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SYNOPSIS

As we approach the 21° century, revolutionary changes are
taking place in the industrial scenario across the world. Customers are
demanding high quality products at competitive costs. Their ever
increasing expectations are driving organisation to strive hard for

technological innovations and upgradations.

Automation is a process of technological development thét will
propel organisation into the foreseeable future. It is a technology
concerned with application of Mechanical, Electrical and Electronics
based systems to operate and to achieve high precision control
systems. By introducing automation in the machining of connecting
rod, the rate of production can be increased to a greater extent and at

the same time quality product can be obtained.

The function of the connecting rod is to convert the reciprocating

motion of the piston into the rotary motion of the crankshafts.

»  The connecting rod is a drop forging made from steel or duraimin,

an alloy of aluminium. The small end of the rod has either a solid eye



or split eye, this end holding the piston pin. The big end works ‘on the

crankshafts and is always split.

In conventional method the two bores are fine bored
independenﬂy on a lathe and the required tolerances are not more
exactly and correctly met with. Thys many rejections occurs ang the
desired efficiency is not obtained in many cases. The proposed
machine fine bores both the hole at 3 single pass and thereby the

required centre distance is achieved within the tolerance limit.

The ultimate aim of oyr project is to increase the production rate
by eliminating manual interventions and to maintain precise bore

diameters and reduce the cost of manufacturing.
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INTRODUCTION

Globalisation of business has triggered vast changes in the
industrial environment. The focus of these changes is to maintain and
expand the customer base amidst highly cometitive business

atmosphere.

Customers satisfaction IS an important factor which can be

achieved only by,

* Maintaining prompt delivery schedule.
e Achieve consistency in quality

* Value for the cost.

The proposed project is twin spindle fine boring machine in which
the rate of production could be Increased. The project aims to eliminate
all the hindrances in the currently used manufacturing process. The
conventional process uses a lathe in which the rate of production is low.
In this machine we have incorporated double spindle boring tool for

higher rate of production.



‘Automation’ is an-uitimate solution for all the above expectations
of the customer. This has motivated the engineers and scientists to
seek and develop innovative methods of automated production

techniques.

1.1 Role of Automation in Industrial Growth.
In most of the manufacturing processes in any industry achieving
the twin objectives of precision and high production rate with

consistency is possible only by reducing manuai interventions.

Thus automation hag become a powerful tool for decreasing the
cost of production thereby increasing profitability. Increased return on

investment will automaticaily propel organisation growth.

1.2 Levelof Automation.
Automation can be integrated in a manufacturing process either

at all stages of manufacturing, known as fully automatic system

(flexible manufacturing system) or at selecting few work stations

when it is referred ag semi automatic system.



In fully automated system, some parts (like crankshaft, engine
block, engine head, etc.) may be too heavy and complicated
mechanisms may be required to convey them. The process may thus
become more expensive. The Capital cost involved js also very high.
Hence in most of the industries semi automatic systems are normally

preferred.

1.3 Existing Machining Method,

HMT — NH26 geared lathe with indéxing arrangement fixture is
utilised for boring operation. A fixture is mounted on the machine face
plate and the connecting rod is held in position. An operator indexes,
the indexing plate to 1%t position. Now operator starts the longitudinal
motion of the machine and bores the bigger end hole. Again the fixture
s indexed to bore the smaller end hole.

The above process has following drawbacks:

* High capacity machine is used for light work.

* By manual Operation, it is difficult to achieve the centre
distance.

* Skilled operator is required for machining.

of machining.

* Low precision rate.



* No. of rejections is high.
* Low processiong.
¢ High machining cost

¢ High machining time

since it influences the Clearance between the piston top ang cylinder

head assembly.

Due to spurt in export orders and entry of foreign auto majors

‘Market neeq” changed drastically caliing for,

* High quality and precise connecting rods.
* High volumes of different sizes of connecting rods, and

* Timely delivery.

1.4 Broad Basing of Automations.

Current global automobile market needs different sjze of
connecting rods, requiring  different size of machining. To
actommodate these requirements the Special purpose machine has to

be suitably designed.



