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Outline of the Lecture

»>Concept of Involute Tooth (Recapitulation)
»Generation of Involute Tooth
»Basic Rack and Rack Cutter
»Concept of Gear Tooth Correction
>Why Gear Tooth Correction

>Plus & Minus Correction

»>»Amount of Correction (Profile Shift)
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Concept of Toothed Gear and Tooth Profile : Recapitulation
Involute profile

A cross belt drive and it’s replacement by conjugate profiles.
Concept of Involute tooth .
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Rack (Basic) Cutter Geometry
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Minimum Number of Teeth in a Gear, Recapitulation
Interference and Undercut, & Concept of Gear Tooth Correction :

20 e e ol Minimum (Critical) Number of Teeth:
PO=a,xm=r—r cosx

f
2 - 2
=r(l-cos“a)=rsin"«

. 9 Z.xm . ,
or, a,xm=rsin’q= sin” o
- _ 2af
)
SIN &

Where, a,xModule (a, being a
factor) is the addendum (active)
height of the rack tooth.
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Minimum Number of Teeth in a Gear,

Recapitulation

Interference and Undercut, & Concept of Gear Tooth Correction :

| IIT KHARAGPUR

Pitch Line of Rack Cutter

/- NPTEL ONLINE

Minimum (Critical) Number of Teeth:

5 _ 2af
c_ . 2
SInN &

Where, a, X Module  (a, being a
factor) is the addendum height of
the tooth.

and, @, <X Modulg a;. being the
cutter addendum factor) is the
addendum height (active) of the
rack cutter.
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Introduction to Involute Spur Gear Tooth Correction :
Why Gear Tooth Correction ?

>The tooth correction is primarily done to avoid undercut at the
tooth root and dedendum region for gears with less than
critical number of teeth.

>1It is also done to modify mating gears’ tooth shapes so that they
become more or less of equal strength.

> Modification of centre distance, mainly to make the centre
distance a good square value (close to original CD of
uncorrected gears), is another purpose.

>It also helps in reduction in dynamics.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

Two types of gear tooth corrections are done in gear cutting-
(i) Addendum modification, and
(ii) Tooth profile correction.

As already discussed, these are done to avoid interference and
undercut, increase the load carrying capacity of a tooth as well
as to reduce the dynamics and noise.

Addendum Modification

In gear technology such correction is termed as “profile displacement”,
“profile shift”, etc.

In fact, by not allowing the cutter to reach it’s ideal feed limit or allowing it
to higher depth than the ideal feed limit such corrections are done.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :
Addendum Modification
In gear technology such correction is termed as “profile displacement”, “profile
shift”, etc.

In fact, by not allowing the cutter to reach it’s ideal feed limit or allowing it to higher
depth than the ideal feed limit such corrections are done.

The tooth height is selected accordingly.

Geometrically keeping the base drum unaltered parallel shift of the involute profile is
possible.

In first case it is “positive correction” i.e. “positive addendum modification” which
results in a ‘greater tooth root width'.

Obviously this increases strength in bending.

In later case root width reduces resulting in lowering the bending strength. However,
rate of such changes in strength with profile shifts reduces with the increase in
number of teeth.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

Addendum Modification (Contd....)
Such a correction is sometime called as ‘profile modification’.

However, correction or modification of the geometric shape of the profile is
put into a separate category which is termed as ‘tooth profile correction’.

In a mating gear pair such a correction can be done without changing or with
a minor change in centre distance (to make the centre distance a roundup
figure which is usually multiple of 5 mm in metric system) the centre distance.

It is sometimes called as '+’ '-' (plus-minus) correction. '+’ correction is given
to the pinion and '-' correction is given to the gear. With the changes in root
widths Lewis form factors of both pinion tooth and gear tooth are altered.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :
Addendum Modification (Contd....)

Thus by selecting a suitable '+’ -’ correction we can reduce the differencein S Y
for pinion and gear in Lewis formula, as follows, making the pinion and gear teeth
of almost equal strength.

2T cos | 1
m=3
Zy )S)Y

It optimizes not only the gear sizes but also increases the life of a gear set.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :
S &S _-Plus and S & S - Minus Correction

So is ‘+''-* S correction is without change in centre distance.
S| S0 ‘+’ (Plus) Correction

This means that in S _ correction, if
a gear is given '+’ correction (to the Uncorrected / Standard Tooth
pinion) then the mating gear is to be
given '-' correction by same amount
to keep the centre distance

Corrected Tooth
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(a) shows '+’ correction in a tooth . Cutfer Offset (Away from gear Centre)
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Introduction to Involute Spur Gear Tooth Correction (contd..):

S &S -Plus and § & S .- Minus Correction (Contd...)

