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Lecture - 37

Involute Spur Gear Tooth Correction: Tutorial ( Contd. )

A module 7, we are still continuing with Introduction to Involute Gear Tooth Correction.
And in this lecture involute spur gear tooth correction there will be another tutorial, this

is workout example 2.
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In this lecture I shall cover a problem on internal involute gear tooth correction. First of
all T will show that after introducing correction what will be the backlash, working
pressure angle, corrected pinion tooth tip thickness, internal ring gear tooth tip thickness
and finally, when a gear correction is given usually the addendum is truncated or
increased, some modification will be there. Therefore, it is essential to calculate the

contact ratio also that we shall do for this problem.
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Problem on r 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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Now, the problem is a is that in an integral gear drive with 20 degree involute straight
tooth spur gear set numbers of teeth are 50 and 40 and module is 5 millimeter.

Addendum factor with respect to under uncorrected gear is 0.8 for both.

Now, here 50 40 means definitely in the ring gear will have 50 teeth and the pinion
which is driving it or vice versa will be 40 teeth and module is 5, 20 degree involute.
Now, an amount of minus point naught 6 S 0 correction is given to the pinion only. Now,
S 0 correction means there will be no change in center distance and minus correction
means we will depend the cutter, this means that minion truth will be thinner. However,
we are not going to change the addendum what was that a addendum factor was there we
will give that one; that means, the blank opinion will not be changed only this amount of
corrections very small correction will be given and has it is S 0 there will be no change

in center distance.
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Problem on Gear Tooth Correction in Internal Gearing :
Solution :
Given Data :

Ring (Internal toothed) Gear & Pinion (External Toothed) :-
2,=30, Z,=40, q=20°, m=35mm
Adendum factors - a, = a,, = 0.8,
and Correction facior for Pinion S, ' - '0.06.

To Find :

Backlash, Tooth tip thicknesses of both Ring Gear & Pinion and Contact ratio.
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Now, we have to find out what is backlash. Tooth tip thickness of both gear and pinion
and finally, the contact ratio. Now, the given data are Z g; that means, number of tooth of
the ring gear is 50, Z p number of external tooth pinion is 40, alpha the pressure angle
standard pressure angle is 20 degree and module is 5 millimeter. And addendum factors

for both is that is a fg and a fp is 0.8, and correction factor for pinion is S 0 minus 0.06

and we have to

contact ratio.

find out backlash tooth tip thickness of both ring gear and pinion and
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lem 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

D e Therefore, the reduction in arc tooth
R thickness of pinion tooth at pitch
(Ring) »’ e fi circle equals to backlash:
: Fg_mmm/m‘ (Backlsh) Itis calculated as:
N e
retaitn = 20,06 Sx tan 20°
i Pressure Line/ _
el =0.6x036397
An Uncorreted Ring Geat and Corcted =0.2184mm

Pinon in Mesh with unchanged CD (S,)
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Now, first we will estimate the 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 center distance, S 0 correction means there is no center distance
change. Therefore, the what is the reduction of tooth thickness at the standard pitch circle

to thickness of the pinion at the standard pitch circle that is the amount of correction.

So, we shall measure that amount of reduction and thickness on the pitch line of the ring
gear and that amount is the backlash this is the answer is simple here. As we are not
changing the center distance then the pitch circle, the working pitch circle will not
change the pressure angle will not change. But as shown in the figure as shown in the
figure there will be reduction in thickness pitch line; this amount which is given by delta
b and with cap. This means that this is the arc thickness on rack cutter pitch line, this is
the straight thickness but here it will be the arc thickness, arc distance, length along the

arc you can say. So, that is that amount we need to calculate.

Therefore, the reduction in arc tooth thickness of pinion tooth at pitch circle equals to the
backlash. It is calculated as delta b cap 2 into mod of x p correction factor because we
are calculating the amount. So, x p is expressed with negative sign as it is negative

correction, but here we will take the magnitude only.

