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3.6 Engineering Metrology

can often involve a level of accuracy which cannot be achneved by mechan:lcal' S
instruments. A beam of light is unaffected by distortion and temperature varia o :
although it is dependent on the quahty of the opt1ca] system

Hood ”»
( e -
Mirror ]
Screen
&SJ partog
Light for surface S \ rﬂ
| lumitation ) \B
PO e wiia ] Lens, (pro}ecﬂon) half
' ’:HQ"— reflecting mimor
3 e — Work stage
Light for shadow illumination - Mirror |
i U] (IO : e =] |

Fig: 3.3 Profile projector (opti'cal system)

Figure 3 3 shows Nikon proﬁle projector which has swiveling turret aboVe tﬁe;;%
stage for mountmg the prOJectlon lenses. This enables different magmﬁcatlo
to be selected falr]y rapld]y The illumination can be switched from shadow
surface by a:selector on the front of the instrument. The hand wheel on the rig E"*’
hand side will raise or lower the stage and hence position a component placed o'

it at the focal point of the lens.

A sliding hood can be positioned to prevent extraneous light shining on th
screen. From the above figure it can be seen that, when used for shadow illuminati
collimated light is transmitted up through the translucent stage back lighting an
object placed on it. A]ternatwe]y, when surface illumination is selected, the ligh
strikes a half reflecting mirror placed below the projection lens, which Teflects g
down on to the object on the stage.

Whichever means of illumination is used, the i image 1s projected by the len
via the two mirrors in the upper part of the instrument, on the screen.

A]l objects are not smtable for placing directly on the stage. Awkward]yz
sh ped objects can be mounted between the centers. The stage can be moved
'ongltudmal and transverse direction and the movement is controlled by 7
rs which have a vernier resolution down to 0.001mm.
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.~ p ANGULAR AND TAPER MEASUREMENTS

Focal plane of
—\- collimating lens

B T e A oA

Collimating lens A0

Light from source ﬂ‘

‘\
e Surface under test

2f0

To micrometer eye piece __'Vcr

902:___'

Fig. 4.88. Principle of autocollimator.

beam will, in this case coincide with the cross-wires at point ‘p’

8, the reflected beam will change its path at twice the angle 8. The reflected beam will, therefore, form an
image ‘g’ at the cross-wires at distance ‘pq’, the value of which is a measure of the angular deflection 6, where -
Pg=2f"6.

® It may be noted that the position of the final image does not depend upon the distance of reflector from
the lens, i.e., separation ‘4’ is independent of the position of reflector from the lens. But if reflector is
moved too much back then reflected rays will completely miss the lens and no image will be formed.
Thus, for full range of readings of instrument to be used, the maximum remoteness of the reflector is

limited.

required.
. Hilger angle dekkor :

For high sensitivity, i.e., for large value of ‘d’ for small angular deviation 8, a long focal length is

Fig. 4.89 shows a typical auto-collimator—the
Hilger Angle Dekkor, the description of which is
given below:

€ Tt consists of a tubular body containing
the collimating lens at one end and
viewing eye piece at the other end.

- @ At the focal plane of the collimating lens,
v thjgrc 18 a scale instead of cross-wires which

ided from 0 to 40 and
ts 1' of arc.

Reflected image
of target wire

<«——— Reflected beam when
reflector is square to the beam

s Reflected beam

\
\
|
e
————— \
\
i
|
1

4eﬂector on surface
under test

. If the reflection is slightly tilted at an angle

\ — Eyepiece
N

0

TPTTTTTITTTTIT X777 77T

COCTTTTTEFTT T ITTTTTIT I T T 7TT7Ars

Fig. 4.89. Hilger angle dekkor.
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~is machined on the gauge on which two lines
- oA engraved, the distance between them is equal
- 1o the tolerance on the base distance. The line
~ nearer to the small end represents the ‘Go’ limit
and the other near the large end represents the
‘Nor Go’ limit of the taper hole. The
dimensional accurq
that the
contact

between the mating parts along the whole
can be

ch

® Taper shafts can be
Fig. 4.93(a, b). The 5ol
and “Not Go”* limits

checked by the reversible

are en

by the persian blue procedure.

® Thetaper ring gauge [Fig. 4.93(b)] consists of a ta
test. A cylindrical casin g is mounted on the ta
small end of the shaft can be checked by a gau
To check the geometrical accuracy of the taper sh

id taper sleeve gauge [Fi g.4.
graved. By inserting the taper shaft in the hole gauge, the small end of the

taper shaft should lie between these two limits. The

- —
—_— =

Fig. 4.92.

¢y of the taper hole will be accepted when the taper gauge ﬁ;:' i”’c t};emh:le S”‘:;
“Not Go” limit remains outside the hole. This does not provide a positive check o Dips

length of the fits, These geometrical inaccuracies

ecked by marking light lines with persian blue as explained earlier.

procedure using taper hole gauges as sho‘\ivn 11’1
93(a)] has cut away portion A, on which the “*Go

geometrical accuracy of the shaft can be checked

per ring that can be placed on the taper shaft under

per ring and the position of the taper ring relative to the
ge pin on which

“Go’” and ‘Not Go’’ limits are marked.

aft, more than one taper ring should be used.

