.
The unit begins with description of line standard angular measuring devices like
protractor and bevel protractor. Next, face standards angular measuring devices, viz. slip
, gauges and sine bars are discussed. Instruments used for measurement of inclinations,
' viz. spirit level inclinometers are discussed in the next section. The unit finishes with the
discussion of the principle and working of angle comparator, Viz. autocollimators.

F

6.7 KEY WORDS

It is the simplest angle-measuring device and can

Protractor :
f give reading up to 5".
Clinometer . Itis a device for measuring angle between two
[ faces. It uses the principle of spirit level.
Sine Bar . It is an indirect angle-measuring instrument which

gives measurement up to 2",

It is a precision angular measuring device that can
give accuracy up to 3".

The closed glass tube of accurate size in a spirit

Vial :
level, which is used for storing the liquid, is called
the vial. It is graduated in linear scale and the
bubble moves inside it.

Autocollimator . Itis an angle comparator based on the principle of

reflection of light. Least measurement given by
autocollimator is up to 1'.
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2.3.1 Purpose of using limit gauges . O

* Components are manufactured as per the specified tolerance limits, upper 1511%7
lower limit! The dimension of each component should be within this Uppz

limit.

o TIfthe dimel?sions are outside these limits, the components will be xeje

e If we use any measuring instruments to check these dimg¢fisionsgthe
consume more time. Still we are not interested in %10 in ount of error in
dimensions;

e It is just enough whether the size of the componesn{(is e prescribed lirhits or

O
&

not. For this purpose, we can make use of gauges kn imit gauges.

The common types are as follows: —

1) Plug gauges. el e 200t | gg
2) Ring lgauges. Double Ended Type
{ /f}mndfe H

3) Snap lgauges. 5 ol Teal

S
Progressive Type
Fig 2.9 Plug Cauge
24 PLUG GAUGES
o The ends are haydy agdaccurately finished by grinding. One end is the GO end

O en@will be equal to the lower limit size of the hole and the NOGO
Nal to the upper limit size of the hole.
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1. Double ended plug gauges O

In this type, the GO end and NQGO end are arranged on both the en
plug. This type has the advantage of easy handling.
2. Progressive type of plug gauges N

In this type both the GO end and NOGO end are arranged in de of the
plug. We can use the plug gauge ends progressively one after e checking
the hole. It saves time. Generally, the GO end is made lgx%e tha GO end in plug

‘gauges. %
J

25 TAPERPLUG GAUGE
Taper plug gauges are used to check tap¢fedihqQtesh # has two check lines. One is

ng of work, NOGO line remains
They are various types taper plug gau re avaijéble as shown in fig. Such as
1) Taper plug gauge — plain

2) Taper plug gauge — d.

Facnolihe
end

3) Taper ring gauge plai

Shask under Sogtunderiest  Flug pange ;ifng ‘m;i'gmw
. plainy Z ot
Fig 2.10 Taper Gauge

Fig 2.11 Taper ring Gauge plain
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2.6 RING GAUGES O

e Ring gauges are mainly used for checking the diameter of shaftyhaving %
hole. The hole is accurately finished by grinding and lapping after ta hardéning

process. 5

o The periphci:ry of the ring is knurled to give more grips while handiig(thd gduges. We

have to make two ring gauges separately to check the shaff/aich ring gauge
and NOGd ring gauge. O

e But the hol‘e of GO ring gauge is made to the upper limllts%?he shaft and NOGO
for the lower limit.

» While checking the shaft, the GO ring g';luge ill p ugh the shaft and NOGO
will not pass.

* To identify the NOGO ring gau tk or a small groove cut on its
periphery. | -,

. Manufictoner's
Fig 2.12 Ring Gauge
2.7 SNAP GAUGE, O
Snap gaugés for checking external dimensions. They are also called as gap

v

gauges. The di es of snap gauges are:



1. Double Ended Snap Gauge

This gauge is having two ends in the form
of anvils. Here also, the GO anvil is made to
lower limit and NOGO anvil is made to upper
limit of the sh;aft. It is also known as solid snap
gauges

2. Progressiv!e Snap Gauge

This type of snap gauge is also called caliper
gauge. It is mainly used for checking large diameter,
up to 160mm. Both GO and NOGO anvils at the sam

checked progn:assively by these two ends.
gauge is made of horse shoe sha age

section to reduce the weight of the spi S,

3. Adjustable Snap Ga
Adjustable sna

Department of MECH

Adjustisble

Fined anvil il

Fig 2.15 Adjusiable Sriap Gauge
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4. Combined Limit Gauges
A spherical projection is provided with
GO and NOGO dimension marked in a single
gauge. While using GO gauge the handle is
parallel to axes of the hole and normal to axes
for NOGO gauge. .
5. Pesition Gauge ;
It is designed for checking the position of Hand grip of
non-candticling
features in relation to another surface. Other types material
Nominal size and
of gauges are also available suc r class of tolerance
gauges, receiv:er gauges, profile gauges etc
2.8

TAYLOR’ S PRINCIPLE

It states that GO

related dimensions. Si

rd

Tt igfe e condition of hole or shaft when maximum material is left on i.e.

high i éig_.,‘ and low limit of hole.
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UNIT-VI

Measurement of Tempg‘ature

- L3N
B e

> Measurement of Temperature:- ’ ;

Temperature is probabl}'r, most widely measured and frequently controlled variable
encountered in industrial processing of all kinds measurement of temperature is involved in
thermo dynamics, heat transfer and many chemical operations. Basically all the properties of
matter such as size, colour, electrical and magnetic characteristics and the physical states (solid,
liquid, gas) change with changing temperature.

E
Definition: E
Temperature may be tdeﬁned as the degree of hotness and coldness of a body are an

environmental measured on:a definite scale.

The temperature of a %ubst‘é‘ince is a measure of the hotnese, or coldness, of that substance.
It is the thermal site of a boidy or a substance which determines whether it will give heat to, or
receive heat from, other bodies. If two bodies are placed in contact then heat tends to flow from
a body at a higher temperature to a body at a lower temperature, just as water flows from higher

to lower levels.

The terms, heat and temperature, are closely related Temperature may be defined as
"degree of heat" but heat is usually taken to mean "quantity of heat” Temperature and heat flow
are related quantitatively by the second law of thermodynamics, which states that heat flows. Of
its own accord, from a body at a higher temperature to a body at a lower temperature. It is
therefore important to remember thati in temperature measurement two bodies in intimate contact

3

Qe at the same temperature only if there is no heat flow between them.

I

Temperature scales:

Temperature scales are based upon some recognized fixed points. At least two fixed points are

required which are constant in temperature and can be easily reproduced as:




(i) Centrigrade and fahren heat scales:

On both these scales the freezing point and boiling point of water are used as fixed point. The

freezing point. The centigrade scale abbreviated as c, assigns 0 % to the ice point and 100% to

the steam point and the intervals between these points is. divided into 100 equal points. The
corresponding values of the, Fahrenheit scale deviated °F are 32 °F and 212°F with the interval
divided into 180 equal parts.

(ii) kelvin and rankine absolute scales:-

On the kelvin and Rankine scales the absolute and hypothetically placed at -273.2°c and -459.7°F.

|
(iii) Thermo dynamic scale:-

81‘he efficiency of an ideal; engine operating up on the control cycle between any two

temperatures is given by.

T1=T2 __Q1-02
T1 Q1

This can be written as T1/T2 = Q1/Q2

4. International temperatui'e scale:-

This scale has been establisllwd and adopted provide an experimental basis for the calibration of
Specific thermometers to indicate temperatures as close as possible to the Kelvin thermodynamic
scale. The International tem;ferature scale covers the range from the boiling point of oxygen to the
highest temperatures of incandescent bodles and names. The maln features of this scale, adopted

in 1948 at the Ninth General Conference on Weights and Measures are:

(1) Temperatures are to be designated as of and denoted by the symbol t. The name Celsius

was officially adopted to replace the name Centigrade.

(2) The scale is based upon a number of fixed and reproducible equilibrium temperatures to

which numerical values are assigned.




t

Fundamental fixed points and their numerical values (at standard atmospheric pressure

of 1013250 dynes/cm?Z)
FIXED PO?NT TEMPARATURE°®C
1.Temparature of equiliBrium between o -
liquid oxygen and it’s vapour (oxygen ' 182.97 °
point) |

2 .Temperature of equilibrium between ice [0
and - (saturated) water  (ice  point)

fundamental fixed point. ,

i

3. Temperature of equilibrium between liquid, 100
Water and its vapour (steam point)-

fundamental fixed point. '

4. Temperature of equil%brium between 444.60
liquid, sulphur and it’s \;rapour (sulphur .
point) o, oo
5.Temparature of equilibrium between solid o 960.8

and liquid silver(silver point)

6. Temperature of equilibrium between the 1063
solid and liquid gold (gold point)

e!assification:-

{

t

The instruments for measurilng temperature have been classified in the first place according to
the nature of change produced in the testing body by the change of temperature. The following
four broad categories have béen proposed. .

1. Expansion thermometers. |

2. Change of state thermome%er.

3. Electrical methods of meas uring temperature.
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4. Radiation and optical pyrometér.
1. EXPANSION THERMO METERS:-
. (a) Expansion of solids
;
(i) Bimetaliic thermometer
(ii) Solid rod jthennometer
(b) Expansion of liquids
(i) liquid in g;lass thermometer
(if) liquid in rznetal thermometer
(C) Expansion of gases-gas %thermome;ter
62. Change of state thermorineters:-
Liquid in metal thermomete%rs (or) vapour pressure thermometers.
3. Electrical methods of mf;easuring temperature:-
(a) Electrical resistaﬂces bulbs.

(b) Thermistors.

(c) Thermo couples and thermaopiles. "

.{;‘

4. Radiation and optical pyrometers:-

gptical pyrometers (total radiation pyrometer).

Ranges:-
Type Range°C Accuracy°C
1.Glass thermometers
(a) mercury filled -39 to 400 03to 1.0
(b) Hg+N; { . -39TO540 . .. 0.3 TO5.5

(C) Alcohol filled T 70165 T 050 1.0




Z.rressure gauge thermometer.

(a) vapour pressure type 11 to 200 1to05.5
(b) Tiquid (or) gas type filled 2150 to 600 11055
3.Bimetallic thermometer | -74 to 540 0.3 to 14.0
4 Resistance thermometer -240 to 980 0.003 t0 3.0
5.Thermo couples
(a) base metals -185to 1150 0.3 t0 11.0
(b) Percious metals -185 to 1150 03t011.0
6.Thermistors -100 to 260 Depends up on ageing
7.pyrometers
(a) optical 760 and 11 for black body
above
(b) radiation 540 and 11-16 for black body
above
L 23
8.fusion 590 to 3600 As low as 20-30 under

optimum
conditions.

Bimetallic thermometer:- ( or) solid expansion:-

@

)

High expansion

material

' Radius of curvature
-+

The bi-metal strip

Low ‘expansion
;material




Construction:-

A bimetallic strip consists of two pieces of different materials firmly bonded together by bending.
For a bi-metal in the form of a straight cantilever beam temp changes cause the free end to deflect
because of the different expansion rates of the components. This deflection can be correlated

quantitatively to the temp change. . o Lo

The ra;:iitié of curvature of the bend of a straight bi-metal beam may be calculated as

[3(1 +m) + (1 + mn) (v + llmn)]
=z ; 4 : :
6(cry — ) (T — L) (1+m)*
where 7 is combined thickness of the bonded strip, (7, + 2,)

m is the ratio of thickness.of low to high expansion materials, £,/ 7,
n is the ratio of moduli of elasticity of low to high expansion material, E,/ E,

| i Q . . . A .
Normally the two expansion material is invar and the high expansion material is brass. The respective
coefficient of expansion for invar and brass. :

| The respective coefficients of expansion
for invar and brass are 0.009 x 10-% per °C and 0.189 X 10-* per °C:

When bimetallic strip in the form of cantilever is assumed to bend to a circular are than

. r+dr expanded length of sirip having higher expansion coefficient
ro expanded length of strip having lower expansion coefficient

l[l +o, (7 76)] ‘
; 1 1 [’1 +a, (T -7},\)]

C g Simplif'iz:ation gives
_dr[1+a,(T-T)] '

. (“-; ““‘1'14) (T' 71')) . b )
With the low expansion metal of invar and the thickness oféach metal strip #/2, -

o, =0-  and dr=12 :

With these stipulations, equation 10.13 reducesto

4
T 20, T-5)

Bimetallic elements can be zltrranged in the flat spiral the single helix and the
multiple helix configuration!

P
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1. Low cost. ‘

Characteristics:-

2. Simple and compact
Applications:-

1. Control of gas flow

2. electric iron boxes

3. Domestic ovaus.

. ™ |
Liquid in glass thermometers:-, ‘ BooEE

1

The liquid in gas thermometers is one of the most common types of temp measuring devices.
The unit consists of glass envelope, responsive liquid and indicating scale.

Liquid range’C
Mercury 3.5t0510
@ ookl 80 t0 70 "
Toluene ~80 to 100
Peutane -200 to 39
Creosote -5to 200:

|

i
|

’ A
Safety bulb A .
__Stem

Temperature
scale

Capillary {b

tube — Liquid
- column

Temperature
sansing bulb

Liguid-in-glass ther

The choice in the type of glass used is a mater of economics influenced by the range
of the thermometer. Higher the range, higher the cost. For temperature up to 450 °Cnormal glass
used.at high temp up to 550°C. Above this temp quartz thermometers have been used.

Salient features/characterisﬁcsé?
1. Low cost and simplicity of use
2. Portable

3. Ease of checking for physical damage
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4. ADSence oI neea 101 aux1i1afy instruments.
5. No need of additional indicating instruments
6. Range limited to about 600°C. v
Calibration of liquid in glass thermometer:-
1. Complete immersion
2. Total immersion
3. Partial immersion
Correction factor cs= 0.00018N(T1-T2)
Cs=Stem Correction In Degrees To Be Added algebrically To The Indicated
Temp N=Numberof degrees of exposed |
T1=Reading of the primary thermometer

nw

and T2= Average temperature 'of exposed
stem. '

iiquid in metal thermometers:-

The two distinct disadvantages of liquid in glass thermometers are

1. The glass is very fragile and hence care should be taken in handling these thermometers.

2. The position of the thermometer for accurate temp measurement is not always the
best position for reading the scale of the thermometer

Bourdon tube

t -Pointer ..

\ Filling tube ’

Bulb =

Filled:system thermometer
Both of these disadvantages are overcome in mercury in steel thermometer. The principle of

operation is again the differential expansion of liquid which is used.

ES 1

(i) a temperature sensitive element (bulb) filled with expandingiﬂuid




(ii) a flexible capillary tube

(iii) a pressure or volume sensitive device such as Bourdon tube, bellows or diaphragms, and

4.
%
+

(iv) a device for indicating or recording a signal related to tiae, measured tempere;ture.

