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Abstract: In our project report concentrating to 

recognize the performance improvement of the vertical 

turning lathe (VTL) machine tool through enhancing the 

cutting speed to improve production rate with fine 

surface finish.  Design, feasibility of manufacturing, time 

with cost effective have also considered in this work. 

Furthermore, the precautions as well as sufficient 

measures have been regards simultaneously. The design 

software’s such as auto-CAD along with pro-e are used 

to draw the components design. 

 
Keywords: vertical turning lathe; Design; production 

rate; surface finish; Pro-E. 

 

1. Introduction 

 
Commonly, the general use of engine lathe machine is 

the majority among the basic turning machine tool. The 

two basic constraints for turning operations are holding 

the work while rotating and holding the cutting tool 

furthermore moving them towards Job to be machined. 

     Zhou et al (2014) presented an optimal selection 

method of cutting parameters based on single-line tool 

path to suppress cutting chatter. the feasibility and 

effectiveness about the analysis of dynamic 

characteristics and the suppression method of cutting 

chatter were verified by a milling experiment of hollow 

blade [1]. Sharma et al (2013) found that when 

implementing one of the outstanding manufacturing 

quality improvement tool called Statistical process 

control, the quality of the products eventually obtain 

better customer satisfaction [2]. Wanare et al (2013) 

stated that the process capability tool has capable for 

combination with equipment for producing good quality 

products so as to meet all design necessities as well as 

expectation of the customers. [3]. Cha et al (2014) 

studied the maximum negative real part of the overall 

dynamic compliance and the limiting depth of cut are 

used as indicators to assess the structural static and 

dynamic performance of the worktable in various 

positions. [4]. Rajvanch et al (2012) stated that for 

improving quality continuously, enhancing productivity 

and make effective managerial decision the indices of the 

process capability become useful very much. [5]. Ozcelik 

et al (2012) proposed the Index Based Reasoning (IBR) 

for chatter detection and tool wear estimation by using 

the torque signal data of rotary dynamometers during the 

end milling operation. [6]. 

     Kahraman et al (2012) found that the process 

capability index has the numerical summary which 

comparing product performance and the characteristics of 

the process with the specifications [7]. Gadalla et al 

(2016) found that the development  of manufacturing 

method in reconfigurable manner with different efforts 

for reaching.   Among various efforts to develop 

reconfigurable manufacturing system, the new 

advancement in the area of research towards machine 

tool reconfiguration in both the sector of industrial 

manufacturing as well as academic technical institutions 

[8]. The process cost of reconfiguration by using 

operational period, production unit cost as well as 

maximum number of operators involved [9].  

     The main goal of our work is to increase the product 

output. For which the turning section manufacturing floor 

is selected. The vertical turning lathe machine is analyzed 

for increasing its performance. The different parameters 

such as designing, feasibility for manufacturing, cost 

effectiveness with desired timing are consider in this 

research work. 

 

2. Vertical turning lathe 

 
The structure of vertical turning lathe is shown in Figures 

1. 

 

 
 

Figure 1. Schematic of heavy duty vertical Turning 

Lathe Machine Tool 
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     By analyzing all the parameters and factors, it is clear 

that apart from feed rate and material type the chuck 

speed (rpm) plays a very important role in production 

timing. Feed rate is not negotiable as it plays a great 

impact on surface finish and tool life. Whereas 

compromising the material type leads to poor quality. 

Thus by increasing chuck speed (in rpm) we could 

increase production output which meets our goal.. 

 

3 Method of Changing Motor Speed 

 

3.1 Motor Specifications 

 

H.P = 42; VOLTS = 250; R.P.M = 580 

 

3.2 Gear box specifications 

 
HP = 53; Input speed= 590; Output speed = 28.3; from 

the given specifications it would be wise for us to choose 

motor of 720 rpm to increase the chuck speed. 

 

3.3 Method by changing pulley diameter 

 

Driver Pulley = 510MM 

Driven Pulley = 400MM 

d1 n1= d2 n2 
Where, d1 is the diameter of the driving pulley 

            n1 is the revolutions of the driving pulley 

            d2 is the diameter of the driven pulley 

            n2 is the driven pulley revolution.  

n2 = d1 n1 /d2 

     From the above relations we can conclude that by 

increasing driving pulley diameter, decreasing driven 

pulley diameter revolutions of driven pulley can be 

increased which in turn increases chuck speed. 

 

3.4 Selection of the most appropriate method 

 

3.4.1 Method by changing pulley diameter 

 

Let us consider the pulley diameter to be increased to a 

certain value so that the chuck speed is increased from 6 

r.p.m to 12 rpm which is twice the current value.Thus it 

is aimed for increasing the chuck speed to a value of 

100% so that maximum product output can be obtained. 

