International Journal of Soft Computing and Artificial Intelligence, ISSN: 2321-404X,

Volume-3, Issue-2, Nov-2015

COMPUTER AIDED ANALYSIS AND SELECTION OF OPTIMAL
STRUCTURAL DIAGRAM FOR 3 STAGE GEARBOX OF LATHE
HEADSTOCK
1

MANASH BHUYAN, 2MONOJ BARUAH, 3PRIYANKU PODDAR, 4MOUSUMI GOGOI
1,2

Faculty, Industrial & Production Engineering Department, Assam Engineering College,
Guwahati-781013, Assam, India.
3 th
7 semester Student, Industrial & Production Engineering Deptt., Assam Engineering College,
Guwahati-781013, Assam, India
4
Faculty, Mechanical Engineering Department, Assam Engineering College,
Guwahati-781013, Assam, India.
E-mail: 1manash800@gmail.com, 2monoj_baruah@rediffmail.com, 3priyankupoddar@gmail.com,
4
mousumi_gogi@rediffmail.com

Abstract- A gearbox is a mechanical device that is used to provide speed and torque conversions from a rotating power
source to output shaft. A gearbox is formed by mounting different gears in appropriate speed rations to obtain the desired
variations in speed. Gearboxes usually have multiple sets of gears that are placed appropriately to obtain different speed
reduction. The process of gear design is an extremely vast and critical area, and whole research coverage in such work is not
possible. To design a complete gearbox it is necessary to find the optimal structural diagram. This diagram helps the
designer to design the gearbox accurately. In case of 3 stage gearbox design, lots of combinations of structural diagrams are
obtained and out of these diagrams it is time consuming to find manually the optimal structural diagram. In this paper a new
methodology is suggested by developing a computer program in “C” to evaluate and analysis the structural diagrams and it
helps to find the optimal structural diagram within very short duration of time. This computational approach definitely helps
the designer to obtain the best structural diagram within short time duration.
Keywords- Structural Diagram, 3 Stage Gearbox, Transmission Ratio Restriction Criterion And Minimum Shaft Size
Criterion.

been done on development of computer programs to
find the best structural diagrams. The aim of the
present study is to develop a “C” program to find out
the best suitable structural formula for the design of a
3 stage gearbox. It will not only reduce the
calculation time but also eliminate the human errors.
Literature survey clears that there is a great lack in
the published material about the design of multispeed machine tool gearboxes [1-11]. For roughing
operations this is often measured by the rate of metal
removal and during batch production by the quantity
of work pieces which can be machined in a minimum
time between regrinds [3][4][6]. Concept from
optimization and decision theory can play an
important role in all steps of design stages. Gearboxes
present a very important group of machine members.
They are utilized in a great number of engineering
fields. They which must satisfy very rigorous
technical
requirements
regarding
reliability,
efficiency, precise manufacturing of products,
bearing, etc. The structural diagram can be achieved
according to the structural formulae. It gives
information about the number of shafts and the
number of gears on each shaft. By analyzing the
gearbox speed number to its coefficients i.e. the
transmission stages, the characteristics of each stage
and the number of transmission ratio in each stage
can be calculated [1] & [4]. Researchers develop
methods by which design of gearboxes driven by
double speed electric motors achieves the required
number of speeds with small number of rotating

I. INTRODUCTION AND LITERATURE
REVIEW
For transmission of power, gearbox have been used
since the dawn of civilization. Gearbox can be
engineered to allow gear ratio changes to enable
output shaft speed while keeping the input speed and
torque at the same value. The primary advantage for
using a gear box for changing speed is to enable the
full power to be transmitted at the different speeds.
The location of speed boxes i.e. gearboxes which are
employed in machine tools are in main drive and its
principles of designing are dealt with stepped
regulation of speed only in certain discrete values of
the spindle rpm. To design a speed box for machine
tool drives, it is important to find out the best possible
structural formula for developing ray diagram to find
out the best transmission ratio and speeds on the
different shafts of the gearbox. Structural diagram is
the graphical tool which is used to find out the range
ratio of transmission groups. These structural
diagrams are drawn from the structural formulae. The
structural diagrams gives information about the
number of shafts in the gearbox, the number of gears
on each shaft, the order of changing transmission in
individual groups to get the desired spindle speed,
and, the transmission range and characteristics of
each group. Various researchers had worked in the
areas of optimized design of spur gear reduction unit
by incorporating ray diagrams but not much work has
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elements, smaller dimensions and higher overall
efficiency at the least deviation between theoretical
and actual speeds. The increase of utilization factor
values is significant when using gearboxes driven by
double speed motors [12]. Researchers also put
forwarded some optimized design of the gearbox for
compact machine tools [13].
II. STRUCTURAL DIAGRAM
It is a graphical tool which is used to find the range
ratio of transmission groups. These structural
diagrams are drawn from the structural formulas. So
the structural diagrams give information about: The
number of shafts in the gear box, the number of gears
on each shaft, the order of changing transmissions in
individual groups to get the desired spindle speed and
the transmission range and characteristics of each
group.
Suppose a speed on one shaft yields two speed values
on the next shaft. The no. of speed steps of the
particular transmission group is p=2. If the
transmission is through gears, the transmission ratios
that provide the two new speed values must lie in the
following range:
3.2 Selection criteria of the arrangements
There are basically three criterions. They are as
follows:
a. Transmission ratio restriction criterion
b. Minimum shaft size criterion
c. Checking of characteristics for each
transmission group respectively for each
accepted arrangement of structural diagrams.
Here the narrow characteristics are accepted.
Transmission ratio restriction (ig ≤ 8) : The
transmission range of group= ig = imax/ I min =
2/(1/4) =8, where imax= 2 & i min= ¼

