Module 5: Digital Measurements

Introduction, Advantages and limitations of digital measuring tools compared to traditional
methods. Digital caliper, micrometer, Laser distance meter, Protractor.

Coordinate Measuring Machine (CMM): Basic Components, Types of CMM, Coordinate
Systems, Probe Technology. Digital Surface Measurement: Surface roughness
tester-profilometer, Contact and non-contact surface measurement techniques

Digital Surface Measurement: Surface roughness testers (profilometers), Thermal Imaging:
working principle and applications

Laboratory Components:

1. Determine the mean deviation of surface roughness for a given specimen finished by
different machines by using a Mechanical comparator

2. Determination of surface roughness using digital profilometer

Introduction to Digital Measurements:

Digital measurements have revolutionized the way we capture, analyze, and interpret data across
various fields, from engineering and manufacturing to healthcare and environmental science.
Unlike traditional analog methods, digital measurements convert physical quantities—such as
length, temperature, pressure, or electrical signals—into digital signals, allowing for precise,
quick, and easily readable results. This transition from analog to digital has significantly
enhanced the efficiency, accuracy, and repeatability of measurements, making digital tools

invaluable in modern industries.

Digital measuring tools use advanced sensors, microprocessors, and digital displays, offering
significant advantages, including higher precision, data storage, and integration with software for
data analysis. Tools like digital calipers, thermometers, multimeters, and laser distance meters
now play essential roles in quality control, research, and development, and even daily tasks

where accuracy is paramount.



However, digital measurement technologies also have their limitations, such as reliance on

power sources and susceptibility to environmental factors. Despite these challenges, the field of

digital measurements continues to evolve, driven by advancements in technology that enable

even more accurate, user-friendly, and robust tools. In today’s data-driven world, digital

measurements have become foundational, enhancing our ability to make informed decisions

based on reliable, repeatable, and high-resolution data.

Advantages and limitations of digital measuring tools compared to traditional methods:

Advantages of Digital Measuring Tools:

1.

Higher Accuracy and Precision: Digital tools often provide highly accurate
measurements with greater precision due to advanced sensors and electronic processing,
which minimizes human error.

Ease of Use: Digital tools are usually easier to read, as they display results on a digital
screen, which reduces the chances of misreading values compared to analog dials or
vernier scales.

Data Storage and Analysis: Many digital tools come with data storage capabilities,
allowing measurements to be saved for later analysis or transferred to other devices for
documentation or further processing.

Automation and Speed: Digital tools can automate certain processes and speed up
measurement tasks, making them ideal for high-volume or repetitive measurements.
Connectivity: Some digital tools are Bluetooth- or Wi-Fi-enabled, allowing them to
interface with computers, smartphones, or other devices, facilitating remote monitoring
and integration into automated systems.

Consistency and Repeatability: Digital tools generally provide consistent results across
multiple measurements, which 1is essential for maintaining quality control and
repeatability in industrial applications.

Limitations of Digital Measuring Tools:

1.

Dependence on Power: Digital tools require batteries or an external power source,
making them less suitable in situations where power is limited or unavailable.
Environmental Sensitivity: Digital tools may be sensitive to extreme temperatures,
humidity, or electromagnetic interference, which can affect their accuracy or
functionality.

Cost: Digital measuring tools are often more expensive than their traditional
counterparts, which can be a limitation for small-scale operations or individual users.



4. Complexity and Maintenance: Digital tools may require regular calibration and
maintenance to ensure continued accuracy, and they are typically more complex, which
can lead to increased maintenance needs or troubleshooting.

5. Fragility: Many digital measuring tools are more delicate and can be damaged more
easily than traditional tools, especially in rugged environments where durability is
essential.

6. Learning Curve: Some users may find digital tools more difficult to use due to their
additional features and settings, especially if they are accustomed to traditional methods.

DIGITAL CALIPER:

DIGITAL CALIPER

A digital caliper is a precision measuring tool used to measure the distance between two opposite
sides of an object. It is a widely used instrument in manufacturing, engineering, and various
scientific fields for taking accurate measurements of both internal and external dimensions, as
well as depth and step measurements. Unlike traditional analog calipers, which require the user
to read from a vernier or dial scale, digital calipers display measurements on a digital screen,
making them easier and faster to read with less room for human error.

Key Features and Functions of Digital Calipers

1. Digital Display: The most distinguishing feature of a digital caliper is its LCD screen,
which provides a direct readout of measurements. This feature improves readability and
minimizes errors from misreading scales, especially at smaller increments.



2. High Precision and Resolution: Digital calipers typically provide high-resolution
measurements (usually in increments as fine as 0.01 mm or 0.0005 inches), allowing for
precision in tasks that demand accuracy.

