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THE INFLUENCE OF SELECTED PARAMETERS OF 
FINISH TURNING OF COPPER ON THE SURFACE 

ROUGHNESS 

Stanisław Płonka 

S u m m a r y 

The paper presents the results of the research on the influence of the cutting speed vc  and feed f t on the surface 
roughness after finishing turning of the electrolytic copper commutators of electric tools with the 
polycrystalline diamond edge. The following mathematical models: Ra = g(vc , f t), RzISO = g(vc , f t), were used 
to establish optimal machining parameters concerning the surface roughness described by Ra and RzISO. 
Keywords: turning, parametrical optimization, surface roughness. 

Wpływ wybranych parametrów toczenia wykończeniowego miedzi na chropowatość powierzchni 

S t r e s z c z e n i e 

W artykule przedstawiono wyniki badań wpływu prędkości skrawania vc  i posuwu f t na chropowatość 
powierzchni podczas toczenia wykończeniowego ostrzem z diamentu syntetycznego komutatorów 
elektronarzędzi wykonanych z miedzi elektrolitycznej. Uzyskane modele matematyczne w postaci zależności: 
Ra = g(vc ,f t), RzISO = g(vc ,f t) były podstawą do wyznaczenia optymalnych parametrów skrawania z 
uwzględnieniem kryterium chropowatości powierzchni określoną parametrami Ra i RzISO. 
Słowa kluczowe: toczenie, optymalizacja parametryczna, chropowatość powierzchni. 

1. Introduction 

The basic part of the cylindrical commutator is set of bars which are 
insulated from each other and the fix construction. The commutator bars which 
have low mechanical stress can be make from pure hard-drawn copper. The 
commutation is satisfactory good if brushes do not sparkle. The reason of 
sparkle of brushes can be divided to mechanical and electrical. In the first group 
are included: the non-uniform spacing of the particular commutator bars, uneven 
surface of the bars, impurities or tarnish and poor brushes contact, e.g. just part 
of surface, too strong or too weak brushes pressure, brushes vibration, etc. In 
order to maintain cylindrical shape of the active commutator surface for different 
rotation speeds and temperatures, the same forces should act on each of the 
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commutator bar. The commutator bars should have the same rigidity and 
identical freedom of the thermal expansion. Even slight roundness deviation of 
cylindrical surface, e.g. 0,02 mm or a little radial run-out (stick out one bar) e.g. 
0,004 mm can deteriorate mating conditions of sliding contact in unacceptable 
degree [1]. 

Therefore low surface roughness Rz ≤ 6,3 µm and low value of radial run-
out ∆r ≤ 0,01 mm of the sliding surfaces of the commutator in electric tools is 
required. The aim of the work was to specify the optimum parameters, like: 
cutting speed vc, feed speed ft and depth of cut ap for interrupted finish turning 
of outer diameter of commutators from cooper, for the surface roughness 
specified by parameters Ra and Rz. 

2. Research methodology 

The commutator of electric tools K81/M (Fig. 1) is construct from 24 bars 
of modified cooper and moulding of thermosetting plastic with glass filler. The 
commutator bars are made from bright copper bar and join each other on the 
injection moulding machines with the aid of plastic. This is the commutator 
without mica, in which the insulator between the bars is the air gap. 

 
A-A

 
 

Fig. 1. Rotor type C-32881 with the commutator K81/M: 1 – commutator, 2 – winding, 3 – packet 
of rotor, 4 – shaft, 5 – bars made from electrolytic copper, 6 – moulding of thermosetting plastic 

Before finish turning with the diamond edge tool, the rough turning of the 
commutator with the packet of rotor, was performed with the toolholder type 
NCC-0233 with a solder carbide insert type H10 The machining conditions were 
as follows: vc  = 99 m/min, f = 0,3 mm/rev, ap = 0,4 mm. Surface roughness after 
rough turning was held between Ra = 2,5÷2,8 μm. 

