Measurement of Screw Thread and Gear
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3.1

Introduction t o Screw Thread Measurement

o]

Screw thread geometry has evolved since the early 19th century, thanks to the importance of
threaded fasteners in machine assemblies. The property of interchangeability is associated more
strongly with screw threads than with any other machine part.

Perhaps, the Whitworth thread system, proposed as early as the 1840s, was the first documented
screw thread profile that came into use. A couple of decades later, the Sellers system of screw
threads came into use in the United States.

Both these systems were in practice for a long time and laid the foundation for a more
comprehensive unified screw thread system. Screw thread gauging plays a vital role in industrial
metrology.

In contrast to measurements of geometric features such as length and diameter, screw thread
measurement is more complex. We need to measure inter-related geometric aspects such as pitch
diameter, lead, helix, and flank angle, among others.

The following sections introduce screw thread terminology and discuss the measurements of
screw thread elements and thread gauging, which speeds up the inspection process.

Screw Thread Terminology

1: Angular pitch
— 2: Pitch
3: Major diameter
4: Pitch diameter
5: Minor diameter

12 6: Pitch line

T T: Apex
8: Root

l 9: Crest
- 10: Addendum
11: Dedendum
12: Depth of thread
& : Angle of thread
¢ . Flank angle

Fig.3.1 - Screw thread terminology

Screw thread: The American Society of Tool and Manufacturing Engineers (ASTME) defines a
screw thread as follows: screw thread is the helical ridge produced by forming a continuous helical
groove of a uniform section on the external or internal surface of a cylinder or cone.

Form of the thread: This is the shape of the contour of one complete thread, as seen in an axial
section. Some of the popular thread forms are British Standard Whitworth, American Standard,
British Association, Knuckle, Buttress, Unified, Acme,etc.

External thread: The screw thread formed on the external surface of a workpiece is called an
external thread. Examples of this include bolts and studs.

Internal thread: The screw thread formed on the internal surface of a workpiece is called an internal
thread. The best example of this is the thread on a nut.

3.2
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Axis of thread (pitch line): This is the imaginary line running longitudinally through the center of
the screw.

Fundamental triangle: It is the imaginary triangle that is formed when the flanks ar e extended until
they meet each other to form an apex or a vertex.

The angle of the thread: This is the angle between the flanks of a thread measured in the axial
plane. It is also called an included angle.

Flank angle: It is the angle formed between a flank of the thread and the perpendicular to the axis
of the thread that passes through the vertex of the fundamental triangle.

Pitch: It is the distance between two corresponding points on adjacent threads, measured parallel
to the axis of the thread.

Lead: It is the axial distance moved by the screw when the crew is given one complete revolution
about its axis.

Lead angle: It is the angle made by the helix of the thread at the pitch line with the plane
perpendicular to the axis.

Helix angle: It is the angle made by the helix of the thread at the pitch line with the axis. This angle
is measured in an axial plane.

Major diameter: In the case of external threads, the major diameter is the diameter of the major
cylinder (imaginary), which is coaxial with the screw and touches the crests of an external thread.
For internal threads, it is the diameter of the cylinder that touches the root of the threads.

Minor diameter: In the case of external threads, the minor diameter is the diameter of the minor
cylinder (imaginary), which is coaxial with the screw and touches the roots of an external thread.
For internal threads, it is the diameter of the cylinder that touches the crests of the threads. It is
also called the root diameter.

Addendum: It is the radial distance between the major diameter and pitch line for external threads.
On the other hand, it is the radial distance between the minor diameter and pitch line for internal
threads.

Dedendum: It is the radial distance between the minor diameter and pitch line for exte rnal threads.
On the other hand, it is the radial distance between the major diameter and pitch line for internal
threads.

The effective diameter or pitch diameter: It is the diameter of the pitch cylinder, which is coaxial
with the axis of the screw and intersects the flanks of the threads in such a way as to make the
widths of threads and the widths of spaces between them equal. In general, each of the screw
threads is specified by an effective diameter as it decides the quality of fit between the screw a nd
a nut.

Single-start thread: In the case of a single-start thread, the lead is equal to the pitch. Therefore,
the axial distance moved by the screw equals the pitch of the thread.