 

4. Design Calculation 

 
The improvements are made for obtaining 100% increase 

in chuck speed which is 12 r.p.m. The drive (a) and 

driven (b) pulley are shown in Figure 2. 

 

 
Figure 2. (a) Drive pulley (b) Driven pulley 

 

     The design calculations are made as per specifications 

Driver pulley = 510 mm 

Driven pulley = 400 mm 

Motor speed= 580 RPM 

 

Revolution of Driven Pulley  

 
     Revolution of driven pulley =(diameter of driver 

pulley × revolution of driver pulley) /diameter of driven 

pulley 

n2 = d1 n1 / d2 

= (510*580)/400 
n2 = 739.5 

     The current chuck bed speed is 6 RPM, where we are 

aiming to achieve twice the speed of 12 RPM. 

Thus the revolution of driven pulley must also be twice 

which is 1479 RPM (N2) 

     To avoid failures and moment the driver pulley 

diameter must be always smaller than the motor’s 

armature for safe working conditions. The drive (a) and 

driven (b) pulley are shown in Figure 2. 

The armature diameter is 720MM.Thus it is safer to 

consider the driver pulley as 700MM (D1) 

Where,  

D1 is diameter of the driven to be designed;     

N1 is revolutions of driving pulley 

D2 is driven pulley diameter to be designed;     

       N2 = driven pulley revolutions  

 

Diameter of Driven Pulley  

 
     Diameter of driven pulley=(Diameter of driving 

pulley revolutions of driving pulley)÷ revolutions of 

driven  pulley 

D2 = D1 N1 / N2 

Where, D1= 700 MM; N1= 580 RPM; N2= 1479 RPM;  
                    D2 = (700*580)/1479;   

                            = 274.5 MM  

     Thus let us conclude that Diameter of Driven Pulley 

as 275 MM. 
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Concluded values 
 

D1 = driving pulley diameter to be designed  = 700 mm 

N1 = revolutions of driving pulley = 580 rpm 

D2 = driven pulley diameter to be designed    = 275 mm 

N2 = revolutions of driven pulley                  = 1479 rpm 

     Some other values for implementation are, 

Centre distance = 1200 mm; Connecting belt length = 

3831 mm; Number of belts planned to be implemented is 

8; The type of belt is planned as v-belt 

 

4.1 CAD model of driving pulley in pro-e 

 
The CAD model of driver and driven pulley are shown in 

Figure 3 (a) and (b) respectively.  

 

 
Figure 3. CAD model of (a) Driver  

(b) Driven pulley 

 

     The numbers of spokes are chosen as 8 so that the 

design is well balanced in structure. The small pulley is 

manufactured with simple design and with no complex 

parts so that the pulley is small as well as balanced. Both 

the pulleys are given with one key slot for each for the 

introduction of key for a rigid power transmission so that 

vibration is avoided.The number of grooves in driven 

pulley is given as 11 so that the belts can be arranged on 

different angles for rigidness and slips can be avoided.  

The material for manufacturing was chosen as cast iron. 

     As the driver pulley is increased in diameter for 

increasing the chuck speed, the motor attached will have 

a direct impact. That is as the diameter of the pulley is 

increased the weight of the pulley will also increase 

which will produce a high amount of stress in the motor 

shaft.The stress thus introduced in the shaft will lead to 

bending moment in the shaft which may lead to total 

failure of the motor by damaging the armature.   

The projection is given with a diameter of 

180mm.Thus the bearing to be selected must have an 

inner diameter of 180mm for the respected I.D preferred 

bearing is 6036M with the following specifications. Inner 

Diameter is 180 mm, outer diameter is 280 mm and the 

width or height or thickness is 46mm. The bearing is just 

an machine element for relative motion. It is needed to be 

fixed i.e. mounted on a casing so that the required 

support is obtained. Thus design is carried out for it. The 

CAD design of bearing casing and check are shown in 

Figure 4 (a) and (b) respectively. 

 

 
Figure 4. CAD design of (a) Bearing Casing (b) Chuck 

and its parts 

 

As per the specification of the bearing the interior of 

the casing is designed for 280mm as diameter and so the 

thickness. The pulley to the bearing is mounted to the 

casing on a rigid surface.  

Due to the increase in the speed of chuck rotation 

apart from any other parts this section will be under high 

stress and wear forces. The wear section of chuck is 

shown in Figure 5. 

 

 
 

Figure 5. Wear section of Chuck 

 

     The wear forces between these parts are due to high 

friction present in the section. The bearing chosen must 

be withstanding load up to 80 tons. Thus by introducing 

thrust bearing the failure on the section can be avoided in 

future. 

 

5. Results and Discussion 

 
By the results found on design calculations pulleys were 

manufactured and implemented. The new (a) driver and 

Driven pulleys and (b) Bearing Case are shown in Figure 

6. 