DESIGN OF SPECIAL PURPOSE MACHINE

2.1 Principle Of Special Purpose Machine.

Keeping in view of the said facts, a special purpose machine has

been designed, whose principle of operation is as follows:

The rotary motion of the twin spindle of the head unit and linear

movement of slide are combined to effect the fine boring operation on

connecting rod by using single point HSS tools. The twin spindle of the

head unit is driven by a main motor.

2.2 Operation Sequence.

The job is loaded, positioned and clamped on the fixture.
The electrical switch is operated manually.

Hand wheel is operated manually to move the job.

The travel of job is restricted mechanically by limiting blocks.

After fine boring the connecting rod, the connecting rod is
unclamped.

Now the job is unloaded and the fixture is cleaned by an air
gun and the next job is loaded.

The above sequence is repeated.



2.3 Inspection of Connecting Rod.
The connecting rod should pe checked for twist and bend on

Special alignment too,

pressure on big end shells and small end bearing resuiting in its

prremature failure.

152.4 mm length of connecting rod and the axis of bore of smalj end
should be paralle| to bore of big eng. This should not exceed 0.025 mm

of every 152 4mm length of connecting rod.
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CONSTRUCTION OF SPECIAL PURPOSE MACHINE

This special purpose machine consists of a holding fixture, with a
slide of dove taj type, one which Carries an angle plate along with it
enabling the work-piece, to perform the machining operation (fine
boring). The cutting operation ig made effective by means of 5 high
Speed steel, single point throw away insert tool. This tool Mmounted on
the shaft by means of a special arrangement that has a screw type

adjustment for changing the diameter of bore that is to be performed.

accuracy is to be maintained.



This shaft is made to rotate by means of a drive gear, similar to
that of the driven gear in all aspects. On the other side of the drive
gear, an arrangement of, a replica of the shaft and tool arrangement

explained earlier.

The driving force for the gears is transmitted by means of g pulley
and V-belt drive from the motor. The V-belts are three in number and

thus causing effective Speed transmission.

solid cubical box which has the driving unit, the motor above it. The
entire arrangement is kept on a machine base, that is g rgid case from
slab to withstand shocks and vibrations, which are mounted on g

standard channe.



3.1 Function of components.
Some of the major components and their functions are listed
below:

» Table & Table Frame — Serves as a structural support of the

machine
¢ Spindle unit o to transmit power from driver pulley.
s Motor - Prime mover
e Fixture - Locate and guide the connecting rod

to align with machine axis.

+ Slide - To transmit the motion.

3.2 Exploded View.

The exploded view of the special purpose machine was shown in

diagram.



OPERATION AND INSTRUCTIONS MANUAL

Preface
This manual has necessary details for the manufacturer, operator

and maintenance staff of the special purpose machine.

It is suggested that g copy of this manual be made available to
the manufacturer, operator and maintenance staff on the shop floor who

will be directly handling the machine.

For easy reference and understanding this manua| is broadly

it

divided into the following sections.
4.1 QOperation Instruction
4.2 Maintenance Instruction

4.3 Technical specification

4.1  Operation Instruction:
Ensure the following, before starting the special purpose

machine.,

‘ * Asitis asump type lubrication system the oil level is to be
; checked frequently.



¢ Any unwanted material, obstruction on the fixture plate and
clamp should be checked and cleaned.

* Before loading the Job, clean the fixture with air gun.
* Switch on electrical main.

At the end of operation
* Switch off the main

* Clean the machine with air gun.

4.2 Maintenance Instruction,

* Lubricate the spindle bearing with proper lubricants.

¢ Maintain oil level.

* Lubricate the slide periodically.

4.3 Technical Specification.

Job Specification:
Job designation - Connecting Rod
Bore size : Bigger end : ¢ 60mm
Smalier end : ¢ 20mm
Tolerance : 0.02 mm

Centre distance - 139.7 mm



MATERIAL SELECTION

| 5.1 Selection of material.

Material selection is an important part of engineering practice.
The choice of the material for our machine requirements, the proper
use of those materia.ls, including the development of new ways of using

them for greater effectiveness al| were our direct responsibilities

The main engineering requirements of material fall under groups.
* Fabrication requirements

* Economic requirements.

Fabrication Requirements.
This includes the possibility to shape the material to join to other
material. The assessment of fabrication Ségments concern the
question of machining ability, hardenability, ductility, costability and
weldability, Solderability qualities which are some times quite difficylt

to assess.



