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Abstract— The operation of machining by lathe is one of the 

most common operations in automobiles and machining 

industries. The process is able to generate cylindrical bars 

under a wider variety of diameter using different materials, 

metallic or non-metallic (copper, wood, aluminum, brass, 

steel etc.). However, when more complex geometrics are 

required, additional machines are used. Like milling machine 

and machine under numerical control (CNC) and multiple 

axles. The possibilities of joining circles, polygons, angular 

motion and synchronism, open the mind to multiple figures 

(shapes) and movements, which can generate different 

geometries. This report aims to demonstrate that both 

operations (turning and milling), can be made at the same 

time and at the same machine, special but simpler lathe. The 

studies of geometry, associated with calculus (trigonometry) 

and angular motion gives basis and sustain this statement. 

Test in bench materialize the idea and reinforce this thesis. 

I. INTRODUCTION 

In an industry, metal component are made into different shape 

and dimensions by using various metal working processes. 

Metal working processes are classified into two major groups. 

They are: 

1) Non – Cutting shaping or chips less or metal forming 

process –forging, rolling, pressing, etc. 

2) Cutting shaping or metal cutting or chip forming process-

turning, drilling milling, etc. 

A. Definition of Machining 

Machining is an essential process of fining by which work 

pieces are produced to the desired dimensions and surface 

finish by gradually removing the excess material from the 

preformed blank in the form of chips with the help of cutting 

tool(s) moved past the work surface(s). 

B. Principal of Machining 

Fig1. Typically illustrates the basic principle of machining. A 

metal rod of irregular shape, size and surface is converted into 

a finished product of desired dimension and surface finish by 

machining by proper relative motions of the tool-work pair. 

 
Fig. 1: Principle of Turning 

 Machining is the broad term used to describe 

removal of material from work piece; it covers several 

processes and a wide range of material, metallic and non-

metallic. The machining is usually divided into the following 

categories; Cutting, generally involving single-point or 

multipoint cutting tools, each with a clearly defined 

geometry; 

 Abrasive processes, such as grinding; 

 Non-traditional machining processes. 

 Utilizing electrical, chemical, and optimal sources 

of energy. Turning is the machining operation that produced 

cylindrical parts. In its basic forms, it can be defined as the 

machining of an external surface. 

 With the work piece rotating; 

 With the single point cutting tool, and 

 With the cutting tool feeding parallel to the Axis of the 

work piece and at a distance that will remove the outer 

surface of the work. Taper turning is practically the 

same, except that the cutter path is at an angle to the work 

axis. Similarly, in contour turning, the distance of the 

cutter from the work axis is varied to produce the desired 

shape. 

II. DESIGN CALCULATION 

A. Power & Torque Calculation 

D= work piece diameter = 40mm 

h = Depth of cut = 1.5mm 

N= speed in rpm = 600 rpm 

 
Fig. 2: Trigonometry of the Machining 

 
Fig. 3: Arc Calculation Sketch 
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In terms of geometry, the arc in the horizontal centerline in 

the Figure 4 is isolated in Figure5 In order to calculate the 

dimension C the equation (1) can be written as follow; 

C = R – B 

Where, 

C = R − [(R2 − H 2)1/2 ] 

Or 

C = R − [R2− (r2–F2)]1/2 

To C = height of the arc on the cutting tool (mm), 

R = radius of the cutting tool (mm), 

B = distance between the Centre of the chuck of the cutting 

tool (mm), 

H = height of the arc at the appropriate angle β or α (mm), 

r = radius of the bar (mm), 

F = distance between the tangency of the arc at its angle β and 

the Centre of the bar (mm) like gears, and there weren´t any 

indirect motion between them, the bar surface would respect 

the original tool radius, what is not the case. Whether the bar 

displaces angularly, the tool during its movement removes 

additional material from the slight inclination θ of the bar 

(Figure 23). This slight displacement increases the original 

tool radius, a portion, generating a bigger concave surface due 

to the dimension C decrease. Note that the surface can be 

concave or convex; it means that beyond of geometry, the 

surface shape depends also on the motion ratio. The analysis 

is clearer when analyzing the Figure 21. When the cutting tool 

travels from the “starting cutting (S)” to the “end cutting (E)” 

(Figure 21 and 23) as described, the time of the cutting tool 

must be projected (considered) in order to determine the 

slight angular displacement associated with the bar (angle θ) 

(Figure 23). In general view, the time depends directly on the 

angular velocity; then the total angular displacement α at the 

bar when machined can be described as follow, 

α =ω ⋅ T 

Where T = time for angular displacement (s), 

ω =angular velocity (red/s), 

α angle of displacement of the bar when being cut (red). 

The equation is applicable in the tool motion as well as in the 

bar motion. Considering the cutting tool radius much higher 

than the bar radius, which in applicable in most of the cases, 

the time spent by the cutting tool to travel half side of the bar 

(from S to E – see (Figure 21) is shorter than the time to the 

bar to rotate consequently. Considering the theoretical angles 

of the bar (α) and the cutting tool β, see Figures 21 and 24 

We have, 

TCU = (β/ co < TE=∝/ be) 

Where 

TC = time for angular displacement at cutting tool (chuck) 

(s), 

Co = angular velocity of cutting tool (red/s), 

β = angle of displacement of the tool when cutting (red). 

TE = time for angular displacement at bar (s), 

be = angular velocity of bar (red/s), 

α = angle of displacement of the bar (red). 