3. Multiple Measurement Modes:

o External Measurement: Measures the outer dimensions of objects, using the
jaws on the outside.

o Internal Measurement: Measures the inner dimensions (like the diameter of a
hole), using the smaller jaws on the inside.

o Depth Measurement: The depth rod at the end of the caliper measures the depth
of holes, slots, and other recesses.

o Step Measurement: Measures the step of an object using the end of the caliper.

4. Metric and Imperial Conversion: Most digital calipers allow switching between metric
(millimeters) and imperial (inches) units with a simple button, which is convenient for
users working in different measurement systems.

5. Zero Setting: The zeroing function allows users to set the caliper to zero at any position
along the scale. This feature is useful for differential measurements and simplifies
calibration.

6. Battery-Powered: Digital calipers operate using small batteries, which can last for a
significant period with regular use, although this does mean that the device relies on
power to function.

Advantages of Digital Calipers

e Ease of Use: The digital display provides clear and immediate readings, making the tool
accessible even for users with minimal experience.

e Higher Accuracy: Digital calipers often provide greater accuracy and reliability than
analog types, especially for small measurements.

e Data Storage and Transfer: Some advanced digital calipers can connect to computers or
mobile devices via USB or Bluetooth, allowing for data logging and analysis.

Limitations of Digital Calipers

e Power Dependence: Digital calipers require batteries, which can run out unexpectedly,
leading to downtime if replacements are unavailable.

e Fragility: Digital calipers, with their electronic components, can be less durable in harsh
conditions than mechanical or dial calipers.

e Temperature Sensitivity: Extreme temperatures can affect the accuracy of the caliper or
damage its electronic components.



Applications of Digital Calipers
Digital calipers are versatile tools essential for applications requiring precise measurements:

e Manufacturing: Used for quality control, ensuring components meet design
specifications.

e Engineering and Prototyping: Allows for accurate measurements during the design and
development phases.

e Metalworking and Woodworking: Useful for taking fine measurements needed to meet
strict tolerances.

e Automotive and Aerospace: Essential for checking small parts where precision is
critical to safety and performance.

In summary, digital calipers are invaluable for precision measurement tasks, offering ease of use
and high accuracy that make them a preferred choice across industries. Their versatility and
ability to provide reliable data have established them as a staple in both professional and
educational settings.

DIGITAL MICROMETER:

A digital micrometer is a highly precise measuring instrument used to measure small dimensions,
thicknesses, or diameters with an accuracy often to the nearest 0.001 mm or 0.00005 inches. It’s
widely used in fields like engineering, manufacturing, machining, and quality control, where fine
tolerances are critical. Unlike analog or dial micrometers, digital micrometers feature a digital
display that shows the measurement in an easy-to-read format, reducing the chances of reading
errors.

Key Features and Functions of Digital Micrometers

1. Digital Display: The main feature of a digital micrometer is its electronic display, which
directly shows the measurement, eliminating the need to interpret a vernier or dial scale.
This feature speeds up the measurement process and improves readability.

2. High Accuracy and Resolution: Digital micrometers provide exceptionally fine
measurements, with accuracy levels that can go up to £0.001 mm or +0.00005 inches.
This precision makes them suitable for measuring very small objects or dimensions that
require high accuracy.

3. Multiple Measurement Types:

0 Outside Measurement: The most common use, measuring the external
dimensions of objects, like thickness or diameter.



o Inside Measurement: Using specialized anvils or attachments, digital
micrometers can measure internal dimensions, such as hole diameters.

o Depth Measurement: Some digital micrometers are designed to measure the
depth of slots, holes, and recesses.

4. Metric and Imperial Conversion: Many digital micrometers allow users to switch
between metric and imperial units at the touch of a button, accommodating different
system requirements.

5. Zeroing Function: The zero function lets users reset the display to zero at any point,
which is helpful for taking relative or differential measurements.

6. Ratchet or Friction Thimble: Digital micrometers often have a ratchet or friction
thimble, ensuring consistent pressure is applied while measuring. This prevents excessive
force that could distort measurements and enhances accuracy.

7. Data Qutput and Connectivity: Higher-end digital micrometers may have ports for
USB or Bluetooth, allowing data to be exported to computers or mobile devices for
logging, analysis, and reporting.

8. Battery-Powered: Digital micrometers use batteries, often with energy-efficient designs
that allow for extended battery life. They typically have auto-off features to conserve
power.

Advantages of Digital Micrometers

o Ease of Use: The digital display provides immediate and clear readings, making
measurements simpler and reducing the likelihood of errors due to misreading.

e High Precision and Consistency: Digital micrometers offer consistently high precision,
which is essential for quality control and any application where accuracy is critical.

e Data Collection: The ability to store or transfer data electronically simplifies recording
and analysis, particularly in environments that rely on detailed documentation.

® Quick Measurement Conversion: Switching between metric and imperial units
instantly is convenient, especially in international contexts where both measurement
systems may be used.

