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Comparators

+«» Comparators are precision instruments employed to compare the
dimension of a given component with a standard master piece

(generally slip gauges).

+* It does not measure the actual dimension but indicates how much it
differs from the standard master piece.

+«» Comparators find their applications
in all type of production works as
they:
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Paint

» require very less skill, and
» reduce the time of inspection.
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Comparators

+«* In short, Comparator is a device which:
» Picks up small variations in dimensions (between the standard
value and the measured one).
» Magnifies it.
» Displays it by using indicating devices.

Compararor INSTRUMENTS
|

Name Alternate Name Use

Test Indicator Dial test indicater Selp in process
checking

Diol Indicotor Dial comparaor, dia Comparison

.
0.001 10 0.0001 in

gage

Comparater Mechanical

comparator, elecranic

calibration

3
Comparators
+* To check the height :

of the job H, , with »—%u k\;o
the standard job of ! ! |
height H,: '
+«———Plunger .

Standard IH‘ - Workplece - IH’ (HaeH,)

@) o) i

+* In (a), the comparator is adjusted to zero (dial) with a standard job.

«* Then, in (b), the standard job is replaced by the workpiece to be
checked and the dial reading is taken.

+* The dial reading is the difference between H, and H,. It has been
displayed after magnification, to get the clear variation between
the standard and actual job.
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Comparators

Essential Characteristics of a Good Comparator

Linear characteristics of scale.
. High magnifications.
. Minimum wear of contact points.

1.

2

3

4. Free from backlash.
5. Easy to handle.

6. Quick insertion of workpiece and quick in results.
7. Compensate temperature effects.

8

. Provision for means to prevent damage during use.

Classification of Comparators

. Mechanical Comparators

(Work on gears pinions, linkages, levers, springs, etc.)

i. Dial indicator (Dial gauge)

ii. Johansson Mikrokator comparator

iii. Sigma comparator

. Optical Comparators

(Using lens, mirrors, light source, etc.)
Pneumatic_Comparators{

(Using high pressure air, valves, back pressure, etc.)

i. Back-pressure comparator

ii. Low-velocity pneumatic comparator

Electrical Comparators

(Using transformers and galvanometers (Whetstone bridge))
Electronic Comparator

(Using transducers, oscillators, amplifiers, demodulators, and meters)

2020-06-17



Dial Indicator/Gauge

+* One of the most commonly used mechanical comparators.

< The linear movement of the plunger is magnified by means of a

gear and pinion train into a rotation of the pointer on the dial scale.
e

«* Dial indicators are compact and
robust in construction.

+«* They are portable, easy to
handle and can be set very
quickly.

+«»* They are used for inspection of
small precision machined parts
testing alignment, roundness,
parallelism of workpieces, etc.

Johansson Mikrokator Comparator

Scale sided view

¢ This comparator uses the simplest
and most ingenious method for
obtaining the mechanical
magnification.

Pointer

4 Bell crank
1 lever

+«» As the measuring plunger moves,
either upwards or downwards, the
bell crank lever causes the twisted
strip to change its length and thus
further twist, or untwist.

+«* Hence, the pointer at the center of \/ Plunger
the twisted strip rotates an
amount proportional to the

change in length of the strip.

«» The magnification of the instrument is of order of X 5000.
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Sigma Comparator

+«* Sigma comparator provide magnification in 300 to 5000.
¢ It consists of a plunger mounted on two steel slit diaphragms.
«¢ This provides a frictionless linear movement for the plunger.

«» The plunger carries a knife edge, which bears upon the face of the

moving block of a cross-strip hinge.

Sigma Comparator

«* The cross-strip hinge is formed by pieces of flat steel springs
arranged at right angles.

*» The moving block carries a flight metal Y-Forked arms.

«* A thin phosphor bronze ribbon is fastened to the ends of the forked
arms and wrapped around a small drum, mounted on a spindle
carrying the pointer. =Y

10
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Sigma Comparator

< Any vertical displacement of the measuring plunger, and hence that
of the knife edge, makes the moving block of the cross-strip hinge
to pivot.

«* This causes the rotation of the V-arm.

+* The metallic band attached to the arm makes the driving drum and
hence the pointer to rotate.

Magnification =

==

11

Mechanical Comparators

Advantages

% Cheaper than all the other types of comparator.

«»* Does not require any external source of power or air supply.
¢ Use a linear scale that can be easily understood.

< Are robust, compact and easy to handle.

Disadvantages

% Contains more number of moving parts which increase the friction
and reduce the accuracy.

«» Slackness in the moving parts reduces accuracy very drastically.

< The moving parts have more inertia which makes the instruments
sensitive to vibration.