Economic Requirements:
It is essential that the overall cost of machining and fabrication to be
maintained to an optimum level without comparing on the quality.
In general, the choice of materials, for engineering purposes,
depends upon the following factors.
* Availability of the materials.

¢ Suitability of the materials for the working conditions in
service, and

* The cost of the materials.

5.2 Properties of Materials.
* Mild Steel
It is a low carbon steel. It contains 0.20 to 0.30% of carbon. It

has a tensile strength of 555 N/mm? and hardness of 140 BHN.

It is used for making valves, gears, crankshatfts, connecting rods,

railway axles, etc.

e CastIron.
Cast iron is the least €xpensive of all the metals. As the name
implies, they are intended to be cast instead of being worked in solid

state.



it is primarily an alloy of iron and carbon. The carbon contents in

cast iron varies from 1.7% to 4.5%. it also contains small amounts of

Silicon, Manganese, Phosphorous and Sulphur,

The compressive strength of cast iron is much greater than the

tensile strength.

Tensile strength 100 to 200 N/mm?

Compressive strength - 400 to 1000 N/mm?

Shear strength : 120 N/mm?

Some of the important types of cast iron,

Grey cast iron:

- Carbon 3 to 3.5 % Silicon 1 to 2.75%; Manganese 0.4 to

1.0%; Phosphorous 0.15 to 1% Sulphur 0.02% to 0.15% and

the remaining is iron.



White cast iron:
- Carbon 1.75 to 2.3%; Silicon 0.85 to 1.2%; Manganese less
than 0.4; Phosphorous less than 0.2%; Sulphur less than
0.12% e
. Malleable cast iron

Chilled Cast Iron,

* C 45 - British standard : EN 8D

It is a low carbon steel. It is a material having a composition of
0.35 to 0.45% of Carbon, 06 to 1% of Manganese, 0.05 to 0.35%
Silicon. The tensiie strength varies from 540 — 700 mpa. The yield
stress varies from 280 — 300 mpa. The hardness varies from 160~
260BHN. It is used for Bolts and machine components in general. it js
having high strength and wear resistance. Engine Components such gs
connecting rod and parts requiring strength and high wear resistance
are made of this materia. Itis also used for spindles of machine tools,

ball gear, and shafts.



* 105Cr 1 Mn60 - British standard : EN34

It is an alloy of steel having a chemical composition of 0.9 g
1.5% Carbon, 0.3 to 0.75% of manganese, 0.1 to 0.35 9, Silicon, 1.0 to
1.6% Chromium, and maximum % of Sulphur and Phosphorus s
0.05%. It is having a tensiie strength of 800 — 1000 mpa. The
hardness in the range of 400 — 500 BHM. it is used for bolt making axie

shafts, bolts, ball races, etc.

* 13Ni3Crgg- British standard EN36

It is an alloy of stee having a chemical Ccomposition of 0.1 to

0.2% of Carbon 2 to 3% of Nickel, 0.80% of Chromium.

It is used in heavy duty ears, Pinions, etc. |t is used for very
highly stresseqd machine parts which are to be hardened with high

strength and toughness in core after hardening.



DESCRIPTION OF MAJOR COMPONENTS

Shaft
A shaft is a rotating machine element which is used to transmit

power from one place to another.

In order to transfer the power from one shaft to another, the

various members such as gears, pulleys etc., are mounted on it.

The material used for ordinary shafts is mild. When high strength
is required, an alloy or steel such as nickel, nickel chromium or chrome-

vanadium steel is used.

The two types of shafts are,
1. Transmission shafts.

2. Machine shafts.

Transmission shafts transmit power between the source and the
machine absorbing power. The Counter shafts, line shafts, over head
shafts and all factory shafts are transmission shafts. Since these shafts
cafry machine parts such as pulleys, gears etc. therefore they are

Subjected to bending in addition to twisting.



Machine shafts form an_integral part of the machine tself The

crank shaft is an €xample of machine shatt,

-

The following stresses are induced in the shafts.

Shear stresseg due to transmission of torque. (ie. due to

torsional load).

* Bending stresses (tensile or compressive)

Due to the forces acting upon machine elements like gears,

pulleys etc.. as well as due to the weight of the shaft itself.