So, we have used x p mode and m is the module then 10 alpha that is the standard
formula and that becomes 2 into 0.06 into 5 into tan 20 degree which comes to 0.2184
millimeter, say it is 0.22 millimeter. So, that amount will be the backlash; very small

backlash, but that is good enough for running the gear in good environmental condition.
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Problem on Gear Tooth Correction in Internal Gearing: Solution (contd )
Pinion tooth tip thickness : aseCl h
Tooth thickness ; of external gear, t -

ataradius r is expressed as:
1nv It

7 m\ d
[ =2r | —+inva-inva
2r

Therefore, tooth tip thickness /,, |1, =
is expressed as:

(Z,+2a,)m (40+2x0.8)x5

Iy = = =104 mm |
2 2

:
™ j—Hma v, 1

0
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Now, we need to calculate the pinion tooth tip thickness. Now, this tooth thickness we
have designated as t dash with cap that is we will take the length; we will measure this
length also along the arc of external gear. At a radius r dash which can be expressed as t
dash is equal to twice r dash whole into t divided by twice r plus involute alpha minus

involute alpha dash.

Now, involute alpha means the involute of the standard pressure angle and alpha dash is
the pressure angle at radius r 0, r dash, t is the arc to thickness of the pinion external gear
at the pitch circle radius and r is the pitch circle radius. Therefore, tooth tip thickness t
teeth will be equal to twice r tip because r dash is replaced by r tip whole into the t by 2 r
plus involute alpha minus involute alpha tip; this r here these shown in the figure r is
equal to r p that is the pitch circle radius. Now, r tip that is the radius of the pinion at the
tip is equal to number of teeth of the pinion plus twice into addendum factor whole into
multiplied by module divide by 2. The teeth number is 40 and addendum factor is 0.8

and module is 5; therefore, that value becomes 104 millimeter.
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Problem on Gear Tooth ion in Internal Gearing:  Solution (contd...):
Pinion tooth tip ;I_n;kngg (contd....}
Z )m
u i=@=100nmr
2 2
I!l\
. Ln\fI _—K—m—é _?f_xs_o,}iszl
= ‘.l‘ o 2 9)
n \ Lo Y =7.854-0.2184 =7.6356 mm
20
ive=tang-a=tan20"'-—r
{ : =0.363970-0.349066 =0.0149
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So, we have calculated it is 104 millimeter tip radius and the p circle radius is we
calculated as number of teeth into module divided by 2 because this is the straight tooth

spur gear. So, this is 100 millimeter.

Now, tooth thickness at the pitch circle is now, the standard tooth thickness at pitch circle
that is circular pitch divided by 2 pi m by 2 minus the amount of correction or in this
case we have considered that is the backlash that is del b. So, straightaway we calculate
these tooth thickness the present tooth thickness which becomes the original tooth
thickness was 7.854 minus the backlash 0.2184. So, this becomes 7.6356 millimeter.

Now, involute alpha; alpha 20 degree already it is shown earlier. So, that is calculated as
0.0149 again 0 and as instructed earlier, I again mentioned that we should take at least 5
decimal values for such calculations because the differences are very small, an involute
of the angle is also very small amount. So, we have considered 5 decimal or 6 decimal

places.
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Problem on Gear Tooth Correction in Internal Gearing: Solution (mntd D
Pinion tooth tip thickness (contd....) :
] 1r1ﬂ( ) seCm:Ia :_
i, =08 'l—cm.‘(=ws\ ' —eos 207 2

s - 104 1 r«

100
=008 I—x{l,‘)d =cos ' 0.90355 HW i)

104

i mv rf
=253712°
nv e, =l -,
. 253712
= [an25.3712° - T
180

=0.4742196- 0442811 = 0.0314082

M |t]4x‘ 62

|
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x100 J

=4.5073 mm J
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Next we calculate alpha tip; that is given by if pressure angle is known at any radius, in

this case we have considered the standard pitch circle and the standard pressure angle.