Not Go Gauge pin
i ™ ﬁ':/_ Taper shaf
Y 7Yy e o
AL lIijh s \ |
Wi 1 e % - | o~ Cylindrical
~~~~~ AN l casing
_____ § |
o 1/' [ L <N Taperring

(a) Solid taper sleeve gauge.

FETTTTTTITYY CITTTTT77777

(b) Taper ring gauge.

Fig. 4.93.

A positive check of the dimensional and

 SEE

geometrical accuracies of taper shafts can be

achieved by using ‘‘May”’ taper gauge [Fig.

4.94). It consists of two similar side members
‘*s,eparated by a standard central taper gauge.
The taper gauge is provided with a taper work
1 n which the taper shaft has to rest.
e work support is made such
side members make contact with
shaft at two enveloping lines
site, The two side members

Contact members

Taper support
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‘C.‘ Measunﬂg a taper hole

- Ineasuring ataper hole on @ :1’:1 ;’::blséﬂe'tab{e USing internal ad_aptor : Fig. 4.100 shows' the set-up for
cylinder wity Suitable , using internal c'i.d_aptor‘. The internal adaptor used consists of a hollow
€xternal diameter and 5 lever, hinged in the cylinder, whose magnification ratio is 1.

€ centres and adapter is made to contact the bottom surface of the taper

ip gauges until the lower surface of the taper hole is set paraliel to the
hen the reading of the dial gauge, in contact with the adaptor, remains

of the adaptor inside the taper hole. In this position, the angle made by
aper angle, angle of the component being tested.

€. This can be ensured w
constant during the axial movement
the sine table is equal to the t

-

TI777 77 7S TTL 77 S A /7 SOl 77777777777 77777777

4.100. Set-up for measuring a taper hole on the sine table using internal adaptor.
Fig. 4.100. et

2 SCREW THREAD MEASUREMENTS

: ;5.1; introduction

d depends upon the shape of the tool which produces its groove. A screw is a male threaded

drical in form, but sometimes, conical (or tapered), used in most cases as a temporary
i y used as a means of transmitting motion or power.

applied to many devices for various purposes as follows :

' ffort as in auto jack,
of fastening.
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SCREW THREAD MEASURE gy

4.5.2. Classification of Threads

The threads may be classified as follows :
1. According to the surface on which the threads are cul

(1) External threads

(1) Internal threads.
The external threads are cut into the surface of a cylmdrtcal bar
1 ¢ of a bar or cone.

: The internal threads are cut into the surface of the cylindrical hol
3. According 1o the direction of rotation of the threaded cylinder with respect [0 engagement or
disengagement with the other part :
() Right handed thread

(i) Left handed thread.
t W
A right handed lhread is one in which the nut must be turned in a right handed direction to screw it

on (Fig. 4.101(a)). A left handed thread is one in which the nut would be screwed on by turning it to

the left (Fig. 4.101(5)).

(b) Left handed thread.

(a) Right handed thread.
Fig. 4.101.

3. According to number of starts :
(1) Single start threads

(77) Multi-start threads.
In a piece of work it is possible to have separate and independent threads running along it. Accordingly,

¥
there are single threaded screw and multiple or multi-start threaded screw. The independent threads are called
starts and we may have single start, two start, three start etc. (Fig. 4.102).
A smgle start threaded screw is one-in which there is a movement of one thread for one complete turn
round the sérew or bolt. I’ the multi-start threaded screw there is a movement of more than one thread. In the
case of double start thread, for one complete turn, the thread advances two times as if it were a single thread.

. —p| Ljre | L et~
—a—]p-&— ——Llpi«t—

YA
|
v v
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SOREW THREAD MEASUREMENTS

8 iy, x
e of Zlultl-sm et threads, Multi-start threads are used on those cases where rapid movement or motion is
Aqulred, e

T,

Examples; Fountain-pen cap, screw press, bottles, tooth paste etc.

4.5.3. Elements of Screw Threads

To designate different parts of the screw threads the following terms are commonly employed :
Refer Fig, 4,103,

1. Major diameter, It is the largest diameter ;
of aserew thread. 1t is also termed as outside : T T

or crest diameter,

6.3 3 = 3
2, Minor diameter, [tis the smallest diameter 53 85 2§
: 23 £5 3&
of a serew thread. 1t is also known as root =5 = e
or core diameter. ; 'L
3. BEffective or pitch diameter. It is an WX S === — - — - - l
R : 3 y y : e N A
lmagtnfzry cllfzmcter n betw.ecn the major Dot \ O\ Flankeof e
and minor diameters, and is equal to the 60°\ »
; 1 . XA \<Root
major diameter less than an amount equal il
to the single depth of a thread. Fig. 4.103. Nomenclature of a serew thread.
4, Axis of screw. It is the longitudinal central line through the screw.

5. Angle of thread. It is the angle between the two sides of a thread measured in an axial plane.

6. Depth of the thread. It is the angle between the crest and the root of a thread measured normal to
axis. ]

7. Thickness of the thread. It is the distance between the adjacent sides of the thread measured along
or parallel to the pitch line. |
8. Side. It is the slant surface of the thread which connects the crest with the root.

9. Helix angle. Itis the angle made by helix of the thread at the pitch or eﬁebtivé diameter with the plane
perpendicular to the axis.

10. Crest. It is top surface joining the two sides of a thread.
11. Root : It is the bottom surface joining the two sides of a thread.

12. Pitch. It is the distance from a point on one thread to the corresponding point on the next thread
measured parallel to the axis of the thread. It is denoted by ik

d. It is the distance a screw thread advances axially in one turn on a ingle thread screw, the lead
equal to pitch and for a double threaded screw, the lead becomes two times the pitch and so on.

2. Pitch
4, Length
6. Material
8. Internal or external threads.
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