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Fig. 4.193. Toolmaker's microscope.
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rojector - light source and condenser
suitable work holding table either fixed or movable
prOJectxon optics - nirrors and. lenses
4. screen - for viewing the image and checking is made p0351b1e

5. measurlng devices - prec1se mechamca] system of measurmg alds

3The following measurement techmques are employed on optlcal pmJectom

. measurement by companson
. measurement by movement - table travel and measurmg facxhtles must he

- available. :
mcasurement by translatlon -special tracer accessones are reqmred

s 3.3.1 Nikon optieal profile projec.tor

a

.‘ tlcal measuring instruments offer a number of advantages over mech
ruments and prov1de sultable alternative. These are preferred when co
rement cannot be used, as-in the case of the fragile components ¢ or
“ pe is highly complex or object is too small. In contrast to t plica
rato *hxch émploys an optical system to magnify the 1
, 0 tlcal measunng mstruments use a syst
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Lens, (projection) half
reflecting mirror
: V\_fori( stage

Light for shadow lluniination.

| Fig.3.3 !’?,Afofil'e projector (Optical sysiem)

- stage for mounting the projection lenses. Thi enables different magnifica
g to be selected fairly rapidly. The illuminatiorr can b
~ surface by a:selector on the front of the instrument,
ind side will raise or lower the stage and hc:_nCe'pd
at the focal point of the lens. '

| Figure 3.3 shows Nikon profile projector which has swiveling turret above
,','-'j .

A sliding hood can be positioned to prevent extraneous
From the above figure it can be seen that, when used
light is transmitted up through the translucent stage 1

onit. Alternatively, when surface illumirgtion o

Altern on j
g mirror placed below the Projection ley

for shadow
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<. =8
The most commonly used clinometer-is of Hilger and Watt type. The circular glass scale is totally
enclosed and is divided from 0° to 360° at 10' intervals. S¥b-division of 10' is possible by the use of an
optical micrometer. A coarse scale figured every 10 degrees is provided outside the body for coarse work and
‘approximate angular reading. In some instruments worm and\quadrant arrangement is provided so, that

' reading upto 1' is possible. g )

- Insome clinometers, there is no bubblebut a graduated circle isupported on accurate ball bearings and

itis so designed that when released, it always takes up the position relative to the true vertical. The reading
is taken against the circle to an accuracy of one second with the aid of vernier.

4.4.1.2.8. Plai
Fundamentally in

inspection work also

index cenfre -

centres were meant for use on miIl}ng xﬁéchines but they are now being,tised for
\This is specially suited to those problems which involve the measurement of a large
i number of angular dimensions about a common centre. The work is set between the centres and correct
i : angular dimensions are ¥¢t directly from the indexing plate.
k To obtain wide range §f angles the following types of indexing methods may be employed :

1. Single indexing
. 2. Differential indexing
3. Compound indexing.

4.4.1.2.9. Optical instruments for an_gu!ar measurement

v Autocollimator. An autocollimator is an instrument designed to measure small angular deﬂegtions and
- may be used in conjuction with a plane mirrE)r or other reflecting surface: An autocollimator is es;’entially an
- - mﬁmty telescope and a collimator combined into one instrument. -
e  An autocollimator is based on the principle that a collimating lens can prbjgc: ang receive a parallel
beam of light and that the reflected beam of light will change its direction by changing the angle of the
ace reflecting the light. :
utocollimator's principle is shown in Fig. 4.88. It shows the collimator lens t{mt projects a par‘allgll‘
g the optical axis of the system when the light source (electric bulb) is P]aced atthe focus
s. A reflector, which can be a slip guage block, an optical flat or a mirror is at ched t
ot, If this reflection is accurately normal to the optical axis, the effected beam will r
ath back to the Jens and will be collected at a point °p" exa
. are placed. Therefore the image of the cross wires formed |
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Reflected image S
of target wire

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

~¢-————-—— Reflected beam
Fig. 4.88. Principle of autocollimator.

.

1 will, in this case coincide with the cross-wires at point ‘p’. If the reflection is slightly tlltt;_d at afn S
6, the reflected beam will change its path at twice the angle 8. The reflected beam will, therefore, form 2 (\

image ‘g’ at the cross-wires at distance ‘pq’, the value of which is a measure of the angular deflection 8, wi .
Pg=2f8. i E

¢ Itmay be noted that the position of the final image does not depend upon the distance of reflector from i
the lens, i.c., separation ‘d” is independent of the position .of reflector from the lens. But if reflector is 3
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 reflectoris

limited. ¥ e
For high sensitivity, i.e., for large value of ‘d" for small angular deviation 6, a long focal length is v.
required.

Hilger angle dekkor :

n

Fig. 4.89 shows a tYpicgl auto-collimator—the = EiEphe
Hilger Angle Dekkor, the description of which is '
given below:
® It 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,

there is a scale instead of cross-wires which

.‘ is illuminated by means of an electric lamp
- mounted by the side.