So, alpha tip can be written as cos inverse r by r tip into cos of alpha and r is equal to
100, r tip is equal to 104, alpha is equal to 20 degree and from there we calculate that the
at alpha tip the pressure angle will be 25.3712 degree that means, alpha teeth will be this
amount. So, next we calculate involute alpha tip, the same way; mind it that in the
formula 10 of the angle involute means 10 of the angle minus this angle this angle on the
angle that should be expressed in radian. So, we have expressed in radian here 25.3712
divided by 180 into pi and finally, we have calculated that involute alpha tip is coming
0.0314082. We have considered here 6 decimal places.

Therefore, now, we have all the values therefore, we can calculate the tooth thickness of
the corrected pinion at the tip, which becomes 2 into r tip is equal to 104, 2 into 104 into
the tooth thickness at corrected to thickness at the standard pitch circle which is 7.6356
divided by 2 into 100 because 100 is the pitch circle radius plus involute of standard
angle 0149 minus the involute of the pressure angle at the tip which is 0.0314082 and
finally, we calculate the tooth thickness is 4.5073 millimeter, 4.5073 millimeter. So, we
can consider that tooth thickness is about tooth tip thickness is about 4.5. For a

uncorrected gear at the tip it will more or less same; it is 4.5 millimeter; that means,



addendum if he the addendum is taken 1, that is just for your information. Anyway, this

our concern is that for this gear we have calculated the tooth tip thickness 4.5073.
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Problem on Gear Tooth Correction in Internal Gearing:  Solution (contd...) :
Rin r tooth tip thickn v
pﬂ&d{ ¥ 3 f
Tooth thlckn,f ofextemal gear, !
TRy
i iy \w
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Tooth thickness (" of internal gear, |_. 2n' A Y2
ataradius 1 isexpressedas: | 7, ' l ‘p\\{\j)
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Where [ is the thickness of the gap (' is calculated using the same
atradius /' of the internal gear. formula for external gear.
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Next we move to the ring gear tooth tip thickness. Now, tooth tip thickness of external
gear at a radius r dash is expressed as again the same formula t dash is equal to twice r t
by twice sorry twice r dash into t by twice r plus involute alpha minus involve alpha
dash. I remind it here that to calculate the tooth thickness of the ring gear what we are
doing? We are first we are calculating the gap thickness because gap thickness means of
this ring gear; that means, the external gear; external tooth gear that we will calculate at a
particular r. And then from the pitch there we will subtract the amount of tooth thickness
there to get the tooth thickness of internal gear ok.

Now, tooth thickness t double dash of internal gear at a radius r dash is expressed as t
double dash is equal to twice pi r dash because at by Z the number of teeth of the ring
gear that will give the pitch at that radius minus t dash which is the thickness of the gear;

that means, external tooth thickness there.
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Problem on Gear Tooth Correction in Internal Gearing:  Solution (contd...):
Ring Gear tooth tip thickness (Contd.) : (Z =2a.)m  (50-2x08)x5
r=—L . S - =121 mm
Pn.ﬂith‘ ' /’rg i As the ring gear tooth is not corrected, therefore gapthickness
\\'H T Mphchcircle: 7 zp/>=75/2=7.854 mm
i in“—"\ 1
Tt G . =d, =005 ——cosd
r=lnr' || @ & I,
\ J
~ - Intemal
A i * Zmi2
- a r.:r @‘ﬂﬂs‘-“! =cos' ——E—cosa
e AT (Z -2a.)m/2
e H- \ g “he
. A7 { ~A (125 :
l S LA et =cos | —x094 |=cos (0.97107)
v GearfPion) 121

=13.814
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Now, the procedure will be same to calculate t dash. Here it is shown that we are
calculating tooth thickness at the radius we are calculating tooth thickness at the radius
we consider r ok. This is r dash and then we are considering this pitch, pitch minus t dash

will give you give us t double dash that thickness.