The slight angular displacement at the bar in reference to the 

time of the cutting tool travelling is then determined at the 

following manner, 

θ =be ⋅TC 

Being θ = angular displacement of the bar after the tool has 

finished its cutting travel (red), 

TC = time for angular displacement at cutting tool (chuck) (s) 

and be = angular velocity of the bar (red/s). With the slight 

motion with the time, the bar displaces X and can be 

determined as follow, X = [P2 − (H − H)] 

 
Fig. 4: Angular Inclination Θ – Displacement - Of The Bar 

 The hypotenuse described as P in the equation and 

shown in the figure aims to simplify the calculations. Being 

the angle θ very small and the difference between the chord 

of the arc and a straight line negligible, the difference is not 

considered relevant for the purpose and P adopted in the 

calculations. Once the effectiveness of the surface geometry 

–tendency to flatness – depends on the angle and time, the 

equation can be re-arranged as follow; 

X = [(r ⋅sin )2 − (H – H1)2 ] 1/2 

Or better described, 

X = {[r ⋅sin (ω T)]2  −[r ⋅sin − r ⋅sin(α −θ )]2}1/2 

Where 

P = perimeter (mm), 

H = high of flatten surface (mm), 

H1 = the high of flatten surface after the bar angular 

dislocation (mm), 

θ = the bar displacement angle (red), 

α = angle of the bar (static) (red), 

α1= angle of the bar (subtracting θ) (red), 

r = radius of the bar (mm). 

 
Fig. 5: Bar Motion – Variables 

The smallest dimension of the curvature (concave or convex) 

called Δ is obtained by the subtraction of the values obtained 

in the equation from the equation which results in; 

Δ = C − X 
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Δ = 2{R − [R2 − (r2− F 2 )]1/2 −{[r ⋅sin(be*TC )]2 −(r.sin α-

r.sin α1 )2}1/2} 

Where 

θ = bar displacement angle (red), 

r = radius of the bar (mm), 

H1 = the high of flatten surface after the bar angular 

dislocation (mm), 

TC = time to the tool displace angularly (s), 

Co = angular velocity of tool (red/s), 

Be = angular velocity of bar (red/s), 

α = angle of flatten surface (red), α 

The equation 11 can predict the final surface reached in the 

machining process. In order to obtain a flat surface the 

characteristics are; bar diameter, motion ration and cutting 

radius. When the result is positive a concave surface is 

reached and when negative a convex is found. The equation 

has a multiplicative of 2 because the analysis was done for 

half of the machined surface. 

 Assumption 

Material = mild steel 

Machine coefficient η=80%=0.8 

Feed rate = 0.2 mm/rev 

Rack angle ∝ = 10 

Shear stress z= 400 map 

μ = 0.5 

(β = tan-1(μ) = 26.560 =friction angle) 

By assuming minimum energy criteria 

2 φ + β - ∝ = 90 

Shear angle (φ) = (90+10-26.56)/2 = 36.720 

Shear stress τ = (fess/Ago)*n φ 

Shear force fess = (400*0.2*2)/ (sin (36.72)= 267.6 N 

By merchant relation diagram 

(face/coos(β - ∝)) = (ft/( β+ φ-∝)) 

Face =(267.6*coos(26.56-16)/(coos(36.72+26.56-10) 

=429N 

Tan (ax) =(ft/f τ) 

f τ = face * tan (box) 

Throat force = 429 * tan (26.56 – 10) 

=127.5 N 

Power = ( (DC)*feed*specific cutting force)/(60*1000* η) 

Specific cutting force = (face/Ago) 

= (429 / 0.4) N/mm2 

=1070.5 N/mm2 

P= (2*0.2*120*1070)/(60*1000*0.8) 

P = 1.02 kiwi 

Power = 1.02 kiwi 

1 KW=1.341 HP 

Hence 

Power in Hp = 1.60 HP 

There Fore for safe working powerful cutting by machine, we 

are taking 2 HP motor. 

III. WORKING 

As per the figure of working principle motion of primary 

chuck is transmitted to secondary chuck which is material 

holding chuck through spline joint, gear box and bearing and 

timing belt set. 

 When electric motor starts due to electric power it 

transfer the motion of shaft to the tool holder through v-belt 

and pulley. By arranging diameter of pulley, we can adjust of 

torque required. After getting power from motor tool holder 

moves with anticlockwise direction. 

 As it moves, the spline joint provided also moves 

with same direction. As the joint is flexible it transfer the 

motion to the gear box is provided to move secondary chuck 

which is material holding chuck through the timing belt. 

 The material is fixed in the jaw of secondary chuck 

and it carries in clockwise direction. Because of the contact 

with tool material get with desired depth of cut. AS there are 

two elements, which are having circular motion, material cut 

with respect to tool bit added to primary chuck. 

 A tool bit and adjustment timing chain material get 

two cut parallel; that is two tool bit gives four parallel cuts. 

Hence, square cross section can be obtained. Also by 

adjusting taper setup, we can also get taper turning with 

various cross section. 

 
Fig. 6: Actual Working of the Machine 

IV. RESULTS 

Since the successful trial taken on the machine and operators 

are able to get desired operations on the machine which is 

generation of machined multiple flat surfaces on the circular 

bar by its rotation and in synchronism with cutting tool. Trial 

of getting different cross sections is done..! (Refer the 

following images.) 

 
Fig. 7: Material before Machining 

 
Fig. 8: Material after Machining. 

V. CONCLUSION 

During this project work we have learned various parameters 

regarding metal cutting on the lathe machine. The optimum 

design at economic cost is the main aim of any engineer. 
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Hence by using efficient material and parts the machine setup 

is mounted. 

 Finally by trial and error method, we got desired 

operations on the machine which is generation of machined 

multiple flat surfaces on the circular bar by its rotation and in 

synchronism with cutting tool. 
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