III. PROBLEM FORMULATION

Minimum tot shaft size (Σ d=min) :
x1≤ x2 ≤ x3 ≤ ….. ≤ xu-1 ≤ xu. The best version which
ensures that it will be one in which the n min values
of the intermediate shafts are maximum and n max
values of the intermediate shafts re minimum.

3.1 Governing formula used in the study
The number of ways of arrangement is evaluated
from number of speed steps “Z”.

3.3 Design of case study
In this paper a simple but very troublesome problem
is taken as case study. The inputted values are taken
as follows:
Finding RPM of the speed box from geometric
progression

Z= 12
=maximum value of rpm= 1000
1= minimum value of rpm = 80
Here bilateral type of distribution is adopted.
3.4 Guidelines for selecting factors of “Z”
Selection of most suitable layout or factors of “Z” is
determined by economy, simplicity of design and the
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optimum gear ratio and size. The factors of “Z” value
for 3 stage gearbox design are taken in such a way
that:
a. It should be in multiple of prime numbers.
Basically it is taken as multiple of 2 or 3 or 2
and 3. Preference is given to those factors
where 2 or 3 or combination of 2 and 3 is
present.
b. If step “a” is not possible then the next
economical combination is accepted.
c. In some cases, for same “Z” value, there may
be better combination of factors in 4 stage than
in 3 stage. In this situation the user should go
for the best economical combination of factors.
d. Lastly, the value and factors of “Z” should be
taken such a way that it is practically feasible
for 3 stage gearbox design w.r.t its rpm.
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4.2 Flow chart of the proposed program

IV. DETAILS OF THE PROPOSED PROGRAM
4.1 Algorithm of the program
The program for evaluating and analysis of structural
diagrams for various combinations is very user
friendly. The algorithm for the proposed program is
as follows:
a.

b.

c.

d.

e.

f.

The data are inputted first, i.e. value of “Z”,
“Nmin”, “Nmax” and possible factors of “Z”.
Where, Z = No. of speed steps. Here the user
must know the practical feasibility of the
inputted values. Whether the inputted values
are practically possible or not for 3 stage gear
box, it should be known to user.
For each speed steps the speeds are generated
and Progression Ratio Ø is calculated. Here Ø
and range ratio are not presumed. It is
calculated by the program.
For each possible factor combination the
structural arrangements are evaluated and
checked for transmission ratio restriction
criterion. If a particular arrangement is
accepted then it is stored.
All the stored arrangements are checked for
minimum shaft size criterion and accepted
arrangements are again stored. In this step
sometimes only one arrangement is accepted
out of the all structural arrangements. Then the
program declares the selected arrangement as
the optimal one.
If there are two or more arrangements are
accepted in step “d” then the program move to
the third screening i.e. checking of
characteristics for each transmission group
respectively for each accepted arrangement of
structural diagrams. Here the narrow
characteristics are accepted.
Hence, the best optimal structural arrangement
is obtained.

V. RESULTS AND DISCUSSION
5.1 Computational results
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5.2 Manual results
Table I. Detail findings of the case study manually

5.3 Structural diagrams of the three selected
optimal arrangements

Fig. I. Structural diagram for arrangement 2(1)2(2)3(4)

Fig. II Structural diagram for arrangement 2(1)3(2)2(6)
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