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[Measuring Tools & Instruments

Direct Measurements
(conventional methods & tools) (

b

¢

(linear & angular graduations
incorporated into

(Graduated (Scaled) Tools\

 /easuring system of the tool)j

/) Rules & Rulers\
» \ernier Calipers
» Vernier Gauges
» Micrometers

» Protractors
\) Dial Indicators j

Indirect Measurements
with use of light, laser, sound, etc.)

W

Non-Graduated Tools
(gauges & adjustable tools
for the inspection of

\ shape & dimensions)

/
() Calipers A
» Gauges
» Gauge Blocks
» Sine Bar

\) Special-Purpose Toolsj
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Information on other types of
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Graduated Linear Measurements:
‘ o Vernier Cali
‘ ernier Calipers
IO I4ll 8| 1/128
o T ey B .2|.,.I.l|||||I|I3T||I|||||||||||L|I|I|||I|I|||||I|I|||||l|||l|||||inch Wt
WIKITEK 5 6!
* ==
INOX TEMP 8 2) 0 1 2 3 4 5 6 7 cm
e |||||||||||||||||||||||IIIIHLIIHIHH|IHllHHIIHIIII;I|HHIIJZIOIIHIH|||||||||||||l|||||0|||ﬁ||||\||l|]1|ll||||||J1||||I|||ﬁ|||||||||]h||||||||]1|||||||||]1||||1||H]1||||!||||| °
n @ Outside Jaws (used for external measurements)
[ @ Inside Jaws (used for internal measurements) @
w @ Depth Probe (used for depth measurements)
Pl — @ 1l @ @ (@ Main Scale (metric, cm)
@ Main Scale (imperial, inch)
Standard Vernier Caliper () Vernier Scale (metric, cm)
ikioedi @Vernier Scale (imperial, inch)
(en'WI Ipe |a.org) Retainer (used for locking the movable part)
How to read Vernier Caliper:
» Read graduation on main scale just before the vernier 13 >1
scale starts (i.e. 13th graduation which gives 13 mm)
» Read graduation on vernier scale where the lines of ) 5 . ’ - - S
graduations on main and vernier scales perfectly match | Lt iyl b s g T T
. = 5 5 2 3 S 7 (<) O
(i.e. 21st graduation which gives 21 * 1/50 = 0.42 mm) e — —
21 DIVISIONS—»
» Sum those readings (i.e. 13 + 0.42 = 13.42 mm) MAIN METRIC SCALE ~ HUNDREDTHS OF mm
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//W Dial Caliper
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S 1 .
f Caliperf fall short of enclosing centerline of cylinder
Incorrect Measurement
of Outer Diameter
(craftsmanspace.com)

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



. [ CHP 2 ] Linear & Angular Measurements Slide #5

Graduated Linear Measurements: Vernier Height Gauges
For use in toolrooms, workshops, inspection departments to mark-off heights and locate center distances.

Standard Height Gauge Dial Height Gauge Digital Height Gauge
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Graduated Linear Measurements: Vernier Depth Gauges
For use in toolrooms, workshops, inspection departments to measure depth of holes, slots, recesses, etc.
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Standard Depth Gauge Dial Depth Gauge Digital Depth Gauge
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Graduated Linear Measurements: Micrometers VERNIER READ G i —

ANVIL  SPINDLE SPINDLE LOCK SLEEVE THIMBLE RACHET

\\ 7 Nf " I

:1 SLEEVE (BARREL) READING

Vernier Micrometer

=" How to read Vernier Micrometer:
_ ww 35 Sle.eve div.is.io.n: 1 mm (main) & 1/2 mm (sub)
~ =~ Thimble division: 1/50 of sleeve sub-div. = 1/100 mm
Vernier division = 1/10 of thimble div. = 1/1000 mm
A — The highest figure: 5 unit * (sleeve main div.) =5 mm
B — The half-figures: 1 unit * (sleeve sub-div.) = 0.5 mm
C — The highest figure: 28 unit * (thimble div.) = 0.28 mm
D — The matching figure: 3 unit * (vernier div.) = 0.003 mm
el 1. FINAL READING: A + B + C + D = 5.783 mm