Now, here the tooth tip thickness of the ring gear is number of teeth minus twice of
addendum factor of the gears into module divided by 2. Now, tooth number is 50, so 50
into 2 into 0.8 divided by 2 into module will give us the tip circle radius of the gear is
121 millimeter, it is 121 millimeter. As the ring gear tooth is not corrected, therefore gap
thickness at pitch circle is equal to t dash is equal to pi m by 2 standard pitch divided by
2 circular pitch that is pi into 5, 5 is the module divided by 2. So, 7.854 millimeter and
alpha r dash that is at tooth tip thickness that is alpha r t g is equal to cos minus alpha
into standard pitch circle radius of the gear divided by r radius of tip of the gear into cos

of standard pressure angle.

We substitute the values and we get this angle is 13.814 degree. Mind it in case of what
we observe in case pinion when we went to the tip, it was more than the standard
pressure angle. The reason is that this was far away from the base circle. In this case this
is close to the base circle; tip of the internal gear has to be slightly above the base circle
in all cases, if necessary the addendum is truncated to move above the base circle.

Usually teeth number are more than the critical teeth number; say for example, in case of



20 degree pressure angle critical tooth number for external gear is 17 and they are very

rare that internal gear will be of 17 teeth it is usually 50, 40 more 30.

So, in that case the tooth tip which is if we take given one addendum below the pitch
circle that will be above the base circle. In this case; obviously, it is above the base circle.
So, at that point that is when it has been generated by the time it has opened by 13.814

degree. So, this is the pressure angle there which we have calculated.
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Problem on Gear Tooth Correction in Internal Gearing:  Solution (contd...) :

inv e, =land, —, o] T Intemnal
3814 e i th F (Ring) Gear
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G / Gear Pinion)
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& ®  Thering gear tooth thickness:

=2x121%(

785
b £0,0149-0.004780) =
125 [:> el pa RS gsiTI2

/fu 50 »

=15.2053=10.051712 = 5.1536 mm

2x
=242%(0.031416+0.,0149-0,004780)
=242%0.041536 =10.051712 mm
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Now, we calculate the involute of that angle 13.814 and we get this value involute of
alpha r dash in we have considered the in we are considering the internal gear which is
0.004780, 0.004780. And then we substitute all the values in the formula standard
formula and r dash is equal to 121, tooth thickness had the standard pitch circle 7.854
and pitch circle radius of this ring gear is 125, involute alpha is 0.0149 and involute

alpha dash 0.004780.

Now, you look into this as this value is very close 0.005. So, if you do not go for 5
decimal places definitely there will be error and what we find that tooth tip thickness not
to tip thickness, the thickness at the radius of internal gears tooth tip that is at 125
millimeters from the center of the gear. The thickness of the gap is 10.051712,
10.051712; that means, it will be here, this thickness here this thickness.



So, we can consider that the thickness here this gap thickness, this is the gap at the tip of
the ring gear is 10.051712. Therefore, the tooth thickness there; that means, this much a
small amount that can be calculated as calculating the pitch there. That means, this point
to this point which is 2 pi r dash; this is the r dash here in this case tooth tip divided by Z
g minus t dash here 2 pi into 121, we have calculated the tooth tip radius is 121 divided
by the number of teeth 50. So, that minus 10.051712 and we get the tooth thickness tooth
tip thickness of the internal gear is 5.1536 millimeter, 5.1536 millimeter which is slightly

higher than the tooth thickness we have calculated for the corrected pinion which is 4.5.

So, this gear would work and this will work and this is the way how we can calculate.
This is a very simple problem I have shown and we can calculate what is the tooth

thickness.