Correction factor'X ' :
S!S, “+ (Plus) Correction
Uncorrected / Standard Tooth Theamount S & S, ‘+’(plus)and S & SO e

Corrected Tooth

(minus) correction is defined by:
o=1* xm
Where,

O is the amount of profile shift or correction factor,

m is the module, and

X is the profile shift or correction factor.

e,
Py
\ / s

Cutter Offé\et (Away from q"ear Centre)
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Outline of the Lecture

> Concept of Involute Gear Tooth Correction

> Amount of Profile Shift (Tooth Correction)

> Recommendation on Amount of Profile Shift,
Minimum No. of teeth at different operating Condition

> Characteristics of Corrected Gears.

> Effect of amount of Profile shift on Tooth Shape, Under cut etc.

> Forms of Tooth , Under cut etc.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :
S &S_-Plus and S & S~ Minus Correction (Contd...)

Pitch Line of Rack Cutter

Amount of Correction :
o=t xm

S, Means no change in Centre distance.

Or, in other words mating gears have
'+’ (usually pinion) & '-’ (usually Gear)
correction.

S Correction with change in Centre
distance.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

S &S_-Plus and S & S~ Minus Correction (Contd...)

This means that mating gears have '+’ & -’

corrections not of equal amount.

S/S, + (Plus) Correction
Uncorrected / Standard Tooth

Pitch Line of Rack Cutter

Corrected Tooth

Cutter Off%et (Away from g’ear Centre)

Or, both may have '+’ or ‘-’ corrections.

Or, either of the mating gears has '+’ or ‘-’ corrections and other has no correction.

CERTIFICATION COURSES
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :
S &S_-Plus and S & S~ Minus Correction (Contd...)

'+’ (plus) sign is for the '+’ correction i.e.,
a;.x< Modu
— - o

outward shift of cutter.
— I
PN \

Pitch Line of Rack Cutter

This means that in case of external tooth
| m _ the cutter is not fed to its full depth.

E 0 In case of internal gear it is vice versa.

However, in both cases the centre
% distance between the cutter and the
. % gear being cut (or the reference

' - % o"% distance if the cutter is basic rack) is
larger by an amount of X/ than
the standard one.

In case of '-' correction these are reversed.
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

S & SO- Plus and § & SO- Minus Correction (Contd...) SIS, + (Plus) Correction
Uncorrected / Standard Tooth

Minimum Number of Tooth with Correction (Profile Shift) : Cormected Tooth

Pltch Line of Rack Cutef Referring to lllustrations:
: PO m—xm
sina = =
PT PT
But, PT =r 7 sin o /él/,lttel' Off.%\et (Away from (7¥ear Centr(/e)

mZ .
Therefore, m(—x)= Y sin’ o
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

S & SO- Plus and § & SO- Minus Correction (Contd...) SIS, + (Plus) Correction

Uncorrected / Standard Tooth

Minimum Number of Tooth with Correction (Profile Shift) :
Zin=2Zc

| Which we have already
<5 defined earlier as:

Corrected Tooth

Pitch Line of Rack Cutter

Z — —f Cutter Off.%\et (Away from (7¥ear Centre)

sin® o

Now for standard gears with - A

addendum factor = 1: sm (94
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :
S &S_-Plus and S & S~ Minus Correction (Contd...)

Z
P|tch Line of Rack Cutter Considering, h 67—
7 7 min
Or, g = —min "7
V4

min

In practice 7 can be taken less
than that calculated by equation-

2

——=Z
SIn &

min

ignoring the minor deviation in tooth
profile near the root.
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Introduction to Involute Spur Gear Tooth Correction (Contd...)

For an example in case of 20° involute
is calculated as 17 (17.097)

S &S -Plus and S & S- Minus Correction (Contd...)

Pitch Line of Rack Cutter

< Modulé
\

afc
TN

—_— =

0 f(<uf{ &L
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3—E< E, Zmin or ZC
[ M But in practice even without correction it is
s g/ O takenasy/ , which is as follow:
min p
/ \ P % Z .
T, /, il =12 for slow speed application
%, :
o Lo % =14 for medium speed application
However, it is
for high speed application.

=18
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

Minus Correction (Contd...)
is expressed and

S &S_-Plus and S & S-
Therefore, factor x

Pitch Line of Rack Cutter
used in practice, as:

7
~
¢

a;_ =< Modul

_—

AR\ o
afxl\(<ﬂ2{ T e e A

Example: Let Z be 13 (20° pressure angle)
and it is of slow speed application.

Then a correction of
_12=13 50588

X =
17
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Minus Correction (Contd...)
-’ sign indicates that more depth of
cut can be given although the gear

tooth is already has undercut.