Limitations of Digital Micrometers

e Battery Dependency: Digital micrometers require a power source, so unexpected battery
drain can disrupt work.

e Potential Fragility: Digital micrometers contain electronic components, making them
more sensitive to physical impacts or extreme environmental conditions compared to
traditional mechanical micrometers.

e Cost: Digital micrometers are generally more expensive than analog versions due to their
additional features and technology.



e Environmental Sensitivity: Extreme temperatures, humidity, or electromagnetic
interference can affect the performance or accuracy of the micrometer.

Applications of Digital Micrometers

Digital micrometers are crucial in industries that demand extreme precision:

e Manufacturing and Quality Control: Used to verify that parts and components
conform to specified dimensions, ensuring product quality.

e Engineering and Prototyping: Helps maintain precise tolerances during design and
development, ensuring that parts fit together as intended.

e Machining and Toolmaking: Vital for tasks requiring fine measurement adjustments,
such as setting the thickness of materials or calibrating tools.

e Automotive and Aerospace: Essential in measuring small parts and ensuring that all
components meet safety and performance specifications.

In summary, digital micrometers are highly accurate and efficient tools that provide a
combination of precision and ease of use. Their ability to quickly and accurately measure small
dimensions makes them indispensable in modern manufacturing and engineering. Despite certain
limitations, their advantages often outweigh these, especially in precision-critical industries

LASER DISTANCE METER:

LASER DISTANCE MEASURER:

A Laser Distance Meter or Measurer sends a pulse of laser light to the target and measures the
time it takes for the reflection to return. For distance upto 30 m., the accuracy is +3 mm. On-
board processing allows the device to add, subtract, calculate areas and volumes and to
triangulate. One can measure distances at a distance. A Laser Distance Meter has speed,

accuracy, safety, versatility, convenience and functionality.

Basic Principles: A Laser Distance Meter sends out a finely focused pulse of light to the
target and detects the reflection. The meter measures the time between those two events and
converts this to a distance. The formula is simple: Distance = A (Speed x Time). However the
speed of light is 300,000 kms. per second , so to resolve differences of (say) 1 cm, the meter

must measure time intervals of the order of billionths of a second.



Advantages: A Laser Distance Meter is accurate to within a few millimeters, certainly
equaling a tape for larger distances, and the line is always dead straight. One has a choice of
units, and there is no risk of misreading, as with the intermediate marks on a tape. The Laser
distance Meter is much faster; just it should be pointed to the target, clicked and the result will be
displayed. The job is done is done in just a fraction of the time it would take to use a tape. One
doesn’t need to walk to and fro, needs a helper at the other end. What is more, it can be used with
one hand, leaving the other free to hold the notebook. With a backlit display and the laser dot
itself, it can be used in poor lighting conditions. There is no need to wait until morning or to rig
up lights. Any obstacles on the ground such as pipes or cable do not pose any hindrances. If there
is a line of sight to the target, and it is within range, one can very quickly find out exactly how
far away it is. For the same reason, one can measure upwards without climbing — to a ceiling or
to the top of a building. So, the Laser Distance Meter brings safety benefits as well. There is no
need to climb up ladders or even steep wet surfaces to get a measurement. These safety and
versatility benefits are particularly valuable in hazardous environments and there will be
occasions when one would not be able to do the job at all with a tape. Only a Laser Distance

Meter will do.

Conclusions : A Laser Distance Meter is accurate and quick and requires only one person and
one hand. It’s easy to use and versatile. Laser distance Meters have on-board processing enabling

the device to triangulate and calculate — the Pythagoras principle is laid in it .

A laser distance meter is a tool that uses laser technology to measure the distance between the
device and a target object with high accuracy and speed. It is widely used in fields such as
construction, real estate, interior design, and engineering, where accurate distance measurements
are crucial. Unlike traditional measuring tools like tape measures, a laser distance meter allows
users to measure long distances quickly and efficiently without physically accessing both ends of
the measurement point.
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Laser Technology: Laser distance meters use a laser beam to measure distance by
calculating the time it takes for the laser to reach a target and reflect back to the device.
This time-of-flight method enables fast, accurate, and precise measurements.

Digital Display: These meters feature a digital screen that displays measurements
instantly, providing clear and easy-to-read data.

High Accuracy and Range: Laser distance meters can measure distances with accuracy
up to =1 mm, depending on the model. They are capable of measuring distances from a
few centimeters to several hundred meters, making them versatile for both small and
large projects.

Measurement Modes:

o Single Distance Measurement: Measures the distance from the device to a
target.

o Continuous Measurement: Allows the user to move the meter to take multiple
measurements continuously, which is useful for determining distances in areas
that aren’t straight or level.

o Area and Volume Calculation: By measuring length, width, and height, the
meter can automatically calculate area and volume, useful for estimating space
requirements or material needs.

o Indirect Measurement: Some meters can calculate heights or distances that
aren’t directly accessible using the Pythagorean theorem, measuring two sides to
calculate a third.

