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Coordinate Measuring Machine (CMM)

» Used for precise & accurate measurements
of 3D coordinates of parts using small-head
touching probes via movable axes.
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RENISHAW Measurement Systems
(www.renishaw.com)

REVO-2 Dynamic Measuring Head RVP Vision Probe RUP1 Ultrasonic Probe
(5-axis touch & scan probe system) (5-axis non-contact measurement) (Thickness measurement of 1-20 mm)
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RENISHAW Multi-Sensor Family
(www.renishaw.com)

SFP1 RSP2 SP3-1 RSP3-2 RSP3-3 RSP34
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Measurement using Light

> ElectroMagnetic Radiation (EMR) consists of self-
propagating electromagnetic waves (such as light).

> EMR has electrical & magnetic field components,
oscillating in phases that are perpendicular to each
other and to the direction of propagation of wave.

» EMR behaves as particles (photons) having certain
frequency & wavelength.

> ElectroMagnetic Spectrum (EMS) has the range of
all electromagnetic frequencies.

> Frequencies are grouped by their use (such as radio
waves, visible light, x-rays, microwaves, etc.)

» The chart shows EMS range with common uses for
different parts of the spectrum. Frequency is shown
on the left, wavelength is on the right.
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Interferometry Interference of Waves

» The technique of superimposing (i.e. interfering) > Whenever two (or more) light waves come together at
waves to detect differences between them. the same time and place, interference occurs.

» Applied in variety of fields including astronomy, > Constructive interference: The waves are in phase
seismology, oceanography, optical metrology, (i.e. their crests coincide), thus a single wave having
quantum mechanics, and plasma physics. higher crest (i.e. larger amplitude) is formed.

» In metrology, it is used to determine shape and > Destructive interference: Waves are out of phase
transmission properties of surfaces. (i.e. their crests are shifted), the amount of interference
depends on amplitudes and frequencies of the waves.
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Slit-1 Slit-2 Screen

Classification of Interferometers

» Division of Wavefront: light beam is divided by passages \\' \ \\\\ -
(slits) through apertures that are placed side-by-side T >>> N K :
Llyod's Mirror, Young's Double Split, Fresnel's Biprism _\_H_H.{, )>>>> o |
, b
> Division of Amplitude: light beam is divided by splitters >>> Y
(partially-reflecting plates) into beams of reduced amplitudes | ’// / :
Michelson, Mach-Zehnder, Sagnac, Fabry-Perot, etc. / / N
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Checking Flatness of Surface by Interferometry

» The setup of interferometry includes a monochromatic light source
and an optical flat (a disc of stress-free glass or quartz with highly
polished two plane faces flat and parallel).

> The optical flat is placed on the part surface with small angle (8),
the light beam from source (S) is projected onto the optical flat,
and the reflected light beams are seen at eye.

> At point A, the light ray is partially reflected to the eye (along AB)
and partially transmitted & reflected to the eye (along CDE).

» Thus, two reflected components are collected & recombined by
the eye (the lengths of travelled paths differ by the amount ACD).

> When the lengths of consecutive reflections (CDE & HIJ) differ by
the amount of half-wavelength (i.e. A2, which is the wavelength
of original light ray from source), then the surface perfectly flat.

» Therefore, the part surface will be seen as pattern of dark bands
(fringes), which are straight for the case of a flat surface.

r AC—FH =

sin@ = (4/2) t
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Fringe Analysis: Straight Pattern | Fringe Analysis: Curved Pattern Fringe Analysis: Circular Pattern
> Indicates perfectly flat surface. | > Indicates convex/ concave surface. | > Indicates convex or concave surface.
» Assume: A =0.6328 um > Red lines drawn tangent to center of | > The total distance between peak & valley (i.e.
> Then: flatness = 0.3164 pm two adjacent fringes. Blue line drawn height or depth of surface) is calculated.
by the centroid of a single fringe. > Assume: no. of fringes (full circles) = 5

»Assume:a=5.02um &b =124 ym | » Then: height or depth = 1.582 ym

» Then: flatness = 0.078 um

Flat Surface Flat Surface 2 lEE: Shtcalat

ical Flat Optical /_\ ~— @
‘ Convex Surface Concave Surface

4 4

' O

Flatness = (4/2)

Q}:a: :a:<Q

\ 4 4 \ 4

Flatness = (4/2) (b/a) Height = (1/2) (#) Depth = (1/2) (#
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Fringe Analysis Software

» Special-purpose software are required for accurate & precise

analysis of complex fringe patterns.

» They are used for analysis of surface topography to determine
flatness, waviness, roughness, efc.
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Microscopy
> The technical field of using microscopes to view desired portion of objects that cannot be seen with naked eye.
> Classified depending upon working principle, image resolution & precision, feature detection, and so on.