Multiple -start thread: In a multiple-start thread, the lead is an integral multiple of the pitch.
Accordingly, a double start will move by an amount equal to two pitch lengths for one complete
revolution of the screw.
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3.2 Measurement of External Screw Thread Elements

Measurement of screw thread elements is necessary not only for manufactured components but also for
threading tools, taps, threading hobs, etc. The following sections discuss the methods for measuring
major diameter, minor diameter, effective diameter, pitch, angle, and form of threads.

3.2.1 Measurement of Major Diameter

3.2.1.1 Using Ordinary Micrometer

For the measurement of the major diameter of an external thread, a good micrometer is quite suitable.
The micrometer is used as a comparator.

It is first adjusted on a cylindrical standard of appropriate size having approximately t he same diameter.
Sghr rs mc gqc¢c hr b kkdc rdsshmf f > tfd 'nnge crhhyldd saidrgqP q
the thread).

After taking this reading. the micrometer is set on the major diameter of the thread and the reading is
taken.

Then the major diameter, D =S + (d Od>)
Where, S = size of setting gauge
di = micrometer reading over setting gauge
d2 = micrometer reading over the thread

As there is point contact between the crests of the thread and measuring anvils, a light pressure must be
applied (do not handle the micrometer ratchet), otherwise, errors due to deformation of crest may be
introduced.

3.2.1.2 Using Bench Micrometer

Measuring anvils

\

‘:‘OEE?\Z: x——z =8

o —

Fiducial indicator /

Cl
S Micrometer head

Holding centre Holding centre
g S

_Measuring anvil Measuring anvil

O
Standard Cylinder
Screw Thread

>

Fig.3.2 - Bench Micrometer

The ordinary micrometer method has deficiencies like the variation in measuring pressure, pitch errors in
the threads, zero error setting, etc. Therefore, for greater accuracy and convenience, a bench micrometer
is preferred. This instrument was designed by NPL to remove the deficiencies inherent in the normal hand
micrometer.
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In order to ensure that all the measurements are made at the same pressure, a fiducial indicator is used.
This ensures constant pressure for all the measurements. The instrument has a micrometer head with a
vernier scale to read to the accuracy of 0.002 mm.

It is used as a comparator in order to avoid pitch errors of micrometer threads, zero error settings, etc. A
calibrated setting cylinder having nearly the same diameter as the major diameter of the thread to be
measured is used as setting the standard.

The setting cylinder is held between the anvils and reading is taken. In this machine, there is no provision
for mounting the workpiece between the centers and it is to be held in hand.

The cylinder is then replaced by the threaded workpiece and again the micrometer reading is noted.
If, D = Diameter of the setting cylinder,

R: = Reading of micrometer on setting cylinder,

R = Reading of micrometer on the screw thread

Then, the major diameter of screw thread =D = (R - Ry)
3.2.2 Measurement of Minor Diameter

3.2.2.1 Two V-piece method

Anvil

Anvil

SRem— V plece

Diameter of

Micrometer  Micrometer

Minor cvlinder
Diameter Reading Reading standard
- — V piece
V picce
Thread Being Measured Anvils Being Set

Fig.3.3 - Two V-piece method

This is also measured by a comparative process using small V-pieces which make contact with the root
of the thread. The V-pieces are available in several sizes having suitable radii at the edges.

The included angle of V-pieces is less than the angle of the thread to be checked so that it can easily probe
to the root of the thread. To measure the minor diameter by V-pieces is suitable for only Whitworth and
B.A. threads which have a definite radius at the root of the thread. For other threads, the minor diameter
is measured by the projector or microscope.

The measurement is carried out on a floating carriage diameter measuring machine in which the threaded
work-piece is mounted between centers and a bench micrometer is constrained to move at right angles
to the axis of the center by a V-ball slide.
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The dimensions of V-pieces play no important function as they are interposed between the micrometer
faces and the cylindrical standard when standard reading is taken. It is important while taking readings, to
ensure that the micrometer is located at right angles to the axis of the screw being measured.

The selected V are placed on each side of the screw with their bases against the micrometer faces. The
micrometer head is then advanced until the pointer of the indicator is opposite the zero mark s, anda note
is made of the reading.

The screw is then replaced by standard reference disc or a plain cylindrical standard plug gauge of
approximately the core diameter of the screw to be measured and the second reading of the micrometer
is taken.