Introduction to Involute Spur Gear Tooth Correction (Contd...) :

S &S_-Plus and S & S-

Pitch Line of Rack Cutter

7
~
¢

a; =< Modul

o)
If the same gear is to be used for high

— =g =
afxl\(<bﬂg{ “%, =
‘ speed application then minimum correction
oMz | is required for smooth running.
18—-13
=—=+0.294

X
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :
Characteristics of Corrected Gears :

> Avoidance of undercutting,

> Attainment of a predetermined modified centre distance,

>To increase root and flank strength of tooth,

> Betterment of sliding and contact relations, and

>To shift the beginning of effective profile away from the base circle.

With the gear correction (both types) the base circle does not change.

Therefore, all calculations can still be referred to the base circle.

Also, the circular pitch (at standard pitch circle) remains same,
although the thickness of the corrected tooth at standard pitch
circle is different from its standard value which is 7m/2
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Effect of Amount of Correction on Involute Spur Gear Tooth :
Characteristics of Corrected Gears (Contd...):

__Pitch Circle

0

i Pitch Circle

Illustration show the effects of amount of correction on tooth shape (Z2=17).
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Forms of Corrected and Undercut Involute Spur Gear Tooth :
| ™|

,

75T RON
(a) 2=10, x=0

Illustrations shows
the changes in tooth
form 2(0° Involute
with the plus-minus
correction.

(e) Z=17, X=0
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Outline of the Lecture

> Characteristics of Involute Toothed Corrected Gears (Contd...)
> Interference and Undercut

>Ideal and Practical Critical Number of Teeth and Peaking of Tooth
> Peaking Limit

>Modified parametric values with 'S’ correction &
Centre distance modification

>Working Pressure Angle
> Arc Tooth Thickness at Standard Pitch Circle

»>Arc Tooth Thickness and Space Thickness at
Working Pitch Circle
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

Characteristics of Corrected Gears (Contd...): Interference and Undercut
Basic Rack (Cutter) Involute Profile
A Gear of teeth number less than the
:Wg Point of critical minimum number (2a, /sin2 Q)
Root Trochoid (Undercu - b 4
Pitch Line of | Is being cut.
Rack (Cutter) The undercut is extended above the

base circle i.e,, it also cuts the
beginning portion of involute profile.

A portion of involute tooth tip of
mating gear looses its conjugacy

Root Trochoid X, Undercutis s . . .
{Undercut) / SanEilae _Gear, of Teeth resulting in gear noise and intolerable
the Base Circle Less than dynamics_

Critical No.
being cut Plus '+’ correction improves, if not

eliminates such problem of tooth root.

Pitch Circle of Base Circle of
Gear beingcut Gear being cut

Fig. 1 : Interference and Undercut
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

Characteristics of Corrected Gears (Contd...): Z. Z.;,and Peaking Limit :
30
Critical minimum number of teeth to avoid undercut
25 —\ (Z. =2/sin” r) is shown in the illustration.
20 Tooth Tip become zero width at its Z,
when pressure angle is about 33°.
15— With + correction peaking reached in
10 | external involute tooth after a limit.
5 One effect of the positive S correction is to make
0 the tooth more and more pointed as the correction
P e—— factor increases.
a — - . -
Fig. 2 : Critical (Minimum) Number of Teeth It is called peak'“Q of Tooth.

At Different Pressure Angle

"% NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department

| IIT KHARAGPUR " CERTIFICATION COURSES



Introduction to Involute Spur Gear Tooth Correction (Contd...) :
Characteristics of Corrected Gears (Contd...): Peaking limit:

. Peaking Limit
20 b +1.0 /
T 15 5| +0.8 - %
..5 | D
z" Eld Igg s, Limit for Top Land o
s | (2/sin? o> T E| ' % Thickness = 0.4 x Module E
o | ‘ ‘ ‘ & 102- = »
tee Zor me s s 4ot Oy - 150 >
2 G Bioram: Prosmaire angre 1o 3 .02 - Forex= 5
Usually a top land width below “0.4 § 04 ©
times module” weakens the tooth tip. e V -0.6 2 V
5| 08 - =
Fig. 3 shows the peaking limits with o -0.1
the decrease in teeth number, with 60
respect to pressure angle, for
standard gears. Fig. 3 : Amount of Profile Shift, Critical No. of Teeth & Peaking Limit
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Introduction to Involute Spur Gear Tooth Correction (Contd...) :

Characteristics of Corrected Gears (Contd...): Peaking limit (Contd.....):
30 30 -
2= Zin For o= 15° Figure- 4 shows
T e 7ﬁ' Tooth Tip is Peaked 257 the peaking
2% = ;i - =1 ”o limits with
- | (2/sin? a> | _ |
® Fs 2‘\1‘)° 25c  30° 35 40° respect tO
2 G erans Eresaute Agie 15 pressure angle
Peaking Limit 14 & helix angle.
< M0 10 _
g *08- e
E *0.67 % Limit for Top Land é Z T s
E :g:: ’ ., Thickness=0.4x Module = > o= 20° The pOSSible
S| +0. -
1Y 4 0 amount of
8 3 0° 10° 20° 30° 40° 50° correction is
S E Helix Angle ™=
2 - meeandte chosen from
& o Fig. 4 : Effect of Plus-Minus Correction all these
60 Factor wrt helix angle and Limiting
Number of Teeth of Helical Gear. graphs.