Stresses due to combined torsionai and bending loads.

Toothed gears find wide applications in various branches of
mechanicai engineering.

WA
v



Toothed gears can pe Classified according to,

Relative position of shafts such as shafts whose axes are
parallel (Spur, helicgl and herring bone), intersecting (straight
level and spiral bevel) and non-intersecting (hypoid and
worm). |

Number of steps, single, two and multistage.

The relative motion of shafts, simpie, planetary, differentiaj.
etc.,

Type of engagement, internal and external and

Position of both in wheel rim such as spur, helical,

herringbone and Curved teeth.

The cast iron is widely used for the manufacture of gears due to

its good wearing Properties, excellent machinability ang ease of

producing complicated shapes by casting method.

The following are the requirements of gear drive design.

The gear teeth should have sufficient strength to withstang
static loading such as that at high starting torques angd

dynamic loading during norma running conditions.



The teeth should have good wear'characteristics so that their
life will be satisfactory.

Spur gears have teeth parailel to the axis of the whee|.

Helical gears have teeth inclined to the axis of the wheel.

Bevel gears are those which connects two non-paralle] or

intersecting, but co-planner shafts.

Bearings

A bearing is a machine element which Support another moving

machine element (known as journal). It permits g relative motion

between the contact surfaces of the members, while carrying the load.

Bearing are classified as,

Based upon the direction of load to be supported,

1. Radial Bearings.

2. Thrust Bearings.

[n radial bearings, the load acts perpendicular to the direction of

motion of the moving element.

hY

In thrust bearings, the load acts along the axis of rotation.



Based upon the nature of contact,

1. Sliding contact bearings.

2. Rolling contact bearings.

An sliding contact bearings, the sliding takes place along the

surfaces of contact between the moving element and fixed element,

In rolling contact bearings, the steel balls or rollers are interposed

- between the moving and fixed elements.

V-Belts And Puiley.

V-Belt is mostly used in factories and workshops where 3 great

amount of power is to be transmitted from one pulley to another when

the two pulley are very near tg each other.

The V-Belts are made of fabric and cords moulded in rubber and

Covered with fabric and rubber.

The included angle for the V-Belt is usually 30° — 4¢°,

In order to increase the power output, several V-

Belts may be
op‘érated side by side.



It may be noted that in multiple V-Belt drive, all the belts should

stretch at the same rate 80 that the load is equally divided between

them. When one of the set of beits break, the entire set should be

replaced at the same time. If only one belt is replaced, the new unworn

and unstretched belt will be more tightly stretched and will move with

different velocity.

The pulleys for V-beits may be made of cast iron or pressed steel

in order to reduce weight.

Some of the advantages of V-belt drive are,

It gives Compactness due to the small distance between
centers of puileys. '

The drive is smooth and positive.
Longer life of 3 to 5 years.

Easily instalied angd removed.
Operation of the bejt and pulley is quiet,

High velocity ratig (maximum 10) may be obtaineq.

Machine Tools

A machine tool is a power driven machine for making articles of a

gaven shape, size and accuracy (According to the biue prints) by

R

removing metal from workpieces in the form of chips.



The cutting tool is subjected to static and dynamic forces, high

temperatures, wear and abrasion.

The selection of a preper tool material depends upon a number of

factors such as,

* Type of cutting operation.
* Material of the work piece.
* Machine tool to be used and

* Surface finish required.

The various cutting tool materials can be grouped as,
1. Plain carbon steels.
2. Medium alloy steels.
3. High speed steel (H.S.8)
4. Non-ferrous cast alioys

5. Diamond, etc.,



DESIGN OF MAJOR COMPONENTS

7.1 Selection Of Motor.
From P.S.G. Design data book,
The power required for boring is given by,
= 1.80 x 10° x KVZ (D-d) (0.15 + 7.875)
Where, K = Material factor
V = Cutting speed (M/min)
D = Larger diameter of hole (mm)
d = Smaller diameter of hole (mm)
$ = Feed (mmyrev)

Z = Number of Cutting edges in contact.

Here, K=0.55

V=12 m/min
D =60 mm
d =20 mm
s =0.075 mm/rev
Z=1.
. Power required
=1.80x10°x0.55x 12 x 1 X (60-20)x (0.15 + 7.87(0.075)
=0.35 KW
=045HP
= 0.5 HP (Approx.)