If R: = micrometer reading on standard cylinder gauge
R. = Micrometer reading on the threaded workpiece
D = Diameter of the cylinder gauge

The minor diameter of the thread =D = (R - Ry)

3.2.2.2 Measurement of Minor Diameter of Internal Threads

Using taper parallels: For diameters, less than 200 mm the use of taper parallels and a micrometer is very
common. The taper parallels are pairs of wedges having parallel outer edges. The diameter across their
outer edges can be changed by sliding them over each other as shown inthe figure.

Taper parallel

anwvil

Fig.3.4 - Measurement of minor diameter using taper parallel

By using Rollers and slip gauges: This method is used for diameters more than 20 mm -diameter. In this
method, precision rollers are inserted inside the thread and proper slip gauges inserted between the rollers
as shown in the figure, so that firm contact is established. The minor diameter is then the length of slip
gauges plus twice the diameter of the roller.

Roller
Slip Gauges -
Minor Diameter
™ . / of Thread
~
7, { =S Major Diameter
/ { \ /— of Thread
! \
5 W
|' N |
/
‘\ ' Fi
\\ A //
\
\\s 8 /,’
——

Fig.3.5 - Measurement of minor diameter using roller and slip gauge
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3.2.3 Measurement of Effective Diameter (or Pitch Diameter)

3.2.3.1 The micrometer method

- —

Fig.3.6 - Screw thread micrometer

The thread micrometer resembles the ordinary micrometer, but it has special contacts to suit the end
screw thread form that is to be checked. In this micrometer, the end of the spindle is pointed to the Vee-
thread form with a corresponding Vee-recess in the fixed anvil.

When measuring threads only, the angle of the point and the sides of Veeanvil, i.e. the flanks of the threads
should come into contact with the screw thread.

If correctly adjusted, this micrometer gives the pitch diameter. This value should agree with that obtained
by measurement by outside diameter and pitch from the following relation:

Pitch diameter = D ©0'0.6403p (in case of Whitworth thread)
where depth of thread = 0.6403p,

D = outside dia.,

p = pitch.

The limitation of the micrometer is that the micrometer must be set to a standard thread plug. If not done
so in the first instance, there will be an error due to the helix angle of the thread being measured.

When setting the instrument to a standard plug gauge it will be observed that the reading is not exactly
zero, as previously inferred, when the spindle and anvil are brough together.

For correct results it is necessary to use a separate thread micrometer for every size of screw thread to
be gauged, otherwise, there will always be a small amount of error inherent in thread micrometer.

A big advantage of thread micrometer is that this is the only method that shows the variation for the
drunken thread.

3.2.3.2 The one wire, two-wire, or three-wire or rod method

3.2.3.2.1 One wire method

This method is used if a standard gauge of the same dimension as the theoretical value of the dimension
over the wire is available.

First of all, the micrometer anvils are set over the standard gauge and the dimension is noted down.
Thereafter, the screw to be inspected is held either in hand or in a fixture, and the micrometer anvils are
set over the wire as shown in the figure.
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Micrometer readings are taken at two or three different locations and the average value is calculated. This
value is compared with the value obtained with the standard gauge. The resulting difference is a reflection
of error in the effective diameter of the screw.

Micrometer anvil

Fig.3.7 - One wire method

An important point to be kept in mind is that the diameter of the wire selected should be such that it makes
contact with the screw along the pitch cylinder. The significance of this condition will become obvious in
the two-wire method explained in the next section.

If D = Size of setting gauge
d: = Micrometer reading over standard gauge
d2 = Micrometer reading over thread under test
Then effective diameter = D + (dy O'dy)
If d2> di, use +ve sign above

d> < di, use Ove sign

3.2.3.2.2 Two-wire method

In this method, one wire is placed between two threads at one side and on the other side, the anvil of the
measuring micrometer contacts the crests as shown in the figure.

First, the micrometer reading is noted on a standard gauge whose dimension is nearly the same as to be
obtained by this method. Actual measurement over the wire on one side and threads on another side =
size of gauge = difference in two-micrometer readings.

