
Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2016 

 

159 

 

  

 

RESEARCH ON THE  ROUGHNESS OF THE OUTER SPHERICAL 

SURFACE ROUGHNESS GENERATED BY WOODTURNING 
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ABSTRACT: Surface roughness pieces is one of the important parameters that should be followed especially by cutting 

workpiece. Thus, in the research there was aimed at establishing values of the roughness for spherical surface 

generated by cinematic generators. The processes were carried out on a normal lathe SN 500 and a numerically 

controlled lathe VT 15 pulse and there was followed to obtain spherical surfaces with diameter of Φ = 40 mm. 

Regarding the operating mode it was used: piece revolution n = 1000 rot/min and the advancing speed was set at a 

fixed value of Vf = 60 mm/min. To measure the surface roughness, there was used a roughness measuring  apparatus 

SURF TEST SJ - 201 P/M, and the experimental results obtained have shown differences in the roughness obtained 

when processing normal lathe to that obtained with the use of numerically controlled lathe. 
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1. INTRODUCTION 

 

 The quality of machined surfaces is the 

main technological criterion which establish  

the regime factors for processing by 

electroerosion. 

By surface quality means, first, roughness and 

microhardness of the surface layer, the 

strength of the reflecting, the superficial layer 

thermally modified, etc. 

 From geometrically point of view, surface 

condition of a piece machined by splintering 

is determined by its actual deviations profile, 

to nominal profile, considered on the base 

length. Depending on the shape and size of 

the irregularities, they can be of three types: 

macro-irregularities (macro-misconduct), 

undulations and micro-irregularities 

(roughness) [1]. 

Macro-irregularities pitch deviations are very 

high in relation to their height. The 

corrugations are relatively low height 

deviations and environmental step that occur 

mainly due to technological system vibration 

and plastic deformations of the cutting area. 

Micro-irregularities or machined surface 

roughness represents all different shapes and 

irregularities with relatively small step, taken 

on a small surface, which has no deviations of 

macro-geometrical form. 

Surface roughness is micro-irregularities or 

ultimately traces of cutting tools for 

processing due to the oscillatory motion of 

the tool tip, friction between the blade and the 

workpiece surface, pull-particle material, etc. 

[2]. 

A surface processed therefore has a certain 

roughness (Figure 1 a), a particular ripple 

(Figure 1 b) and a certain deviation from 

macro-geometrical form (Figure 1 c). All of 

these overlapping give rise to a geometric 

aspect as the one shown in Figure 1, d [1]. 

 

 
Fig. 1. Various forms of irregularities 
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Profile parameters or appreciation of the 

roughness are: total depth roughness Rmax, 

the average depth of roughness Rz, maximum 

depth of roughness R, average step of the 

roughness SR, depth leveling Rp, arithmetic 

average deviation relative to line average Ra 

[3]. 

The most important factors influencing 

the processed surface roughness [4]: 

- Physico-mechanical properties of 

the workpiece; 

- Cutting regime parameters; 

- Geometrical parameters of the 

active part of the tool; 

- Microgeometry tool; 

- Tool wear; 

- Cooling-lubricating liquids; 

- Technological system stiffness.. 

 

2. MATERIALS AND 

METHODS 

 

Turning to the generation of the spherical 

surfaces, can use methods of generating the 

following: 

- Materialized generation to generation; 

- Generation of cinematic generators. 

Because the generating surfaces with the 

cinematic generation there can be applied 

regardless of the size of the area under 

research there was applied this way of 

generating. Obtaining a spherical surface by 

generating method with the kinematic 

generators, figure 2, involves the movement 

of a point M resulted from the tip of a cutting 

tool. To generate the spherical surface is 

necessary to combine the two movements 

respectively the movement ω0 of the piece 

rotation with the movement ω1 of advance of 

the cutting tool (knife lathe). Under these 

conditions the main cutting movement is 

performed by the workpiece, and the circular 

advance movement of the cutting tool. 

To generate a spherical surface with 

cinematic generators there are required 

special machines of woodwork the spherical 

surfaces or there can be also used universal 

tool machine by the type of normal lathes, 

carousel lathes, revolver lathes equipped with 

spherical woodwork devices. Also, the 

generation of spherical surfaces can be made 

and programmed with kinematic generators, 

case in which at processing there are used 

numerically controlled lathe [5]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The mode of generating a spherical surface with cinematic generators. 

 

Using specialized machine tools for 

generating spherical surfaces assumes a large 

series and mass production. In these 

circumstances because a serial production is 

very rare in practice is indicated using 

generating devices with the character of the 

group. These devices generating spherical 

surfaces can be operated manually or 

mechanically. Mechanical actuation devices 

for turning spherical decoupling required 

kinematic chains drive its machine tool. A 

driveline model is used to generate spherical 

surfaces with mechanical drive is shown in 

Figure 3.
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Fig. 3. Cinematic scheme of mechanical actuation devices for used to generate spherical surfaces 

 

As shown in Figure 3 it is noted that DG 

device shows an input size for generating 

represented by the advance speed of the 

carriage or the transverse carriage yi2 = V0.  

 This movement is converted with the 

help of a pinion-rack mechanism in a 

rotational movement of the tool which is 

required to generate the spherical surface. 