Advantages and limitations :

* Simple and inexpensive design of the system

* Quite rugged construction, minimum possibility of, damage or failure in shipment, installation and use
* Fairly good response, accuracy and sensitivity

o | I
, g

* Remote indication upto about 100 m possible with capilléry Tines.
1 ’ b

Gas Thermometer:-

This system is defined as "a‘ thermal system with a gas and operatmg on the principle of pressure
change with temperature change" The expansion, of a gas is governed by the ideal gas law:

PV =RT; P=(RT/V)

Figure: Gas Thermometer

Gas: Nitrogen gas )
Range: -130°to 540°

The volume of gas required in the bulb is determined by the gas expansion and by the
temperature range of the instrument.




V=K~ _°
57_2;22 )
Where subscripts 1, 2 refer -;to the conditions at the lowest and highest points of the scale.

> Electrical Methods:-

In electrical methods of measuring temperature, the temperature signal is converted into
electrical signal either through a change in resistance or voltage development of emf.

1. Resistance Thermometers . o b
2. Thermistors
3. Thermo couples

1. Resistance Thermometers:

-a— Leads

Leads -
)’ \L Metal sheath —-\
G Platinum ) -
sensing — L. 2 -
coil \l\ P
\ Resistance
/‘ wire \ i
Glass or $
pyrex < . '
bulb. \ U K 13
Mica former Z@
) ) Ceramic former
(a) ‘Laboratory type {B) Indu_strlal type

[ Resistance thermometers

The resistance R (ohms) of an electrical conductor of resistivity p (ohms.c),
length L (cm) and cross sectional area 4 (cm?) is given by
R=pL/d
‘As temperature changes, the resistance of the conductor also changes. This is due to two
ctors : (i) dimensional change due to expansion or contraction and (#) change in the
current opposing properties:of the material itself. Foran unconstrained conductor, the latter
as much more than 99% of the total change for copper. This change in resistance with
temperature is used for measuring temperature. .
. Most metals b&cohie more 1eswtant to the pas-
ssage of electric eurrent as they become hotter, i.e., their resistance increases with growth in
temperature. An adequate approximation of the resistance-femperature relatxonslup isgiven

by: i




K=Kl T QI+t P} : e 1YL AT )
where R, is resistance at any temperature { °C , R, is resistance at zero °C,o. and Bare
constants dependmg on thtla material. The constants Ro, 0. and B are determined at thie ice,
isteam and sulphur points :especnvely For platinum resistance thermometer, R /R must
not be less than 1.39 for = 100°C to indicate the purity of the metal and the sta_b,xl,mty.
Over a limited temperature range around zero °C, the following linear relationship is
equally valid :
R =R (1 +086)




The thermometer comprises a resistance element or bulb, suitable electrical leads and an
indicating - recording or resistance measuring instrument. The resistance element is, usually in
the form of a coil of very fine platinum, nickel or copper wound non -conductively. Onto an
insulating ceramic former which is protected externally by a metal sheath. A laboratory type of
resistance thermometer is often wound on a crossed mica former and enclosed in a pyrex tube.
The tube may be evacﬁated c:)r filled with an inert gas to protect the metal wire. Care is to be taken
to ensure that the resistance wire is free from m mechanical stresses. A metal which has been
strained will suffer a change in the resistance characteristics; the metal is therefore usually

annealed at a temperature higher than that at which it is so operate.

™~ [ .
y N
+ s

Platinum is preferred because,

1. Physically stable (i.e., relatively indifferent to its environment, resists corrosion and
chemical attack and is not readily oxidised) and has high electrical resistance
characteristics. |

2. Accuracy attainable with a platinum resistance thermometer is of the order of + 0.01 of

upto 500° C and within + 0. 1°C of upto 1200 °C.

Advantages:-
* Simplicity and accuracy ofE' ope'r“atiori_ ' :

éPossibility of easy installation and replacement of sensitive bulb




* Easy check on the accuracy of the measuring circuit 'by substituting a standard resistance
for the resistance element.

]

@—ﬂ - /gy/

Bead Skewer Disc =
type

Silver
cap
Rod .,

Typical therniistor forris

8 ' e b

S

2. Thermistors:

Thermistor
Glass

Filament

Metal ‘Glass
probe

]

Thermistor is a contraction of term Thermal Resistor. They aré essentially semi-conductors which
behave as resistors with a high negative temperature coefficient. As -the temperature increases,
the resistance goes down, a:nd as the temperature decreases, the resistance goes up. This is just

opposite to the effect of temperature changes on metals.

10
10* : oEr
. \|__ Thermistor 4
o 10 I X
G_ y /; |
L O I R S N
! % 102t z B
43 1.0'-4
-5
10
e - L 'Plati?um I IR
+ 10100 0. 100 200 300 400 500 '
Temperature™C. ’

|

Thermistors are composed é}f sintered mixture of metallic oxides such as manganese. Nickel,
cobalt, copper, iron and uranium. These metallic oxides are milled, mixed in appropriate
proportions, are pressed into the desired shape with appropriate binders and finally sintered the
electrical terminals are either embedded before sintering or baked afterwards. The electrical
characteristics of thermistors are controlled by varying the type of oxide used and physical size
and configuration of the thermistor.

Thermistors may be shaped in the form of beads, disks, washers, rods and “these standard forms

are shown in Fig.

ate
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The mathematical expression for the relation- ship between the resistance of a thermistor and
absolute temperature of thermistor is
=)

where R, is the resistance at 7" K, R, is
the resistance at absolute temperatarne ., [3 is
constant depending on the ther-xnlsxors
formulation or grade typical range is C3400 — 4000 °K).

R, = R, ™ (-—l— —

3. Thermo couples:

The basic principle of temperature measurement by thermo-electricity was discovered by Seebeck
in 1821 and is illustrated in I‘}‘ig. 10.20. When two conductors of dissimilar metals M1 and M2 are
joined together to form a loop (a thermocouple) and two unequal temperatures T11 and T2 are

émposed at the two interface connections, an electric current we through the loop.

Experimentally it has been found that -the magnitude of the current is directly related to the two
materials M1 and M2, and the temperature difference (T1 — T2 ). In the practical application of
the effect, a suitable dev1ce is incorporated in the circuit fo 1nd1cate any electromotive force or
Bower current. For convenience of measurement and standardlzatlon, one of the two junctions is
usually maintained at some, constant known temperature. The output voltage of the circuit then
indicates the temperature difference relative to the reference temperature. Most tabulations set the

reference value to the triple point of water (0°C).

I M, Thomson )
TT' - TT
G Peltier g Peltier
M, Thomson &
: ———

Basic thermiocouple circuit

. $.
. Ly g
+ b

Thermo-electric effects arise in two ways:

* a potential difference alwaﬁls exists between two dissimilar metals in contact with each other
(Peltier effect)

* a potential gradient exists even in a single conductor having & temperature gradient (Thomson effect)

In commercial instruments, the thermocouple materials are so chosen that the Peltier and




Thomson emfs act in such 2!1 manner that the combined value is maximum and that varies
directly with temperature.

Pyrometer:

i
Elements of a thermo-electric pyrometer : The essential elements of a thermo-
electrical pyrometer are shown schematically in Fig.

* Two dissimilar coriductors electrically insulatéd éxcept at the hot juriction, where
* the conductors may either be soldered or welded together, or may be completely
separated from each other. ' ‘
* arefractory and a metal sheath to protect the thermocouple from injurious-furnace
gases and to prevent it from mechanical damage.
* compensating leads which allow' the measuring instrument to be placed at a

e

| ‘ Compensating Refractory
leads sheath

Insulators

, A AN
Meter };V—l \EZ2

M — == ; g
e 2E Metal
Cold‘x ) sheath  Hot __|

[ Junction .junction

T
Laatd

RN

Element of a thermo-electric pyrometer’




UNIT-1V

o
Measurement:- 0 C :

The old measurement is used to tell us length, weight and temperature are a change of this
physical measurement is the result of an opinion formed by one (or) more observes about the
relative size (or) intensity of some physical quantities.

Definition:

The word measurement is used to tell us the length, weight, temperature, color or a change in one
of these physical entities of a material. Measurement provides us with means for describing the
various physical and chemical parameters of materials in quantitative terms. For example, thel0
cm length of an object implies that the object is 10 times as large as 1 cm; the unit employed in
expressing length.

{quantity to be

Measurand
measured)

‘  Process of

Standard e so—]
" . compatisar
@ (known quantity) (measurement) b«

4 E
l Result
(read out)

. Fundamental measuring process
These are two requirements which are to be satisfied to get good result from the measurement.
1. The standard must be accurately known and internationally accepted.
2. The apparatus and experimental procedure adopted for comparison must be provable.

Instrumentatio

n:-Definition:

The human senses cannot provide exact quantitative information about the knowledge of events
occurring in our environments. The stringent requirements of precise and accurate measurements
in thetechnological fields have, therefore, led to the development of mechanical aids called
instruments.

o b,

B3 ' OI‘ : T bl
Definition: the technology of using instruments to measure and control physical and
chemicalproperties of materials is called instrumentation.

In the measuring and controlling instruments are combined so that measurements provide
impulsesfor remote automatic action, the result is called control system.

Uses:

-> study the function of different components and determine the cause of all functioning of the
system, to formulate certainjempirical relations.

-> to test a product on materials for quality control.

-> to discover effective components.

->to develop new theories.
-> monitor a data in the interest of health and safety.




Ex:- fore casting weather it predicting in the earth case.

Methods of measurement:-

1. Direct and indirect measurement.

2. Primary and secondary & tertiary measurement.
3. Contact and non-contact type of measurement.

b

’..
e

1. Direct and indirect measurement: ’ .

Measurement is a process of comparison of the physical quantity with a standard
depending uponrequirement and based upon the standard employed, these are the two basic
methods of measurement.

Direct measurement:

The value of the physical parameter is determined by comparing it directly
withdifferent standards. The physical standards like mass, length and time are measured
by direct measurement.

Indirect measurement:

The value of the physical parameter is more generally determined by
indirectcomparison with the secondary standards through calibration.

The measurement is convert into an analogous signal which subsequently

processand fed to the end device at present the result of measurement.

e b
Sal 2%
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2. Primary and secondary & tértiary measurement:
The complexity of an instrument system depending upon measurement being
made andupon the accuracy level to which the measurement is needed. Based upon the
complexity of the measurement systems, the measurement are generally grouped into three
categories.
i. Primary
ii. Secondary
iii. Tertiary. i
In the primary mode, the sought value of physical parameter is determined by comparing
it directly with reference standards the required information is obtained to sense of side and
touch.

ﬁxamples are:

a) Matching of two lengths is determining the length of a object with ruler.
b) Estimation the temperature difference between the components of the container by inserting
fingers. LS
c) Use of bean balance measure masses. ,
d) Measurement of time by counting a number of strokes of a block.
Secondary and tertiary measurement are the indirect measurements involving

one transmission are called secondary measurements and those involving two convergent
are calledtertiary meas}lremen,ts.

t
i
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The measurement of static pressure by boundary tube pressure gauge is-a typical example of tertiary .
measurement.
3. Contact and non-contact type of measurements:

Contact type:
Where the sensing element of measuring device as a contact with medium whose
characteristics arebeing measured.
Non-contact type: ‘
Where the sense doesn't communicate physically with the medium.
e b
Ex: e o :
The optical, radioactive and some of the electrical/electronic' measurement belong to this category.

Objectives of instrumentz_ttion:-

1. The major objective of instrumentation is to measure and control the field parameters to
increasesafety and efficiency of the process.
6 2. To achieve good quality. ¥
3. To achieve auto machine and automatic control of process there by reducing human.
4. To maintain the operation of the plan within the design exportations and to achieve good
quantityproduct. :
Generalised measurement system and its functional elements:-

v
1
1]
:.
Physical ! , - _—
uystem 4 T e
b <
* Manipulator Controller
1 . V
! 3
& Transmitter indicator
Senss':r Transducer bkl
Detector transducer e N
- Processor Recorder
6 Input stage Intermediate stage output stage

Generalised measurement system

1) Primary sensing element.E

2) Variable conversion (or) Transducer element.
t . ) i

3) Manipulation of element.

4) Data transmission element.

5) Data processing element.
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6) Data presentation element.

The principal functions of an instrument is the acquisition of information by Sensing and
perception, theprocess of that information and its final presentation to a Fruman observer. For the
purpose of analysis and synthesis, the instrument s are considered as systems (or) assembly of
inter connected componentsorganised to perform a specified function. The different components

are called elements. i
t

1) PIMARY SENSING ELEMENT:

An element that is sensitive to the measured variable .The sensing element sense the condition ,
state (or) value of the process variable by extracting a small part of energy from the measurement
and produces an output which is proportional to the 1nput Because of the energy expansion, the
measuredquantity is alwayT dlsturb (Good instruments are.degigned to mlnlmlse this loading
effect.

6) Variable conversion (or%) transducer element:

An element that converts the signal from one physical for to Another without changing the
informationcontent of the 31gna1
Example: |

* Bourdon tube and bellows which transfer pressure into displacement.

 Proving ring and other elastic members which converts force into displacement.

o Rack and Pinion: It converts rotary to linear and vice versa.

e Thermo couple which converts information about temperature difference to information in

theform of E.M.F. s

=

3) MANIPULATION ELEMENT:; .

It modifies the direct signal by amplification, filtering etc., so that a desired output is produced.

6 [input]x constant = Output

!
4) DATA TRANSMISSION ELEMENT:

An element that transmits the signal from one location to another without changing the
information content. Data may by transmitted over long distances (from one location to another)
or short distances(from a test centre to a nearby computer).

5) DATA PROCESSING ELEMENT:

An element that modifies data beforeit is displayed or ﬁnéﬁly!?f‘e'corded. Data processing may be
used forsuch purposes as: - :




v’ Corrections to the measured physical variables to compensate for scaling, non-linearity,
zerooffset, temperature error etc.

v" Covert the data 1nt0 useful form, e.g., calculation of engme efficiency from speed, power

inputand torque developed

-

'(‘.
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v' Collect information regarding average, statistical and logarithmic values.

6) DATA PRESANTION ELEN[EN T:

t

'

Mechanical
device

o |

Exciter
) Volts
> Transducer
Volts ’
N _ Volts Data
Amplifier > presentation
A 8

Electro-mechanical measurement system

An element that provides record or indication of the output from the data processing element.
Ina measuring system using electrical instrumentation, an exciter and an amplifier are also

incorporatedinto the circuit!