Next the diameter d1 = 22,5 mm of commutators of electric tools is 
machined by finish turning with the diamond edge tool on the lathe SC-FVM W 
930106801 for diamond turning. The scheme of the stand for turning with the 
diamond edge tools of commutators of electric tools is shown in the Fig. 2. 



The influence of selected parameters ...  9 

For turning the toll is used with the synthetic diamond edge type NCC 
0389/2, of the following geometry: rake angle γ = 0º, clearance angle α = 12º, 
edge angle κ = 10º (Fig. 3). The diamond insert was solder to toolholder with 
hard solder. The machining was performed without cooling. 

The machining material was electrolytic copper of grade M-M1. The 
chemical constitution is presented in the Table 1. 

Table 1. The chemical constitution of the cooper M-M1 

Grade The chemical constitution, % 
Contents of modifier Allowable contents of impurities 

Sign Mark 
Sn Ni Ti Bi Pb Sb As Fe Zn S O2 Total 

Cu-99.9-M M-M1 0,01÷0,05 0,014÷0,03 max 
0,0025 0,001 0,005 0,002 0,002 0,005 0,003 0,004 max 

0,025 0,1 

 
 

 
 

Fig. 2. The scheme of stand for turning with the diamond edge tools of commutators of electric 
tools: 1 – motor, 2 – flexible coupling, 3 – bearing, 4 – drive wheel, 5 – flat belt, 6 – guy wheel,  
7 – rotor, 8 – commutator, 9 – commutator shaft, 10 – vee block from sintered carbides,  
 11 – diamond tool, 12 – winding wheel (with regulation possibility) 
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a) 

 

 

b) 

Fig. 3. A cutting tool with diamond edge NCC-0389/2: a) shape and dimensions of tool;  
1 – toolholder, 2 – cutting insert, b) tool edge geometry 

The character of the machining was interrupted because the commutators 
without mica were used. The particle commutator bars on commutator 
circumference do not contact each other and the tool after exiting one 
commutator bar isn’t in contact with the machined surface for a moment. In the 
sense of tool life, the interrupted cutting is more unfavorable than continuous 
cutting, because the sore point is the moment of entrance of the tool  
in the machined material. 13 pieces of rotors with diameter of commutators  
d1 = 22,5 mm were prepared for research. 

Recording and measurement of the commutator outer diameter surface 
roughness was made with the roughness measuring device Perthometer Concept 
from Mahr, applying assessment length equal 3,2 mm and cut-off length equal 
0,8 mm. In order to specify geometrical structure the following roughness 
parameters were measured: Ra, RzISO [2, 3]. Whereas surface topography 
parameters: Sa, Sq, Sp, Sv, St, and Abbot curve parameters Ssk, Spk, Svk, Smr1, 
Smr2 were measured [4, 5]. The average value of three results made on every 
120° of the circumference of the commutator was taken as a surface roughness 
parameter measurement result. 
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The measurements of the outer diameter of the commutator were conducted 
in three surfaces spacing every 120° with the digital micrometer Mitutoyo with 
base scale of 0,001 mm. The measurements of the radial run-out particle copper 
commutator bars after finish turning were conducted on the centre device with 
help the dial gauge with base scale of 0,001 mm. Calculations were performed 
with STATISTICA software. The significance of regression function parameters 
was crosschecked using statistical methods of t-Student. Significance and 
adequacy of mathematical model was verified using the F test [6]. 

3. Research results and their analysis 

In order to diminish the number of measurements and tests duration, the 
multifactors method was selected, where the parallel influence of the selected 
turning parameters was established in relation to the surface roughness and 
waviness of the machined commutarors made of copper. A polynomial of 2nd 
degree with double interaction was assumed as the mathematical model: 

  (1) 2112
2
222

2
11122110 xxbxbxbxbxbbz +++++=

where: z = Ra, RzISO – resulting factors, e.g. roughness parameters, x1 = vc – 
cutting speed, m/min, x2 = ft – feed, mm/min, b0, b1, b2, b11, b22, b12 – 
calculated regression coefficients. 