Let, E = Effective diameter,
H = Diameter over wire (maximum),
Y = Diameter under wire (minimum),
d = wire diameter
From the figure, we can write Y = HO'2d.
Letthe pitchvalud OP+ vghbg cdodmcr nm sgd ohsbg ne sgqd  c
Deedbshud ch Il dsdg+ D < X * OP
For metricthre ¢ sgd u ktd-dhe OP < [/ -7550
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Fig.3.9 - Two wire method (analysis)

Derivation for the equation of the pitch value

Referring to the above figure,
E=Y +2AB

From the figurecn mr hcdqgq é&NCF
sin—=—
Ccosec —=—

COG = OD cosec{¥c)
=-cosec — (¢ OD = OC = d/2 = radius of wire)

Chmr hcdgqg éIl @F

tan - = —
Ccot —=—

CAG = AJ cot-
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Since 1J lies on effective diameter
Cl) =% x pitch=%P
IJ=1A+AJ=2A]
CAI=%1)=%X%P
Al=Y.P
CAG =-x cot —
From figure, OG = OB + BG
CBG = 0G00B
Substituting the value of OG,
CBG =-x cosec—-- (¢ OB =0OC = 0D =d/2)
CBG=-x AT OA A
From the figure, AG = AB + BG
CAB = AGOBG
Substituting the values of AG and BG we get

AB=-cot--- AT OA A
From the above equations, we can write

OP < 1 @A
CoP <AL-O - AT OA R
COP -AT-O A AT OA A
Sghr dpt shnm hr enq sgd ¢hadamgter of witetg®and@iradangles=<d gl r ne
The value of Y can be calculated usinga floating carriage mi crometer as shown in the figure.
Let, D: = micrometer reading over standard and wire (Diameter)
D, = micrometer reading over screw thread and wire (diameter)
D = diameter of the standard
Then, Y =D + (ROD,)

Limitation: Measurement by the two-wire method using a micrometer is not satisfactory where high
accuracy is required. Using a micrometer, alignment is not possible by two -wire, therefore a floating
carriage machine is required for satisfactory results.

3.2.3.2.3 Three-wire method

This method of measuring the effective diameter is an accurate method. In th ese three wires or rods of
known diameter are used: one on one side and two on the oher side.

This method ensures the alignment of micrometer anvil faced parallel to the thread axis. The wires may
be either held in hand or hung from a stand so as to ensure freedom to the wires to adjust themselves
under micrometer pressure.
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/2=~

(c)

Fig.3.10 - Three-wire method

Let,
E = Effective diameter of screw thread,
H = Diameter over wire (maximum),
Y = Diameter under wire(minimum),
D = diameter of wire.

Referring the above figuret+ b nmr hcdq éNKF
Sin-=—
CCosec—=—
COG = OL x Cosec-
COG =-x Cosec- (¢ OL = d/2)
Bnmr hcdghmf &MHJ
tan —-=—

Ccot—=—
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As, distance Nl =M and IK =—=-

Ccot - =—

CM =-xcot -
From the figure, we have

RG=%M

CRG =% x x cot -

CRG =x cot -
From the figure, we haveOR + RG = OG
COR = OQORG
Substituting the value of OG and RG,
OR =-x Cosec—- --x cot -
From the figure, we can write,
H=E +20R + 20Q
=E+2-@# 1 OAA - @A T -0+ 2(d/2)
=E+ %1 OAA QAT-O+d
CH=E+d#1 OA A --xcot-
For metric thread
Depth of thread = 0.6495P,—= 60° and E = DO'0.6495 P
For whithworth thread

Depth of thread = 0.64P,—= 55° and E = DO'0.64 P

Derivation of best wire size

=t
i /
| | Pitch Line
! ' Effective
| Diameter
1 &
:\\c/;.lXil1‘].L]]]] Best Wire  Minimum , | !
USDIZE | Sige Wire Size l—-P/v | !
L (b)

Fig.3.11 - Best wire size
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If there is a possibility of the thread angle being incorrect, the wire used should be such as to touch the
thread exactly on the pitch line and the inspection of the effective diameter from reading over such wires
will be the independent of any errorinthes gqd "¢ " mf kd- Rtbg vhgdr “~gd b°

In the case of best wire size, at point C and D the wire touching the flank of thread lies on the pitch line or
the effective diam eter line as shown in the figure. The line OD is perpendicular to the flank position of the
thread.

Let half the included angle of thread be (—#¢).
Sgdm hm éN@C
“ AOD =900(—#¢)

CSin wm —Fg =—
CCos (#¢) =—

COD =

7
COD = AD sec {#¢

AsOD=r=—

Where, d, = best wire diameter of the wire and AD = P/4, where P = pitch of the thread
Substituting the value of OD and ADQ we get

—=-sec—
Cdp=—sec —
Cd, =-sec—

This is the equation of the best wire diameter in terms of P and —

3.2.4 Measurement of thread angle

Thread angle and form are usually checked by optical means, using an optical projector which may be of
the horizontal or vertical form. Cabinet projectors are available which are compact and t ake up relatively
little space.