The display unit may be required to serve the following functions.

transmitting
Signalling
Registering
Indicating
recording

() .
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The generalised measurement systerﬂ is classified into 3 stages:

¥

a) Input Stage |

b) Intérmediate Stage i
i. Signal Amplifications
ii. Signal Filtration

iii. Signal Modification




iv. Data Transmission |

i
c) Output Stage
a) Input Stage:

Input stage (Detector-transducer) which is acted upon by the input signal (a variable to be
measured) such as length, pressure, temperature, angle etc. and which transforms this signal in
some other physical form. When the dimensional units for thesinput and output signals are same,

this functional element/stage is referred to as the transformer.
b) Intermediate Stage:

i. signal amplification to increase the power or amplitude of the signal without affecting its
waveform. The output from the detector-transducer element' is generally too small to operate an
indicator or a recorder and its amplification is necessary. Depending upon the type of transducer
signal, the amplification device may be of mechanical, hydraulic/pneumatic, optical and
electrical type.

. Signal filtration to extract the desired information from extraneous data. Signal filtration removes
theunwanted noise signals that tend to obscure the transducer signal. Depending upon nature of the
signaland situation, one may use mechanical, pneumatic or electrical filters.

iii. Signal modification to pr!ovide a digital signal from an anal'og signal or vice versa, or change
the formof output from voltage to frequency or from voltage 16 current. ,

i : o
Iv. Data transmission to telemeter the data for remote reading and recording.

¢) Output Stage: '

which constitutes the data display record or control. The data presentation stage collects the
outputfrom the signal-conditioning element and presents the same to be read or seen and noted
by the experimenter for analysis. This element may be of:-

v’ visual display type such as the height of liquid in a manometer or the position of pointer

6 on ascale

v numerical readout oﬁ an electrical instrument
v" Graphic record on some kind of paper chart or a magnetic

X e e
tape.Example: Dial indicator + o ;

|
|




Scale

Dial indicator

CLASSIFICATION OF INSTRUMENTS:- b :
1) Automatic and Manual it;lstruments:
2) Self generating and power operated
Q) Self contact and remote indicating instruments
4) Deflection and null type |
5) Analog and digital types {

6) Contact and no-contact t}%pe

1) Automatic and manual instruments: ,
i . e ) e
I ES )

The manual instruments require the services of an operator while the automatic types donot.
For example, the temperature measurement by mercury-in-glass thermometer is automatic as
the instrument indicates the'temperature without requiring any manual assistance. However,
the measurement of temperature by a resistance thermometer i incorporating; Wheatstone
brigde in itscircuit is manual in operation as it needs an operator for obtaining the null

Oosmon

2) Self generating and power operated

Self-generated instruments are the output is supplied entirely by the input signal. The
instrumentdoes not require any out side power in performing its function

Example: mercury in glass thermometer, bourdon pressure gauge, pitot tube for measuring
: b .
velocity So instruments !require same auxillary source of power such as compound air,

electricity, hydraulic

supply for these operations and hence are called externally powered instruments (or)
passiveinstruments.




Example:

w B
H e

L.V.D.T(Linear Variable Differential Transducer)
Strain gauge load cell
* Resistance thermometer and the mister.

Self contained remote indicator.

3) Self contact and remote indicating instruments:

The different elements of a self-contained instrument are contained in one physical assembly. In a
remote indicating instrument, the primary sensing element may be located at a sufficiently long
distancefrom the secondary indicating element. In the modern instrumentation technology, there is
a trend to instalremote indicating instruments where the important indications can be displayed in
the central control rooms.

4) Deflection and null output instruments:
:v" ' .

In null-type instruments, the phys1ca1 effect caused by the quantity being measured is nullified

deflection maintained at zero) by generating an equivalent opposing effect. The equivalent null
causingeffect then provides a measure of the unknown quantity. A deflection type instrument is
that in which the physical effect generated by the measuring quantity (measurand) is noted and
correlated to the measurand

3

5) Analog and digital instrluments:

The signals of an analog unit vary in a continuous fashion and can take on infinite number of
values in agiven range. Wrist watch speedometer of an automobile, fuel gauge, ammeters and
voltmeters are examples of analog instruments.

Instruments basically perform two functions:
(i) Collection of data and *
6"i) control of plant and process

Accordingly based upon the service rendered, the instruments may also be classified as indicating
instruments, recording instruments and controlling instruments.

INPUT, OUTPUT CONFIGURATION OF A MEASURING INSTRUMENT:-

i : - - - o
lnpuf Output
‘ O=Gi

Input-output relation of a measurement system
Had '\, ..

3 B
o+ E




An instrument performs an operation on an input quantity (measuremént/ designed variable) to
providean output called the measurements. The input is denoted by “i” and the output is denoted by

[P

0.

According to the performance of the instrument can be stated in terms of an operational

transferfunction(G).The input and output relationship is characterised by the operation ‘G’
such that

_i
: o=G1i

The various inputs to a measurement system can be classified*into-three categories:

i) Desired input:

A quantity that the instrument is specifically intended to measure. The desired input ip produces
anoutput component according to an input-output relation symbolised by Gp; here Gp represents
the mathematical operation necessary to obtain the output from the input.

‘Ga'i) Interfering input:

A quantity to which the instrument is unintentionally sensitive. The interfering input &1 would
producean output component according to input-output relation symbolised by Gi

iii) Modifying input: i
A quantity that modifies the input-6utput relationship for both the desired and interfering inputs.

Themodifying input im would cause a change in Gp and/or Gi. The specific manner in which iy
affects Gp and G, is represented by thie symbols Gup and Gui, respectively.

A block diagram of these various aspects has been illustrated in Fig.

i s -
Interfering input
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dueto desired input
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Generalised input-output configuration

Performarice characteristics of a measuring instrument:-




1. Static characteristics

2. Dynamic characteristics

The performance characteristics of an instrument system is conclusion by low accurately the
systemmeasures the requires input and how absolutely it reject the undesirable inputs.

Error = measured value (Vr;n) — true value
((Vt)Correction = (V-Vm).

1. Static characteristics:

a) Range and span, b) Accuracy, error, correction, c) Calibration, d) Repeatability, ¢) Reproducibility
.

f) Precision, g) Sensitivity, ;h) Tﬁfeshpld, i) Resolution, j) Drift, k) Hysteresis, dead zone.

a)Range and span
6The region between the limits with in which as instrument is designed-to operate for measuring,
indicating (or) recording a physical quantity is called the range of instrument. The range is
expressed bystanding the lower and upper values. Span represents the algebraic difference
between the upper and lowér range values of the instruments.
|
|

Range - 10C°to80C° Span=90°

Range 5 bar to 100 bar 1sz;1n=10'0-5=95 bar )

-

Range 0 v to 75v l Span=75volts
b) Accuracy, error, correction:

@\Io instrument gives an exact value of what is being measured, there is always some uncertainty in -
themeasured values. This uncertainty express in terms of accuracy and error.

Accuracy of an indicated value (measured) may be defined as closeness to an accepted standard
value(true value). The difference between measured value (V) and true value (V) of the
quantity is expressed as instrument error.

Es =Vm- Ve

i
Static correction is defined as V-V

H-

. 3 *
Es s

C s=Vt~Vm

¢)Calibration:




The magnitude of the erro;r and consequently the correction to be applied is determined by
making aperiodic comparison of the instrument with standards:which are known to be constant.

Measurement system conform to an Accepted standard is called the calibration. The graphical
representation of the calibration record is called calibration curve and this curve relates standard
valuesof input or measure and to actual values of output throughout the operating range of the
instrument. A comparison of the instrument reading may be made with

Quiput

Input

e . t 4 1
. . Calibration curve

(i} a primary standard,

(i) a secondary standard of :;mcuracy greater than the instrument to be calibrated,
(iii) a known input source. |

d)Repeatability:

Repeatability describes the closeness of the output readings, when the same input is applied
repeatability over a short period of time with the same measurement conditions, same instrument
andobserver, same location and same conditions of use maintained throughout.

¢) Reproductability: Reproduct;gbility describes the closenes$:of output readings for the same

)

élput. When are changes in the method of measurement, observer, measuring instrument, and
ocation, conditionsof use and time of measurement.

) Precision:

The instrument ability to reproduce a certain group of the readings with a given accuracy is known
as precision i.e., if a no of measurements are made on the same true value then the degree of
closeness ofthese measurements is called precision.

It refers to the ability of an instrument to give its readings again and again in the same
manner forconstant input signals.

£) Sensitivity:

Sensitivity of an instrument is the ratio of magnitude of response (output signal) to the magnitude




|
]

of thequantity being measured (input signal) i.e.,

Sensitivity = Output signal/Input Signal = %2
. 1

A

h) Threshold: PR T

E

Threshold defines the minimum value of input which is necesséry to cause detectable change from

Zerooutput,
1

When the input to an instrument is gradually increased from zero, then the input must reach to a-
certainminimum value, so that the change in the output can be detected. The minimum value of input
refers to threshold.

i)Resolution:

It is defines as the increment in the input of the instrument for which input remains constant i.e.,
éwhenthe input given to the instrument is slowly increased for which the output remains same
until the increment exceeds a different value.

™ !.

)Drift: e L :

'

The slow variation of the oﬁtput signal of a measuring instrument is known as draft.

The variation of the output signal is not due to any changes in the input quantity, but to the
changes inthe working conditions of the components inside the measuring instruments.

K)Hysteresis, Dead zone:

Hysteresis is the maximum difference for the same measuring quantity (input signal) between
the upscale and down scale reading during a full range measure in each direction.

aead zone is the largest range through which an input signal can be varied without initiating any
rosponse from the indicating instrument it is due to the friction.

. [
. w e
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2. Dynamic characteristics:

a) Speed of response and measuring lag, b) Fidelity and dynamic error, ¢) Over shoot, d) Dead time
anddead zone, ¢) Frequency response.

b

a) Speed of response and measuring lag:

In a measuring instrument the speed of response (or) responsiveness is defined as the rapidity
withwhich an instrument responds to a change in the value of the quantity being measured.




{
Measuring lag refers to delay in the responds of an instrument to a change in the input signal.
Thelag is caused by conditions such as inertia, or resistance. -

b) Fidelity and dynamic errors:

Fidelity of an instrumentation system is defined as the degree of closeness with which the system
indicates (or) records the signal which is upon its. It refers to the ability of the system to reproduce
the output in the same form as the input. If the input is a sine wave then for 100% fidelity the output
shouldalso be a sine wave, . ' £ A

The difference between the indicated quantity and the true value of the time quantity is
thedynamic error. Here the static error of instrument is assumed to be zero.

c) Over shoot:

E

Because of maximum and inertia. A moving part ie., the pointer of the instrument does not
immediatelycame to reset in the find deflected position. The pointer goes find deflected position.
6 The pointer goes beyond the steady state i.e., it over shoots.

The over shoot is defined as the maximum amount by which the pointer moves beyond the
steadystate.

P

H . Overshoot o

; A\

steady
position

{ . Overshoot
d) Dead time and dead zone:

Dead time is defined as the time required for an instrument to begin to respond to a change in
e measured quantity it represent the time before the instrument begins to respond after the
measuredquantity has been altered.

Dead zone define the largest change of the measured to which the instrument does not respond.

y Quantity
measured

- Dynamic

instrument

' feading

Measuyring
tag

b A 3x —

Dead
Zone

Units of the
measured quantity

(~— Dead time ]

Units of time

Dynamic terms




i
Dead zone is the result as !friction backlash in the instrument.
' 4
e) Frequency response: '

(The dynamic performance of both measuring and control system is determine by applying some
knownand predetermined input signal to its primary sensing element and them)

Maximum frequency (i)f the measured variable that an instrument is capable of following with

error.
The usual requirement is that the frequencies of the measured should not exceed 60% of the
naturalfrequency measuring instrument. . b

J
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Sources of error:

+
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.- Calibration of Instrument

Instrument reproducibility

Measuring arrangement )
Work piece

Environmental condition

Observes skill

QU ok wWwN R

1. Calibration of Instrumént:

For any instrument calibration" is necessary before starting;the, yprocess of measurement. When the
instrument is load frequently fot long time, the calibration of instrument is used frequently for
long time, the calibration of instrument may get disturbed. The instrument which is gone out of b
ration cannot give actual value of the measured. Therefore the output produced by such an
instrument haveerror. The error due to improper calibration of instrument is known as systematic
instrumental error, and it occurs regularly.

6T herefore this error can be eliminated by, properly calibrating the instrument at frequent intervals.

2. Instrument reproducibility:

Though an instrument is cali;brated perfectly under group of conditions, the output produced by that
instrument contains error. This occurs if the instrument is used under those set of conditions which
arenot identical to the conditions existing during calibration. i.e., the instrument should be used
under those set of conditions at which -.the instrument is calip;ated. This type of error may occur

fa

systematically or accidentally. + :

3. Measuring arrangement

The process of measurement itself acts as a source of error if the arrangement of different
componentsof a measuring instrument is not proper.




Example:
While measuring length, the comparator law of Abbe should be followed. According to this, actual

valueof length is obtained when measuring instrument and scale axes are collinear, and any
misalignment of these will give error value. Hence this type of error can be eliminated by having
proper arrangement of measuring instrument.

4. Work piece:

The physical nature of object (work piece) i.c., roughness, softness and hardness of the object acts
as asource of error. Many opt mechanical and mechanical type of instruments contact the. Object
under certain fixed pressure conditions. Since the response of soft and hard objects under these
fixed conditions is different the output of measurement will be in error.

k o+ ' ; . ‘“' 1
5. Environmental condition: '

Changes in the environmental conditions is also a major source of error. The environmental
conditionssuch as temperature, humidity, pressure, magnetic or electrostatic field surrounding the
instrument may affect thei instrumental characteristics. Due to this the result produced by the
measurement may contain error.

There errors are undesirablie and can be reduced by the following ways,

il

(a) Arrangement must be made to keep the conditions approximately constant.

(b) Employing hermetically sealing to certain components in the instrument, which eliminate the
effectsof the humidity, dust, etc.

(c) Magnetic and electrostatic shields must be provided. - .

o+ - 1

6. Observes skill: { : :

It is a well-known fact that the output of measurement of a physical quantity is different from
operatorto operator and sometimes even for the same operator the result may vary with sentimental

"md physical states. One of the examples of error produced by the operator is parallax error in reading

a meter scale. To minimize parallax errors modern electrical instruments have digital display of
output. f

Classification of errors and elimination of errors:
=S 101 OF CIrors and elimination of errors:

No measurement can be made with perfect accuracy but it is important to find out what accuracy
is and how different errors have entered into the measurement, A steady of errors is a first step in
findingways to reduce them. Errors may arise from differe_nt’sources and are usually classified as

under. [ s ;

1. Gross errors
2. Systematic (or) instrumental errors




3. Random (or) environmental errors .
4}. ! 3

ot

1. Gross errors: ;

¢

This cause of errors mainly covers human mistakes in reading instruments and recording and
calculating measurement| result. The responsibility of the mistake normally lies with the
experimental. ‘ ‘ :

Ex: The temperature is.3 I.E'Soc, but it will write as 21.5% it’s an error however they can be
avoided byadopting two means

1. Great care should be taken in reading and recording the data.
2. Two, three (or) even more readings should be taken for quantity under measurement

2. Systematic errors: ‘ .
These type of errors are divided into three categories. :

a. Instrumental errors;
b. Environmental errors
c. Observational errors

a. Instrumentation errors:
i
i 4

These errors occurs due to three main reasons.

