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And, today’s lecture is a really a special gear, which is Machine Tools Speed Change

Gear Unit and this is the first lecture on that topic.
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Outline of the Lecture

»Need for Speed Change Gear Box in Machine Tools
¥Layout of Speed in Machine Tools
»Different Progression Series for Speeds
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»Kinematic Advantage of GP Series

»Condition for Maximum Range in Transformation Stage
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Now, in this lecture, I shall cover need for speeds change gear box in machine tools,

layout of speed in machine tools, different progression series for speeds.

Geometric proposition GP General Rules and Stage Range, then Kinematic Advantage of

GP Series, and finally, Condition for Maximum Range in Transformation Stage.
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Turning in Lathe

Speed Change Gear Box in Lathe
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Now, first I shall discussed, why we need speed change in machine tool gearbox? Let us
consider a circular bar, which is being machined in a lathe this is the turning process and
tool is engaged here. If we consider the first the diameter was the left hand side what was

the diameter was there.



So, first diameter it was it this big ok. And we have reduced this one again this might be
second cut or I think. Now lathe this spindle that rotates at a certain speed and if we
consider the velocity at the teeth of the tool that is the cutting velocity. That definitely for

the same speed we will reduce, when the diameter reduces.

Now it is been found that for a particular material with a particular type of tool, that this
speed should be should have an optimum value for which the surface will be the best
finished. This of course, changes a depends on other factors also, but speed here is one

factor.

This means that, when the in this turning process? When the diameter is being reduced it
is if it is reduced then we can go for higher speed , but diameter is changing in infinitely;
that means, first it is the highest diameter then again it is reduced again it is like that. So,
each and every point if you would like to increase the speed that is possible it is not that
it is not possible we can use that set of control and that set of mechanism. So, that speed
is increases keeping the cutting velocity always equal , but if this will be expensive and
go all the control and everything will be also the maintenance cost running cost operating

cost everything will be higher.

Now, it has been seen that for a diameter range we can keep the same speed and we get
the average of that, but the very close to the best finish this means that say for example,
we can give the rpm 50 for the diameter may be 63 to 55 millimeter say. This means that
if the spindle is driven by a motor and a gearbox where we can change the speed or some

means it is not necessarily gearbox it might be the bell drive also.

We can change the speed then looking into the diameter we can change the speed before
cutting process start; that means, suppose if we have taken a 200 millimeter diawar and
we have to reduce it up to 100 or maybe different steps are there, then possibly we will
we may need 3 4 5 different speed to have the best finish of that. So, for that we need a

some sort of gearbox.

Now, here it is shown that this is a speed change gearbox in length we shall discuss later
that how this gearbox is designed? So, here what it is seen there are 3 shafts usually this
intermediate shafts it will it is kept fixed; that means, gear on that are positionally fixed
whereas, these are the cluster gears this can move this way and that way also this can

move this way and that way. Say, if at this moment as you see that all these 3 gears on 3



shafts of equal size they are engaged, this means that if this shaft is connected to motor

and this shaft is connected to lathe spindle then this is this will give the same speed.

But, as we if we change this next gear or this gear this means, if we engage this with this
or this with this then we will have a different speed and again in this stage we can engage
with this and in that way we can have totally 6 speed out of this gearbox. We shall
discuss about this gearbox later as shown here, this and these gears that those can be

shifted and in that way this gearbox is designed.
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Layout of Speed in Machine Tools :

Layout of speeds are done commonly in one of the following series:

(i) Geometric Progression,
(ii) Arithmetic Progression,
(iii) Logarithmic Progression,

However, Geometric progression has several advantages over the other.
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Now layout of speeds are done commonly in one of the following series, it might be
geometric progression, it might be arithmetic progression, and it might be logarithmic

progressioN.

Depending on what is the purpose, but it has been found that geometric progression gives
better results say for example, if we take a bar of 200 millimeter and that will be made a
stiff sets or spindle which may have minimum diameter 50 and maximum diameter say
180 and there will be few steps. And it is found if the speed are varied in geometric
progression that is again in the steps then, that will be best utilized for the better surface

finish of that sort of operation. So, in geometrics progression is widely used.