Memory Storage: Many laser distance meters can store a certain number of past
measurements, which helps users keep track of multiple distances without needing to
write them down.

Data Connectivity: Higher-end models offer Bluetooth or USB connections, allowing
measurements to be transferred to mobile devices or computers, which simplifies
documentation and integration with design software.

Compact and Portable Design: Laser distance meters are lightweight and compact,
making them easy to carry and convenient to use in various settings.

Battery-Powered: They typically use batteries, often with energy-saving features like
auto-off to extend battery life.

Advantages of Laser Distance Meters

Fast and Efficient: Laser meters can take instant measurements over long distances,
significantly reducing the time required compared to tape measures or other manual
methods.

High Accuracy: Laser technology offers precise measurements, which are especially
useful for projects requiring tight tolerances.

Ease of Use: With minimal setup and an easy-to-read digital display, laser distance
meters are user-friendly, even for beginners.

Safety: Laser meters allow users to measure hard-to-reach areas without climbing or
physically accessing both ends, improving safety on job sites.

Versatile Calculations: Built-in functions for calculating area, volume, and indirect
distances make these meters a powerful tool for various applications, from basic
measurements to complex geometric calculations.
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Limitations of Laser Distance Meters

e Environmental Sensitivity: Laser distance meters can be affected by bright sunlight,
reflective surfaces, or obstructions, which may impact accuracy or prevent a reading.

e Cost: They are generally more expensive than traditional tape measures or other basic
measuring tools.

e Battery Dependency: Laser meters require batteries, and unexpected battery drain could
halt measurements if replacements aren’t on hand.

o Reflective Interference: Some materials or environments may interfere with the laser,
requiring the use of a target plate or surface to improve measurement reliability.

Applications of Laser Distance Meters
Laser distance meters are valuable in many fields, including:

e Construction and Architecture: Used to measure dimensions of rooms, walls, and
ceilings for accurate planning and material estimation.

e Interior Design and Real Estate: Enables quick measurements for planning layouts,
assessing spaces, and creating floor plans.

e Surveying and Landscaping: Useful for measuring land boundaries, heights of objects,
and distances in open spaces.

e Engineering and Manufacturing: Assists in measuring large or hard-to-reach areas for
installation and alignment of machinery or infrastructure.

e DIY and Home Improvement: Handy for homeowners for tasks such as furniture
placement, painting, and small renovations.

In conclusion, laser distance meters provide an efficient, accurate, and safe solution for
measuring distances and performing basic calculations. They save time and increase
measurement accuracy, making them an essential tool for both professionals and enthusiasts
across various disciplines. Despite certain environmental and cost-related limitations, their ease
of use and versatility make laser distance meters a popular choice in modern measuring tasks.

DIGITAL PROTRACTOR

A digital protractor is an electronic tool used to measure angles quickly and accurately. Instead
of relying on a manual measurement device like a traditional protractor, a digital protractor
provides highly accurate readings with little effort.

Digital Protractor

A digital protractor is a measuring tool used to determine angles with high precision and ease.
Unlike traditional protractors, which require users to visually align and read angles, digital
protractors display angle measurements on an electronic screen. They are widely used in
carpentry, construction, engineering, and other fields where accurate angle measurements are
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essential. Digital protractors are particularly valuable when working with complex or tight-angle
setups, providing reliable measurements quickly and efficiently.

Key Features and Functions of Digital Protractors

1.

Digital Display: The most notable feature of a digital protractor is its LCD screen, which
provides an instant digital readout of the angle measurement. This digital display
eliminates the need to interpret angle lines, minimizing human error.

High Accuracy and Resolution: Digital protractors typically offer high accuracy, often
to the nearest 0.1° or better. This makes them suitable for tasks that require precise angle
measurements.

Angle Measurement Range: Most digital protractors can measure angles over a wide
range, often from 0° to 180° or 0° to 360°, depending on the design. This allows for
measurements of both acute and obtuse angles as well as full rotations in certain models.
Zero Function: The zeroing function allows users to set the device to zero at any angle,
which is particularly useful for relative or differential angle measurements. This feature
enables easy comparison of two angles or checking for deviations from a reference angle.
Hold Function: The hold button locks the current angle on the display, allowing the user
to record or transfer the measurement even after moving the protractor from the original
position.

Absolute and Relative Measurements: Many digital protractors can toggle between
absolute and relative angle measurements, allowing users to measure from the main zero
reference or reset zero at any chosen angle.

Magnetic Base: Some models have a magnetic base, which makes them convenient for
use on metal surfaces. This feature is especially useful in applications like welding,
metalworking, or machinery alignment.