¥

a. Due to inherent short comings of the instrument
b. Due to misuse of instruments
c. Due to loading effects of instruments.

i

b. Environmental errors: ( - b

These errors are caused due to changes in the environmental conditions in the area surrounding
6heinstrument, that may affect the instrument characteristics, such as the effects of changes in
emperature, humidity, barometric pressure or if magnetic field or electrostatic field.

These undesirable errors cal'Il be reduced by the following ways.
|
(i) Arrangement must be made to keep the conditions approximately constant.

(i) Employing hermetically sealing to certain components in the instrument, which eliminate the
effectsof the humidity dust, etc.

(i) Magnetic or electrostatic|shields must be provided. /

c. Observational errors: ) -

il

. 3 H
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These errors are produced by the experiment. Enter. The most frequent error is the parallax




: : .|
errorintroduced in reading a meter scale.

These errors are caused by the habits of individual observers To minimize parallax errors
modernelectrical instruments have digital display of output.

™ g,,»,.

3. Random (or) accidental errors: ) g

The causes of such errors is unknown (or) not determinable in the ordinary process making
measurements. Such errors are normally small and follow the law of chance. Random errors they
maybe treated mathematically according to the law of probability.

a. Certain human errors
b. Errors caused due to the disturbances to the equipment’s
c. Errors caused by fluctuating experimental conditions.

a. Certain human errors::

These errors occur due to inconsistency in estimating successive readings from the instrument
by anexperimenter. To reduce these errors it is necessary to exercise extreme care with mature

x

and considered judgment in recording the observations. * ¥ ,
b. Errors caused due to thfe disturbances to the equipment: '

Precision errors in the ins’mélment may arise from the outside disturbances to the measuring system.
These disturbances may be variations or mechanical vibrations. Poorly controlled processes also -
lead torandom errors.

¢. Errors caused by ﬂuctuating experimental conditions:

These errors are caused dueto some uncontrolled, disturbances which influence the instrument output.
. . oy .. . .
Line voltage fluctuations, vibrations of the instrument supports, etc., are common examples of this

type.

OLVDT (Linear variable differential Transducer): + %

E

LVDT full form is Linear Variable Differential Transformer. As the name suggests, many people get
confused thatitisa Transformier. But actually, it is a Transducer not a Transformer. Because its working
principle is same as Transformer (i.e. Mutual Induction Principle) and also the output across its
secondéry coil is in the form of differential voltage, that’s why it is named as Linear Variable Differential
Transformer (LVDT).

It is categorised as an Inductive‘e Transducer used to measure the speed or position of an object. Generally
most Inductive Sensors work on the principle of Transformer.

The linear variable-differential transformer (LVDT) is the most widely used inductive




transducer totranslate linear motion into electrical signal.

Since LVDT is a secondary transducer, hence physical quantities such as Force, Weight, Tension,
Pressure, etc are first converted into displacement by a primary transducer and then LVDT is used to
measure it in terms of the cotresponding Electrical signal.

Since LVDT is an AC-controlled device, so there is no eleétronics component inside it. It is the most
widely used Inductive Sensor due to its high accuracy level. Its electrical output is obtained because of
the difference of secondary voltages, hence it is called Differential Transformer.

LVDT Construction: A differential transformer consists of a primary winding and two
secondary windings. Thewindings are arranged concentrically and next to each other. They are
wound over a hollow bobbin which is usually of a non-magnetic and insulating material, as shown
in Fig.

t
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Figure: LVDT

Working: Any physical displacement of the core causes the voltage of one secondary winding to
increasewhile simultaneous;ly, reducing the voltage in the other secondary winding. The difference
of the two voltages appears across the output terminals of the transducer and gives a measure of

the physical position of the core and hence the displacement.

When the core is in the neutral or zero position, voltageS'itr}_du.cEd in the secondary windings are
equal and opposite and theinet o"ﬁtput'. is negligible. As thc; cp;é: is moved in one direction from
the null position, the differential voltage, i.e. the difference 'of the secondary voltages, will
increase while maintaining an in-phase relationship with the voltage from the input source. In the
other direction fromthe null position, the differential voltage will again increase, but will be 180"
out of phase with the voltage from the input source. By comparing the magnitude and phase of
the output (differential) voltage with the input source. The amount and direction of movement of
the core and hence of displ'acement may be determined. Variation of output voltage with core

position is shown in Fig, f

Advantages of LVDT:

(i) The output voltage of these transduger is practically linear for displacements upto 5 mm.
(i) They have infinite resolution. " o ’

(iif) These transducers possess a high sensitivity.

i
(iv) These transducers can usually tolerate a high degree of shock and vibration without any

adverseeffects. ;

(v) They are simple, light in weight, and easy to align and maintain.

Disadvantages of LVDT:

(i) Rela6vely large displacemients are required for appreciable differential output.
(i)) They are sensitive to stray magnetic fields but shielding is possible.

(iii) They are inherently low in power output. o b

Applications of LVDT:

i

e LVDT is used to measln'e the physical quantities such as F orce, Tension, Pressure, Weight, etc.

These quantities are first converted into displacement by the use of primary transducers and then

it is used to convert the displacement to the corresponding Electrical voltage signal.
* Itis mostly used in industries as well as a servomechanism.
e Itis also used in Industrial Automation, Aircraft. Turbine, Satellite, hydraulics, etc.
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Piezoelectric Transducer:

A piezoelectric transducer (also known as a piezoelectric sensor) is a device that uses the piezoelectric
effect to measure changes in acceleration, pressure, strain, temperature or force by converting this
energy into an electrical charge.

A transducer can be anything that converts one form of energy to another. The piezoelectric material
is one kind of transducers. When we squeeze this piezoelectric material or apply any force or pressure,
the transducer converts this‘energy into voltage. This voltage is a function of the force or pressure
applied to it.

The electric voltage produced by,a piezoelectric transducer caii be easily measured by the voltage
measuring instruments. Since this voltage will be a function of the force or pressure applied to it, we
can infer what the force/pressure was by the voltage reading. In this way, physical quantities like
mechanical stress or force can be measured directly by using a piezoelectric transducer.

Piezoelectric',
Haterfal ;

Biezoelectrie Effgct

Piezoelectric Actuator:

A piezoelectric actuator behaves in the reverse manner of the piezoelectric sensor. It is the one in
which the electric effect will cause the material to deform i.e. stretch or bend.

éat means in a piezoelectric sensor, when force is applied to stretch or bend it, an electric potential
is generated and in opposite when on a piezoelectric actuator, an electric potential is applied it is
deformed i.e. stretched or bend.

|

Piezoelectric
Mataxrial ¥

Inverse Plezcelectric

Volrtage Sounce
Effect
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A piezoelectric transducer consists of quartz crystal which is made from silicon and oxygen arranged
in crystalline structure (SiO2). Generally, unit cell (basic repeating unit) of all crystal is symmetrical
but in piezoelectric quartz cr!ystal, it is not. Piezoelectric crystals are electrically neutral.

I
The atoms inside them may not be symmetrically arranged but their electrical charges are balanced
means positive charges can§e1 out negative charge. The quartz crystal has the unique property of
generating electrical polarity when mechanical stress applied to it along a certain plane. Basically,

There are two types of stress. One is compressive stress and the other is tensile stress.

No chargés induced

Charges induced in one way

o L
3

; 4+ Chargesinduced in the other way

. - ... 1 oa
@ Figure: Stressed and unstressed Quartz material
1

When there is unstressed quartz no charges induce on it. In the case of compressive stress, positive
i

charges are induced on one sicile and negative charges are induced in the opposite side. The crystal size

gets thinner and longer due to compressive stress. In the case of tensile stress, charges are induced in

reverse as compare to compressive stress and quartz crystal gets shorter and fatter.

\
i

A piezoelectric transducer is ﬂased on the principle of the piezoelectric effect. The word piezoelectric

is derived from the Greek WOI'(|EI piezen, which means to squeeze or press. The piezoelectric effect states
that when mechanical stress or forces are applied on quartz crystal, produce electrical charges on the

quartz crystal surface. The piezoelectric effect is discovered by Pierre and J' acques Curie. The rate of




charge produced will be proportional to the rate of change 6f thechanical stress applied to it. Higher

will be stress higher will be ivoltage.

Application of Piezoelectrip Materials:
> In microphones, the sound pressure is converted into an electric signal and this signal is.

ultimately amplified fto produce a louder sound.

> Automobile seat belté lock in response to a rapid deceleration is also done using a piezoelectric
material.

> Itisalso used in medical diagnostics.

» Itis used in electric lighter used in kitchens. The pressure made on piezoelectric sensor creates
an electric signal which ultimately causes the flash to fire up.

> They are used for stulciying&high-speed shock waves and'blast waves.

> Used infertility treatment. |

6 > Used in Inkjet pﬁntefs

E
The advantages of piezoelectric transducers are:

* No need for an external force
e Easy to handle and use as it has small dimensions

* High-frequency response it means the parameters change very rapidly

The disadvantages of piezoelectric transducers are:

* Itis not suitable for measurement in static condition_. ,
e Itis affected by temperatufés . .
* The output is low so some external circuit is attached to it

O

e Itis very difficult to give the desired shape to this material and also desired strength

|
Inductive Transducer:

Write LVDT and in addition t

¢
i

Inductive Transducer Working Principle

The working principle of an i;nductive transducer is the magnetic material’s induction. Just like the
electrical conductor’s resistance, it depends on various factors. The magnetic material’s induction can
depend on different variables like Ehe twists of the coil over the material, the magnetic material’s size,
& the flux’s permeability. “ ’
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The magnetic materials are used in the transducers in the path of flux. There is some ajr gap between

6em The change in the circuit inductance can be occurred due to the air gap change. In most of these

transducers, it is mainly used to work the instrument properly
Inductive Transducer Appllications

The applications of these ﬁaﬁsducers_ include the following.

» The application of these transducers finds in proximity sensors to measure position, touchpads,
dynamic motion, etc.

* Mostly these transducers are used for detecting the kind of metal, to find miss lost parts
otherwise counts the obJects

* These transducers are also applicable for detecting the movement of the apparatus which
6 include belt conveyor and bucket elevator etc.. b

Inductive Transducer Advailtages al.ld Disadvantages

The advantages of inductive'itransducer include the following.
e The responsivity of thiis transducer is high
» Load effects will be reduced.

* Strong against ecological quantities

The disadvantages of inductive transducer include the following.

s




 The operating range -'will be reduced due to side effects.
* The working temperature should be under the Curie temperature.

* Sensitive to the magnetic field

Capacitive Transducer:
l

A capacitive transducer is a passive transducer that works on the principle of variable capacitances. It

is used to measure physical quantities such as displacement, pressure, etc.
Construction of capacitive transducer

A capacitive transducer contalns two conducting parallel metal plates separated by a dielectric
eedlum Dielectric medlums are like Air, Gas or Liquid.

Conductive Parallel piates

; Dielectric

!

Capacitive Transducer Working Principle:

ae working principle of a capacitive transducer is variable capacitance. As per its structure, these are
having two parallel metal pat?s which are maintaining the distance between them. In between them,
dielectric medium (such as air) can be filled. So, the distancg between these two metal plates and
positions of the plates can change the .capacitance. So, variable capacitance is the principle of these
transducers. The basic difference between the normal capacitors and capacitive transducers 1s, the
capacitor plates are constant iil normal capacitors wherein these transducers, capacitor plates are the

movable condition.




,Bottom Plate

To o8 p Ao n

length L

The capacitance of the variable capacitor can be measured by this formula.

C indicates the capacitance off the variable capacitance
& indicates the permittivity o;f free space

& indicates the relative permittivity (
A indicates the area of the plates © ; ‘ : ’

D indicates the distance between the plates
Capacitive Circuit Diagram:

The above circuit diagram indicates the equivalent circuit diagram of a capacitive transducer. The

difference between the variable capacitor to the normal capacitor is, the capacitance of the variable

@Jacitor is varied whereas in a normal capacitor, the capacitance value is fixed & it cannot be changed.

Variable Capacitor

Signal
Génera‘tor . o - he

. Gapacitor ¢

Elprocaos.

capacitive-fransducar-circuft-disgran




By changing the area-of o‘?erlapping of plates:

The capacitance can also be‘changed by varying the area of overlapping of plates.

fixed plate W
=

Egiw
B

e

L

! N ' €

displacement

As shown in the figure, one plate is kept fixed and the other movable. When the plate is moved, the
ea of overlapping of plates changes, and the capacitance also changes The capacitance value and

area are directly proportlonal to each other. These types of transducers are used to measure relatlvely

| ,

By changing the permittivit;y of the dielectric medium:

large displacements.

|
Another method to change the capacitance value is by changing the permittivity of the dielectric

I
material (€). The permittivity'and capacitance value are directly proportional to each other.
Am

Dielectric medium 1

t
i

1

Fixed plate 1 \

DIe!ectlric medium 2

! +
§
|

i



Advantages: .
e A

» These transducers offer high inﬁut impedance. So the loading effects value will be too low.
 The frequency response of these transducers is extremely high.
o These transducers are highly sensitive.

» These are consuming low power to operate. So, these transducers are called low power

consuming devices.
« High resolution can be possible by using these transducers.
Disadvantages:

e It has a high output 1mpedance Because of this hlgh output impedance value, a complicated
6 circuit is needed to measure the output. And the output ¢ circuit needs to be powerful to maintain
this high output immense value.
o These transducers exhibit non-linear behaviours due to edge effects.
» These are temperature-dependent. The external temperature value can affect this transducer

5

capacitance value.
Applications:

»  This transducer has a wide range of applications in determining the quantities like temperature,

displacement, and prqssure, etc. Capacitive transducer applications are listed below.
- D
o These transducers have apphcatlons in the field of lmear and angular displacement with the

6 sensitivity factor. ‘

* One of the best appliéations of this transducer is to find the humidity level. As the humidity
value changes the capacitance value of this transducer also chénges. By this value, we can’

measure the change ini humidity.

e The variable capacitan:ce pressure transducer is applicable to find the pressure variations by

using the variable capacitance.
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A resistive transducer is an electronic device that is capable of measuring various physical quantities

Resistive Transducer:

like temperature, pressure, vibration, force, etc. These physical quantities are otherwise extremely
I oA .

difficult to measure as they can change easily. However, usirg this transducer, you can easily calculate

the values of these quantities. The resistance of this transducer changes concerning the change in the

physical quantities.