“Specification:

Motor : 3.0 HP

RPM : 1440

Here we select 3 HP for safe design since it has to drive two

spindle units.

7.2. Table Frame Selection.

The frame should be a rigid structure to carry all loads, shocks
and vibrations. The various components are mounted on the top of the
frame. So we considered the load which is acting at the centre. The
frame is considered as a beam. The length of the beam is 510 mm

(assumed)

Total weight of Slide / angle plate; Machine base and other

components= 60 Kg (approx)

The maximum bending stress in tension (cv) or in compression
(oc) is usually in the extreme of the beam and should not exceed the

maximum permissible stress in compression or tension.



Rt J

The maximum pemissible bending stress in tension (s, or in

COmpression (o) is 0.6 Gy

For mild steel, o, = 34 kgf / mm?2

- SIOmm —mow

UDL = Load/ Length

=60/510 = 0.1176 Kgfimm

We know that, Z= M
o

Where, Z = Section Modulus

Mt = Maximum bending movements.

G = Permissible stress

=060,

= 0.6 x 34 = 20 4 Kgf/mm?



From design data book
Mt = Bending moment due to UDL + Load at the centre

WL pr
—__+_._

8 4

0.1176x510® 30x510
—_—

—_—

8 4

= 7650 Kgf - mm

. Section modulus, Z = 7650 / 20.4

=375 mm?3
Using the stee tabie,
The channel size is,
Depth of section,h =75 mm

Width of flange, b =40 mm
Thickness of flange, & =6 mm
Thickness of Webt, =37 mm

Designation = |SLC 75.



The base plate for the slide and tog] ass

Considering the bending Stresses.

The base should be rgid is structure to

carry the loads, shocks
and vibrationg.

Assume the load acts on the centre of the plate.

The piate s considered as 5 beam.

Length of plate =ggp mm (Assume)

Breadth of plate = 55¢p mm (Assume)

The centre load wijf be half of the total loaqg acting on the pl

ate.
Therefore, centre load, w = 20 Kg.



The cross section “of the beam is rectangular, let ¢

thickness of the beam,

Maximum bending moment p = }%Z

_ (20x0.6)
4

=3 Kgm
: be?
Moment of Inertia, | = 3

_ 0.55x;3

—_——

12

=0.0458 3.

The materia| used is mild steg,

For mild stee} ultimate tensile stress.

f = 3400 Kgf/cm?

= 34 x 10° Kgfim?

Centre distance, Y = -;_

=05,

be the



Substituting the above vaiues in the formula

3 34x10¢
0.0458¢° 0.5¢

l.e.t=0.00158 m
= 1.6 mm
Considering the factor of safety of 5.
t=5x16
=8mm

The load is not acting exactly at the centre

acting at an eccentricity.

Let the €ccentricity factor pe 1.5.

Thickness, t=15xsg

=12 mm
Specification:
Machine Base.
Material . Mild Steef
Length 1600 mm
Breadth - 550 mm
Thickness

12 mm

It is same what



74 Design Of Gear.
Available Data:
Centre distance,a = - 69.85 mm
Speed, N2 =650 rpm

Required Gear Ration, i =1

P.C.D of gear =69.85 mm

Type of gear = Spur gear

Pr. Angle, ¢ =20° (assumed)
Profile = Involute (Assumed)

Power to be fransmitted = 3 HP
Calcuiation:

From P.S.G. Data Book,

Selection of Material =EN8ie. C 45 steel.

We know,

Pitch circie dia = Module x No. of teeth

Module, M = 126 % 3} (M)
Y(G-b )WZI

Twisting moment, (Mt) = Mt. K, K

=71620 22, gy
Fes

716205 21 3
650



Where, K, . K = 1.3 (assume)’
M] =429.72 Kgf. Cm
Y =0.389 (For, Z;=20 assumed)

v, -2 =10 (assume)
m

Z1 = 20.

1.4 &b/
[o,] F——0
n ko

Where p =2

kbi =1
Ke =15
Gt =022 (5, + Gy) + 500

=0.22 (72 + 36) x 102 + 500

= 2876 Kgf/cm?

- foy] = %X%XZS% = 1342.13 Kgfiem?.