Also measuring microscopes may be used, one form of whichisasnnk | ~jdgPr | hbgnr
also be used to carry out a complete check of the thread elements.

The four essential elements of a projection system are:

a) Source of light - a lamp.

b) collimating lens - gives a parallel beam of light.

c) projection lens - combination lens forms a real image on the screen
d) screen-opaque or translucent screen

The enlarged image of the thread form appears on the ground-glass screen on which is mounted the
template or drawing of the form m ade to scale equal to the magnification of the two forms, ideal and
projected (actual) are then compared.

The simplest and probably the most effective protractor for this class of work is shown as the N.P.L.
protractor as it was developed at the National Physical Laboratory.
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A vernier protractor, of the type shown in the figure, usually has a circular scale calibrated in half-degrees,
minutes of the arc being read off a tangent screw dial.

Each flank angle is measured separately as shown, the protractor am being rotated in turn to each flank
of the projected thread image. Hence, the thread included angleY is the sum of the two flank angles y/2.

o

7, Image

.

Fig.3.12 - Vernier protractor for thread angle measurement

3.2.5 Pitch measurement

Errors in the pitch of a nut or bolt have a serious effect on the accuracy of the fit product so it is to be
measured more accurately.

3.2.5.1 Pitch measuring machine

Indicating
unit

Fiducial indicator

Flexible
Micrometer

T
i

Screw T
Traverse

Fig.3.13 - Pitch measuring machine

Measurement of the pitch of a screw thread by pitch measuring machine is a relatively simple and accurate
method. The threaded component whose pitch is to be measured is mounted between the centers on the
pitch measuring machine. Then a spring-loaded stylus, of a size such that it contacts the thread flank at
points near the pitch line as shown in the figure.

A range of stylus is supplied with the machine, together with tables giving correct stylus to be used
according to the type and pitch of the thread under test.
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When the stylus is correctly positioned in the Vee, the carriage of the machine, which carries the stylus
and indicator, can be displaced parallel to the work axis by means of a micrometer screw to which a large
dial is attached.

When the pointer is accurately in position, the micrometer reading is noted. The stylus is then moved along
into the next thread space, by rotation of the micrometer and second reading is taken.

Successive measurements P, P», Ps, etc. are read from the micrometer as shown in the figure. For the
exact positioning of the stylus, the stylus should touchpoint A an d B on flanks along the pitch line.

The difference between the two readings is the pitch of the thread. Readings are taken in this manner until
the whole length of the job has been covered.

3.2.5.2 Optical projection method

.'I'-h._____[:
0
T A

Fig.3.14 - Profile of a screw thread

@ oqnehkd oqnidbsnqg nq snnk | °j dgdscrewthiehdy This techmgde |
is suitable for external screw thread only because the internal thread cannot be projected.

A screw thread projected by means of a profile projector is shown in the figure. The pitch of the screw
thread AB will be given by

AB = X

The length BC, perpendicular to the thread flank can be measured experimentally and hence the pitch can
be calculated from the above equation.

3.3 Measurement of Internal Screw Thread Elements

3.3.1 Measurement of major diame ter

-~ ‘\

—

Lps2

l___ Major

Dlameu:r

Fig.3.15 - Measuremernt of the major diameter of internal screw thread

The major diameter of an internal thread is normally measured by some form of horizontal comparator
fitted with ball ended styli of radius less than the root radius of the thread to be measured.
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The stylus is attached to a floating head which is kept in ¢ ontact with the spindle of the dial indicator. The
floating head is constrained towards the indicator by a spring. A comparator measures the distance x as
shown in the figure.

D= 0AcC
3.3.2 Measurement of the minor diameter

When the value of minor diameter is less than 20 mm, taper parallels and micrometers are used for
measurement. For diameter above 20 mm, calibrated rollers and slip gauges are used.

3.3.2.1 Using taper parallels

Minor diameter A |=—— Taper

of threads / Parallels

L B
NNMNK
NN -&\\\ — Micrometer

Fig.3.16 - Taper parallels- measurement of internal minor diameter

The taper parallels are a pair of wedges having reduced and parallel outer edges. The diameter across
their outer edges can be changed by sliding them overeach other.