P|o o

Vernier *

Division T S

. o s o o, &
D R PR
o e NG
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Mitutoyo
55 COOLANT PROOF
.00005"

@54 0-1"
Ot 0.001mm

Mitutoyo

G

SNV,

S
N

Digital Micrometer

Dial Micrometer
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1-15mm 0.0
0-1* .001*
Mitutoyo

Mitutoyo

N

IIRE — 1o o o

0-25mm  0.01mm
Mitutoyo

Screw Thread (Pitch Diameter) Micrometer Tube Thickness Micrometer

AP UN;,
o> D

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

573 %



¢INSIZE

0-1" .0001" | Mitutoyo

0-25mm 0.01mm

Blade Micrometer Limit (Snap Gauge) Micrometer

Spherical-Face (Ball) Micrometer Inside Micrometer
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Differential Screw Micrometer Bore Gauge Micrometer Set

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



. [ CHP 2 ] Linear & Angular Measurements

Graduated Angular Measurements: Protractors

Universal Bevel Protractor (4 quarters of 90°)

main scale

Typical Measurements (craftsmanspace.com)
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(g divectio” How to read Vernier Protractor (1):

ead\/' 20 0 Main division: 1° (60" )
! / Vernier division: = 1/12 of main div. = 0.0833° ( 5")
‘ A — The highest figure: 28 unit * (main div.) = 28°
\\&&\\\ 30 16 0 // //// B — The matching figure: 3 unit * (vernier div.) = 0.25° ( 15')
\\\ : FINAL READING: A + B = 28.25° ( 28° 15")
5 0 50 | 40 30 HO\.N to. rfaa.d Vernier Protractor (2):
\ I 20 Main division: 1° ( 60")
\\\\\\\\\ \\\\\\\\ W IW /I/‘/}/;//////%// Vernier division: = 1/12 of main div. = 0.0833° (5')
\ \ 30 0 30 / 7 A — The highest figure: 45 unit * (main div.) = 45°
o0 60 FINAL READING: 45°
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Special-Purpose Graduated Tools
(Measurement & Inspection)

1

Magnetic Spirit Level (Digital)

protractor spirit level

centering anvil

U!U\W.f!.\‘\\\ T )

Combination Set (Protractor, Spirit Level, Square, Ruler, V-Anvil) Dial Test Indicator with Magnetic Stand
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Non-Graduated Linear Measurements: Calipers

» Having fine adjustment screw and quick-adjusting spring nut.
» The measurement is transferred to a graduated measuring tool.
» Accuracy of measurement depends on the inherent skill of users.

‘. '
- \k

K

V4

S
Caliper for internal Caliper for external Caliper used
measurements measurements as divider

USING THE INSIDE CAUPER USING THE OUTSIDE CALIPER

TRANSFLRRING A
CAUPER SETTING
TO A MICRCMETER

= 3 x
e . 3

e E S
" .3 CAUPER TO A RULE s : x

T
L |
faidditatilin

SETTING AN OUTSIDE

Typical Measurements

i “~~;~3 SETTING AN
T INSIDE CAUPER
,»3 TO A RULE

SETTING A
HERMAPHRODATE CALIPER
1O A RULE
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Non-Graduated Linear Measurements: Non-Graduated Linear Measurements:
Small-Hole Gauges Telescopic Gauges
With an expanding ball head adjusted to size Consist of an expanding head with two
by a knurled knob to provide accurate “feel’ plunger-contacts locked simultaneously for
for checking small holes & slots. checking dimensions of grooves & slots.
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Non-Graduated Linear Measurements:
Gauges (Tap, Drill, Screw)

Flat rectangular steel plate (double-sided) with
holes according to sizes (drill, tap, screw).