These transducers can function in both primary as well as in secondary mode but most of the time it is’

used as secondary. This is because the output of the primary transducer can be given as an input to this

transducer. The primary transducers are used in the conversion of physical quantities to mechanical

signals while the secondary transducers are used to convert the physical quantities to electrical signals

directly without first converting them to mechanical signals. The resistive transducers are of different
6pes like resistive pressure transducers, thermistors resistors, LDR, etc.

Working of a Resistive Transducer: -

E o+ ' ’ N H
A resistive transducer is mainly used in the calculation of temperature, displacement, pressure, force.
The working of a resistive traimsducer can be explained by considering a conductor rod as the

transducer. The transducer works on the principle of the length of the conductor.

The length of the conductor is directly proportional to its resistance and is inversely proportional to
its cross-sectional area. Here, if we consider the length of the conductor as L, the cross-sectional area

as A, the resistance as R and the resistivity as p, then the resistance can be denoted as

R=pL/A

6e resistance of the transducéers can vary because of the change in environmental conditions as well
as the physical properties of the conductor. Measuring devices fike AC or DC can be used to measure
the change in resistance. ‘

i
Resistive Transducer Circuit:
|

The resistive transducer consifsts of a long conductor whose length can be varied with time. One end
of the conductor is connected! while the other end is connected to a brush or a slider that can freely

move along the length of the transducers.




Full o/p Skider
Position

1L =
|

Zero ’x;t'p Slider
Position

—— ir——

We can calculate the distance of the object by connecting the object. to the slider of the resistive.
transducer. Whenever we ap}ply energy to the object to displace it from its initial position, the slider
will move along the length of the conductor as a result of which the length will change. The change in
@e length of the conductor vs:rill cause the resistance of the conductor to change as well. A transducer

works in a way similar to that of a potentiometer which is used in the calculation of the angular and

linear displacement. i
Advantages: '

i bl L3

8-

o The resistive transduc';er can be-used to give very quick results.

H
e The resistive transducers are available in various sizes and they have a considerably high

amount of resistance.
» We can use both AC or DC for calculating the change in resistance.

« They are quite affordable and can be easily available in the market.

O

* Itcanbe used to give accurate results.

Disadvantages:

|

e Alot of power is wasted in moving the sliding contatts:

» The sliding contacts can produce a lot of noise.




i
Applications of a Resistive Transducer:
. A resistive transducer is mainly used to measure the temperature in various kinds of

applications. When there is a change in temperature, the temperature coefficient of the resistive

transducer changes VthlCh can be used to determine the change in temperature.

 Theresistive transducer can function as a potentiometer where the resistance of the transducer

can be varied by changing the length of the conductor.

e Aresistive transducef can be used in the calculation of the displacement. When we apply strain

on the resistor, the resistance changes This charactens’uc can be used in the measurement of

displacement, force, and pressure ,

—

o
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I

Piezo electricity can be defined as the electrical polarization produced by mechanical strain on

certain class of crystals. The rate of charge produced will be proportional to the rate of change

of force applied as input. As the charge produced is very small, a charge amplifier is needed so as

to produce an output \goltage big enough to be measured.

33. Explain Construction and Working of Piezo Electric pressure transducer.

In 1880, Pierre and Jacques Curie'determined that a sﬁﬁalf‘é‘mount of voltage could be produced
by applying large amounts of pressure to certain crystals-of elements. This phenomeﬁ&%‘is called
the piezoelectric effect. ] \%

: 7N
Construction: (f N

. AN :
When the piezoelectric effect is used in a pressure sensor, the sensor{&;es a~diaphragm that
deflects slightly when pressure is applied. A rod transfers this small (amoun\‘c‘waf;movement directly
to the piezoelectric crystal Y1. The pressure on the crystal causes é}sﬁmall Vvoltage to be produced
that is proportional to the pressure. The voltage is amplified to&qgg\tignal voltage signal values
(0-10 volts) using charge amplifier. Crystal Y2 is for th;é“gprpgéfe“ of compensation due to
acceleration of device fduring use. Vibration is the @\%of@fi&e of acceleration. Differential
amplifier will subtracts all effects of accelerations an‘d\gi&es pre;sure alone.
! Al NS

' Difference
Lo /' Amp{itier

Pressure Sensing L 5 5
Crystal 'Yy
Diaphragm — \

R X Il L Charge Amplifier
Pcl ! ]
; 7

4 Compensation Crystal ‘Y,
Fig. 9.26 Plezoelectric Pressure Transducer.

\v2
[

Working;ﬂ\ B

PR 5{ ... . . .
Wheg\g?ip’ness%?ﬁ%ﬁ‘siawpplge‘:d to the diaphragm, it will deform the crystal Y1 and produce a small

voltage: T‘%ﬁésamount of]voltage is proportional to the amount of deformation. The amount of
voltage that is produced is very small and the internal impedance of the crystal is very large,
which makes the use of op "‘émp_s a necessity to produce a usable signal.’ Charge amplifier will
amplify the signals from both the crystals Y1 and Y2. Subtracted voltage at output of differential

amplifier will be the calibrated in terms of the input pressure.

The best crystals that a;re used for this type of sensor come from ammonium dihydrogen
phosphate and sintered ceramics.

:’!ﬁllPage
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34. List advantage:s and disadvantages of Piezo Electric pressure transducer.
Advantages

Very high freql.éency response.
Self-generating, so no need of external source.
Simple to use as they have small dimensions and large measuring range.
Barium titanate and quartz can be made in any desired shape and form. It also has a large
dielectric constant. The crystal axis is selectable by orienting the direction of %ntation.

PWNR

Disadvantages o,

bl

1. Itis not suitable for rﬁeasurement in static condition. {,}1 N\ B
2. Since the device operates with the small electric charge, they nee\d&higl'xi"i‘mp:"edance cable
for electrical interface. > \‘%39

The output may vary according to the temperature variatié”n@ﬁthéicwstal.

* 4. The relative humidity rises above 85% or falls below 35%;-its-output will be affected. If sg,

it has to be coated with wax or polymer material. é’@ M:;}y
A

(P x
| AN

w

- NN
35. Explain Constrt;lction and Workin%ﬁgf:d;ti}gél ’R/pe pressure transducer.

£ e
Construction: Optical type pressure measaréag;\’ggg %“qeiving considerable attention in recent
years where the movemfent of a diaphragm,:a béliows element or such other primary sensors are
detected by optical means. The Q;imﬁl‘e ig rothing new, but the technique of adaptation in
commercialization is varied.in na;ﬁ?gi Atypical case withta.diaphragm and a vane attached to it

that covers and uncovers an Tr;x:adi&e“dmhoto diode with phanging pressure is shown in the figure

s SNV .
below. Reference dlodeg%also usedfor the compensation.
{,.k—-:‘é

..

Measured
Pressure

22 |Page
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Working:

The movement of elastic pressure sensors can be used to operate optical sensors. As the process
pressure moves a diaphragm sensor, which in turn lifts a vane in front of an infrared light beam,
the amount of light impinging on the measuring diode varies (Figure). A reference diode is also
provided to compensate for the aging of the light source (LED) or for dirt buildup on the optics.

Calibration may be made directly in pressure from output voltage of photo diode. The ratio metric
technique is often preferred for avoiding drift error in electronic components as they are likely
to be equally affected and cancelled. The vane movement or the diaphragm movement is kept
small for negligible hysteresis and good precision. The range may be adjusted from (0-400) MPa
with an accuracy of 0.1 percent scan.

3

Advantages:

1. This transducer is insensitive to temperaturewainatlongﬁés such variations affect
the measuring and reference diodes in the same v;@yf

2. Because the amount of movement |n the sensor»ﬂs  very small (0.5 mm), both the
hysteresis and the repeatablhty errorS“are n\e/gllglble

N

1. Diode signals have non- Ilnearlty Wthh may also vary from unit to unit.

2. Signal conditioning cnrcu;t«may‘reqwre more attention.

3. Temperature, though \c\c\;mBJensated affects measurement to a certain extent
which, in zero scale\\m\iz Be'compensated by auto-zeroing facility.

S

Disadvantages: /’“\Q&

Application:

= ~'¢u:.~
! :

This system is often used as a null detecting one in a force balance type pressure measurement,
where the servo-system brings the sensor to the zero balance point.

{» ‘\\)V v
36. Explam\prmuple of working for Dead Weight Tester.
,m%
~
Worlg\l\ng ch:ple /

Dead Wélght Tester is' based on the principle of Pascal’s law. The law states that in a closed
system of incompressible fluid, the pressure applied will exert equal amount of force in all the
directions.

In Dead Weight Tester system, silicon oil is used within the closed boundaries of the Piston
cylinder arrangement, piping, pressurization chamber and in the head on which the gauge to be
tested/ calibrated is fixed. The oil is taken in to the pressurization chamber from oil bowl and all
the air entrapped is vehted off. | s b
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Once the system is full with air free oil, pressure is gradually increased from the pressurization
chamber. Oil pressure starts increasing in all the areas lnclpdlng piston cylinder arrangement over
which the dead weights are mounted !

As the force increases gradually and equals the amount of down ward force being exerted by the
dead weights, the total system gains the state of equilibrium and just at that moment, the dead
weights starts getting lifted up. At this condition, the amount of force operating in the entire
system is same. The sum of pressure values stamped on weights lifted is operating on the
pressure gauge element also, which is under test/ to be calibrated. Necessary correctlons are
made in the zero/ span adjustments in gauges/ Pressure transmitters. | \b

37. Explain Construction and Working of Dead Weight Tester.m (Z\\:{‘

: .
Construction: M
@

The dead weight tester apparatus consists of a chamber Whl(j(h lS\fl"Ed with oil free impurities

and a piston — cylinder combination is fitted above the chambenfa% shown in diagram. The top

portion of the piston is attached with a platform to carry’%welghts A plunger with a handle has
24

been provided to vary the pressure of oil in the chamberv{The@ressure gauge to be tested is fitted

at an appropriate plate.

» Weight, W

Qil Reservoir
Gauge under Test

Primary Piston of
Areg, A

Screw pump or
v Adjusting Piston

Oil filled chamber

RN i
Working: i
i
The dead weight tester is basically a pressure producing and pressure measuring device. It is used
to calibrate pressure gauges. The following procedure is adopted for calibrating pressure gauges.
Calibration of pressure;gauge means introducing an accurately known sample of pressure to the
gauge under test and then observing the response of the gauge. In order to create this accurately
known pressure, the following steps are followed.

24| Page
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PN

1. The valve of the apparatus is closed.

A known weight is placed on the platform.

3. Now by operating the plunger, fluid pressure is applied to the other side of the piston
until enough force is developed to lift the piston-weight combination. When this happens,
the piston weight combination floats freely w1th|n.the cylinder between limit stops.

4. In this condition of" equnllbrlum the pressure force of fluid is balanced against the
gravitational force of the weights plus the friction drag.

N

Therefore, PA=Mg+F | .
Hence: P=(Mg+F)/A /"“**
Where, P = pressure t ¢ {, M
M = Mass; Kg - @
g = Acceleration due to gravity; m/s? a \K&”ﬁ“’m& %
6 F = Friction drag; N & m\&@

A = Equivalent area of plston cylmdergcomblnatlon,

5. Thus the pressure P which is caused{:Quexto :;%welghts placed on the platform is

calculated. \\

6. After calculating P, the plunger is relea%

N

7. Now the pressure gauge to be- callbrated is fitted at an appropriate place on the dead
weight tester. The same known welght which was used to calculate P is placed on the
platform. Due to the welght\theplston moves downwards and exerts a pressure P on thé
fluid. Now the valve ln“the\a\pparatus is opened so that the fluid pressure P is transmitted
tothe gauge Wthh makesithe gauge indicate a pressure value. This pressure value shown
by the gauge should be equal to the known input pressure P. If the gauge indicates some
other valﬁégether than p the gauge is adjusted so that it reads a value equal to P. Thus the
gauge |s callbrated\‘

l’.ﬁ"ﬁ

e Appllcatlon {W\“g@ “zw

¢
lndlcato\f‘and piezoelectric transducers.

S LA,
It is used\tobcall@e all kinds of pressure gauges such as mdustrlal pressure gauges, engine

1

38. List advantages and disadvantages of Dead Weight Tester.

Advantages:

" e [tissimple in construction and easy to use.
e It can be used to calibrate a wide range of pressure measuring devices.

e Fluid pressure cfan be easily varied by adding weights or by changing the piston cylinder
combination.

{
1
|
'
|
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|

Disadvantages: f

¥

e The accuracy of the dead weight tester is affected due to the friction between the piston
and cylinder, and due to the uncertainty of the value of gravitational constant 'g'.

39. Explain Construction and Working of Ring balance type pressure gauge or
manometer. . , oL

s 1

This device cannot be actually called a manometer, but it is often considered so.¢

Construction: g

The tube is made of polythene or other light and transparent material. ThIS tube |s bent into in
to the form of a ring and is supported at the centre by a suitable pivot. Thewtubular chamber is
divided in to two parts by spilling, sealing, and filling with a sujtable-light thId like kerosene or
paraffin oil for isolating the two pressures. Pressure taps are«made *vﬁth two flexible tubings.
Pressures p1 and p2 act against the sealed walls as shown i ln the flgure below, and rotate the ring
which is balanced by the counter weight w. \% \w o

Working: f \ \\ %

The ring balance contams a sensitive element In\the‘*«form of a hollow ring with a partition. A
compensating weight |s1attached to the lower part of the ying, which is filled with a liquid (water,
oil, or mercury) For p1=p2,the llqwd’level lﬁ‘both sectioris of the ring is the same and the center
of gravity of the weight is Iocated\on thev/\e/ertlcal axis, which passes through the center of the
ring. For p1 > p2, the liquid levelin. the left“hand part is lowered, and the liquid level in the right-
hand part is raised. The forcgcre\a\tec\:l -by the action of the pressure difference on the partition
generates a moment that»tends to“‘turn the ring clockwise. This angle 8 is used to measure the
pressure.
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40. Explain construction and working of McLeod gauge.
Principal: ‘

A known volume gas is compressed to a smaller volume whose final value provides an indication
of the applied pressure. The gas used must obey Boyle’s law given by;

P1V1=pP2V2

Where, P1 = Pressure of gas at initial condition (applied pressure). Q\
P2 = Pressure of gas at final condition.

?

V1 = Volume of gas at initial Condition.s”

V2 = Volume of gas at final Condition.