9
~ Module M = 126x3—___ 42972
(0.389x 134213 %10 % 20

=0.26 cm
=26 mm

Module, M =3 mm



~-No. ofteeth = pitch circle Dia / Module
=6985/3
=23.28
= 24 Teeth.

No. of teeth, 7, =24

We know, ;- é

Z,
L Le=7Z, =1 X24=24
" No. of teeth, Pinion, ;=24

Wheel, 7,=24

Calculation of teeth width (b)

i). For open type gear Transmission, w={.3,

‘P:é::x‘.b = LP’az:0.3x9.85-:21.155:11»:'21
a .

ii). For sliding gear type of gear transmission,
b=W_xus
=10x3 =30 mm
.. Required gear width, b = 30 mm.
Tip diameter, dg = da; = (Z, + 2Fo)m
=(24+2x1)3

=78 mm



da; =(Z,+ 2Fo)m
=(24+2x 13
=78 mm
Root diameter,

df;, = (Zy - 2Fo)m — 2¢
=(24-2)3 2(0.25 x 3)
=22x3-2(0.75)
=64.5 mm

da,  =(z, —2Fo)m - 2¢
=64.5 mm

Check for compressive strength,

+1 i+
oc = (74:%l ety <fo
a ib

1 [F
= 0_74><6’;815 /-;—"-‘:lx2.15><105><429.72
. X3

= 5258.49 Kgflcm?2
[o] = Cg Hg Kg Kgf /cm2,
=25x 350 x 1
= 8750 Kgf / cm?
Here, &, < [o¢]

- safe Design.



Check for bending stress [on]

- i*1
Ob = [Mr]< (o]
amby

~

_ [+1]

= —\x429.72
6.985><3><3><O.389

= 351.44 Kgf / cm?

[oo] =1342.13 Kgf/ cm?.

Here, o, < [oy]

. safe Design,
Specification.
Type D spur Gear
Materiai :C 45 (EN 8)

Heat treatment : Tempered or normalised

Profile L involute

Pressure Angle - 20°(qr)

No. of teeth, z,, Zy: 24

No. of gears 03

PCD :69.85 mm

AHowance of centre distance, a for 15t quality
. =K+£7um

Total Composite error = 18 microns.



7.5 Design of ‘v Belt And Pulley

Available Data:

Motor speed, N, - 1440 rpm

Spindle Speed, N, : 650 rpm
Centre distance, ¢ 2450 mm (assume)

Pitch dia of drive puliey, d : 80 mm (assume)

Calculation:
Speed ratio =M Y
N, d
440 _p
650 80
- D =177.23 mm
. Pitch dia of driven pulley, D = 177.23 mm.

Peripheraj belt velocity = —_LJN 2
60x1000

= Tx177.23x650
= e0x0U
601000

=6.03 m/sec.

180°—~(9—-£x60°J

c

Angle of arc of contact

N

2~
180° _[117:_&(60}
450

=167°2
= 168°



’ 2
Pitch length of the beit | = 2+ 2 (D vy 279)°

4c

_ w (177.2+ 30y
=2 X450+3(80+ 1772)"-_'—‘4;'23—0-_._

"

1340.55 mm
= 1341 mm
Nominal pitch length for cross section, A = 1372 mm
Design HP, = Rated HP x Service factor x factor for length x
arc of contact factor

Where, for heavy duty and over 16 hrs and continuous Operation,

Ka =14.
Arc of contact factor =0.76
Factor for length =0.94
~ HP =1.5x1.4x0.76x0.94
=2.939 HP

- Design kw =2.06

So cross section ‘A’ js Selected.