Now, what is the advantage of geometric progression, arithmetic progression, or

logarithmic progressions, and where in which machine what is used these are basically



taught in do into the machine tool designs. In this case we shall consider only how to
design a speed change gearbox and we are considering only geometric progression and
tool. So, that what might be the speeds and what are the restriction there? What are the
limitations there? And from there how we can design a gearbox? It might be 6 steps

gearbox, it might be 8, or it might be even less.

So, we with the help of an example and geometric progression series I will show you
how the gearbox are designed, design means basic design what are the teeth numbers

etcetera, etcetera.
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Layout of Speed in Machine Tools (contd....)

Layout of speeds in Geometric Progression:

The general rules: Hence,
nj:”@tf—n ¢='J'W=”'"\'ﬁ
Where, i, -fth. Speed (rpm), -
n, - Least Speed (rpm),

R~ -Stagerange= 1, /f?]

L

¢  -Common ratio,

f -Number of steps.
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Now, first of all layout of speeds in geometric progression. The general rules are say in f
at f stage the speed will be n one speed at a particular range then phi minus f minus 1,
where n f is the fifth ff speed and n 1 is the least speed phi is the common ratio in

geometric progression and f is the number of steps.

Hence, the common ratio can be found out from this formula, this way. And now this a
fifth speed by the least speed that is called that is designated as R n where R n is the

stage range ; that means, this may be 2 stage, but total stage range each R n.
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f in Machine Tools :

Layout of speeds in Geometric Progression: Contd.....
Numerical Example:
Main advantage of GP series is that

Let, »n  -10rpm, common ratio is constant.
n, - 450 rpm, Much more varied speeds are available
41 -1 in comparison to AP Series.
LA More number of stocks can be
Therefore, machined keeping the cutting speed
. more or less constant.
4’5 - Common ratio =
Low cost.

(2-0/450/10 = /45 =14

Calculated speeds are: 10,14, 20,28, 40,56,80,112,160,224,315 & 450.
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Now, let us consider and numerical example n 1 is 10 rpm, and final speed we would like
to have 450 rpm, 10 rpm say for a lathe it is very slow speed, but if the diameter is very
large we need to go for such a slow speed just for your information. Now that speed from

10 to 450 we would like to go in 12 steps.

So, therefore, common ratio phi will be 12 minus 1 sorry 450 divided by 10 root under
root 12 minus 1; that means, under root 11 45, which is 1.4 this is a if we know this is

very close to root 2 and it is a good number.

And in that way we can calculate, if you just go by the formula that any n f speed is
equal to n 1 into phi to the power f minus 1, we will get this 12 speed 10, 14, 20, 28, 40,
56, 80, 112, 160, 224, 315, 450. As you can see these are increasing in such a way and it
1s found, if we finish a circular bar with such a from such a the from a diameter where

we need 10 rpm.

Then we come down to 450 rpm if we by in that process if you change the speed 10 next
when the diameter is slightly reduced 14, then next when it is reduced the 20 28 like that
will get more or less same cutting speed at the tooth teeth. So, this is the preferred series.
Now the question is that maybe 10; we are getting at the beginning is it possible the
gears should be such that we will get 14, 20, 28, 40, 56 in all value what we have
calculated here answer is no, it is not possible that we can get. Because this teeth are of

whole number and ratio of that may not match that alpha alpha square alpha q all cannot



be matched, that is the that we should learn and we should try to make the gearbox as

close as possible to get this speed as close as possible.

We will see that. Now main advantage of GP series is that common ratio is constant
much more varied speeds are available in comparison to arithmetic progression series
more number of stocks can be machined keeping the cutting speed more or less constant,

and this is also found that this can be designed with low score.