Inside the thread, a pair of taper parallel is inserted and adjusted until firm contact is established with the
minor diameter as shown in the figure. The diameter over the outer edges is measured with a micrometer.

3.3.2.2 Using slip gauges and rollers

’ Roller
Slip Gauges
Minor Diameter
S A of Thread
~
s d, \ ) )

s = 3 Major Diameter|
/ | \ of Thread
! | \
I \
| X |
\ I

\ /

\ /

b4, /
N d /,
~ - — //

Fig.3.17 - Sip gauges and rollers for measurement of minor diameter ofthe internal thread

In this method, precision rollers are inserted inside the thread and proper slip gauges inserted between
the rollers as shown in the figure, so that firm contact is established.

The minor diameter is then the length of slip gauges plus twice the diameter of the roller.
Dm=x+2d
Where, Dy, = minor diameter
X = slip gauge distance

d = roller diameter
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3.3.3 Measurement of effective diameter

[ [ 1]
Stip Gauges !
Effective Diameter _/ | Pitch

Gauge Block —= _'*'

Fig.3.18 - Measuremement of minor diameter

The effective diameter of the internal screw thread is measured using ball-ended styli of best wire size in
a thread measuring machine. These are so designed to contact the thread on or near the effective diameter
line.

For different threads, the different stylus is needed. The machine is set to a master consisting of a pair of
Vee notched arms analogizing the thread as shown in the figure.

The Vee notches in the jaw blades are chosen to correspond to the included angle of the thread to be
measured and the size of the gauge block combination is determined from the knowledge of the thread
pitch and a constant for the jaw blades.

The Vee notches are separated by slip gauges of length x which gives the effective diameter as follows:
Kds O < Ohsbg "mc g < Ek mj "~ mfkd
Comr hcdgq é@AB hm fhudm ehftqd+

s‘m—az—?@

Now,- =1L OZ=L0OZ
CY=(L+Ly) 02z
CE = slip gauge distance + Y
CE=x+Y

The procedure of measurement would be to measure first on a standard as mentioned above and then on
the thread under test. The actual dimension of the effective diameter is then compared with a comparator.
The comparator gives the variation in the dimensions and then the effective diameter is calculated.
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3.3.4 Measurement of Pitch

Using an adaptor, the pitch of an internal thread can be measured by any pitch measuring machine. This
adaptor carries a fine bar that can be inserted into the ring, the stylus being fined to the bar end as shown
in the figure, engaging with the thread in the usual manner.

W R

2
2

Threaded "
Ring Gauge

Fig.3.19 - Measurement of the pitch of the internal thread

The ring gauge is mounted on a faceplate or the headstock of the machines, which will accommodate a
range of various sizes. A special set up on the faceplate becomes essential for very large rings.
3.3.5 Screw thread gauges

When a large number of components with screw thread are to be produced then the measurement of
various elements of screw thread will be very expensive and time-consuming.

In mass production, these procedures can not be adapted. Gauges are scaleless inspecion tools at a rigid
design, which are used to check the dimensions of manufactured parts.

They also check the form and relative position of the surfaces of parts. They do not measure the actual
size or dimension of the part. They are only used to determine whether the inspected part has been made
within the specified limits or not.

Taylor's principle can be applied to thread. According to Taylor's principle, a GO gauge should check both
geometric features and size and thus be of full form, whereas NO GO gauge should check only one
dimension major diameter and the effective diameter.

Classification of thread gauges
Thread gauges can be mainly classified into two broad groups :

o Working gauges: Working gauges arc usedto check the product as it is being manufactured. These
are also used to determine the acceptance or rejection of the product.

o Setting or checking gauges: Checking gauges are generally plugged type gauges with the help of
which adjustable thread ring gauges, thread snap gauges and other thread comparators are set
for checking size of master or basic gauges.

3.3.5.1 Plug screw gauges for internal screw threads

In order to gauge nuts or internal threads, it is obvious that a full form plug screw gauge, made accurately
to the minimum dimensions of the intern al thread, will ensure that all dimensions are not less than the
minimum permissible if it will assemble.

Major, minor, and effective diameters will be checked, and the gauge will ensure that pitch, angle or form
errors arc not reducing the virtual effective diameter below the minimum.

Plug gauges are made of different pattern s, most commonly used patterns are discussed in the following:
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Full form GO gauge: This is an external screw-threaded plug gauge of the type shown in the figure, of a
gauging length equal to the working length of engagement, and made to the low limits of size.