Battery-Powered with Auto-Off Feature: Digital protractors are powered by batteries
and often include an auto-off feature to conserve battery life.

Advantages of Digital Protractors

Ease of Reading: The digital display provides a clear and accurate angle readout,
reducing the risk of misreading, which is common with traditional protractors.

High Precision: Digital protractors generally offer higher precision than analog versions,
which is critical for tasks where exact angles are essential.

Time Efficiency: Quickly displays angle measurements, speeding up work processes,
especially in repetitive tasks.

Versatile Angle Measurement: The ability to measure both absolute and relative angles
makes the digital protractor suitable for a wider range of applications.

Durability and Portability: Digital protractors are often compact and lightweight,
making them easy to carry and suitable for fieldwork.

Limitations of Digital Protractors

Battery Dependency: Digital protractors require batteries, so unexpected battery
depletion can interrupt work unless replacements are available.
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e Environmental Sensitivity: Exposure to extreme temperatures, dust, or moisture can
affect the digital components, potentially reducing the device's lifespan or accuracy.

e Cost: Digital protractors are typically more expensive than basic analog protractors due
to their electronic components and digital display.

e Fragility: The electronic components may be more susceptible to damage from impacts
or rough handling compared to traditional protractors.

Applications of Digital Protractors
Digital protractors are valuable in various industries, including:

e Carpentry and Woodworking: Used to measure and cut precise angles for joints,
bevels, or layouts.

e Construction: Essential for tasks such as setting angles for walls, roofs, and fixtures.

e Metalworking and Welding: Magnetic digital protractors are ideal for measuring and
aligning angles on metal surfaces.

e Engineering and Manufacturing: Useful for aligning machinery, checking angles of
components, and verifying part specifications.

e Automotive and Aerospace: Digital protractors are used for tasks that require precise
angle measurements, like setting camber or alignment in vehicle frames.

A digital protractor is an advanced tool that provides quick, accurate, and easy-to-read angle
measurements, making it a preferred choice in fields that demand high precision. While the
device has some limitations, its advantages—particularly in terms of accuracy and
convenience—make it indispensable for professional and hobbyist use alike.

COORDINATE Measuring Machine (CMM):

Basic Components, Types of CMM. Coordinate Systems. Probe Technology.

Coordinate Measuring Machine (CMM)

A Coordinate Measuring Machine (CMM) is a precision device used to measure the geometry of
physical objects by sensing discrete points on the object's surface with a probe. It's essential in

quality control and inspection processes, providing accurate and repeatable measurements to
ensure parts meet design specifications.

1. Basic Components of CMM

e Structure: The foundational frame that supports the other components, typically built
from stable, rigid materials like granite to minimize vibration and thermal expansion.

e Probe: The measuring tool that collects data points on the object. Various probe types are
used for different applications.
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e Controller: The system that guides the movement of the probe across the X, Y, and Z
axes, managing the positioning and operations.

e Software: Essential for data processing, control, and analysis. It translates the captured
points into dimensional information, allowing for comparison with CAD models or
design specifications.

2. Types of CMMs

e Bridge CMM:

o The most common type.

o Has a stable bridge structure and movable table.

o Ideal for high-precision tasks and commonly used for medium-sized parts.
e Cantilever CMM:

o Has a single-arm design, providing open access to parts.

o Good for small parts and laboratories.
e Gantry CMM:

o Larger structure designed for heavy and large components.

o Offers accessibility from all sides and is suitable for industries like aerospace.
e Portable CMM:

o Lightweight and mobile, suitable for on-site inspections.

o Often in the form of articulated arms or handheld scanners.

3. Coordinate Systems in CMM

CMMs use coordinate systems to define the spatial orientation of the object and guide
measurements.

e Machine Coordinate System: Fixed coordinate system in the CMM where
measurements are taken relative to the machine’s fixed points.

e Workpiece Coordinate System: Custom coordinate system set up relative to the part
being measured, allowing flexibility and adaptability to different part orientations.

e Programming Coordinate System: A system based on the CAD model, helping to
establish reference points for automated measurement routines.

4. Probe Technology in CMMs

Probes are crucial in CMM operations as they gather the measurement data. Different types of
probes offer varying benefits based on measurement needs:

e Touch-Trigger Probe:



o Records a point each time it contacts the surface.
o Suitable for discrete point measurements and commonly used in quality control.
e Scanning Probe:
o Moves along the surface, continuously capturing a series of points.
o Ideal for measuring complex surfaces or curves, as it collects a denser dataset.
e Optical and Non-Contact Probes:
o Use lasers, cameras, or other sensors to measure without physically touching the
object.
o Useful for delicate, small, or soft parts where contact could damage the part or
distort data.
e Multi-Sensor Probes:
o Combine multiple technologies (e.g., touch, optical) in one system.

o Provide versatility in measuring a wide range of surfaces and features in a single
setup

Construction of Coordinate Measuring Machine (CMM)

I
i ] Control Computer
unit system
-
|__! < Probe head
< P i .
< robe stem Probe tip
’—%‘ -|_ Part to be inspected

-

Direction of Xaxis is perpendicular to the plane
of the paper

The basic elements of CMM are as follows,

. Rigid mechanical structure
. Probing system

. Control unit

. CMM Q software.