So, unless there is a special purpose we normally we would follow the geometric

progression nor the logarithmic progression; Now the arithmetic progression series.
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Kinematic Advantage of GP Series :

(i) Basic GP series- A, Agp, A{Ij:, ...... A@U—U, Aﬂj‘., ..... A@tll’—ll‘ Aéy.. - Aé(.;'_”
(i) with every it" Term- A qua, A¢2;'1 - Aé""'

It is another GP series with common ratio- ¢j
(iii) Multiplying by a constant C with basic GP series-
C(4, Ap, AB*, ... A8"", AQ', ... A9*7", A¢¥, ..., 4¢V™")
We get another GP series-

B" Bﬁ) B{ﬁz, ...... Bgﬁ”—l]) Bﬁj‘, ..... B;ﬁtli—ll‘ B¢],1 i Béu._”

Where, B=AC is the initial value but the common ratio is 91
same as in basic series.
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Now, another things that what are the kinematic advantage of this GP series that also |
am discussing, because in the gearbox you will find just simply suppose there is a 6 steps
gearbox, just adding another stiff they are that is from motor to input to that gearbox; we

can get another series.

So, that is quite interesting. Now basic GP series as we have taken A into A alpha A alpha
square, etcetera, etcetera A is the initial, then with every i th term a alpha to the power 1
alpha to the power 2 I, etcetera, etcetera, this is also another GP series; that means,
suppose if we can a speed increaser or decreaser and there will be step jump like this and
we will get this a new series, it is another GP series with common ratio phi to the power I

multiplying by a constant C with basic GP series, that we will get another new GP series



that we have multiplied by A C this is simply suppose that we have increased the motor
speed or decrease this motor speed, at the minimum was 10 we have made it 15 then we

will get this new rpm, but keeping this ratio same.

But it is a new series of the speeds. So, that is again regenerated by BB B 5 B phi square

etcetera.
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Kinematic Advantage of GP Series (contd..):
(iv) Multiplying by a constant ¢" with basic GP series, the new series is -
Aém A{ﬁ{m!) Aé""'h A¢(m+1} A¢tm+a—l| A¢(m—2f—1}

chtmln L A¢tm+}'—i]

where members of the series are shifted by 1 terms,
(v) Again in a GP series-

b Dt iy s £
— A _ — Alm=i) _
n=ng"" =nl then, 1, /n=¢""=(n,/n,)
and n, =ng"" =n [ To develop a preferred GP series this
i rule is particularly useful.
'f, |NFTELONLINE Prof. Rathindranath Maiti

IITKHARAGPUR CERTIFICATION COURSES

Mechanical Engineering Department

Multiplying by a common constant phi to the power m with basic GP series the new
series will become A phi to the power m A 5 m plus 1 and last 1 m plus f minus 1, but
this is again another series. Again in AGP seriesn I n2n3 nlnmn f, whichisn Iis
equal to n 1 into phi 1 minus 1 I minus 1. Similarly n m can be expressed is n 1 phi m
minus 1 that is n e 2 into 1 that is | is a common factor is coming and with that we will
getn e 2 by ny is equal to phi m minus 1 to develop a preferred GP series this rule is

particularly useful we can we can have another GP series.

Now, these are at this instant it is very very difficult to grasp that these are all possible if
we have a standard sorry we have already designed to gearbox is 6 6 steps or maybe tool
step in this case. And then we adding the externally some other gear ratio or increasing or

decreasing the speed of the motor or the prime over, we can get another different series.

So, this means that, suppose if we need to machine say a bar 400 to 50 millimeter in 1

this smallest diameter there then if we take another one say which is 100 to say 25



possibly, we can use the same machine with maybe another set of gears and that can be

used. So, that is the advantage of GP series.
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Condition for Maximum Range in Transformation Stage :
Let in any transformation stage of 7 subdivisions,
n =, —
4
Where, 7, -Output Speed (rpm) of the stage,
n, - Input Speed (rpm) of the stage,
Z.r - Gear tooth number/gear size/pulley size on input shaft,
[=12....p]