Fig.3:

| IIT KHARAGPUR
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Involute Spur Gear Tooth Correction :
Modified parametric values with 'S’ correction & centre distance modification:

Working Pressure Angle «,
Let X; and X, be the ‘correction factor’ for gear-1 and gear-2 respectively.

Zm
2

The values of the correction
factor may be positive, negative
or zero depending on sense and
amount of correction.

- 'Radius-d,/2=

The modified centre distance A
is calculated as:

Circles

A=A +(x +x,)m

Fig.-5: Geometry for Working Pressure Angle (<X, )
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Involute Spur Gear Tooth Correction :
'S’ correction & centre distance modification: Working Pressure Angle ¢;, (Contd....):

‘Radius-d,/2-2™ X, and X, be the ‘correction factor’
\y for gear-1 and gear-2 respectively.

Where, the centre distance AO
with standard uncorrected gear
is expressed as:

2 /2 T A =(Z,+Z,)ml2

~ Circles

Cinios dzv/2 As with the corrections, base
- circles do not change.
Fig.-5: Geometry for Working Pressure Angle (¥, ) 1
Therefore, A, =d +d)/2=——(1,+1,)

CoSx

Or, (r,+r1,)=A cosa
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Involute Spur Gear Tooth Correction :
'S’ correction & centre distance modification: Working Pressure Angle ¢;, (Contd....):

zm Similarly,
2

A=, +d, )2
1

=—— (1, +1,)
COS Olw

- 'Radius=d,/2=

or, (r,,+r,)=A cosa,
Circles

Therefore, AcCOSa, = A cosa

Fig.-5: Geometry for Working Pressure Angle (¥, )

A,cosa
A

And finally the working pressure angle ., is expressed as: &, = COS
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Involute Spur Gear Tooth Correction : 'S’ correction & centre distance modification:
Arc Tooth Thickness at Standard Pitch Circle, :
N

//\‘/
//
/
/ These two are
( Equal
- In magnitudes

zwTm
For Gear-1, [, = ——+ 2x1m tan o
2

Tm
For Gear-2, f, , = 7 + 2x2m tan o

/ Working Circular Pitch, Pev
- Gear-2 ) ]
Flu- 6 : Tooth and Space Thicknesses It is to be noted that as per gearing law,

On working pitch circles
the arc length of gap 5,1 on working pitch circle (working or standard)
between two consecutive teeth of a gear is equal to the arc tooth thickness 7 B
on its own pitch circle of the mating gear, in case of backlash free mesh.

Or in other words, tth =S, and tth = S0

i NPTEL ONLINE
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Involute Spur Gear Tooth Correction : 'S’ correction & centre distance modification:

Circular Pitch and Tooth Thicknesses at Working pitch Circle :

2

pcw: tw1+Stw1: tw2+Stw2

Circles

| IIT KHARAGPUR

Fig.-5: Geometry for Working Pressure Angle (X, ) ——

/

| These two are
( Equal
~{_In magnitudes
I~

Fig.- 6 : Tooth and Space Thicknesses
On working pitch circles
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Involute Spur Gear Tooth Correction : 'S’ correction & centre distance modification:
Working Circular Pitch, p., (contd....):

/
/

5;!"/'/ These two are
Z \“ Equal
- 'Radius-d,/2= 12’“ | mmagnitudes

Fig.- 6 : Tooth and Space Thicknesses
On working pitch circles

Therefore, as S,,, =1, >

Circles f oy 2Ty 2T,
wl w2 -
Fig.-5: Geometry for Working Pressure Angle (X, ) Z1 22
It is to be noted that as per gearing law, | = Z2 — T
the gear ratio 7 is expressed as: Z r,
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Module-07

Introduction to Involute Gear Tooth Correction

Lecture-36

Involute Spur Gear Tooth Correction : Tutorial
( Workout Example)
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Outline of the Lecture

> Workout Example of Gear Tooth Correction (Profile Shift)
> Problem- Leading to Non Standard Centre Distance
>Selection of Teeth Numbers, Working Centre Distance etc.
> Calculation for Working Pressure Angle
»Some Useful Formulae
> Estimation of Profile Shifts for Gear-1 and Gear 2

> Calculation for Topping.
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Involute Spur Gear Tooth Correction :

Modified parametric values with 'S’ correction & centre distance modification:

Numerical Example— 1 :

A straight tooth spur gear set of (& =) 20" involute teeth has a gear ratio of
i=3:2=1.5, centre distance A =210 nyn and module . =10mm

Select the teeth number and necessary correction keeping I and A exact.
Solution A=(Z +Z,)m/2 . 22 3

or, (Z,+Z,)=210x2/10=42

Solution of teeth numbers, Z & Z, expressed by above two equations
does not lead to any whole numbers.
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Involute Spur Gear Tooth Correction - Workout Example (Contd..) :
Solution (Contd...) :

We consider the S correction and select the teeth numbers as:
Z =16 and Z,=24
for which (Z +Z,)=40.