f_\th!u NC. N.F.  [METRIC] o DIAM. [METRIC| DIAM({INCH) NC. :m
SIZE| G TPI TPI  [sizE[ o] ) (MM)  [mweril  NF.TPI TPl NF [NC
#0 | .060 80 « #0 Vs
:; ZZ ° 64 72 e M15|.063 05 Mis @ 0.35(1.25 o # . 53 | 53
4 ® 56 64 ® 1.60 id #2 ¢ 50 | 51
%l a0 = ® M2|.om o 040 M2 ° 040(fim S P 5 5%
#4112 @40 48 @ M25|.098 ® 045 M25 © 045 %n0n§ ® # ¢ 42 | 43
#5 | .125 @40 i@ o | vts P M3 © 0_50%‘?7(1) @ # @ 37 |39
#6|.138 @32 0@ 5 ® # @ 33|36
43 | 164 @32 36 @ wlw g g, MO 00m @ ® 29 |29
4.20
#10.190 @2 2@ ws el @ oo M5 0.80(%im @® #0 €] 21|25
#12| 216 @y | 3@ wlwl @ ) 10150 @® 2 @ 15 | 17
’ 1o M6~ . 1
3|7
14 | 250 ®y | »O® ) T ® @
P 3 1.25
. Z M8 | 315 ) 6.8 : 5
516 | 312 . ol ' ® T i @ 4% @ N
38 | 375 ' “ M10|.393 ) 15|85 @ 3/8 ﬁ Q 5/16
1624 15 MO
Y 29|27,
1/2 | .500 % 4 X 9 Mi2[ 42| ‘3 1780002\ 5 14 ¥ 5 /54 /64
1320 S i '
1.75 M12
, % s 37/ 17,
K 32
58 |.625 :? i 9 M14 551 % 20 1,%"? % /,.) 5/ . b4
11]18 > 8
20 M4
3 1/] 24
; i 140 ‘ % e
34 |.750 *f g M16 | 623 % 20 | mm % ;‘ 4 9jliz2
10116 20 '
SCREW GAUGE - INCH/METRIC Mi6 DRILL&TAPGAUGE-INCH/METRIC

Non-Graduated Linear Measurements:

Screw Pitch Gauges

A metal case consisting of leaves with teeth
corresponding to definite pitch for matching

the teeth with the thread on work. .

Non-Graduated Linear Measurements:

Radius Gauges

A metal case consisting of leaves with radius
for checking convex/concave radii.

/
/
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Non-Graduated Linear Measurements: +— parallel
<\+3o
Rectangle Gauge Blocks N

> 4300

___Mitutoyo Target: 38°

»»»»»»
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Non-Graduated Angular Measurements: » -
Angle Gauge Blocks =" e

Setting of a revolving magnetic chuck
using angle gauge blocks
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Non-Graduated Angular Measurements: Sine Bar

How to use Sine Bar:

> Suppose that we want to set the angle of 14° 12’
using 10 mm sine bar.

» This means that: L =10 mm and 8 = 14.2°
n » The required height: H=L* sin@ = 2.453 mm

. » S0, the combination of gauge blocks providing
SURFACE PLATE OR TABLE this height must be used to set such angle.

C

GAUGE
BLOCKS
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m|

}/ Stand Dial indicator
“N
. 7 {7}

— \ \ Work part L
S Sj
| y ine bar = o Si
i E Ine Bar

1p eauge.
Slip gauges Vernier

/ (Re%dmg

(I

Surface plate [ : ]

Measuring the angle (small part) Measuring the angle (large part)
sin@=H/L sin@=(H,-H,)/L

Limitations of Sine Bar:

» The setting of height obtained by the sine bar is limited by available divisions of gauge blocks. This causes
errors that may be negligible or quite significant in some cases.

» Due to nature trigonometry; at larger angles, it is susceptible to errors in the length of sine bar as well as
the corresponding height to be set by gauge blocks.
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