Z; - Mating Gear tooth number/gear size/pulley size
on output shaft. ]
[j=13,....7]

- NPTELONLINE Prof. Rathindranath Maiti

IIT KHARAGPUR
CERTIFICATION COURSES Mechanical Engineering De it

This 2; I have shown this in with respect to understand that what is the what we need to
consider in designing a gearbox and machine tools? Let in an in an transformation stage
of peace have divisions ; that means, n j is equal to n in that is the input rpm into Z j by Z
j by sorry Z prime j. This means that here we what we would like to express that n j is the
output speed of that stage at a particular stage and n in is the inputs speed of that stage
and Z j is a gear tooth number gear size pulley size or input shafts. Say that might be j is
equal to 1 2 3 up to P and Z S mating gear tooth numbers gear size that also vary from
this to this, this means that by this ratio simple the gear ratio Z j by Z dash j or we can
consider the Z 1 by Z 2.

Then, we can have another speed that a output speed. Now this ratio if we change the

output speed we will change keeping the inputs puts speed is constant.
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Condition for Maximum Range in Transformation Stage (contd...):

The transformation ratios are:
i i =,
m, =] ! [i=12 Pl
1 7, 1, Z,
Let, S == =< <—
T z
A 7z
oo, U= U =
Jima Zr’ Zl
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Now, this is called this is defined as U j and here as we find Z 1 Z dash Z 1 dash Z 2 by
Z 2 dash is equal to Z 3 by Z 3 dash this is all as you see that to get the different speeds
we need to use the different sets of gears and with that we find that we will get different
speed that is shown here now hence U j max is the Z p by Z j p ok. So, that is the

maximum transformation U j max. So, U jmax is U jmean if Z 1 by Z 1 dash Z 1 dash.

So, this is what we will calculated in this range analysis this is the minimum and this is
the maximum and there should have in a gearbox this should have again some

limitations.
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Condition for Maximum Range in Transformation Stage (contd....) :

With respect to GP series transformation ratios are:

URUEU R U Elig g i Rl

U.frm\ ¢1 R
{ I - =t

JIf|||

Hence,

Where, R, = Stage Range.
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And if we put U one U 2 U 3 up to U j we will find 1 phi phi square etcetera, etcetera, we
will get it and U j max by U j mean is equal to phi to the power x this is P 1 minus is
equal to x. So, phi x is equal to R S. So, this R is it is called stage range ok. Now this

stage range again it will be limited.
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Condition for Maximum Range in Transformation Stage (contd....) :

However, (a) due to limitation of gear pitch line velocity and
(b) also for space limitation,
The transformation ratio in a speed change gear unit is limited by:

l‘_i{fjég

4 |

{ JI' max

Jrin

( T
Or in other words, for a given stage: R = {ff_n] - ¢j"' <8
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Now, due to limitations of gear pitch line velocity and also for space limitations, the task
transformation ratio in a speed change gear unit is limited by 1 by 4 U j sorry 1 by 4
should be less than equal to U j should be less than equal to 2 by 1; that means, if we

look into this equation.

That one side it is 1 by 4 a U j should be greater than that or equal to that and it should be
less than 2 by 1; that means, totally in that case from minimum to maximum is 8. So, that
sort of limitations is there which is shown here; that means, for a given stage R S max U

j max by U j mean is equal to phi x max and which is less than equal to 8.
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So, this we need to follow for designing the gearbox, when we come to a practical
problem then I will show how these rules are followed. Now this means that in this
lecture what we have learned we have first of all considered that why we need the speed
change, then we have shown that how what are the different series that are followed for
the speed change, and it is found that GP series is the best and in the GP series how to
find out the different ratios? And then while we are selecting the steps and stages, then

what should be the bare range a stage range.

Now this is any machine tools book machine tool design books can be followed, but this
is a special mention that this is a machine tools by G C Sen and Bhattacharya of New
Central Book agency Kolkata this is the old book, but that is a very good book where

you can get you can learn more about this machine tools gear box design.

Thank you.