HP per belt for Cross section A kw = 0.4557000 —1—952—0.76& 107 %)
e
Where, de = equivalent pitch gig =d, xF,

E

Fo =1.13for Speed range of 1.185 — 2.941

do = 80mm



~.de =80x1.13= 90.4 mm

S =6.03 m/sec (belt Speed)

 Kw = (0.45x6.03'°'°9 —I—’ggg—o.?ssxlo*‘ x6_032}><6_03
=0.826
. HP per belt =1.1HP

. No. of belts required = Design HP / HP per belt
=2.939/1.1
=267
= 3 belts. (say)
Specification:

V beit - Cross section A_

Pitch dia of drive pulley, d = 80 mm
Pitch dia of driven puiley, D =178 mm
Pitch length for Cross section, A =1372 mm
No. of belts =3

Pulley materia - Cast iron



7.6  Design Of Shaft.

Available data-

Gear dia, D = 69.85 mm
Power, P = 3HP
Speed, N =650 rpm

Allowabie shear stress, r, = 14 N/mm

Calculation:

Torque transmitted by the shaft T

Tangential force on the gear teeth, Fy= 2o

2x32.45
69.85x1073

929.13 N-m

Bending moment at the centre of the gear, M = 72



Let, d = dia of the shaft
Equivalent twisting moment. Te=yrriir?

= y(32.45) +(32.45)
=45.89 N-m

=45.89 x 10° N-mm
We know that

Equivalent twisting moment (Te) is equal to

Te = i%xfs xd?
= 14 N/mm? for C 45
- .. 4589x10° - 1—’2_><14xd3
- d = 25.56 mm

Standard dia ofshaft, ¢ = 30 mm

Ford =3 mm, / =230 mm

Specification:
Solid shaft materiai :Cl-Cas
Shatt dia : 30 mm
Shaft length 1230 mm
Tolerance

=13 46 2 microns.



7.7 Design Of Bearing.
Available data:

Speed of the shaft N = 650 rpm

Dia of shatt, ¢ =30 mm

Axial load (Fa) = 275 Kgf (assume)
Radial load (Fr) = 50 Kgf (assume)
Working hrs/ day =16 hrs

Working days / year = 300 days

Year of service =5 yrs

Service factor for bearing

carrying geared shaft, s =15

Dynamic Capacity factor, k= 3.
Calcuiation:

For deep groove bajl bearing, E;Fﬁ =0.5 (assume)
o]

For SKF 6006, For dig =30 mm

Basic statjc capacity Co =710 Kgf

Basic Dynamic capacity C = 1040 Kgf

Maximum Permissible speed = 13000 rpm

Life of the bearing in revolution = 5 x 309 X 16 x 60 x 650

=9.36 x 10% rey.



Equivalent load, P = XFr+vy Fa)s

Fa 275

=-—=03<05
Co 710
Fa 275

TS ar=5495 044,
Fr o 50035

Fore = 044 x = 0.56, r=1

-~ P =(0.56x 50 + 1x275)15

= 454.5 Kgf

For bearings, the equivalent load, P = 75.75 Kgf

1

Dynamic Capacity, C = ( ZL_J s P
10

- (9_96><10*‘

i
3
x

= 724.77 Kgf

Cis less than allowabie dynamic capacity.
.. Selected bearing is suited for oyr design.

Similarty, design can pe done for thrust bearing.

Specification — Bearing No - 532060



Specification:
Deep Groove ball bearing SKF 6006
No. of bearings — 6
Thrust bearing - 532060

No. of bearings - 2

7.8 Design Of Dove Taijl Slide.

In this part, we are calculating the length and breadth of the dove

fail slide. From principles of machine tools — Amitabha Bhattacharya,

2
P= OxpxVx[’xB P
ks

Where, P = Pressure in Kg / cm?
n = Viscosity in Kgem/s
V' = Velocity in m/s
L =Length in mm
B = Breadth in mm
P, = film thickness m
K = factor of safety = 0.8
For low veiocity slide,

. Thepr. Range is 25 ~ 30 Kg / cm?



For our machine we assume pr. Value of 8 Kg / ecm? For fine

6x0.01x107 %272«
boring machine’s 8x10™ =

! 0.8
0.012

Since this equation contains two constant, by iterative method we

find, B= 119 mm. Therefore | = 167 mm.

For our convenience we keep it is 200 mm,

Specification:

Dove tail slide,

Length 1200 mm

Breadth 2120 mm



COST ESTIMATION

a) Manufacturing ltems.