The research of the finishing turning of the commutators of electric tools 
using an insert with a diamond edge was performed according to the determined, 
selective, multifactor orthogonal statistical plan: PS/DS-P: α [7, 8]. The range of 
finishing turning parameters was set on the basis of the literature analysis [9, 10] 
on three levels (Table 2). 

Table 2. Levels and values of independent variables for the realisation  
of the plan PS/DS-P: α (1,00/2×3) 

Code: (α = 1,000) Researched variables xk –α = –1 0 +α = +1 
Cutting speed vc , m/min x1 350 470 590 

Feed ft , mm/min x2 22 44 66 

 
Table 3 presents the order of the tests, turning parameters applied and 

surface roughness value specified by the following parameters: Ra, RzISO. 
Rough errors’ elimination was conducted using Grubbs test. Additionally,  
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surface roughness parameter values Ra(w), RzISO(w) were calculated from 
equations (2) and (3) and compared. 

 
Table 3. Tests conduction scheme and the surface roughness results described with the Ra and 

RzISO parameters after finishing turning using tool with diamond edge with ap = 0,10 mm 

Factors researched 

Code 
values 

Adjustable 
values 

Surface 
roughness 

Ra, µm 

Surface roughness 
RzISO, µm 

No. 

N
um

be
r 

of
 

ex
pe

ri
m

en
ts

 

1x̂  2x̂  x1=vc 
m/min 

x2=ft
mm/min Ra Ra  

Ra(w) 
(2) 

RzISO RzISO  

RzISO(w) 
(3) 

1 1,684 10,899 
2 1,677 10,379 1 
3 

−1 −1 350 22 
1,508*

1,680 1,610 
9,988 

10,422 9,986 

1 1,382 7,702 
2 1,322 8,021 2 
3 

1 −1 590 22 
1,209 

1,304 1,302 
6,999 

7,574 7,407 

1 2,003 10,409 
2 1,976 9,894 3 
3 

−1 1 350 66 
1,941 

1,973 1,975 
9,835 

10,046 10,233 

1 2,215 10,339 
2 2,036 10,637 4 
3 

1 1 590 66 
2,404 

2,218 2,265 
11,083 

10,686 11,144 

1 1,522 8,872 
2 1,531 8,583 5 
3 

−1 0 350 44 
1,483 

1,512 1,557 
8,484 

8,646 8,895 

1 1,615 8,601 
2 1,486* 8,083 6 
3 

1 0 590 44 
1,618 

1,617 1,549 
8,375 

8,353 8,061 

1 1,296 7,844 
2 1,371 7,456 7 
3 

0 −1 470 22 
1,289 

1,319 1,368 
7,592 

7,631 8,033 

1 2,049 10,854 
2 2,129 10,947 8 
3 

0 1 470 66 
2,065 

2,081 2,032 
10,810 

10,870 10,225 

1 1,583 7,676 
2 1,469 7,847 9 
3 

0 0 470 44 
1,339 

1,463 1,464 
8,291 

7,938 8,014 
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Table 3. (continued) 

Factors researched 

Code 
values 

Adjustable 
values 

Surface 
roughness 

Ra, µm 

Surface roughness 
RzISO, µm 

No. 
N

um
be

r 
of

 
ex

pe
ri

m
en

ts
 

1x̂  2x̂  x1=vc 
m/min 

x2=ft
mm/min Ra Ra  

Ra(w) 
(2) 

RzISO RzISO  

RzISO(w) 
(3) 

repetition in the center of plan 
1 1,534 8,826 
2 1,506 8,742 
3 1,520 8,649 
4 1,970* 11,457* 
5 1,483 8,645 
6 1,563 9,325 
7 1,740 9,725 
8 2,020* 12,367* 
9 1,688 9,253 
10 1,380 7,663* 
11 1,634 10,369 