This is the nearest possible
combination with minimum
correction and smaller
number of teeth in pinion.

Without correction the centre
distance Ao is calculated as:

Z,

3

Circles

A = 40%x10/2 =200 mm ~_Geometry for Working Pressure Angle (X, )

i NPTEL ONLINE
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Involute Spur Gear Tooth Correction — Workout Example (Contd..) :

With S type correction the centre distance
is to be made 210 mm.

Zm

o RRREEEES For which the working pressure angle is
& estimated as follows.
Eel Working Pitch
. " Circles As with the corrections base circles do
o not change. Therefore, using eqn.
s A _ Cos &
d2/2 @, = COS 1 A

Circles

/ A
and substituting data we get working
pressure angle ¢, , on CD modification:

o =cos’ (—AO C:S aj =cos”’ (200 cos 20 j =26° 30/

Geometry for Working Pressure Angle (X, )

210
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Involute Spur Gear Tooth Correction :

Modified parametric values with 'S’ correction & centre distance modification:

Some Useful Formulae in summery form :

Table-1
Standard centre distance A, = m 2t
2
Actual centre distance A=z A, S05% —  ZatZe cosa
(after pushing) cos &y 2 cosay
Working pressure angle inv o, =2 2222 tang + inv
Z1+Z,
Sum of profile correction factors X1+ X2 = (Zy + Zs) inv ay —inva
L 2 2tana
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Involute Spur Gear Tooth Correction :

Modified parametric values with 'S’ correction & centre distance modification:

Some Useful Formulae in summery form :

Table-2 : Dimensions for S- gearing

Description Pinion Gear
Number of teeth Z Zs
Pitch circle diameter di=Zm d2 =Zom

Tip circle diameter (with topping) | da1 =2(a + m- xom)-d> da2 = 2(a + m- xym)-d,

Root circle diameter di1 = d-2(1.25- x4)m dr2 = d2-2(1.25- x2)m
Tooth thickness on pitch circle §1= g +2 x1 mtana Sy = g +2 X, m tan o
Topping ym = ap + (X1+X2m- a
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Involute Spur Gear Tooth Correction — Workout Example (Contd..) :

., i . 2 :
Using involutometry: inva,, = tan a(x, + x,) +inva

(Z,+Z72,)

Substituting the values :

26°30'

o

7 =0.4985816081—-0.4625122518

inve, =tana,, —«, = tan(26°30") —

. inve,, =0.03606935627

Similarly, invae =0.01490438387

[Note: In calculating involute of any angle at least five decimal
places of all components in equations are to be considered.]
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Involute Spur Gear Tooth Correction — Workout Example (Contd..) :

. 2 .
Substituting the values in nva, = A tan a(x, +x,) +inva
_I_
G

we get: (x, +x,)=1.163

For such a higher value and as the centre distance is being increased in tooth
correction both the gear and pinion must be given S '+’ correction.

Also, considering equal root stress we use eqn. for distribution of corrections
and we put X, in pinion and X, in gear respectively.
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Involute Spur Gear Tooth Correction — Workout Example (Contd..) :

e X, + X, +O.51_1 _1.163 +0.51.5—1
i+1 i+1 1.5+1 1.5+1

=0.5652; & x,=1.163-0.5652=0.5978

Topping is calculated as:
ym=A +(x;,+x,)m—A=1.163x10-10=1.63 mm

Therefore, the addendum i.e., blank diameter of the pinion:
d , =d +2m+2xm—2ym=188.044 mm
Similarly, the addendum i.e., blank diameter of the gear
d,=d,+2m+2x,m—2ym=268.696 mm
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S VTS
Module-07

Introduction to Involute Gear Tooth Correction

Lecture-37

Involute Spur Gear Tooth Correction : Tutorial
(Workout Example-2)
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Outline of the Lecture

>A Problem on Internal (Involute) Gear Tooth Correction

> Calculation of Backlash

»>Working Pressure Angle
> Corrected Pinion Tooth Tip Thickness
>Internal (Ring) Gear Tooth Tip Thickness

> Contact Ratio
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Problem on Gear Tooth Correction in Internal Gearing :

Numerical Example— 2 :

In an internal gear drive with 20° involute straight tooth spur gear set
numbers of teeth are 50 and 40 and module is 5 mm. Addendum factor
(with respect to uncorrected gear) is 0.8 for both.