Go

Fig.3.20 - External screwthreaded plug gauge

Effective diameter NO GO gauge: The screw plug gauge is made to the effective diameter high limit, having
restricted contact with the work ing threads, and with a length sufficient to accommodate two or three
thread forms. This type of gauge is shown in the figure.

- —1 NoGo

Effegtive
Diameter

Fig.3.21 -NOp GO gauge

Minor diameter NO-GO gauwge: This is a plain cylindrical plug gauge manufacture to the high limit of the
minor diam eter. Such a gauge is shown in the figure.

L

B et No Go

Fig.3.22 - Plug gauge

3.3.5.2 Ring screw gauges for external screw threads

For the production gauging of bolts, the equivalent mating surface of the bolt threads is known as a ring

gauge. The GO ring gauge has a full form of thread, the NOGGO gauge being truncated on the minor
diameter and cleared on the major diameter at the root of the thread. A GO thread ring gauge is shown in
the figure.

Fig.3.23 - GO thread ring gauge
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3.4 Errors in Threads

During the manufacturing or storage of screw threads, errors can arise. There are following important
elements of a thread, and errors in any one of these may cause rejection.

3.4.1 Error in the major diameter

Error in the major diameter may cause interference between mating threads or a 1 eduction in the flank
contact. In the case of internal threads, these errors cause weakening of screw by reduction of the wall
thickness.

3.4.2 Errors in minor diameter

These errors may similarly cause interference, flank contact reduction, or weakness by reduction of
the cross-section of the root.

3.4.3 Errors in effective diameter

The effective diameter is an important element of the screw thread, so errors in this element will cause
either interference between the thread flanks or general slackness of fit between mating parts.

3.4.4 Errors in thread angle

These errors of thread cause interference between the bolt and nut, and to accommodate it, the
effective diamet er of nut has to be increased. These errors increase the virtual effective diameter of a
bolt and decrease that of the nut.

The effective diameter of an incorrect bolt must be decreased to permit a correct mating thread to
mate and similarly, the effective diameter of an incorrect nut must be increased.

3.4.5 Errors in pitch

Threads are generated by a point cutting tool. The ratio of the linear velocity of tool and angular velocity
of work must be correct and this ratio must be maintained constant otherwise pitch error will occur in
this case. Cumulative pitch error is the total pitch error in the overall length of thread.

The pitch errors are further classified as:

3.4.5.1 Progressive Error

If the pitch of the thread is uniform but is longer or shorter than its nominal value, the error is called
progressive error. This error occurs when the tool work velocity ratio is incorrect though it may be constant.
It occurs due to the use of incorrect gear on an approximate gear train between work and lead screw.

i

Cumulative Pitch Error

Length of Threads

Fig.3.24 - Progressive error

Prof. Sunil G. Janiyani, Department of Mechanical Engineering

d
3.20 Mechanical Measurement and Metrology (3141901) | (’ DarShan

Unit-3 Measurement of Screw Thread and Gear frsttate of Engineering & Technology



3.4.5.2 Periodic error
This type of error occurs when the tool-work velocity ratio is not constant.

The periodic error repeats itself at equal intervals along the thread. Errors due to these causes will be
cyclic, i.e. the pitch will increase to a maximum, reduce through normal to a minimum and so on.

|

Curmulative
Pitch Error

Length of
Threads

Fig.3.25 - Periodic error

3.4.5.3 Drunken error

1 — True thread
Drunken /

/ thread 1
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Fig.3.26 - Drunken error

A drunken error is a particular case of a periodic pitch error repeating at intervals of one pitch. For the
drunken thread, the pitch measured parallel to the thread axis will always be correct.

The development of the thread helix will be a curve and not a straight line as shown in the figure. Such
errors are extremely difficult to determine and except on large threads will not have any great effect.
3.4.5.4 Irregular errors

Irregular errors are those which vary in an irregular manner along the length of the thread.

Fault in the machine, irregular cutting action resulting from non -uniformity in the material of the screw,
disturbances in machining set up, etc. are the possible causes of these errors.
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3.5 Types of Gears

Spur gears: These gears are the simplest of all gears. The gear teeth are cut on the periphery and are
parallel to the axis of the gear. They are used to transmit power and motion between parallel shafts.