Microscopy
I
l J !
Optical (Light) Charged Particle Scanning Probe

| (electron / ion) |

I
1 | ; } 1 1
Simple Compound Scanning  Transmission Scanning Scanning
Force Tunnel
|

| | | 1 1
Fluorescence Inverted  Stereo Near-Field  Atomic Force

| I

v ' \ v v
Confocal Super Digital Electrostatic Magnetic
Resolution
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Optical (Light) Microscopy Light (optical) microscope  Adopted rom:
using visible light to generate images rsscience.com
» Use of visible light transmitted through or reflected from Simple mic'roscope
the object via lens (or multiple lenses) for magnified view. P
»> Classification according to lens: i

Compound microscope Stereo microscope Digital microscope

» Simple: a single lens

» Compound: multiple lenses %é :’ %é & oy ﬁ
» Classification according to eyepiece: \/. == <= Q,
» Monocular: look through single eyepiece = e e
» Binocular: look through two eyepieces NG
) Trinocular: binocular head plUS th”.d OCUlar Fluorescence microscope Inverted microscope Automated imaging system
(possible installation of a camera) o B8 ‘ \ s —_
» Classification according to background lightening: @/
» Bright Field: dark image against bright background s
» Dark Field: bright image against dark backg round | -
e o =l ( Confocal r:ﬂcroscope Super Resolution Microscopy Imaging flow cytometry

ﬂ -
e — —
Structured lllumination Microscopy (SIM) High-speed imaging
Laser-scanning c il ission D i i opy (STED) cell flow cytometry
Light sheet i P! ic Optical i i py (STORM)

Photoactivateable Localization Microscopies (PALM)
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: TEM

Electron Microscopy SEM Courtesy o
technologynetworks.com
i . Electron I E|ec ron
» Sample is bombarded by accelerating the beam @ soﬁrce—@
of electrons, and the details of sample’s surface

and/or internal characteristics are revealed.
Anode —
> Much higher resolutions than light microscopy O— e~ —
with visualization of spots down to 0.1 nm (1A). N
S— —
> Two common types: @ e @
» Scanning Electron Microscopy (SEM): Condensor
visualizing the surface characteristics of objects E — a .
» Transmission Electron Microscopy (TEM): Objective __ @
analyzing the inner structure of objects - areoi
Obje tv
Back-scattered s
electron detector
IS T R T T T T T _ Pricr
= £ = E £ = E E.
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Light Microscopy
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PN I DN
nylon stocking fibres (

C

— H H HH of /, : H i x » ‘v . — ; , < ey \
I Micro-scale circuiting = 5 uranium waste bacteria wé 7 b wit ' te crystal) S8 laser-burned hole in steel

e

KEPUN/p
S S

Engineering Metrology & Quality Control §y° Assoc. Prof. Dr. A. Tolga BOZDANA

* g3 *




[ CHP 3 ] Advanced Measurement Methods

3D Microscopy: Confocal Microscopes

> The cure for problem of Depth of Field (DoF) in classical
microscopy so that providing higher vertical resolution.

> This is accomplished by means of a modified optical path.

» Recently, the laser has been used as light source in Laser
Scanning Confocal Microscope (LSCM).

Photo: Olympus LEXT OLS5000 (www.olympus-ims.com/en/metrology/ols5000)

3D Microscopy: Variable-Depth Focal Microscopes

» Focal Depth Variation (FDV) achived by vertical scanning
of the surface with Through-Focus Scanning Optical
Microscope (TSOM).

» This is accomplished using highly sophisticated software to
calculate the best focus from continuously recorded data,
which enables reconstruction of 3D surface topography.

Photo: Alicona InfiniteFocus (www.alicona.com/en/products/infinitefocus)
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3D Scanning Systems
> Used for 3D fringe projection of complex surfaces (particularly free-form surfaces).
» Consist of two digital cameras and a pattern (fringe) projector enclosed at a fixed angle.

> Light waves with shifted patterns of parallel sinusoidal stripes are projected onto the surface. If the surface is not

plane flat, then the patterns get distorted. Both cameras record an image of the distorted fringe pattern, and
hence the surface topography could be constructed.

pattern projector

camera 1 camera 2

AN

More information: www.gom.com/metrology-systems/atos.html
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Slide #18

Measurement using Laser
» LASER is an acronym for "Light Amplification by Stimulated Emission of Radiation"

> |tis a device that emits light (electromagnetic radiation) through a process of optical amplification based on

the stimulated emission of photons.

> Different types of laser are used for research and industrial purposes (metal cutting, welding, dynamic
alignment/positioning, dimensional measurements, nondestructive testing, lithography, medical treatments,

military applications, and so on).

13
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Courtesy of: wikimedia.org
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Laser Probes

> Laser Triangulator: uses high-speed & high-efficiency non-contact
laser probe to perform complex profile measurements.

» Laser Scanner: takes range measurements over the entire path
(rather than measuring single point) for scanning of a region.