 The making with the kinematic 

generators of a spherical surface, taking into 

account the cinematic scheme from Figure 3 it 

is necessary to achieve a ratio of the total 

transfer of the kinematic chain which is 

calculated by the formula: 

iT = π·m·z                              (1) 

where: m is the transmission module of the 

rack pinion; 

z- represents the number of sprocket teeth. 

 To conduct experimental research there 

was used a spherical woodwork device whose 

general view is shown in Figure 4, and its 

kinematic structure in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. General view of the spherical device for turning  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The cinematic scheme of the spherical turning device  

1 -  cross slide of the lathe trolley; 2 - snail; 3 - worm gear; 4 - sled blade; 5 - guide;  6 - workpiece. 
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This turning device can be used to obtain 

spherical spherical inner and outer surfaces. 

Thus, the device body is mounted on the lathe 

carriage transverse, in which the body of the 

device is mounted a worm-worm gear gear 

that allows advance by circular knife of the 

lathe. 

In order to adjust the radius of the sphere 

to be generated there is provided a slide 

movement of the blade to the left and right 

inner spherical surface for the outer spherical 

surfaces. Before becoming achieve these trips 

is required positioning in the center of the 

spherical tip of the knife to be processed. 

The research was pursued experimental 

generation of spherical outer diameter Φ = 40 

mm on the edge of bars with initial diameter 

of Φ = 42 mm. The material in bars which 

was supposed to processing there was an 

inallied steel to improve  C 45 with 0,45 % 

carbon, SR EN 10027-1:2006.  

 

3. EXPERIMENTAL RESULTS 

  

The experimental research pursued 

mainly for spherical surface roughness 

determination generated by two distinct 

methods, namely: 

- generating an outer spherical surface by 

turning on the presented device for spherical 

turning; 

- generating a spherical surface on a 

numerical controlled lathe.. 

In these conditions within the experimental 

research it has been used as a normal lathe 

machine processing SN 500 respectively 

numerical controlled lathe Victor VT15plus. 

As the processing was carried out with a 

cutting tool made of the same material and 

with the same geometry. Also, there have 

been set the same working speed namely the 

rotation of the workpiece n = 1000 rot/min. 

The feed rate was set at a fixed value of Vf = 

60 mm/min when using the lathe numerical 

control lathe and if normal feed rate was not 

established because the device is operated 

manually turning spherical. To generate the 

spherical surface numerical controlled lathe 

was used the following schedule: 

N1 G0 T0101; 

N2 G50 S1000;  

N3 G96 S60 M4; 

N4 G0 X40 Z0 M8; 

N5 G71 U1 R10; 

N6 G71 P7 Q9 U0.5 W0.5 F0.4; 

N7 G0 X-1 Z0; 

N8 G03 X27.4 Z-29.68 R20; 

N9 G02 X32.4 Z-52.59 R20; 

N10 G0 X200 Z200; 

N11 M30; 

By analyzing how to write software for 

numerical controlled lathe is observed that 

were used a number of work orders to 

generate spherical surface respectively G71, 

G03, G02. After generating by turning with 

cinematic generators results material 

presented in Figure 6 for generating the lathe 

SN 500 respectively in Figure 7 for 

generating numerical controlled lathe Victor 

VT15plus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. The resulting piece at the 

processing with the lathe SN 500 

 

Fig. 7. Piece resulting from the processing 

with numerical controlled lathe Victor 

VT15plus. 
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After processing spherical surfaces of the 

two pieces there was watched the 

measurement of the roughness of the 

generated spherical surfaces, and in this 

respect there has been used a device to 

measure roughness SURF TEST SJ - 201 

P/M. Effectuated measurements have shown 

that if the workpiece is processed on the lathe 

SN 500 there have been resulted roughness 

values ranging Ramax= 5,37 µm respectively 

Ramin= 2,53 µm, and in the case of the 

workpiece on numerically controlled lathe 

Victor VT15plus, there has been resulted a 

roughness approximately constant with very 

little variation over the entire surface, and the 

average roughness was measured Ramed= 2,42 

µm. Thus, large differences were found 

between the surface roughness measured for 

the realised piece on normal lathe and 

numerical controlled lathe. The large 

difference in surface roughness can be 

explained by the fact that in the case of 

numerical controlled lathe the accuracy of the 

cinemaitc chains is higher compared to that of 

normal lathe. Also, the processing on 

numerical controlled lathe can be assured a 

constant feed rate while the lathe and in case 

of normal processing could not be ensured a 

constant feed rate as actuation turning 

spherical was handcrafted. 

 

4. CONCLUSIONS 
Following the generation of spherical 

surfaces on both the normal latheand the 

numerical controlled lathe can draw the 

following conclusions on the roughness of the 

obtained spherical surfaces: 

- spherical surface roughness obtained ny 

numerical controlled lathe is one much 

smaller than that obtained with normal lathe; 

- spherical surface roughness obtained 

numerical controlled lathe is one lungine 

more evenly across the surface in relation to 

that obtained with normal lathe machined 

surfaces; 

-    the roughness depends heavily on how 

the advance motion is performed, and the 

accuracy of the linkages involved in the 

movement. 
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