+«» The range of the instrument is limited as the pointer moves over a
fixed scale.

12
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Optical Comparators

< A small displacements of measuring plunger are amplified first by a

mechanical system consisting of pivoted levers.

+* The amplified mechanical movement is further amplified by an

optical system.

+* The mechanical system
causes a mirror to tilt about
an axis and the image of an
index is projected on a scale
on the inner surface to a
glass screen.

LIGHT SOURCE

— CONDENSERS

SCREEN AND
SCALE
LEVER
voT
[l 20
PLUNGER
T

e e o S

INDEX

PROJECTION
LENS
MIRROR

PIVOT
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Optical Comparators

¢ Optical magnification provides high degree of measuring precision

due to reduction of moving members and better wear resistance.
< Optical magnification is also free from friction, bending, wear, etc.

SCREEN AND
SCALE
LIGHT SOURCE
COMDENSERS
Mechanical amplification INDEX
- 5 20-umt§ PROJECTION
Optical amplification LENS
=50 x 2 = 100 units MIRROR
Total amplification
= 20 x 100 = 2000 units i
PIvaT
i 1 £0) 1he—
PLUNGER
PLATEN {
14
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Optical Comparators

PROJECTION LENS
MIRROR

el

«

PLuNGER -~ LT "f'f

NET

Fig. 5°14. Principle of Optical Comparator.

el L L
Total amplification = 2 X — X —
L I

Mechanial @amplification =

i ,
: :
J"r’l——_zr—_‘l'ld'l Optial amplification = Ax2

I3

b

15

Optical Comparators

Advantages

«* They are almost weightless and have less number of
moving parts, due to this there is less wear and hence less

friction.

<+ Higher range even at high magnification is possible as the

scale moves past the index.

+* The scale can be made to move past a datum line and

without having any parallax errors.

«* They are used to magnify parts of very small size and of
complex configuration such as intricate grooves, radii or

steps.

16
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Optical Comparators

Disadvantages
+»* The accuracy of measurement is limited to 0.001 mm

+* They have their own built in illuminating device which
tends to heat the instrument.

+* Electrical supply is required.

< Eyepiece type instrument may cause strain on the
operator.

** Projection type instruments occupy large space and they
are expensive.

“* When the scale is projected on a screen, then it is
essential to take the instrument to a dark room in order to
take the readings easily.

17

Pneumatic Comparators

1. Back-Pressure Comparator

* Air from a constant pressure source P, flow to the atmosphere
through two orifices O, and O, in series .

+* The relationship between P, and P, will depend upon the relative

sizes of the two orifices: Measuring  Work
Control Orifice 0, rhce

% P, being equal to P, when Orifice 0,
0, is blocked. ' r
[/ N

+* P, being less than P, when G M i
0, is opened. C

«» Orifice O, is of constant size, _ d
but the effective size of O, may be varied by the distance d.

¢ As d varies, pressure P, changes, and thus provides a measure of
distance d.

18
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Pneumatic Comparators

1. Back-Pressure Comparator

< If Py/P, s plotted against 4,/A, a GRIFICE 0,
portion of the curve is straight for ' /’f
value of P,/P;between 0.6 and "~
0.8. Where A, and A, are the .
areas of orifices 0, and O,, 4

respectively.
1-0\
08f~—- LINEAR WITHIN
1% IN THIS RANGE

MEASLRING WORK
ORIFICE 0, SURFACE

[

0§ —-——-

w00
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Pneumatic Comparators
1. Back-Pressure Comparator
filter
Corr;p;es;c.)r do -
fube
Air jet A, Az A, A,
20

10



Pneumatic Comparators

2. Flow-Velocity Comparatoﬂ

Flowmeter Tube -

Float ———— |y

%
Changes in x alter the rate of flow. This is read by the height of a float
in a fapered flowmeter tube.

21
Pneumatic Comparators
Applications
- — " ‘V’
: Plate Straightness Squareness
| - ] = Squareness of Bore
Height Gage !
.
Tubing Straightness Shortbore Squareness Outside Diameter
Daplh Gage
Flowmetar —#_
PBI’li- @
mu I of the spindle d
G e i e e i g ol e b o Z:ﬁm
22
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Pneumatic Comparators
Applications
Ul
| = |

c D o ! = 11§

If the axis of the hole is square to the shoulder, rototing the  This spindle checks straightness. Rotating the spindle from A to B does
spindle does not olter the heiaht of the float os in A and B, Lack of ~ not change the combined clearances if the hole is straight.
squareness is shown by a fluctuating float height os in C and D. Ifit is not, o moximum and minimum reading results.

23

Pneumatic Comparators

Advantages\

¢ The gauging member does not come into contact with the
part to be measured and hence no wear takes place.