"I’ll‘l”l'cl/f"(".— 7T

- Flgl 4-899_ by ife] 3

ts 1' of arc.

)

L
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Auto -
collimator

~— Slip gauge
Precision
angle plate

Reference
polygon

Fig. 4.91. Use of auto-collimator.

® The instrument is firmly fixed in position relative to the surface plate and the reading is taken with
polygon in position.

7( ® The polygon is then removed and replaced by an angle plate plus the slip gauges if necessary and a
new reading is taken. |

- © The difference between the two sets of readings must be added or subtracted from the known angle
between the particular pair of polygon faces, to give the angle of face plate.

4.4.2. Taper Measurement
4.4.2.1 Gauges for tapers

© A taper is tested by using taper plug and ring gauges. The important thing in testing a tapered job is
to check the diameter at bigger end and the change of diameter per unit length. For testing the
comectness of a taper, three light lines are drawn with persian blue about equidistant along the length
on the (male portion) plug gauge or spindle to be tested and it is fitted in the gauge (female) and *
tated once or twice. If persian blue marks do not rub off evenly, the laper is incorrect and setting '
adjusted until persian blue marks are rubbed equally all along its length. "

can be checked by a ‘Go’ and ‘Not Go’ tapér plug limit gauge as shown in Fig.4.92
f the gauge where the large diameter of the taper hole should theoretically lie, a flat su
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(a) Solid taper sleeve gauge.

" A positive check of the dimensional and

- geometrical accuracies of taper shafts can be

eved by using ‘‘May’’ taper gauge [Fig.
4.94). It consists of two similar side members
eparated by a standard central taper gauge.

> height of the work support is made such
1¢ two side members make contact with
shaft at two enveloping lines
opposite. The two side members

auge are made separdte for-the

n the top surface of one of
] “Go”" and ““Not Go”’

(b) Taper ring gauge.

Fig. 4.93.

Contact members

Taper support
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, ble is adjusted by slip ¢ AT

e N P gauges until the lower surface

const:zgiate This Ean be ensured when the readi ng of the dial gauge, in co

e ll;nng the axial movement of the adaptor inside the taper hole. In this positio
ine table is equal to the taper angle, angle of the component being tested.

(LS 7 T 77777777 777777777, OO 77777777 |

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

SCREW THREAD MEASUREMENTS
4.5.1. Introduction

A screw thread is helical ridge formed on uniform section round the curved surface. The shape of the normal
section of the thread depends upon the shape of the tool which produces its groove. A screw is a male threaded
piece generally cylindrical in form, but sometimes, conical (or tapered), used in most cases as a temporary
fastening; less frequently used as a means of transmitting motion or power.

The screw threacs are applied to many devices for various purposes as follows -

1. To hold parts together as in the case of fastening.

2. To transmit power.

3. To control movement as in micrometer.

#. To increase the effect of applied effort as in auto jack.
5. To convey materials as in the case of fastening.
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right handed thread 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 tuming itto
the lefit (Fig. 4.101(3)). : '

(a) Right handed thread. v (b) Left handed thread.
_ Fig.4.101.
i 3. According to number of starts ; © -

() Single start threads N
(iZ) Multi-start threads. =

e

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 single 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
i' case of double start thread, for one complete turn, the thread advances two times as ifit were a single thread.

—p | Ljc— ; | L |=— =1 L %
->!p!-<—- * —L»]P — -»|p{::

Fig. 4.102. (i) Single-start, (ii) Two-start, and (ili) Three-start threads.
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: ew thread. It is also known as root
' 7=|‘v1l‘17 Or core diameter.»
&k ].é’.ffe(.:tive or pitch diameter. It is an
- imaginary diameter in between the major
o and minor diameters, and is equal to the
major diameter less than an.amount equal : i et
B ~ to the single depth of a thread. Fig. 4.103. Nomenclature of a screw thread. i
8 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 t}long

or parallel to the pitch line.
8. Side. Itis the slant surface of the thread whic
9. Helix angle. Itis the angle made by helix of the threa
perpendicular to the axis. -
10. Crest. It is top surface joining the two sides of a.thread.

11. Root : It is the bortom 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. 1t is denoted by ‘p’.
ingle thread screw, the lead

13. Lead. It is the distance a screw thread advances axially in one turnon ast
is equal to piich and for a double threaded screw, the lead becomes tWo times the pitch and so on.

o =

Flank or side

1 connects the crest with the root.
d at the pitch or effective diameter with the plane

%

the dlamufmyhmpwmhmemm

—_—
At R ) A

“Note: A screw is specified by.a nominal diarmeter, itis

4.5.4. Specifications of a Screw Thref:ad j

a screw thread the following points are give

n due considerations :

o
R

- To specify

. Shape or form of thread = 2. Pitch
(diameter) . 4, Length
' 6. Matenal

8. Internal or external threads.
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