B

15



Working of Coordinate Measuring Machine (CMM)

During its working, the sensing probe is made to contact with the surface of the part. Then, the
three coordinate positions are marked with greater accuracy, by moving the probe in required
direction (Figure 1), The accuracy may be of 2.6 + L / 300 micrometers, where 'L indicates the
measured length in mm. The movement of probe can be obtained either manually or by means
of a programmable computer system. The coordinate data can be obtained from the computer,
as CMM is monitored using a computer. This reduces the time of inspection process. The major
disadvantage is that, it also leads to the wastage of time dime to transportation of components
for inspection, as CMMs are placed away from the production machines,

Features of Coordinate Measuring Machine (CMM)

1. In CMMs all systematic errors are fed to an integrated computer Thus. an error
compensation is built up into the & software.

2. All CMMs are provided with a dedicated @ gomputer with a friendly software.

3. Temperature gradients in the machine is compensated by a computer interfaced with the
thermocouples. Thus, the accuracy and repeatability of machine is higher.

4. By using CMMs with dedicated computers, a 3-D object can be measured from variable
datums. This is possible by three-axis programming.

5. Due to high flexibility and simple programming, CMMs can be used for any measuring
requirement within the capacity of machine.
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Applications of Coordinate Measuring Machine (CMM)

. Inspection of gauges and standard parts.

. Air craft and ship building areas.

. Inspection of cast iron and steel in automotive industries.

. Used in machine tool, automobile, electronics, space applications and used for
development of new products and construction of prototype

R

5. Used far the testing and inspection of gauges, tools and test equipment

6. Used for determining dimensional accuracy of the bought in components and to check
the quality of supplied components.

7. 100%% inspection and documentation of space and aircraft safety components are carried
out by using CMMSs.

8. Used for sorting tasks to achieve optimum pairing of components with tolerance limits.

8. Used to check the dimensional accuracy of NC machine produced jobs

Advantages of Coordinate Measuring Machine (CMM)

. It saves time and maintains consistency in the process.
. High degree of accuracy can be obtained.

. Less skilled operators are required for the inspection

. Reduces the setting up and fixing time.

. Less maintenance is required.

. Process is simple and reliable.

. Eliminates the human errors.

. Highly precise and reduce inspection time.

. More flexible compared to conventional machines.

L o T L o T o e

Disadvantages of Coordinate Measuring Machine (CMM)

1. These machines cannot be moved or transferred from one place to other.

2. The cost associated with the machine is high.

3. It is difficult to restart the system.

4. If the probe of CMM cannot reach some contour shapes, some special features are
required.

SURFACE ROUGHNESS TESTER - PROFILOMETER

17



A surface roughness tester, commonly known as a profilometer, is an instrument used to measure
and analyze the surface texture of an object. This device is essential in manufacturing and quality
control, where the surface finish impacts the performance, appearance, and durability of parts.
Profilometers assess surface characteristics to ensure that they meet specified roughness
tolerances.

1. Basic Components of a Profilometer

e Probe/Styli: A small tip (usually made of diamond or hard materials) that moves across
the surface to measure its profile. The probe captures variations in height along the
surface.

o Drive Mechanism: Controls the movement of the probe across the surface at a consistent
speed and along a specified path.

e Transducer: Converts the mechanical movement of the probe into electrical signals,
which are then processed to represent surface characteristics.

e Software and Display: Processes the data and provides a visual representation of the
surface profile, roughness parameters, and analysis metrics.

Position Sensitive
Photodetector Laser

Sensor
Signal

Magnetic
Force Solenoid

\ Mirror on top of
Rotation Pivot

Translation Stage

Figure 1 Basic elements of a stylus profilometer.

Measurement consideration

The most important part of the stylus profilometer is the cantilever tip because this tip makes
physical contact with the measuring surface. The dimensions of this tip are very important to be
considered where the radius of the stylus tip should be very small with low contact pressure. The
materials used in this stylus tip are diamond and sapphire and the shape of the tip is usually a
ballpoint tip with a conical shape. The measurement data from this stylus profilometer is very
reliable as they make the contact based measurements.
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2. Types of Profilometers

e Contact Profilometer:
o Uses a stylus that physically touches and traverses the surface.
o Measures surface heights by recording the vertical displacement of the stylus as it
moves.
o Provides precise data but may be limited for delicate surfaces.
e Non-Contact Profilometer:
o Uses optical methods (such as lasers or white light) to measure surface height
without touching it.
o Suitable for sensitive or soft surfaces that could be damaged by a stylus.
o Often faster than contact methods and ideal for high-throughput inspection.