«* Has very small number or no moving parts. Thus, the
accuracy is more due to less friction and less inertia.

< High magnification is possible.

** Very small diameter holes can be easily measured even
when the length is very large.

¢ Best instrument for determining the ovality and taperness
of the circular bores.

24
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Pneumatic Comparators

Disadvantages

+* Requires elaborate auxiliary
equipment such as accurate
pressure regulator.

+«»* Scale has limited linearity.

«* Not portable as it has large
auxiliary equipment.

«+ Different and special gauging
heads are required for

different types of
measurement.

25

Electrical Comparators

+«» The most robust stable and reliable electrical comparators depend
upon the operation of Linear Variable Differential Transformer
(LVDT).

“» LVDT consists of three coils symmetrically spaced along an insulated
tube.

Primarv =t 1 . i .H:'}'Ih‘:
coil : i '_.l_,l,_,.' ',_;I_L| e [ 14
m = M

Primary
Secondaryl

Secondary 2

Output f\/ \ / \/\U, . f\_/\/ \J

26
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Electrical Comparators

+* The central coil is the primary coil. The other two are identical
secondary coils which are connected in series in such a way that
their outputs oppose each other.

«* AC current is induced to the
primary coil.

+* The movement of the plunger
displaces armature from its
central position, unbalances the
secondary coils, and producing
an output voltage.

+* The amount of unbalance caused

by movement of measuring plunger is amplified and shown on a
linear scale.

+» Magnifications of the order of x 30,000 are possible.

27

Electrical Comparators

Advantages
< Small number of moving parts.

<+ Have very high magnification and the same instrument
may have two or more magnifications. Thus, the same
instrument can be used for various ranges.

+* Not sensitive to mechanical vibrations.

«* Measuring (sensing) unit can be made very small.

28
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Electrical Comparators

Disadvantages

«* Requires external power supply.
«*+ Calibration may be altered due to heating elements used.

<+ Expensive compared to mechanical comparators.

29
Errors in Comparator Measurement
L)
Sources of Error Due to Environment
SOURCES OF COMPARATOR MEASUREMENT ERROR
Gage blocks must be in good Handle parts and gage
rla:;:'frl;r:Tighﬁ onn?i?ﬂo:f recently calibrated blocks os little as
and wrung properly. e nossible.
‘\-\\ Huln fr:rn direct
Aveid direct dn::s) il‘\\\‘ e 1’/“,:; P
. ge Bz Locking knobs
::95-.'-}1‘ 5 securely clamped. must I:egﬂghl. 'Jf':ﬂ'
Use insulated forceps
to handle goge blocks. ’ Hondling stand by
Differences between part N
and gage blocks Irmu:r ::’Ll;“r;r:;nu:m
fal, ibility, - eat & on.
Rt ouifics Wk heat exparst
can cause errors. a— Qutside vibration can
affect measurement .
Figure Al sources of potential errors should be constiously invesfigated whenever a high-preti-
sion measurement is mode.
30
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Errors in
Comparator

Flat Contact Points

Most Rallable ‘Whon both ha setting standard Reliabile When sdher the standard andior e

Measu rement anc e DAt 1w Cyeicalof St par a1 searcel, provig B cortiet
s R Sguane 10 Ihe spindles

Errors Due to Contact

NGRSO
oser Than DOO1 inch bacsuse of varying on cyindsr.
i el o Tl

‘ueniect paiats havie en impartent rale but co be o sarisus cowse of eeror when med

Same with s standard and Tist part

Loast Rollable Wnan zerced on llal sutsce
Fefiable for most Mo rofiatie because of sir fim on fiat and absonca of ddm

Ro.
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Errors in Comparator Measurement
Errors Due to Contact
Figure 1w-murﬁh;mhu'mm.
32
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Errors

, in Comparator Measurement

Errors Due to Misalignment

COSINE ERROR

/m.

C!lmql in hclghl -
= 0,050 Ces |
:o nsn; (0.99985)

Emor » 0.050 - x
= 0.03000 - 0. 04597
= 0.00007 mm

Axis of Instrument
Figure The cosine error coused by 1° opplies only to the travel
of the indicotor and figures out o an error in length of only 10 in. Note
that the some misalignment with o vernier height gage creates an error
hased on the full length and would be 300 rin.

SINE ERROR

Misalignment
La

*

0.100 sin a
(0.100) (0.01745)
0017 millimeter

Figure The sine of the angle caused by misolignment with o flat
conloct i o much more serious couse for error than the cosing error. Nobe:
A misoligned micrometer or snap gage would hove this error of ench con-
todl surfce.
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Best Wishes . . .

34
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