(Refer Slide Time: 26:10)

Problem on Gear Tooth Correction in Internal Gearing : Solution (contd... :

Contact Ratio: /
Referring to the illustration, the ( ontact Ratio {
Contact Ratio of internal gearing TP +PT, vl
(involute straight toothed) is S P ) t ,
expressed as: -

e (.’:;ﬂ -f‘h;,) -'IT"J’ lan{r+rhx tana - (!‘al -f‘h;] Py ",-'__",,)- [
s i P

T cosa,

Where,

(& is working, (., is standard pressure angles. They are equal in
this case as there is no change in centre distance.
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Next as I told once the correction is given usually tooth tip is truncated thicknesses are
changing. So, we need to calculate the what will be the contact ratio? In this case we
shall also calculate the contact ratio. If we consider this line of contact then this contact
will be from starting from this point to this point, it will end to this point; suppose it is
moving in this directions so contact will end at this T 1 and it will start at T 2. Referring
to this figure, we can write the contact ratio is equal to T 1 P, P is the pitch point plus P
into T 2 divided by P b means base pitch we have we shall compare the total length of

contact with the base pitch because base pitch is the distance between two teeth.



Now, this formula the formula for contact ratio can be written as in terms of the tip circle
radius and the base circle radius of both gear and pinion. It is written as r ap square that
is r into addendum circle of pinion square minus rb p square; that is addendum circle of
the pinion square minus r bp means this circle sorry this is the base circle of the pinion
into 10 of the working pressure angle. In this case working pressure angle alpha is same
as the standard pressure angle because we have not changed the center distance ok. Then
base circle radius of gear into 10 alpha that is working pressure angle 10 of working
pressure angles minus under root addendum circle radius square of the pinion gear minus
the base circle radius of the gear divided by pi m into cos of standard pressure angle that
is the base pitch. After correction when the working pressure angle, if the pressure
working pressure angle changes still we need to compare with the base pitch because

base pitch base circle is not changing.

So, we calculate the length of contact along the line of actions which is passing through
the pitch point that pitch point again the intersection point of two working pitch circles,
but we compare with the base pitch this is understood. And here it is written alpha is the

working pressure angle and alpha 0 is the standard pressure angle.
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Problem on Gear Tooth Correction in Internal Gearing : Solution (contd...) :
Contact Ratio (contd...) : Iy =1, €0SQ, = 125%0.9396 =117.462 mm

ro=r cosa, =100x0,9396 =93.96 mm

bp e

Substituting the values, the Contact Ratio :

| | a
r"l [

)
" / (1047 -93.96 ) -93.96x tan20°
) *T 117.465x1an 20° - [(121* =117.465°
) +117.465x1an20° = (121" = 117.465°
! O C,= ( )
T & L 7% 8% cos20°
L /Y o [(458-342)+(2.75-2009)
~ T =
N \ 14.76 The Contact ratio
_(1038+1372) L633 is Satisfactory
14.76

Note: Contact ratio is independent of module.
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Now, we calculate all these values. This is the base circle radius of the gear which is
nothing but the pitch circle radius of the standard pitch circle radius of the gear into cos

of standard pressure angle which comes to 117.462 and base circle radius of the pinion



becomes 93.96 we have calculate in the same way and we substitute these values all
these values to find out the contract ratio because the tip circle radius already we have
calculated earlier. So, we have substituted these values. And finally, we get that the

contact ratio is 1.633.

Now, this is satisfactory; the reason is that usually ideally, contact ratio can be 1, if there
is no vibration if there is no deviation from the accurate dimension but we want win one
pair is leaving its contact, there would have at least one pair and in that way it is found
for practical purposes, for industrial gears we can have the contact ratio is equal to 1.4 at

least 1.4. And in this case we have got it is 1.633.

For your information I would like to tell you with the same number of teeth if it would
be external gear; that means, pinion is 40 and gear is external tooth 50 of same modules,
same proportion everything, this contact ratio will be slightly less you can calculate this
you will find this will be less but still that will be also more than 1.4 and that will be
satisfactory and edge the two thick addendum height we have taken 0.8 we should call in
that case these are the stub teeth standard stub teeth gears.

Now, one thing can be given, the contact ratio is independent of module that means here
all these calculations module is included, but if you divide by this module; that means,
all term can be divided by 5 then still this formula would work, ok. So, contact ratio does
not depend on the module it depends on the tooth proportion and the number of teeth

pressure angle, etcetera.

Thank you.