10 

12 

0 0 470 44 

1,427 

1,547 1,464 

9,012 

9,172 8,014 

 
Remark: * – value eliminated by Grubbs test 

 
Using the results included in Table 3 the regression coefficients b0, b1, b2, 

b11, b22 and b12 were calculated, considering the repeatability in each experiment 
plan combination. After applying coefficients in the polynomial (1) following 
regression functions were received: 

 Ra = 4,2848722 – 0,008298vc – 0,054279f + 0,000006vc
2 + 

 
 + 0,000486f2 + 0,000057vcf  (2) 

 RzISO = 26,460247 – 0,048286vc – 0,330831f + 0,000032vc
2 + 

 
 + 0,002509f2 + 0,000330vcf (3) 

The statistical regression equations analysis shows that the equations are 
significant. Adequacy test based on repeatability in the experiment plan 
combinations confirms the adequacy of the regression equations. Consequently, 
further analysis of the regression equations was conducted, e.g. Table 4 presents 
statistical regression equations (2). 
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Table. 4. Statistical analysis of the regression equation specified in formula (2) 

Estimation 
type No. degree of freedom Test critical value Test value Hypothesis 

verification 
Regression 
equation 

significance 
(F-Snedecor) 

f1* = Nb − 1 = 6 − 1 = 5 

19625
1

*
2 =−=−=∑

=

n

u
bu Nrf F0,05:5:19 = 2,74 Fc = 58,17 

Fc > F0,05:5:19 
regression 
equation is 
significant 

Square of multiple correlation coefficient: 
R2 = 0,939 

Mean square error estimator: 
eb = 0,095 (5.61%) 

On the basis of repeatability in the plan centre 
Model 

adequacy  
(F-Snedecor) 

f1 = n − Nb = 9 − 6 = 3 
f2 = n0 − 1 = 10 − 1 = 9 F0,05:3:9 = 3,862 Fcal = 0,820

Fcal < F0,05:3:9 
mathematical 

model is 
adequate 

t(b0) = 6,427
t(b0) > t0,05;19 

significant 
coefficient 

t(b1) = 3,121
t(b1) > t0,05;19 

significant 
coefficient 

t(b2) = 5,769
t(b2) > t0,05;19 

significant 
coefficient 

t(b11) =2,237
t(b11) > t0,05;19 

significant 
coefficient 

t(b22) = 
5,748 

t(b22) > t0,05;19 
significant 
coefficient R

eg
re

ss
io

n 
co

ef
fic

ie
nt

 si
gn

ifi
ca

nc
e 

(t-
St

ud
en

t) 

19625
1

*
2 =−=−= ∑

=

n

u
bu Nrf

 
t0,05;19 =2,093 

t(b12) = 
5,176 

t(b12) > t0,05;19 
significant 
coefficient 

 
 
Verification of the significance of the equation (2) coefficients show that all 

coordinates are significant. Relation (2) was shown using three dimensional 
graph (Fig. 4) and depth contour graph (Fig. 5). Statistical analysis of the 
equation (3) which show dependence RzISO(vc, ft) was made in the same way as 
dependence Ra(vc, ft). Verification of the significance of the equation (3) 
coefficients show that all coordinates are significant. Relation (3) was shown 
using three dimensional graph (Fig. 6) and depth contour graph (Fig. 7). 
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Fig. 4. Three dimensional graph depicting the influence of cutting speed vc m/min  

and feed ft mm/min on the surface roughness specified with Ra μm parameter 

 
Fig. 5. Depth contour graph depicting the influence of the cutting speed vc m/min  

and feed ft mm/min on the surface roughness specified with Ra μm parameter 
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Fig. 6. Three dimensional graph depicting the influence of cutting speed vc m/min  
and feed ft mm/min on the surface roughness specified with RzISO μm parameter 