3. Measurement Parameters in Surface Roughness Testing
Common surface roughness parameters include:

e Ra (Average Roughness): The arithmetic mean of absolute deviations from the mean
line. It's one of the most commonly used parameters to characterize surface texture.

e Rz (Mean Peak-to-Valley Height): Measures the average difference in height between
the five highest peaks and five lowest valleys over the evaluation length.

o Rt (Total Height of Profile): The distance between the highest peak and lowest valley in
a single measurement trace, representing the complete vertical range.

o Rq (Root Mean Square Roughness): The square root of the mean of the squared
deviations from the mean line, sensitive to larger variations in surface texture.

4. Applications of Profilometers
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e Quality Control: Ensures surfaces meet required roughness specifications for
performance, particularly in industries like automotive, aerospace, and electronics.

e Wear and Friction Analysis: Helps assess surfaces that experience friction and wear,
such as engine parts and bearings, for durability and reliability.

e Coating and Finishing: Verifies surface texture after coating or finishing processes to
ensure a uniform and desired appearance or functionality.

e Material Research: Used in R&D to study new materials and their surface properties,
influencing product design and manufacturing methods.

5. Advantages of Profilometers

e High accuracy in measuring surface variations.

e (Capable of quantifying and characterizing surface texture, contributing to quality and
performance optimization.

e Both contact and non-contact options available for different material types and
requirements.

e Provides a variety of parameters for in-depth surface analysis.

6. Limitations of Profilometers

o Contact Profilometers: May damage delicate surfaces or materials, and stylus wear over
time can impact accuracy.

e Non-Contact Profilometers: Susceptible to reflective or transparent surfaces that may
distort readings.

e Speed and Coverage: Typically measures a small area at a time, which can be limiting
for large surfaces or for capturing comprehensive surface data.

Surface roughness testers, or profilometers, are invaluable in industries where surface quality is
critical, enabling precise and reliable measurement of surface texture, roughness, and overall
finish.

Working Principle of Profilometers
Profilometers measure surface roughness by capturing and analyzing the height variations along

a surface. The specific working principle depends on the type of profilometer—either contact or
non-contact.

1. Contact Profilometers
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The working principle of contact profilometers involves physical contact between a stylus and
the surface being measured:

Stylus Movement: A fine stylus (often diamond-tipped) is positioned on the surface. As
it moves across the surface, it follows the contour of peaks and valleys.

Vertical Displacement Measurement: The stylus’s vertical movements are recorded as
it moves horizontally. These displacements correspond to surface irregularities.

Signal Conversion: A transducer converts the vertical movements into electrical signals,
which represent the height variations across the surface.

Data Processing: These signals are analyzed by software to calculate surface roughness
parameters, such as Ra, Rz, and Rq, and to generate a profile of the surface texture.

Contact profilometers are precise and widely used, but they can damage delicate or soft surfaces
due to the physical interaction with the stylus.

2. Non-Contact Profilometers

Non-contact profilometers use optical methods to measure surface roughness without touching
the object:

Optical Sensing: A light source (laser or white light) is directed at the surface. The
system records the reflection, refraction, or interference pattern created as the light
interacts with the surface.

Height Variation Detection:

o Laser Profilometers: Measure the time it takes for the laser beam to reflect back,
capturing the height differences.

o White Light Interferometers: Use interferometry, where light waves reflect off
the surface and interfere with each other to produce patterns that correspond to
surface variations.

Data Conversion: The optical signals are converted into electronic data that represent the
surface profile.

Analysis: Software processes the data to produce roughness values and 3D images of the
surface texture.

Non-contact profilometers are ideal for fragile, reflective, or transparent surfaces, and they offer
high-speed scanning capabilities without risk of surface damage.

Summary of Working Principles

Contact Profilometers: Measure surface height by moving a stylus across the surface
and capturing vertical displacements.

Non-Contact Profilometers: Use optical techniques, like laser triangulation or
interferometry, to detect surface height variations without physical contact.
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Both types of profilometers analyze the collected data to calculate roughness parameters and
create a profile or 3D map of the surface texture, enabling precise assessment of surface

characteristics.

Comparison of Contact and Non-Contact Profilometers

e Contact and non-contact profilometers both measure surface roughness, but they use

different techniques, leading to variations in applications, advantages, and limitations.
Contact Profilometers: Provide highly detailed and accurate measurements for durable
surfaces but can be slower and unsuitable for fragile materials.

e Non-Contact Profilometers: Offer faster, versatile measurement without physical

contact, ideal for delicate or reflective surfaces, though generally at a higher cost.