Fig.3.27 - Spur gears

Helical gears: The gear teeth are cut along the periphery, but at an angle to the axis of the gear. Each tooth
has a helical or spiral form. These gears can deliver higher torque since thereis a number of teeth in a
mesh at any given point of time. They can transmit motion between parallel or non-parallel shafts.

Fig.3.28 - Helical gears

Herringbone gears: These gears have two sets of helical teeth, one right hand and the other left-hand,
machined side by side.

—

“
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=
/ :

Fig.3.29 - Herringbone gears
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Worm and worm gears: A worm is similar to a screw having single or multiple start threads, which form
the teeth of the worm. The worm drives the worm gear or worm wheel to enable transmission of motion.
The axes of worm and worm gear are at right angles to each other.

Fig.3.30 - Worm and worm gears

Bevel gears: These gears are used to connect shafts at any desired angle to each other. The shafts may
lie in the same plane or in different planes.

Fig.3.31 - Bevel gears

Hypoid gears: These gears are similar to bevel gears, but the axes of the two connecting shafts do not
intersect. They carry curved teeth, are strongerthan the common types of bevel gears, and are quiet
running. These gears are mainly used in automobile rear axle drives.

3.5.1 Gear Tooth Terminology

The function of gear is to work smoothly while transmitting motion or torque. For this ,the angular velocity
ratio at all times should remain constant.

This aspect is explained here using various gear terminology that is peculiar to gears. Understanding the
definition of these terminologies helps to grasp the functioning of gears and the design of gears .

Prof. Sunil G. Janiyani, Department of Mechanical Engineering

4
¢ ! Da,‘s’.qn Mechanical Measurement and Metrology (3141901) | 3.23

nstieute of Engineering &Technolosr | Jnjt-3 Measurement of Screw Thread and Gear



Pitch surfa ce: The surface of the imaginary rolling cylinder (cone, etc.) that replaces the toothed gear.
Pitch surface: The surface of the imaginary rolling cylinder (cone, etc.) that replaces the toothed gear.
Pitch circle: A normal section of the pitch surface.

Addendum circle: A circle bounding the ends of the teeth, in a normal section of the gear.

Dedendum circle or Root circle: The circle bounding the spaces between the teeth, in a normal section of
the gear.

Addendum: The radial distance between the pitch circle and the addendum circle.

Dedendum: The radial distance between the pitch circle and the root circle.

Clearance: The difference between the Dedendum of one gear and the addendum of the mating gear.
The face of a tooth: That part of the tooth surf ace lying outside the pitch surface.

The flank of a tooth: The part of the tooth surface lying inside the pitch surface.

Top land: The top surface of a gear tooth.

Bottom land: The bottom surface of the tooth space.

: Addendum circle
Addendum Top land

Pitch surface element

Dedendum
Working depth

f Pitch circle

Tooth Ehid»‘.ness
Clrcular pltch—g \— .
Total depth Tooth space _/\
Clearance Roct or dedendum circle

Fig.3.32 - Gear tooth terminology

Circular thickness (tooth thickness): The thickness of the tooth measured on the pitch circle. It is the
length of an arc and not the length of a straight line.

Tooth space: The space between successive teeth.
Width of space: The distance between adjacent teeth measured on the pitch circle.

Backlash: The difference between the tooth thickness of one gear and the tooth space of the mating
gear.

Circular pitch (p): The width of a tooth and space, measured on the pitch circle. It is equal to the pitch
circumference divided by the number of teeth.

p=—
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Diametral pitch (P) : The number of teeth of a gear per unit pitch diameter. The diametral pitch is hence
the number of teeth divided by the pitch diameter.

P =
Module (m): Pitch diameter divided by the number of teeth. The pitch diameter is usually specified in
millimeters.
m=—

Fillet Radius: The small radius that connects the profile of a tooth to the root circle

Base circle: An imaginary circle used in involute gearing to generate the involutes that form the tooth
profiles.

Pitch point: The point of tangency of the pitch circles of a pair o f mating gears.
Common tangent: The line tangent to the pitch circle at the pitch point.

Line of action: Line normal to a pair of mating tooth profiles at their point of contact.
Path of contact: The path traced by the contact point of a pair of tooth p rofiles.

Pressure angle (C): The angle between the common normal at the point of tooth contact and the
common tangent to the pitch circles. The pressure angle is also the angle between the line of action
and the common tangent.

Fig.3.33 - Meshing of two pairs of gear teeth
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