(@

Initial Condition = Before Compression. And Final Condition = Aftermon{p ‘@ssion.
}

)
A known volume gas (with low pressure) is compressed to a;smaller volume (with high pressure),
A

and using the resulting volume and pressure, the initial; p(sssure can be calculated. This is the

principle behind the McLeod gauge operation. r\\\\{% 4\,/
} Pl{ \V:\E) ’
. u '»33} \*\“\\ 15 \\;\\>
Construction: AN TN
NN
Open to Unknown
Prassure ‘B
0
i
. open )
Capllary ‘& c?:fu:y

Fig. 9.14 Mcleod Gouge (q) Before Measurernent,
(b) During Measurement. '
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. - ..

A reference column is’ opehed to unknown pressure ’fB':’ with reference capillary tube. The
reference capillary tube has a point called zero reference point on open capillary A. This reference
column is connected to a bulb and closed capillary and the place of connection of the bulb with
reference column is called as cut off point. It is called the cut off point, since if the mercury level
is raised above this point, it will cut off the entry of the applied pressure to the bulb and
measuring capillary. Below the reference column and the bulb, there is a mercury reservoir
operated by a flexible tube.

- EN
Working: Q( Q .

The gauge is used to compress a small quantity of low pressure gas to produ?e%\ adab
pressure. Bulb H of the gauge is attached to closed capillary. The mercury level in the gauge is
lowered up to cut off by lowering the reservoir, thereby allowing a little process\ﬂurd to enter H.

By raising the reservoir, the gas is now compressed in the closed ca/pﬂlary tlll~mercury rises to the

zero mark in the side tube and open capillary A. The capillary A is requrredgvo avoid any error due

to capillary. ) \\/N\
)

The McLeod gauge is independent of gas composition. If, hgoweveilﬁfhe gas contains condensable
material and during compression it condenses, the réading-of-the gauge is faulty. The gauge is
not capable of contlnuous reading and the scale ls(f:square law type.

The compression of the gas in a closed caplllaw\mfkes»the pressure of the trapped gas higher
than the measured pressure This pressurerdlff\erence ciuses a difference in the mercury levels

in the two tube. The difference in the pgrght%s used to calculate the pressure.
{

The pressure can also be calculated\usgg following equitation:

(“, \]

o N \‘P = KH Ho(1 — KH)

Where P= Measured pressure S
K=a constant éeter@ned by the geometry of the gauge

H= dlfference in helghts of the two mercury column

w\\ 2

H?Qhelght,gg\the top of the closed capillary tube above the zero line.
a7 }
Advar[;;age\s;gﬁth&McLeod Gauge:

o Itlis lndependent of the gas composition.

® ltservesasa reference standard to calibrate other low pressure gauges.
¢ Alinear relationship exists between the applied pressure and h

e There is no need to apply corrections to the McLeod Gauge readings.

Limitations of McLeod Gauge:

o The gas whose pressure is to be measured should obey the Boyle’s law

b !_,. .
s LR

B v 2SS ——

28| Page

PO




Process Instrumentation 'I. Semester IV

e Moisture traps must be provided to avoid any considerable vapor into the gauge.
¢ It measure only on a sampling basis.
e |t cannot give a continuous output. PN

41. Explain principle of working for thermal conductlwty gauge.

Principle:

A hot wire, placed within an envelope, will transfer thermal energy from the wire 1o any gas
molecules that come into contact with it, and that energy will be again transferred-to the walls
of the envelope. With continual motion of the gas molecules, a thermal equﬁltlbrlum will be
reached as long as the number of gas molecules (pressure) remains constant:. ANt \though the
pressure changes and the wire is resistively heated by current from a constant pot?ver source, a
new thermal equilibrium will be reached, and the temperature of the w1re,¥w|l change to reflect
the new number of gas molecules that can carry heat away from(the wnre\Thls means that the
temperature of the wire can be used as an indication of the pressuren»wlthln the envelope.

6 This is the basic principle of all thermal conductivity gauges The %hange in pressure vs. wire
temperature remains fairly lmear over a pressure range of?about\lo 3— 1 torr. Below this range,
heat transfer is mostly by radlatlon from the wire sasurface and mostly by thermal convection

N
above it. Thermal conductlwty gauges coverlng this rang$ have been in use for many years that

fall into two main groups thermocouple gauge‘%@nﬁé*«Pnram gauges.
W
z”} &\ 1 \\}
42. Explain Constructlon and Workmg of-Pirani gauge..

ldentical Pirani Elemenis -

Evacuated and Element Open to
sealed element JUnknown Pressure

Bridge Unbalance
Current (ua)

Zaro 'deust | 0 0.25 050 0.75 1.0
|Voltage Source  Switch | Pressure (In Torr)
| C
filr ; {b)
@

Fig. 9.15 (@) & (b) Pirani Gauge.
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Construction:
The main parts of the afrangement are:

e A pirani gauge chamber which encloses a platinum filament.

e A compensating cell'.tp minimize variation caused due to ambient temperature changes.

e The pirani gauge chamber-and the compensating cell is housed on a wheat stone bridge
circuit as shown in diagram.

Working: o ‘

5

1. A constant current is passed through the filament in the pirani gaugeach mber~Due to
this current, the filament gets heated and assumes a resistance WthhslS \r\ﬁ a%ﬁred using
the bridge. A ‘:'“’””ﬁ'?

2. Now the pressure to be measured (applied pressure) is connected“»to,}the pirani gauge
chamber. Due to the applied pressure the density of the surroundmg of the pirani gauge
filament changes. Due to this change in density of thecsurroundlng of the filament its
conductivity changes causing the temperature of the fllamedt to change.

3. When the temperature of the filament changes xth/e re5|stance of the filament also
changes. f N

4, Now the change in resnstance of the fllament \rs determmed using the bridge.

\

pressure when cahbrated f\ff‘ \\\ D! w “‘i}

Note: [higher pressure E— higher density \l\éher conductivity —- reduced filament temperature
- less resistance of fllament] and \ wce\\\l\eria .

Applications of Pirani gauge NS Y\:\%\\

Used to measure low vacuum and ultra- high vacuum pressures.
*"«\’x ‘:‘\ ,\ 03
Advantages of Péap{iauge\ <
{
e They; rfé rugged%*and inexpensive

. lee accurate results
¥ \ "\({/‘;’" Nl
° 5:Gfood~response to pressure changes.

ox}\ elat%on between pressurée and resistance is lmear for the range of use.
Readings can be taken from a distance.

7

\

Limitations of Pirani gaﬁuge

e Pirani gauge must be checked frequently.
e Pirani gauge must be calibrated from different gases.
e Electric power is a must for its operation.

EOIPage
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The ions produced by the alpha particles are collected by the collector electrode and a current
between 10-13 Amperes will flow though the resistor R. The output voltage e0 is measured using
a high input impedance output meter. The device has a range between 103 to 103 Torr.

Hot Filament Ionization Gauge:

In the hot Filament type, a column of gas is introduced into which, a potential difference V is
applied to heater to create free electron in the space. This causes the electron with a charge to
acquire a kinetic energy. This energy may be high enough to initiate ionization, andw pzé?@igions
will be produced when the electrons collide with the gas molecules. S

The grid is maintained at a large positive potential with respect to the cathode"’é‘ndxthe;plate The
plate is at a negative potential with respect to the cathode. The pos:tlvexlonéxavallable between
the grid and the cathode will be drawn by the cathode, and those betweenkthe gnd and the plate
will be collected by the plate. These ions creates a currents I1 and 12 Wthh”lS proportional to

density and pressure of the gas. a _\f)’}

44. Explain Construction and Working of Pressure” sw1fch

> M»’

A pressure switch turns an electric circuit ‘ON’ or ’OFF' at*a presetﬂpressure This pressure is called
the set point of the switch. A pressure switch IS usc\e\d“m\%ome form of control, e.g. to operate a
solenoid valve at a given;pressure, or start up,a pump _{)

1 \\,\
Construction: E »\\f\ KJP\D\

I
The pressure switch is usually a mlCl"/OJ:;\WItCQ\h\/l’ a mercury switch. A Burdon tube, a diaphragm
or a bellows can be used to actuat\‘\a ‘the j/ witch. Figure shows the snmplest form of a pressure

switch is used to actuate relay., \\ =N
RO

7 Power «~—sowo
Supply T

Pressure Inlet

g Fig. 9.27 Pressure Swifch.

[ . PO )

Working: ol ’

The pressure is fed to the inside of a bellows which carries a contact plate B. When pressure
reaches a sufficient (or preset) value, the contact plate touches contact points Cl and C2, thus
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closing an electrical circuit to an alarm or motor control éea‘r. The flexibility of the bellow ensures
that the plate makes adequate contact with both points and gives a slight rubbing or wiping
action that keeps the contact area clean.

The pressure switch can be modified so as to make a low pressure contact in addition to a higﬁ
pressure contact. It is adjustable. The contact in a pressure switch may be normally closed when
the pressure is below the set point. For example, the contacts in a normally open switch remains
open until the pressure rises above the set point. Then the sensing element makes the contacts
snap to the closed position. The contacts open again when the pressure falls below the setxpomt
The contacts in a normally closed switch remain closed until the pressure rlses above the set
point. Then the contacts snap open and remain open until the pressure drops‘below the set point
again. Most switches contains two sets of contacts, one normally open%aﬁd the wcz'f,her normally

closed. ‘ — i‘@

A pressure switch has a ”dead band”, i.e. the pressure must fall belo the, set point before the
switch resets to its normal position. The amount of dead bé'\?d is th\% difference in pressure
between the set point and the reset point. The pressure %“"\ﬁf’gch is used to operate safety valve
which vents steam when the pressure exceeds the uppgér Ilf@g/ =

Uses of Pressure Switches: \\

Following are the uses of pressure switches: (i(
\ \\

¢ One of the most important use of the pressure sw;tch is in limiting pressure, e.g. in steam
power plants. The pressure offthe\steam entering a turbine must not exceed an upper
limit. The  pressure sw1tcb{\|s§y§edﬂto operate safety valve which vents steam when the
pressure exceeds the- up%e@!@\lf" ~

® Animportant use of the‘p@s%b?e switch is in the computer panel. In the computer panel,
blowers arexused{for coolmg purposes. Whenevet:the blower fails due to any reason, a
pressure‘QSWItch mactuated which cuts off the power supply of ‘the panel. Thus, the
computen;(éanel |chponents are protected from the high temperature which can occur

due tO*fallf}l)re ofithe blowers.
\ ‘?»..‘/

f”\\ o v" ’*’\5\
\
45, xEpraI}n Pneumatlc Differential pressure transmitter.
Prmc:pleﬁlt works on the principle of force balance.

In the case of pressure’ instruments, pressure is easily converted into force by acting on the
surface area of a sensmg element such as a diaphragm or a bellows. A balancing force may be
generated to exactly cancel the process pressure’s force, making a force-balance pressure
instrument. Like the Iaboratory balance scale, an industrial instrument built on the principle of
balancing a sensed qua‘ntlty with an adjustable quantlty will be inherently linear, which is a
tremendous advantage for meastrement purposes. .
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Here, we see a diagram of a force-balance pneumatic pressure transmitter, balancing a sensed
differential pressure with an adjustable air pressure whlch becomes a pneumatic output signal:

' 2 kE

Force-Balance Pneumatic Pressure Transmitter balancmg a sensed differential pressure
transmitter with an adjustable air pressure which becomes a pneumatic output signal.

Differential pressure is sensed by a liquid-filled diaphragm “capsule,” which transmits force to a
“force bar.” If the force bar moves out of position due to this applied force, a highly sensitive
“baffle” and “nozzle” mechanism senses it and causes a pneumatic amplifier (calle/(_imS | “relay”) to
send a different amount of air pressure to a bellows unit. NG \%

The bellows presses against the “range bar” which pivots to counter-act the;{i alsmotlon of the

force bar. When the system returns to equilibrium, the air pressure msnelge the@ows will be a

direct, linear representation of the process fluid pressure applied to the d\jg capsule.

‘;,‘5{‘ A e A!r

-— “R”'}é " supply

Farce
{adjustabie)

g Range whes!
== {fulerum)

p??s%i%’é?‘ Baflle

ey
NS

Force
[adjusiable}

i

;
3
£

=
'}%

1£§:
Range bar

‘4

il — output
signal

Force bar

Diaphragn seal 1;
{fulcrum} \

Low pressure

High pressure
input:

input
§
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46. Explain Electronic Differential pressure transmitter.

With minor modificatiqns to the design of this pressure transmitter2, we may convert it from
pneumatic to electronic force-balancing:

Amplifier, "
‘Belange [WHE LA ' ,
SEnsor ;
— ;% F&rp&' %
Force 4] : PO
{sensed) [ {ndjtistallz} ,
g nge wheel
- fulcrum)
=]
: o ft | Lo .
{ g % ;]""ﬂ“ ;lﬁﬂl& "? : 11& 50 mA
i, §£ dhibthanilegly 1 B :' ou"puﬁ :«[gnal
v 0| Zero screw
Dlaphmgm seak §
crum ggé
High pressure Low pressure
inpit —— = - * input

{samésd}

50 £

(PR

Diff%@’ﬁ\iig!\ p{-{o Sul is|sensed by the same type of liquid-filled diaphragm capsule, which

re,
transmlts fo\gce o the force bar.

P
AP

,./"

R
If the forcé bar moves out of | posntlon due to this applled force, a highly sensitive electromagnetic
sensor detects it and causes an electronic amplifier to send a different amount of electric current

to a force coil.

The force coil presses agamst the range bar which pivots to counteract the initial motion of the
force bar. When the system returns to equilibrium, the mill ampere current through the force
coil will be a direct, linear representation of the process fluid pressure applied to the diaphragm
capsule.
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Based on the input preslsure, diaphragm of the capsule deflects. This deflection is converted into
an electrical signal. Thi; is normally done by the sensors. The commonly used sensors are (a)
Strain Gauge (b) Differential Capacitance (c) Vibrating wire. The sensor output is proportional to
the applied pressure.

Capacitance type: Strain Gauge Type:
Pressure Measurement With Strain Gauge.on Bellows
&
Laramio b
Prossure snloy Pressure an fHigh !
pressure sido e P~ pressure siie
Pipa -l i - . J,#‘ N Through Hote Matat
Matabased L 5, 7 Capacitance measuremert slocrods
Shicons Diaphragm www, jonToday.corm
BT
+ our A ol X
= _?Gutput _%Umpﬂﬁ Vo ﬁu{pnt
Capacitive ! Diaphra Diaph
. oy — 10 :agm
Qens%; il w‘z? foptigm 1 ﬁeﬂic@é& o P L7  deflected'ts |
%‘- ] f./" ‘i Zery position ] il / mght L s
: J P i ) | 11
SEE) : -, :
- | [ < -9[]: Ul L le =01 il | <
A L i3
High=Low =0V Gutput High® Low =V Cutput Low & High =-V Quiput
lntemal arrangement of Boftom & Top: Half of DP Transmitfer
f Fig-7

The electncal 5|gnal\generated at the lower chamber by the sensor is in the range of milli-volt
onlyﬁThls“élgnal st be. amplified to 0-5V or 0-10V range or is to be converted to 4-20mA for
onward*»transmlssmn to a remote instrument. This upper housing is the Transmitter portion of
the DP Transmltter whlch houses the Electronic Unit.