Sl. | Description | Materia { Qty / wt. f Material | Machining | Total cost |
No | ! ; | cost | cost/ | Rs P |
I

fabrication |

|
1. | Table & I f
|

r
Machine | Ms/ci |

- 112kg. | 2240
base

!
2340.00
[

| ! : :
360 | 150 51000

|
2.1 Angle plate bocl [ 20 kg
|

> Spindle | ENs | 2 | g9 450 75000
shaft | | | | | |

| ( r |

6.(Main shaft | ENg | 1 150 | 180 330.00
P e

7. Gear | ENg / 3 | 280 @ 450 730.00



b) Bought up iteims:

| S ) Description | Materia {Qty/wt. | Material
No ! ( (  cost

8. , Bearing

9. Bearing ! | | | 98060
10. ) Ring Nut ‘

11| Locking T 1200
| | Washer | - | 5 ’

.| Electrical | | |
 Panel ! |

TOTAL . 6884.00

|

| !

17. Material Transportation cost ~ 1500.00 |

| 18. Assembly cost 175800
1 19. Painting cost ~ 400.001

Total Manufacturing cost : Rs.19,745.00
Add: 5% Miscellaneous €xpenses: Rs. 98725

Total : Rs.20,732.25

Total cost : Rs.21,000/- (approx)



COST ANALYSIS

1) Machining cost on existing process.
a) Machine hour rate = Rs.40/-
b) Labour wages for helper = Rs.50/-
c) Machining cost per shift = Machine hour rate X8+
additional laboyr
= 40x8+50=Rs.370.
d) Quantity produced per shif = 20 pieces
) Operation cost per parts = 370/20
= Rs.18.50
2) Machining cost using new SPM.
a) Machine hour rate = Rs.10/-
b) Maching cost / shift = Machine hour rate X 8
| = 10 x 8 = 80/-
C) Quantity produced /shift = 68 parks (approx)
d) Operation cost / park = 80/68=Rs 117

e) Machining cost / connecting rod = Rs.1.17



3) Annual cost saving.

a) Annual requirement (approx) 12,000 parts

]

b) Cost saving per part Machining cost in existing
method — Machinf'ng cost in
new spm.

= 18.50 - 1.17
- o= Rs.17.33

) Annual cost saving = Cost saving per parts x
annual Requirement

It

17.33 x 12,000
= Rs.2,07,960/-



TANGIBLE AND INTANGIBLE BENEFITS

Existing methog | New speciai
j | purpose
| ' machine

Machine

2. | Cost of machine Rs.86,000/- i Rs.21,000/- |
' (approx) ' (approx)

3. | Machine hour rate | Rs.40/- | Rs.10/- |
| |

4. | Power | 7.5 HP I3HP

3. | Man power | Skilled operator | Semi skilleg |
| | Operator

Rs.2,500 per Rs.660 per
annum | annum

6. | Cost of the floor space
, utilization

7. Job clamping devices Requires more | Quick clamping

| time | IS possible

8. | Bore size ' More | ' Easy to achieve
; dependency On |irrespective of
| ; : | skill and  the awareness {
' awareness of J' and skilf of the

the operator | Operator
J

9. | Fatigue Caused



10.2 Intangible Benefits.

Increased cusféher satisfaction due to prompt delivery
Labour fatigue is reduced very much

Less floor Space is sufficient when compared to the existing
method.

Easy to install, dperate and maintain

Easy availability and replacement of spares.

Increase in number of orders due to quick delivery.



- CONCLUSION

The time needed for machining is lesser and higher Productivity js

reached with more accuracy and lesser rejections.

movement of glide. This machine is specially designed for the
Connecting rods used in trucks. Similarly the design could be made
feasible for connecting rods of other sizes and used Up in a small scaje

industries with lesser investments.
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item

No. Description Materiai
1. | Gear Box Body M.S. 1
2. | Gear Box Cover M.S. 1
3. | Top cover M.S. 1

B 4. | Spindle shaft M.S. 2
5. | Main shaft ENS 1
6. | Drive shaft EN 8 1 7
7. | Driven gear EN 8 2
8. | Front cover plate M.S. 1
9. | Back cover plate M.S. 1
10. | Spacer | M.S. 6
11. | Ring nut STD 4
12. | Locking washer STD 2 _q
13. | Key STD 3
14. | Deep groove ball bearing STD 2
15. | Thrust bearing STD 2
16. | Deep groove ball bearing STD 4
17. | Gasket STD 1
18. | Oil seal (40x55x7) STD 1
19. | Oil seal (30x42x7) STD 2
20. | Machine base Cl 1
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