 
Fig. 7. Depth contour graph depicting the influence of the cutting speed vc m/min  
and feed ft mm/min on the surface roughness specified with RzISO μm parameter 
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Afterwards, the extremum of function (2) and (3) (minimum in this case) 
was established using Complex methods. The minimum for function (2) is 
observed for the following set of examined parameters: x1 = vc = 571,58 m/min 
and x2 = ft  = 22,57 mm/min and it amounts to: 

 Ra(vc, ft)min = 1,301 μm (4) 

The minimum for function (3) is observed for the following set of examined 
parameters: x1 = vc = 590,00 m/min and x2 = ft = 27,08 mm/min and it amounts 
to: 

 RzISO(vc, ft)min = 7,343 μm (5) 

Figure 8 presents exemplary characteristic of the stereometric structure of 
the commutator bar from copper after the finishing turning with polycrystalline 
diamond edge of optimum parameters in terms of surface roughness: vc =  
470 m/min, ft  = 32 mm/min and ap = 0,10 mm. The characteristic includes: 
isometric surface reflection sized 1,75×1,75 mm created through performing 351 
parallel cross-sections every 5 µm each, surface microphotography, magnitude 
500× and the bearing ratio curve. In order to evaluate the stereometric structure 
of that surface, the following parameters were specified: Sa = 1,52 μm, Sq =  
1,75 μm, Sp = 9,60 μm, Sv = 4,65 μm, St = 14,25 μm and Abbot curve parameters: 
Ssk = 2,45 μm, Spk = 0,13 μm, Svk = 0,82 μm, Smr1 = 7,45%, Smr2 = 91,05%. 

Outer diameter dimension of ø22,3 mm of the commutator after finishing 
lathe turning using polycrystalline diamond edge, in terms of parameters in 
question ranged within 22,177 ÷ 22,132 mm, which includes in the tolerance 
area of dimension . Whereas radial run-out of particular commutator 
bars does not exceed value of  0,010 mm, specified in the design documentation. 

1,0
2,03,22 −

−φ

4. Conclusion 

On the basis of the conducted research on the finishing turning of the outer 
diameter of the commutators from electrolytic copper using diamond insert, the 
following result can be presented: 

• it is a possibility of achieving surface roughness of ca. Ra = 1,21 μm and 
RzISO = 7,00 μm; 

• feed ft has a significant influence on the surface roughness; 
• in the range of cutting speed vc = 470÷590 m/min increase of the feed 

value ft in the range from 22 mm/min to 66 mm/min caused clear increase 
surface roughness; 
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• the increasing of the cutting speed in range vc = 350÷590 m/min for lowest 
value of feed ft = 22 mm/min caused decrease of the surface roughness, whereas 
for biggest value of feed ft  = 66 mm/min caused minimal increase of surface 
roughness; this situation is probably a result of low stiffness of the lathe; 

 

 

a)

        
 

Fig. 8. The stereometric structure of the commutator bar from copper after the finishing turning 
with polycrystalline diamond edge of optimum parameters in terms of surface roughness: vc =  
470 m/min, ft = 32 mm/min and ap = 0,10 mm, a) topography of surface: Sa = 1,52 μm, Sq =  
1,75 μm, Sp = 9,60 μm, Sv = 4,65 μm, St = 14,25 μm, b) surface microphotography, magnitude 500×, 
c) the curve of surface material part: Sk = 2,45 μm, Spk = 0,13 μm, Svk = 0,82 μm, Smr1 = 7,45%,  
 Smr2 = 91,05% 

b)  c)
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• the lowest surface roughness value taken from mathematical model 
specified by Ra parameter is achieved for the cutting speed vc = 571,58 m/min 
and feed ft = 22,57 mm/min and it amounts to Ra = 1,301 μm. Whereas the 
lowest roughness specified by RzISO parameter is achieved for the cutting speed 
vc = 590,00 m/min and feed ft = 27,08 mm/min and it amounts to RzISO =  
7,343 μm. 
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