An amount of *-' 0.06 S, correction is given to the pinion only.

Find out: (i) backlash,
(ii) tooth tip thicknesses of both gear and pinion,
and (iii) contact ratio.
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Problem on Gear Tooth Correction in Internal Gearing :

Solution :

Given Data :
Ring (Internal toothed) Gear & Pinion (External Toothed) :-

Z, = 50, zZ, = 40, o = 20°, m =5 mm.

Adendum factors - a, = a, = 0.8,

and Correction factor for Pinion S, ' - '0.006.
To Find :

Backlash, Tooth tip thicknesses of both Ring Gear & Pinion and Contact ratio.
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :
Backlash :
The Pinion is given negative correction and there is no correction on ring gear.

This means that the Pinion tooth is made thinner and there is no change in
the centre distance.
Corrected Profile Standard

Therefore, the reduction in arc tooth
Profie thickness of pinion tooth at pitch
(Ring) /7 é circle equals to backlash:

/ External Gear

(Pinion) ~

(Backlash) It ;‘s calculated as:

= Z‘xp‘mtana

Pressure Angle . Circles

Pressure LUTRA =0.6x0.36397

Line of Action

I a=(20% Pitch =2x0.06x5x tan 20°

An Uncorrected Ring Gear and Corrected = 0 21 8 dnm
Pinion in Mesh with unchanged CD (S,)
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :

Pinion tooth tip thickness : /

Tooth thickness f of external gear,

at a radius r is expressed as:

) (1 .
I =2r | —+invo—inva
2r

]
) ) A A :
Therefore, tooth tip thickness i, |i;, =27, (—H”W a—-inva,,

is expressed as: 2r
(Z,+2a,)m  (40+2x0.8)x5
’;ip — ) — >

=104 mm
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :
Pinion tooth tip thickness (contd....) :

Y4
. ( p)m _ 40x5 100 mm
2
LY WA ST
2 2
=7.854—-0.2184 =7.6356 mm
inva =tana —a = tan 20° —ﬂﬂ
180

=0.363970-0.349066 = 0.0149
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :
Pinion tooth tip thickness (contd....) :

100
a,, =cos™ L cosa =cos™ 10450 20°

r;ip

;

=cos! 100 x0.94 = cos ™ 0.90355
104

=25.3712°

mny an.p = tan an.p = an.p

=tan 25.3712° — 2NN 2 T

=0.4742196—-0.442811=0.0314082

7.6356

2x100

%,.p =2x104 x( +0.0149 —0.0314082)

=4.5073 mm
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :

Ring Gear tooth tip thickness :

Tooth thickness f of external gear,

at a radius r is expressed as:

) ot o
I =2r | —+invo—invo
2r

Internal (Ring) Gear

Tooth thickness f” of internal gear, |). 2x/' ),

at a radius r is expressed as: £ = 7
External
}’ . i }’ Gear (Pinion)
Where [ is the thickness of the gap !" is calculated using the same
at radius 7' of the internal gear. formula for external gear.
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :

Ring Gear tooth tip thickness (Contd.) : (Z,-2a,)m (50-2x0.8)x5
r'=—1= 2fg = =121 mm
As the ring gear tooth is not corrected, therefore gap thickness
at pitch circle: {'=zm|2 = 75/2 =7.854 mm
r
a,=a, =cos cosa
g ’;g
Internal
f i Rin/ Gear — COS_I ng / 2 COoS &
i% Lo ¥ (Z,—2a,)m/2
AN ~ . -1 125 . -1
; Eyternal = COS (E X O.94j =cos (0.97107)

Gear (Pinion)
=13.814°
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Ring Gear tooth ti

Problem on Gear Tooth Correction in Internal Gearing :

Solution (contd...) :
thickness (Contd.) :
inva, =tana, —a,

f Internal
&y .- Rin/ Gear
_ tan13.8147 — 13814x7 1T -
— 0.24588 —0.2411 = 0.004780 >
/ External
@ Gear (Pinion)
) [ ro j
t =2r | —+inva—inva |
2r °  The ring gear tooth thickness:
7.854
=2x121x( +0.0149—-0.004780) p
2x125 |[> )27 ) 22l 051712
=242x%(0.031416+0.0149 —0.004780) Z,
—242%x0.041536 =10.051712 mm =15.2053-10.051712 =5.1536 mm
, 1 NPTEL ONLINE
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :

Contact Ratio:
Referring to the illustration, the Conzact Ratio

Contact Ratio of internal gearing 7.P + PT,
(involute straight toothed) is y Vg
. P -
expressed as: a
C,! i7 T Gy {j\
2 2 o) )
. _\/(rap—izp)—;;)ptana+;;)g tana—\/(rag—rbg) Fog
T Tmcosa,
Where,

s working, O  is standard pressure angles. They are equal in
this case as there is no change in centre distance.
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :

Contact Ratio (contd...) : hhe =T, COSQ, = 125x0.9396 =117.462 mm
ty =1, COs @, =100x0.9396 =93.96 mm

Substituting the values, the Contact Ratio :

\/(1042 ~93.96%) ~93.96x tan 20’

+117.465 x tan 20° —\/(1212 ~117.465%)

Cri =
T x5x%xcos20’

 [(44.58-34.2) +(42.75-29.03)]

n 14.76 The Contact ratio
_({0.38+13.72) | (a3 is Satisfactory
14.76
Note: Contact ratio is independent of module.
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Module-07

Introduction to Involute Gear Tooth Correction

Lecture-38

Tooth Tip Interference, Avoidance and Contact
Ratio in Involute Internal Gearing
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Outline of the Lecture

>Tip Interference in Internal Involute Gearing
>Tip Interference During Engagement (Ring Gear Driver)
>Tip Interference During Disengagement (Ring Gear Driver)

>Avoidance of Tip Interferences in Internal Gearing
by Tooth Tip Truncation (Shorter Addendum)

>Avoidance of Tip Interferences in Internal Gearing
by Tooth Correction

> Tip Interference in Harmonic Drives with Involute Toothed Gear Set

> Contact Ratio Verification.
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Avoidance of ‘Tip Interference’ in Involute Internal Gearing :

4
p

Referring to Fig. 1, to avoid 'Tip Interference’ during engagement: g, > [%Jg e (1)

Angles and 9, are?, estimated as follows:

Gg = COS

2 2 2 2 2 2
| e A -1, _ | T -A"-r,
[ i B, - (2) 6, =cos EYP +5, 3)

ag

Where, the subscripts» and grefer to pinion and gear respectively:

And A is the centre distance between gear and pinion.

Also, = inva —inva ..(4) B =inva, —inva ... (5)
. . . . 8 18 p D
Fig.- 1 : ‘Tip Interference’ in Involute Internal Gearing.

(During engagement- Gear is Driver)
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Avoidance of ‘Tip Interference’ in Involute Internal Gearing (cont... ) :

Where, “p and % , the pressure angles at pinion and gear

tooth tips respectively, are derived as follows:

Z Zp
cosa,, =| ——— |cosa, cosa,, = 7 2og s,
Z, _2afg ... (6) P 4y .. (7)

Where, 4, and % , are the corresponding addendum factors

i.e., the ratio of addendum height (with respect to standard pitch

circles) to the module for the gear and pinion respectively. _ _ _ _
Fig.- 1 : ‘Tip Interference’ in Involute Internal Gearing.

(During engagement- Gear is Driver)
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Avoidance of ‘Tip Interference’ in Involute Internal Gearing (cont... ) :

Figure 2, illustrates the disengagement ‘Tip Interference’ of internal gearing when the ring
gear is driver. The avoidance of the disengagement tip interference is to be examined as
follows. Note- manufacturing tolerances in backlash free gearing plays a role.

Z
0, {Z—gJeg ... (8)
) 2 2 2 (7 —Az—ra2
T 0 —dos r-+A Fo 5 l9p=Cos 1[ g - p]_ﬂp
: 241, Y9 v ... (10)

B, =y, +(imwva —inva,, ) e B, =v,—(imwa, —inva) . (12)

Where, 7, and 7, are the angular arc thicknesses of gear tooth
Fig.- 2 : ‘Tip Interference’ in Involute Internal Gearing.

(During disengagement- Gear is Driver) and pinion tooth at their respective pitch circles.
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Effect of tooth modification on avoidance of ‘Tip Interference’ :
Tooth Truncation :

An easy solution to avoid tip interference is to truncate the addendum of either or both ring gear
and pinion. However, such an action is limited by the contact ratio.

Combining profile shifting and centre distance modification is better solution keeping
the contact ratio within the allowable limit.

Table -1 shows possible minimum tooth difference avoiding tip interference

Z
e, 0 > {Z—g)eg by tooth truncation only.

p

(Zg y ZP) (ao)o Z af afP c.::tti:d 9; g; (Zg / Zz))ea
7 14.5 0.48| 0.48| 127 [451[a19 | 4505
Table -1 |]|:> 5 20 |1997, gpl02 | 128 [602]57.2| e0.2
5 225 0.78|0.78| 140 [e9.6[e61| 60
a 30 1.0 |10 | 147 [92.0(882| 919
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Effect of tooth modification on avoidance of ‘Tip Interference’ (cont... ):
Profile shift and CD modification :

Tooth thicknesses (arc) tg and ¢ ,at the respective working pitch circles are calculated as:

t t
t =2r | 2 +inva —inva t =2r | L +inva —inva
: g{zr " (14) P 2r ’ - (19)