2-Wire 4-20mA Current Transmitter:

A DC output current is generated which is directly p'fop'o‘rtional to the pressure range of the
Differential Pressure Transmltter The lower range is 4mA, and the upper range is 20mA. This
controlled current output is not affected by load impedance variation and supply voltage
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fluctuations. This 4-20mA o,u.chut_i-s superimposed with digi’cal communications of BRAIN or HART
FSK protocol.

Industrial applications of Differential Pressure Transmitters:
There are unlimited industrial applications of Differential Pressure Transmitters.

e QOil and Gas flow metering in onshore, offshore and subsea applications.
e Water and effluent treatment plants. It is largely used to monitor filters in these plants
e |tis used to monitor Sprinkler Systems. ‘
¢ Remote sensing of Heating Systems for Steam or Hot Water.
e Pressure drops across valves can be monitored.
e Pump control monitoring.

47. Explain Smart/Intelligent pressure transmitter.

. ob i

e

Analog Transmitters The evaluatlon of the design of transmltters\has«been influenced, by two
factors. One, by the requirements of users for improved performance coupled with reduced cost
of ownership and, the other, by developments which haveﬂ“taken place in adjacent technologies,
such as computer aided design {(CAD), mlcroelectronlcs matenéﬁs science and communication
technologies. The most significant advances have res\dlted from-the emergence of low power
microprocessors and analog-to-digital converts\(ADC) which, in conjunction with the basic sensor
circuits, can function on the limited power (typlcally\l\ess than 40 megawatt) available at the
transmitterina conventlonal 4-20mA measuré”ﬁqent circuit. This has provided two distinct routes
for-improving the performance of transmx?ﬁ‘ers (a) by enabling non-linear sensor characteristics
to be corrected, and (b) by enablmg\a\seco/ndary sensor to be included so that secondary effects
on the primary sensor can be compensated

. %_,
Contraller
2 @ ®
‘ . K}
\}\ Transmitter ’ s
2 | o®
! Power Supply

;f"n =
f;: 9, l;\ ’”‘;\
SmartiTran&m|tters:"Transmltters in which corrections are applied to the primary sensor signal
using axmlcroprocessor to process information which is embedded in memory; or those in which
a mlcroprocessor is used in conjunction with a secondary sensor to derive the corrections for the
primary sensor signal, are termed as "smart' transmitters. Therefore, smart transmitter is a
transmitter in which a imicroprocessor system is used to correct non-linearity errors of the
primary sensor through interpolation of calibration data held in memory, or to compensate for
the effect of secondary influences on the primary sensor by a secondary sensor adjacent to the
primary sensor and interpolating stored calibration data for both the primary and secondary
sensors. Figures illustrate the diagram of smart transmitters.

o

g 1
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Memory
-
- ' A b e
= A ¥ D/A 4-20 mA
Sensor |—» > Microprocessor (> ——
' | Gonverter P | Converter | Measurement circuit
' (a) Smart Transmitter
Memory 13
3
Primary
Sensor I - L
AD o i D/A | 420mA
 Converter || VCTOPFOCESSOT > oonverter Measurema ent
Secondary ‘ clrcuit
Sensor {b) Smart Transmitter with secondary Sensor

Fig. 142 Smart Transmitter Circults
NI

Intelligent Transmitters The inclusion of mlcroproce or in a transmitter has provided an

P LN
opportunity to move from a regime in which only \Eh%@éj surement signal is transferred from the
transmitter to a receiver, such as an lndlcator rcontroller; to one in which the microprocessor

e R RN
not only implements the smart functnons-mentwd>above but also manages a communication

facility. This enables data specific to th ~transmltter itself, such as its types, serial number, etc.
to be stored at the transmitter and\accessed Via a measurement loop in which it is installed, as

shown in Fig. (N AN
g - \\“\\ \

Other functions, such as settmg‘*or\l‘”esettlng the zero and span, details of the location and
application, and_ runmng dlagnostlc routines to give warning of malfunctioning, can also be
implemented. Such tragsmltters are called intelligent' transmitters.

%mﬂlm
Memory
p i . Jk - _’,nl;,.
nmary + ! v .
Sensor ; > - Y ) Measurement
i AiD N SR D/A Circuit
. | converter = Microprocessor fw- Converter —
4-20 mA
Secondary] | 1 v\
Sensor ;
{

' Communication{
System

Fig. 14.3 Smart and intelligent Transmitter with Communication Facllity
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Therefore, an intelligent transmitter is the one in which the functions of a microprocessor system
are shared between (a) deriving the primary measure signal, (b) storing information regarding
the transmitter itself, its application data and its location and (c) managing a communication
system which enables two-way communication to be superimposed on the same circuit that the
measurement signal, the communication being between the transmitter and either an interface
unit connected at any access point in the measurement loop or at the control room.

Features of Smart and lhtelligent Transmitters

40| Page

T &

RS f'\\

The use of mlcroprocessors have contributed to zthe ability of the smart(t\ﬁimntte;s to
calibrate the unit over a much wider range than the actual span needed:for the particular
application. PN }\%

It has much increased rangeability without sacrificing accuracy, becaus e-by memorizing
the temperature and_pressure effects on zero and spanlthe smar"cg transmitter can
automatically correct for these variations, and therefore the«performance of the unit is
only a function of repeatability, linearity, and hysteres:szm Qy

In addition to lower error and higher rangeablllty,gthe)sma arttransmitters are also more
flexible. Since their calibration curve is anthe\mlcroprocessor memory, one can
electronically change the zero and the spanfofxthextransmltter through the keyboard of a
hand-held (portable) also called HH?\Theimlcroprocessor will automatically match the
minimum and maximum signals to the n?é‘wly»set measurement inputs without affecting
instrument callbratlon J& \i\ )\,

Smart transmltters allow ‘for (ffcfwo\;way communlcatlons with the control room, can be
automatically re zero the lnstr\{\ment by opening valves to equalize pressures on the two
sides of a dp (dlfferentlal\pre§‘su”fié) cell and can monitor loop status, output, and
configuration. Sy \\“\;

Smart transmitters: can, memonze and recall tag numbers and failure or initialization
modes, car;@prowde damplng and temperature compensation, and can change their
outputs to,hm\ntaln_nthem fixed under certain conditions or to switch from direct to
reversemactlon

Theygcaﬁ\llnearlze non-linear signals or provide other functlon generatlon functions, In

;’E:hanged ‘«&w/ ;

Recent smart transmltters are provided with standby sensors or with multiple sensors
which allow the | user to switch, for example, from an RTD (remote terminal device) to a
TC (thermocouple) sensor, while using the same transmitter.

Recent smart traﬁsm'&ters are also available with automatic span switching which is useful
in many applicat{ions where the process variable being detected changes over a wide
range and better accuracy could be obtained if the transmitter switched to a low span

when detecting low measurement values.
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Knowledge
Q. . Course Level as Per
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No : ¢ (CO) Bloom's
. Taxonomy

1 Categorize the typei of fits,explanation with B 1 Analyzing S
-neat sketch (K4)
Determine the dimensions and tolerances of the
shaft and hole having the size of 25H7/£8. 25mm
falls in diameter steps of 18-30. Assume the
following data, The findamental deviation for I
shaft ‘f is -5.5D°:~“I , The standard tolerance unit .

5 ! Evaluating 5
i=0.45 D1/3+0.001D , where D is the geometric (X5)
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x;‘ .Qw;.
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C0) |
axonomy
. l 9 . -
1 Explain the tool maker’s microscope with a - Evaluating S
neat sketch. . , (K5)
Describe the Autocollimator working with a| = T
5 : I Evaluating 5
neat sketch. (K5)
Explain Optical flats with a neat sketch. Evaluating
3 I (K5) 5
. Define the follovamg terms Range and span, v Remembering s
Repeatability, Sensitivity, and Reproductability. (K1)
Classify the different methods of measurement. Analyzing
5 v (K4) >
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1 | Explain the workmg of Tools makers’ microscope with 3 Evaluating 5
(K3)
neat sketch.
a. Categorize the following main static characteristics . Analvzin )
2 1@ Accuracy (ii) Sensitivity (iii) Reproducibility (iv) Drift 4 yZIng 5
(K4)
(v) Dead zone
b. Sketch and explain the working of piezoelectric Evaluating
4 5
transducer. (K5)
a. Explain thermocouple with neat sketch. Evaluating
3 ; i ®) | °
b. Explain the working of the Mcleod pressure gauge. 5 Evaluating 5
. X5)
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Answer All Questions
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Course

Bloom's

N Questions Outcome | Taxonomy Marks
° (CO) Levels
i .
1 | Explain the working \of Tools makers’ microscope with 3 Evaz}gg;mg 5
neat sketch.
a. Categorize the following main static characteristics Analvzin
2 | (i) Accuracy (ii) SensmVlty (111) Reproducibility (iv) Drift 4 yZINg 5
(K4)
(v) Dead zone
b. Sketch and explam the working of p1ezoelectrlc Evaluating
4 5
transducer. (X5)
a. Explain thermocouple with neat sketch. Evaluating
3 | = ®) | °
b. Explain the working of the Mcleod pressure gauge. 5 Evaluating 5
(X3)
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1. a) Sketch and Explanation -SM

2. a) Static Characteristics -5M

b) Sketch and Explanation SM

O 3. a) Sketch and Exp!anation -5M

b) Working and Explanation -5M

3.
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UNITI

Distinguish between hole basis system and shaft basis system.

CO1

Discuss in detail the salient features of the systems of limits and fit
as per Indian standard.

5 |8

Co1

Determine the dimensions and tolerances of the shaft and hole
having the size of 25H7/f8. 25mm falls in diameter steps of 18-
30. Also indicate the type of fit and show the tolerances with
sketch.

Assume the following data,

The fundamental deviation for shaft ‘f is -5.5Do 41 ,

The standa;rd tolerance unit i=0.45 D15+0.001D , where D is the
geometric mean of the lower and upper limits of diameter step in
which the diameter consideration lies, D is in ntm,

The standard tolérance for IT7=16i and IT8=25i.

Co1

On what factors the variation in size depends in any manufacturing]
process

K1

Co1

UNIT 2

State the essential requirements for accuracy in the construction of
a sine bar| Why the sine bar is not recommended for angles larger
than 45 with reference plain.

K4

(6(0)

Discuss briefly the working and operation bevel protractor.

COo2

State the meaning wringing? What are the essential conditions
for wringing of slip gauges? What precautions should be taken
while using slip gauges?

COo2

Explain how you determine the taper angle of a taper ring
gauge using spheres and Depth micrometer. Derive the
expression used.

K4

COo2

Enumerate the sources of errors in micrometers?...
.}.

CO2

UNIT 3 :

State and explain the Taylor’s principle of gauge design

with neat sketch of Plug gauge and Snap gauges.

COo3

Mention the materials used for the manufacture of GO and
NOGO gauges. Explain the disposition of tolerance on GO
and NO GO gauges by taking reference to work tolerances.

K4

COo3

Explain how you determine the taper angle of a taper ring gauge
using spheres and Depth micrometer. Derive the expression used.

K4

COo3

With a sketch, explain the construction of a tool maker's
microscope.| What are its applications?

K4

COo3




Write short notes on optical projector and their uses.

K3 CO3
%at are interferometers? What are their advantages over K3 Cco3
optical flats? -
Explain the lmportance of inspection need in manufacturing &
K2 CO3
surface finishing
UNIT 4
What are the various errors occur in the measuring instruments
. o . K3 | CO4
and explain the methods of elimination.
Sketch and explain generalized measurement system and ity K4 | CO4
functionallelements.
Explain various dynamic performance characteristics with sketches| K3 | CO4
Describe the terms (i) Linearity (ii) Calibration K3 | co4
What is the relationship between sensitivity and range?
|
Explain LYDT with neat sketch K2 | cos
Classify ﬂ}e dlfferem; types of errors. rob K4 | cos
Explain piezo electric ,inductive ,capacitance, resistance k5 | co4
UNIT 5
Explain different types of Manometers K2 | cos
Explain bourdon pressure gauge
K4 | CO5
With suitable diagram construct the bourdon ‘tube pressure K3 | CO5
gauge i
Distinguish between thermistor and thermo couple K4 | CO5
Explain about bellow-diaphragm gauges and low pressure K5 | CO5
measurement
Explain Mc'Leod pressure gauge K5 | CO5
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SUBJECT NAME: METROLOGY AND INSTRUMENTATION

* Sub Code: R20ME2103

Time: 3 Hrs

Il B.Tech Il Semester Regular Examinations

(ME)
MODEL PAPER

Note: Answer All FIVE Questions.
All Questions Carry Equal Mark§ (X14=71VM)

o+ 3

Max. Marks: 70

Note:

1.Answer FIVE Questions, choice from each unit.
Execution Plan

]

SI. No i Activities Time (Minutes)
1 To stiudy the Question Paper and choose to attempt 5
3 33 Minutes x 5 Questions 165
4 Quick revision & Winding up 10
: Total 180

Answer any FIVE Questions

Q.No. Questions Marks
Unit-I
a | Distinguish between hole basis system and shaft basis system. !
: Co [14M]
1 OR
Discuss in detail the salient features of the systems of limits and fits as per Indian [14M]
b | standard. ) ’
Unit-II
State the essential requirements for accuracy in the construction of a sine bar. Why the [7M]
sine bar is not recommended for angles larger than 45 with reference plain
o ?
Discuss briefly the working and operation bevel protractor.
[TM]
2
. , b Lo
| OR '
State the meaninig wringing? What are the essential conditions for wringing of slip gauges?,
What precautions should be taken while using slip gauges?
b ; [14M]
! | Unit-I1T ’
a | Mention the materials used for the manufacture of GO and NOGO gauges. Explain the | [14M]
3 disposition of tolerance on GO and NO GO gauges by taking reference to work
tolerances.
OR




Vs

‘

Explain how you determine the taper angle of a taper ring gauge using spheres

and Depth micrometer. Derive the expression used. [14M]
Unit-IV
(i) Explain various dynamic performance characteristics with sketches.
(if) Explain piezo electric transducers. [14M]
OR
Classify the different types of errors.
[TM]
Explain LVDT with neat sketch
Dt Unit-V :
()Explain different types of Manometers [14M]
(ii) Explain bourdon pressure gauge
OR
(i)Explain Mo:f Leod pressure gauge
[14M]

(ii) Distinguish between thermistor and thermo couple
i
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Course Code: C213