» So, they can be used for measurement of distance and/or surface
topography within certain measurement ranges.

More information: keyence.com

Height

B2

| Diameter

%

| Level

< &

| Positioning | Warpage
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Slide #19 i
[
CcCD
/ Detector
Laser Diode —} = /f
Focusing ___( » S Collecting

Lens Lens

Standoff —— —— Base Distance

Start of Range - - + - - 4

Middle of Range - -1 - -4 - /- - —— Measurement Range

End of Range - - - - - /- ______1 Laser Triangulator

Vibration Thickness
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Width Distortion ,

-

Laser scanner

Laser beam

Target part
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Laser Interferometers

» Provide advanced measurement systems for vision,
positioning, movement.

> Higher precision, accuracy, speed as compared to
common optical interferometers.

vy
lilumination

Beamsplitter

Nipkow Disk

Motor

Laser Interferometer for Enhanced Vision

Splitter

X-Receiver

Z

or
for Z-Axis

Laser Source

Y-Receiver

L4
S

\
4 Incoming Beams

Y-Axis

Mirror on Stage

Mirror on Stage

X-Y Stage

I

Laser Interferometer for Precise Positioning
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Measurement using Sound

» Sound is a sequence of waves of pressure propagating through a compressible media (air, water, solids, etc.)
> During propagation, waves are reflected, refracted or attenuated by the medium.
» Sound waves are classified into specific ranges according to their frequencies:

» Infrasound: has the frequency of less than 20 Hz (the limit of human hearing)

» Acoustic: is the range of human hearing (the range of audible sound)

» Ultrasound: has the frequency of greater than 20 kHz (not audible by human)

» From metrology viewpoint, sounds waves with certain frequencies & amplitudes are used in many applications
(such as underwater, seismology, medical, NDT, infrasound, ultrasonic inspection, and so on).

Theraputic Ultrasound

Ultrasonic NDT & Medical
Earthquake & Nuclear Acoustic Animal Cleaning Diagnostics Acoustic
Detonation Detection (Human Hearing) Hearing l Microscopy

[ A} [ A}
[ A\ \

0 Hz 20 Hz 200 Hz 2 kHz 20 kHz 200 kHz 2 MHz 20MHz 200 MHz 2 GHz 20GHz 200 GHz

InfraSound Acoustic UltraSound HyperSound
(<20 Hz) (20 Hz-20 kHz ) (20 kHz-1 GHz) (1GHz-10THz)
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SONAR Measurement Active sonar T R ——

> SONAR stands for "SOund NAvigation and Ranging" fSoTagselcs ™~ @AnyirgIntse pac o

: ; ; sound, or \"
» The technique using underwater sound propagation to  “jings* N Soma offihe sound ack
navigate, communicate or detect the objects. \\J’ gwﬁ?ﬁ"g&mﬁg
> There are two SONAR systems: PR WS
» Active SONAR: deploys & recevies its own signal

» Passive SONAR: jUSt Iistening any sig nal The advantage of active sonar is that it gives a very clear picture

of what surrounds the submarine using it. The disadvantage is
that sending out a "ping"” reveals the submarine’s own location
to anyone listening out for it

Passive sonar
1 Passive sonar involves A » 3 These are
listening without Y compared with a
transmitting a “ping” database of engine
2 Sensitive sounds to work out
hydrophones pickup Enng: I‘sne “  whatthevesselis
noise from any
passing vessel '
4~ Sommbe:  cli—
4 The advantage of passive sonar is that it stops a listening
Rﬁﬁ?ﬁ;ﬁ;;?g;ﬂ;%ﬁﬁne e H acoustic shadow submarine giving its position away. The disadvantage is that
many nuclear submarines are too quiet to be detected by

M passive sonar. This makes them invisible to one another,

increasing the risk of collisions
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Ultrasonic Testing =

» Uses high-frequency sound energy to conduct flaw detection,
dimensional inspection, material characterization, and more.

> The testing setup consists of: a pulser/receiver, a transducer,
a display software/device.

> Pulser/receiver produces high voltage electrical pulses. Driven
by pulser, the transducer generates high-frequency ultrasonic
energy, which propagates through the part in form of waves.

> |f there is discontinuity (crack/flaw) in the wave path, some part
of energy is reflected back from flaw surface. Voltage signals
of reflecting energy reveals location & size of the flaw.

Pulser/Receiver

Ultrasonic
Trasducer

4 : - P Initial pulse e e i
1 1l B R—— g
flaw 4\ T : : Flaw reﬂection\ .
Y L )\ Typical schemes
i v p e : : : — a)one-axis through testing b) angle testing
Ll S > P lisottme o ° c) one-surface testing d) curve surface testing

Engineering Metrology & Quality Control (f) Assoc. Prof. Dr. A. Tolga BOZDANA