80 po

The circular pitch (arc) D. is expressed as :
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Effect of tooth modification on avoidance of ‘Tip Interference’ (cont... ):
Profile shift and CD modification (cont... ) :

Now r :ﬁr d Z
©oz, " an an T L)

Substituting (14), (15), (17) & (18) in (16) the working pressure angle &
is derived as :

zm—(t,, +1,
mZ,+7,)

invo = +inve, ... (19)

The values of (arc) [ goand ! po at the respective standard pitch circles can be
determined from the cutter geometry and amount of offset at cutting, as follows:
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Effect of tooth modification on avoidance of ‘Tip Interference’ (cont... ):

Profile shift and CD modification (cont... ) :

Considering that the pinion is cut by a rack with offset ¥, , z) N 2% tang (20)
the arc tooth thickness 7,, at standard pitch is derived as : po - ¥ TP o

Where, '+’ is for withdrawal and *-’ is for deepening the
cutter from standard depth in tooth generation.

The centre distance A. , between the pinion cutter and the ring gear being
cut, for an offset x, , can be expressed as:

A=Z,-Z)ym/2+x,=r, -1, =r(-1) (1)

Where, [ = ”;/”,;c :Zg /ch , in which Z . is the teeth number of pinion cutter

and l’g' - r;c are working pitch circles of gear and pinion cutter respectively.
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Effect of tooth modification on avoidance of ‘Tip Interference’ (cont... ):
Profile shift and CD modification (cont... ) :

Hence, _Z,m(i=1)cosa,

rearranging (21): c 2cosa, .. (22)

Z m(i—1)cosc
Therefore, a, = cos{ _ ( ) 0}
... (23)

2A
Where (_ is the working pressure angle at the gear cutting condition.

)
After finding out the value of <. itis substituted in (19) to calculate ., as follows:

éo =m|7 + (invee, —invee, (Z, —Z ,.)]— {pc -« (24)
)
Where [ pc is the tooth thickness of cutter at standard pitch circle and it is equal to 7111/ 2 .

) )
When ! sc and [ ¢o are obtained & , the working pressure angle of pinion and gear

in mesh at specified centre distance, is found out with the help of eqn. (19). Hence,

_r,c08Q, r cosa,
ey 05 and, =2t ¢
cosa ... (25) P cos ... (26)
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Effect of tooth modification on avoidance of ‘Tip Interference’ (cont... ):

Profile shift and CD modification (cont... ) :

The modified CD “4 ™ of pinion and gearis: A= =T, ...(7)

Typical results are shown in Table — 2, below:

Table - 2
Contact
(Zg . Zp) (ao)o Zg xg Im (A/Ao ) (a)o ratio
7 14.5 0.025 1.007 |15.93 1.45
5 20 100 | 9025 1.010 |21.45 1.376 Table -1
5 22.5 0.035 1.013 | 24.27 1.56 —
4 30 0.00 1.00 | 30.00 1.470 Z—Z)| @)| 2, \ag | ap | wue | 6 | & [(2,)/2,)6
7 14.5 0.48 048 1.27 45.1 | 41.9 45.05
5 20 100 100/ 02 | 128 [e0.2]57.2 60.2
Comparison with the data for P e 078|078 140 [696|een| oo
Tooth truncation only. e b
4 30 1.0 1.0 1.47 92.0 | 88.2 91.9
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Avoidance of ‘Tip Interference’ in Harmonic Drive with Involute Internal Gearing:

Referring to Fig. 3 , to avoid 'Tip Interference’ during engagement with deformed pinion:

Zg
0>\ 7 1% ...(HD_1)

p

Anglesg and 6, are estimated as follows:

0 -1 razg +A2 _rc; ﬂ
= COS —— amalV
3 2Arag ¢ ...(HD_2)
2 2
0 _ -1 rag _A _rap
|, =cos A YV +p, ...(HD_3)

Others parameters are calculated following the geometry.

It is fortunate that with standard stub teeth tip
interference is avoided even with tooth difference of
two in case of 20° involute gear set in Harmonic Drive.

It is due to flexsion of Flex Spline (planet Gear).

Fig.- 3 : ‘Tip Interference’ in Involute Internal Gearing in HD.
(During engagement- Gear is Driver)
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Contact Ratio (recapitulation...) :
It is essential that Contact Ratio to be verified in all cases of avoidance of tooth tip interference.

Referring to the illustration, the Contact Ratio
Contact Ratio of internal gearing T P
- - A + PT
(involute straight toothed) is — 1 2
expressed as: Py Fag
////
2 2 2 2 Cﬁéif BN ‘
(rap—rbp)—rbp tana +7,, tana — (rag—rbg) e
" C . — Vig
rt
7Tm COS &,
Where,

CXs working, O, is standard pressure angles. They are equal in this case as
there is no chang€’in centre distance.
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