Each type has its specific strengths and limitations, making them suitable for different
applications based on the material characteristics and required measurement precision.

Feature

Waorking
Principle

Measurement

Range

Surface Impact

Resolution and

Accuracy

Speed of

Measurement

Applications

Contact Profilometer

lUses a stylus that physically touches and
follows the surface contours, recording
vertical displacements.

zood for small-to-medium roughness

measurements: ideal for hard materials.

Stylus contact can scratch or damage

delicate surfaces.

Generally high accuracy and resolution,

especially for fine details,

Typically slower, as the stylus must
physically move across the surface,
Comman in industries requiring precisicn

measurements an durable materials, such as

automaotive and aerospace parts.

Mon-Contact Profilometer

Uses optical methods {laser, white light)
to measure surface variations without
physical contact.

Suitable for a wide range, including very
smooth to rough surfaces, and ideal for

fragile or soft matenals.

Mo physical contact, so it's safe for
delicate or soft surfaces.

Also high accuracy, often comparable to
contact systems, with faster scanning
capability.

Faster measurement, as optical scanning

methods can capture data quickly.

Ideal for sensitive or transparent
materials, such as semiconductar wafers,

optics, and paolished surfaces.
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Data Output

Cost

Limitations

Thermal Imaging

Provides a 20 profile of the surface (line

scan along the stylus path).

Generally lower cost than non-contact
systems but may reguire more freguent
maintenance.

Limited for soft or very delicate materials;

potential for stylus wear, which affects

accuracy over time.

Often provides a 3D map of the surface
texture (especially with white light

interferometers).

Typically more expensive due to
advanced optical components but
reguires less maintenance.

Can have issues with highly reflective or
transparent surfaces, which may require
special adjustments.

Thermal imaging, also known as infrared thermography, is a technology that captures and
converts infrared radiation (heat) emitted by objects into visible images. This technology is used
to visualize temperature distributions on the surfaces of objects, which is essential in applications
where detecting heat variations is critical for analysis, diagnostics, and monitoring

Working Principle of Thermal Imaging

1. Infrared Radiation Detection:

o All objects emit infrared (IR) radiation as a function of their temperature. The

intensity of this radiation increases with temperature.

o A thermal imaging camera detects this infrared radiation emitted by the object and

captures the differences in IR intensity across its surface.

2. Sensor Array:
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o Inside a thermal camera, an array of infrared sensors detects the intensity of the
infrared radiation at each point on the object’s surface.

o The sensor array is typically made of materials sensitive to infrared wavelengths,
such as microbolometers or photon detectors.

3. Conversion to Electrical Signal:

o The infrared radiation detected by each sensor element is converted into an

electrical signal, corresponding to temperature variations.
4. Image Processing:

o The electrical signals are processed and converted into a visual image, where
colors or shades represent different temperatures (e.g., warmer areas in
red/orange, cooler areas in blue).

o This temperature map allows easy identification of hot and cold spots, enabling
analysis of heat distribution.

5. Display of Thermal Image:
o The processed image is displayed on a screen, showing a "thermal image" that

allows users to analyze temperature variations across the object.
Applications of Thermal Imaging

1. Building Inspections:

o Detect heat loss, insulation issues, moisture intrusion, and structural defects in
walls, roofs, and windows.

2. Electrical and Mechanical Inspections:

o Identify overheating components, electrical faults, worn-out bearings, and
misaligned or stressed parts in machinery, which helps prevent equipment failures
and enhance safety.

3. Medical Diagnostics:

o Monitor body temperature distributions for detecting inflammation, blood flow

issues, or other health concerns, such as fevers and infections.
4. Firefighting:
o Locate fire hotspots, identify trapped individuals, and assess post-fire areas for

potential reignition risks, especially in low-visibility conditions.
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5. Surveillance and Security:

o Detect unauthorized personnel, animals, or objects in low-light or challenging

visibility conditions. It’s widely used in border surveillance and night security.
6. Automotive and Aerospace:

o Used to analyze heat dissipation and temperature profiles of components like

brakes, tires, and engines to improve efficiency, safety, and durability.
7. Research and Development:

o Measure and analyze temperature changes in materials and products, helping to
understand heat-related behaviors, especially in electronics, thermodynamics, and
materials science.

8. Environmental Monitoring:

o Used in ecology and environmental studies to monitor wildlife, study thermal

properties of landscapes, and detect heat signatures in remote sensing

applications.

Thermal imaging is a non-contact technology that visualizes temperature variations by detecting
infrared radiation. With applications ranging from industrial maintenance to environmental
monitoring and medical diagnostics, thermal imaging provides valuable insights by revealing
heat patterns that are invisible to the naked eye. This technology is essential for diagnostics,

safety, and research across diverse fields.
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