Course Name: METROLOGY AND INSTRUMENTATION

Year/Sem: II/I

External
7 & S B 2 T T
1280 *€0s” - AL IV TV |-
. MaxiMarks ¥7 | 75k A T 7 F ez
1 | 21471A0301 5(5 5015173 415
2 | 21471A0302 5| 4 415 3[s5]l6]s 2| 4
3 | 21471A0303 6|5 5] 4 4136 313
4 | 21471A0304 6| 6 513 6 | 4 6|5 3] 4
5 | 21471A0305 512 41615 3 . 2] 2 2|3
6 | 21471A0306 6| 6 513 6| 4]6]5 3] 4
7 | 21471A0307 415 315 5 4] 3 3] 4
8 | 21471A0309 4|5 315 514l a(3 3] 4
9 | 21471A0310 4| 4 315 4 6| 412 4] 3
10 | 21471A0311 513 4] 4 512 32 3]s
11 | 21471A0312 516 4| 5] 5 5 6| 4 6 | 4
12 | 21471A0314 41412715 513 213273
13 | 22475A0301 6|6 6| 6 6 6] 6 6|6
14 | 22475A0302 5|6 416 412615 515
15 | 22475A0303 5] s 315714 6 514] 372
16 | 22475A0304 516 4|6 5|3 6|l 6] 272
17 | 22475A0305 5[5 516 . 414615 515
18 | 22475A0306 5|5 4 | 57] 7% 51515 5|5
19 | 22475A0307 5|5 ) 4|6 416|575 4| 6
20 | 22475A0308 512514 6| 2 33 2| 3
21 | 22475A0309 4444 6 2 6| 3[4]3
22. | 22475A0310 4| 4 4| 4 6| 2 6| 3 4] 3
23 | 22475A0311 .51 4 41415 31 6] 4 4| 3
24 | 22475A0312 4| 4 5|4 31262 5 4
25 | 22475A0313 5| 4 65 5]5 515575
26 | 22475A0314 642715 4 2|6 6| 4
27 | 22475A0315 2|3 2|3 21512 2] 4
28 | 22475A0316 6|5 6| 4 5 4 4] s 313
29 | 22475A0317 5|5 6 4 41655 5|5
30 | 22475A0318 4] 5 4 | 4 41 4] a4 4| 4
31 | 22475A0319 5] 2 4|3 4 2| 2 2 |2
32 | 22475A0321 515 s515]s 5 5] 5 5[5
3 | 22475A0322 6|6 4| 4 4] 5 36 2 | 2
34 | 22475A0323 50161473 4] 5 616|214
35 | 22475A0324 50557 s ] 5 616|s5]s5
36 | 22475A0325 4] 6 6| 5. . 355703 4| 3
37 | 22475A0326 6| 5| - 6| 6] 50533 4] 3
38 | 22475A0327 515 5155, 5 6| 5 515
39 | 22475A0328 6 | 4 4|6 515 414514 '
40 | 22475A0329 6|5 515 6 [4]5]5 515
41 | 22475A0330 4 | 4 32 5 3] 4 4|5
42 | 22475A0331 46|66 413|574 4[5
43 | 22475A0332 4 | 4 6| 4 4 14 4 143
44 | 22475A0333 515 515 51515705 4 (5
45 | 22475A0334 6| 5] 44 41655 4 | 2
46 | 22475A0335 4 | 4 6 | 4 514134 6| 6
47 | . 22475A0336 52 2| 3 413473 2|2
48 | 22475A0337 5|3 4| 4 4141374 4| 4

—

. e




Rubrics:

If 50% of the students crosspd 50% of tixe marks: Attainment Le'vel' 1.
If 60% of the students crossed 50% of the marks: Attainment Level 2
If 70% of the students crossed 50% of the marks: Attainment Level 3

1. Enter the question wise marks.
2. Identify the CO of each question.
3. Calculate the maximum marks of each CO.

4. Calculate the CO wise marks obtained by each student.

5. Calculate 50% of maximum marks of each CO.
6. Find number of students crossed 50% of maximum marks for each CO.

7. Find percentage of students crossed 50% of maximum marks for each CO.

8. Find the attainment level of each CO as per the above Rubrics.

e

P

49 | 22475A0338 6 | 4 515 41413([4 413
50 | 22475A0339 616 516 6 5 6 616
51 22475A0340 515 416 6 4 4 413
52 | 22475A0341 L 4 | 4 415 513[413 312

53 22475A0342 65 5135 51431515 5 1.5

54 | 22475A0343 6135 5135 5 51615 515

55 22475A0344 6131414 ot 414 4 313
56 | 22475A0345 s 6] 6515 i 5135 : 5 515
57 | 22475A0346 6| 6 ) 6 | 4 415)151[6 6| 4
58 | 22475A0347 6| 6 66 515516 6| 4
59 22475A0348 616 516 5 6 | 5 6 |5
60" | 22475A0349 415 516 5[61 414 412

61 22475A0350 6161515 4] 4

62 | 22475A0351 6| 6 6 |5 6 [ 6

63 22475A035 6 15 514
. Notlof Studentsjan 43| " 50:[53 |
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Course Code: C213 Course Name: METROLOGY AND INSTRUMENTATION Year/Sem: II/I
Internal Examination Assessment
Test __Mid1 - | . T [ co| coT co co | co -
SNo | RelicRe” [ L 1b 24(2.b|3.a]" e 1.a|2.a]2.b 3.a3.b __| Max. | Max. Max. | Max Max.
COs | L |T|o|lofm|.T1 mIV|IV| V]V {Marks | Marks| Marks |Marks| Marks
M_ax’, 5715555 5 |10]5 515(5]|5]| 5 10 25 20 35 25 |20
Marks : ‘ . j IO = ey e T
1-—[21471A0301 | —" St4i4l415] 5 [ 3555103515 5 17 11 23 20 10
2 21471A0302 SI31315151 5175155131215 5 | 20 | 15 27 20 10
3 21471A0303 SI5151314]l 53545124 41 5 3 18 11 20 17 11
4 21471A0304 SIS513)215) 4] 64555151 3 - 20 11 20 | 15 10° .
5 21471A0305 0{o|[5]s5 3455505 5 2 7 14 16 17 7
6 21471A0306 1140413 (2| 3 [ 4443355 5 12 | 11 . 20 17 13 -
7 21471A0307 4 0] 4 4 1514505 5 4 8 8 18 18 9
8 21471A0309 S 141514125 [ 5als5(4a]1]0] 3 4 19 14 20 18 5
9 21471A0310 11451 3 1413[5]5]0]51 53 2 12 10 14 17 7
10 | 21471A0311 315131015133 5[5([573 4 2 14 6 19 16 |. 5
11 | 21471A0312 SISiS5(s)5] 5. 655551573 7 121 |"16 28 )22 | 17 |,
12 | 21471A0314 4013|4410l 3T 2Tal03]01lo0 3 4. 12 | 10 9 6 | ..3-7,
13 22475A0301 S IS5151515]1 57 55550513571 3 6 [ 20 15 26 21 [ 16
14 | 22475A0302 S IS5 5|1 5[ 4f4a[5(alalal s 3 19 4 | 17 |7 i
15 | 22475A0303 4151503131 4455213111 2 4 17 | 12 -20 |, 15¢ 8
16 | 22475A0304 514121421 5 2 13512155 5 3 16 '8 15 ] 157 | 13
17 | 22475A0305 S 151414151 5 (55551 als( 5 3 | 20 [ 13 23 o718 | 12 .
18 | 22475A0306 41414151515 145525151 5 3 .1 17 | 13 22 15 | 13
19 | 22475A0307 S S51515|50 5 | 2]5]5(5]alal s 5 17 12 22 20. | 13 %
20 | 22475A0308 StS514(4)10] 565514555 5 | 21 14 21 .19 |15
21 22475A0309 3[5]5 4 S 1513141451 5 5 C 12| .15 20 |17 | 14
22 | 22475A0310 SIS5151512 1 4 4afal551a]al 5 4 |18 | 14 19 [ 19 [ T127
23 | 22475A0311 41515551 3 3141514351 5 5 15 13 | 22 19 13
24 | 22475A0312 5 505151 3 4 141515103 5 4 | 12 | 14 22 19 7 ..
25 | 22475A0313 0fS515(513[ 3 ][5 [5(5s5[4(1 a 3 13 |15 |'" 20 |, 17 ] 78 -
26 | 22475A0314 051554 555151512135 5 6 |15 | .15.]. 25 " | 21 | 22157
27 | 22475A0315 41512 2 S(4lo]lsflolof 5 2 [ 11 "2 |16 #|T 12 | 2




28 | 22475A0316 5 515|151 5| 514]5Ta7T24 5 4 20 15 23 18

29 | 22475A0317 StS5i514fl5] 5 [ alal5]4a[3[3] 5 4 19 13 22 | 18

30 | 22475A0318 412514 2 3151051537 5 3 11 12 16 -13. |

31 | 22475A0319 415131131 44155531313 3 17 8 20 | 18

32 | 22475A0321 51415]2 3 4 1514)514a]2] 5 4 16 | 11 18 18

33 | 22475A0322 5141415 5 S 1214151510 5 2 |19 T  Tre Uy
34 | 22475A0323 31515 3 3 |5]510({321] 5 5 9 13 18 | 15 .

35 | 22475A0324 415]15]5(31 46 ][s5]5(5[al5] 5 4 19 | 16 23 19

36 | 22475A0325 4 14154 3145|5574 4 4 15 13 17 18

37 | 22475A0326 Af15(505]0] 3 | 4455|315 3 1716 14716 | 18
38 | 22475A0327 51414150455 [515141 212 5 5 19 14 24 19

39: | 22475A0328 5151043 | 3 [ 450455 5.1 5. 12 9 22 14

40 | 22475A0329 515151413 1435|2505 5 5 12 14 21 19

41 "| 22475A0330 314 3] 2 3j4]1013f2[0f] 51 5 12 | 3 20 137

42 | 22475A0331 S|S515]513 (2 5055545 5 5 17 15 23 20

43 | 22475A0332 214151411 21503033 ]2l 5 13 14 19. 13

44 | 22475A0333 514141357 3 514143l ala]l 5 4 17 12 23 16 -

45 | 22475A0334 415(5|51 4555 5(als5] s 5 13 15 25 20

46 | 22475A0335 514154571 3 4 14514475 2 16 13 15 11

47 | ,22475A0336 4131211 0] 552 511 5| 4 9 10 20 11

48 - 22475A0337 3151355 1 4 1415|555 5+ 5 13 12 | 23 20

49 .3 22475A0338 S 510545 ] 3 | 4lala]3[ala] 3 4+ 3 L1 97 19 13"

50 | 22475A0339 SIS515]1505] 5 [ 4555515 357 4 19 14 23 197

51 | 22475A0340 S 1215125 4 (755125 5 4 18 14 26 15

52 | 22475A0341 5051514 3 [ 4]5|513[415] 5 3 17 13 |. 17 | 16

53 | 22475A0342 5151514 S 1315151515151 3 3 18 12 17 16 |18

54 | 22475A0343 S 15151413 5 [ 4]5]5[5[5([5] 5 5 19 | a3 | 22 20 .

55- | 22475A0344 2 15]1515-]0] 4 [3]5]5[1[513][ 35- 6 14 13: | 19 17

56 | 22475A0345 SIS151513] 5 (45555157 5 4 | 19 14 | 21 [ 19 [
57 | 22475A0346 315151551 5 SI515]5(5]5] 5 2 | 18 | 15 22 17 |7 12 -
58 | 22475A0347 SI5151514] 545555157 5 5 | 19 14 23 2004 15 .
59 | 22475A0348 515511 5 4 |51415]14]3][ 5 2 19| 10 |. 16 16 9
60 | 22475A0349 5(15]15]4 S 141555551 5 5 19.| 13 19 20 15
61 | 22475A0350 515 2] 5 13(5[5]0l5[07] 3 3 13 | 8 |- 18 13 8
62 | 22475A0351 415|515 5 2 15(514)a]s57] 5 4 16, | 127 | 16 18" | 13
63 | 22475A0352 Si512f5({51 5555555 5 8 20, | 12..| 28 " 23| 18




]

Rubrics:

If 50% of the students crossed 50% of the marks: Attainment Level 1

If 60% of the students crossed 50% of the marks: Attainment Level 2 R e e T T
— T~ If70% of tlie students crossed 50% of the marks: Attainment Level 3

2. Identify the CO of each question. )
3. Calculate the maximum marks of each CO based mid exams, assignments and quiz.

4. Calculate the CO wise marks obtained by each student.

3. Calculate 50% of maximum marks of each CO.

6. Find number of students crossed 50% of maximum marks for each CO.

7. Find percentage of students crossed 50% of maximum marks for each CO.,

8. Find the attainment level of each CO as per.the above Rubrics.

~y i oy

1. Enter the question wise marks for mid examinations, assignments & quiz.

PR = . e .
) ) Q




. Course Name: ME’I‘ RODLOGY AND
Course Code: C213 s INSTRUMENTATION Year/Sem: II/1
CO Attainment
Total CO
. Attainment-Level
(-‘,‘0 CO Attainment ]?1rect co Indirect CO (Direct CO
Attainment Attainment Level . .
CcO Level Attainment | Attainment * 90%
Level (Internal * 30%)
(External) Level +
(Internal) M Indirect CO
% 0, '
(External *70%) Attainment * 10%)
2.82
2.64
2.72
2.56
2.92

1. Copy the Direct CO Attainment Level (Internal) and Direct CO Attainment Level (External) from the previous
sheets and then find the Direct CO Attainment Level.

2. Find Direct CO attainment lével using the formula:
CO Attainment Level (Internal) * 30% + CO Attainment Level (External) * 70%

3. Copy Indirect CO Attainment Level.

4. Find the CO attainment level using the formula:
Direct CO Attainment Level *90% -+ Indirect CO Attainment Lével'~"e 10%

t




Course Code: C213 Course Name: METROLOGY AND INSTRUMENTATION Year/Sem: I/I

POs & PSOs

s

Total CO Attainment through Direct & Indirect Assessment

CO Attainment L L " . 285

O , PO & PSO Attainment
PO1 P02 | P03 PO4 PO5_

PSO1 | PSO2 | PsO3

T avrpn |

2.50

8

Attainment Level
I [
8 3

e
@0
Q

0.00 0.00 0.00 0.00 0.00 * g0 0.00 0.00

I
8

. POs & PSOs

1. Copy CO - PO matrix and CO attainmen}nt matrix from previous pages and find PO attainment.
2, PO attainment is calculated as per the following formula:
POi * Total CO attainment Level /3 where '’ ranges from 1 to 12

1. Copy CO - PSO matrix and CO attainment matrix from previous pages and find PSO attainment.
2. PSO attainment is calculated as per the following formula:
PSOi * Total CO attainment Level /3 whei’g_’i' ranges from 1to 3

. b