 
Figure 6. New (a) driver and Driven pulleys 

 (b) Bearing Case 
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Old chuck speed: 6 RPM; Newchuck speed: 10 RPM; 

speed increased: 60% 

Thus the aim for increasing the production output by 

increasing the VTL machine chuck speed is achieved. 

 

Precaution measures for chuck elements 

 

Feed rate: 0.5 mm/min; Job diameter: 4 m. The time 

taken at 6 RPM, 10 RPM and its comparisons are shown 

in the Figures 7. 

 

 
 

Figure 7. Comparison of time taken (in minute) for 6 

RPM and 10 RPM 

 

Table 1: Machining time for different RPM 

 

Material 

type 

Time taken 

(in minute) 

for 6 RPM 

Time taken (in 

minutes) for 10 

RPM 

Mild steel 238 147 

Cast iron 179 110 

Carbon 

steel 

210 126 

Hardox 417 256 

 

     The precaution measures for avoiding chuck elements 

failure were proposed and accepted. Whereas it was said 

to be implied in the near future so that continuous 

production in current project of the organization can be 

achieved. The machining times for different RPM are 

tabulated in Table 1. It is clear from the obtained data 

that the increase in chuck speed as resulted in decrease in 

production time. Thus the product output is 

increased.The advantages obtained by this 

implementation are: decrease in production time, increase 

in the quality of surface finish, increase in production 

output and increase in profit. 

 

6. Conclusions 

 
This project is intended towards increasing the 

production output by the speed efficiency of vertical 

turning lathe machine. Accordingly design alterations 

were made and proposed for the machine considering 

different parameters such as possibility for 

manufacturing, calculation for design, effective prize, as 

well as constraints of timing. The safety as well as 

sufficient procedure is besides concurrently researched 

along with deployed on regard.  For designing the parts 

the required software that Auto-CAD as well as pro-E 

have been utilized. 

 

References 

 

[1] Zhou X, Zhang D, Luo M and Wu B, “Tool path 

dependent chatter suppression in multi-axis milling of 

hollow fan blades with ball-end cutter,” The International 

Journal of Advanced Manufacturing Technology, vol. 72, 

no. 5-8, pp. 643–651, 2014. 

 

[2] Sharma G V S S and Rao P S, “Process 

Capability Improvement of an Engine Connecting Rod 

Machining Process”. Journal of Industrial Engineering, 

Vol. 9, pp. 1-9, 2013, [3]  

 

[3] Wanare S P and Gudadhe M V, “Performance 

Analysis of Vertical Machining Center through Process 

Capability” International Journal of Innivations in 

Engineering and Technology, Vol. 2, pp. 198-207, 2013. 

 

[4]   Cha K C, Wang N and Liao J Y, “Dynamics and 

cutting stability of the dynamically loaded worktable 

subjected to simply supported conditions,” International 

Journal of Advanced Manufacturing Technology, vol. 71, 

no. 1–4, pp. 605–620, 2014. 

 

[5] Rajvanchi, P K and Belokar R M, “Improving the 

Process Capability of a Boring Operation by the 

Application of Statistical Techniques. International 

Journal of Scientific & Engineering Research, Vol 3, pp. 

1-6, 2012.  

 

 [6] Ozcelik, “Detecting chatter and estimatingwear 

fromthe torque of end milling signals by using Index 

Based Reasoner (IBR),” International Journal of 

Advanced Manufacturing Technology, vol. 58, no. 1–4, 

pp. 109–118, 2012 

 

[7] Kahraman F, Esme U, Kulekci M K and 

Kazancoglu Y, “Process Capability Analysis in 

Machining for Quality Improvement in Turning 

Operations” Material Testing, Vol.54, pp. 120-125, 2012. 

http://dx.doi.org/10.3139/120.110306 

 

 [8]    Gadalla M and Xue D, “Recent advances in 

research on reconfigurable machine tools: A literature 

review”, International Journal of Production Research, 

2016 (online, [9] Soh SL, Ong SK, Nee AY, “Design for 

assembly and disassembly for remanufacturing”, 

Assembly Automation, Vol. 36(1), pp. 12-24, 2016. 

 

International Journal of Pure and Applied Mathematics Special Issue

218



 [9] De Paolis TL, Mongelli A. (eds.) Augmented 

Reality, Virtual Reality, and Computer Graphics: Third 

International Conference, AVR 2016, Lecce, Italy, June 

15-8, 2016. Proceedings, Part I.  

 

[10]      Chinnannagari Anurag Reddy, Manne Niharika,” 

Polarized Piston Powered Engine”, International 

Innovative Research Journal of Engineering and 

Technology, vol 02,no 04,pp.08-12,2017. 

International Journal of Pure and Applied Mathematics Special Issue

219



220


