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Abstract: In order to obtain competitive products and to respond quickly to the changing market de-
mands, the companies must design more technologies in less time. This paper presents an automated
method of determining the parameters describing some aspects about economical assessment of ma-
chining on CNC lathes. These parameters are: effective time of the cutting, rapid non-cutting time, ma-
chining cost, metal removal rate, cutting power and consumed energy.

Key words: CNC turning, CAM, economical cutting, optimization, machining cost.

1. PROBLEM  DESCRIPTION

The present market demands a big diversity of products,
in small quantities. These demands can be achieved by
designing more technologies. The weight of costs re-
garding the technological design in the total production
cost increases. Therefore, the technological design de-
partments are interested to obtain software for the auto-
mated generation of the technologies. Designing the
technologies, in this case the NC programs is an impor-
tant part of the manufacturing system and plays a major
role in determining the general efficiency of the manu-
facturing.

The companies must be able to react rapidly, respond-
ing quickly to the new products offered on the market, by
transforming their own products, in order to obtain com-
petitive products.

Within an economy based on a free market, where
competitive products are desired, every machining proc-
ess must be evaluated from several points of view. Some
of the possible criteria are from the point of view of
machining time and cost, but also from the point of view
of those aspects connected to the energy resources im-
plied in the process. Such aspects are much easier to
accomplish when using CNC machine tool. Nowadays, it
is considered that the optimization of the NC program in
order to increase the efficiency of the machining process
has an important impact in the competitive manufactur-
ing strategy [2].

2. DETERMINING  THE  ECONOMICAL
PARAMETERS  OF  CNC  TURNING

Within this research, the machining process on CNC
lathes is obtained by using computer aided design.

The NC program is obtained by using “GENER”
program that is a CAM system [3, 4, 5, 6]. It can be used
not only for determining automatically the NC optimum
program at turning, but also for obtaining the following
results (which are the object of this paper):
• the effective time;
• rapid movements time;
• the cost of the machining;
• the metal removal rate;

• the cutting power;
• the consumed energy.

We must mention that the NC program, generated by
using “GENER” program for the rough turning is opti-
mized by taking into account the minimum path criteria.

The cutting parameters used at roughing and finish-
ing phases are the optimum parameters obtained by tak-
ing into account the minimum machining cost criteria.

In order to determine automatically the effective time
of cutting and the rapid movements time of an operation
on a CNC lathe, a program has been written in Delphi
3.0. It is able to read line by line the NC program and
calculates the time for each movement of the tool. This
program can be run separately when the NC program is
created by manual programming or can be included in
“GENER” program.

The active movements of the tool when working with
a cutting feed can be assigned with G01, on a longitudi-
nal, transverse, or slope direction, or with G02/G03, on
circular path. The non-cutting movements of the tool
with G00 are all linear.

The relation (1) determines the effective time of a
tool movement in the program line N(j):
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where: lj – the length of the tool path at the NC block
number j [mm]; Dj – medium diameter of the path [mm].

When moving with the cutting feed G01, as shown in
Fig. 1, the relation (1) becomes:

2 2
1 1

1

( ) ( )
( )

1000
j j j j

bj j j

X X Z Z
X X

v s
− −

−

π ⋅ − + −
τ = ⋅ +

⋅ ⋅
(2)

where: Xj, Zj – coordinates of the final point of the path,
Xj – 1, Zj – 1 – coordinates of the initial point of the path.

When moving with G02 or G03, the tool path is a
circle arch, whose length can be determined by using the
following relation (3), accordingly to Fig. 2.
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where Xcj, Zcj – coordinates of the center or the circle
arch (they are the content of I and K addresses in the NC
program).
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Fig. 1. Determining the length of the path for a line
of the NC program assigned with G01.
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Fig. 2. Determining the length of the path for a line
of the NC program assigned with G02/G03.

The final relation for calculating the effective cutting
time when the tool path is a part of a circle (G02 or G03,
as in Fig. 2), has the following form:
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A relation which is similar to (1) is used to obtain the
time of a rapid non-cutting movement of the tool – G01.
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where f rv −  is rapid feed.

The machining cost Cp corresponding to the machin-
ing of a workpiece can be expressed a follows:

CP = Cpe + Csc + Cnp (6)

where: Cpe – cost of the effective machining
[RON/piece];  Csc – cost of the tool use [RON/piece];
Cnp – unproductive cost [RON/piece].

The cost of the effective machining Cpe is given by
the following relation:

1 ,pe bC C= ⋅ τ (7)

where: C1 – expenses with labor and overheads
[RON/min].

The cost of the tool use when machining with cutting
inserts is:
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where: τs – time of replacing the cutting edge [min]; T –
tool life [min]; Cms – cost of the cutting edge
[RON/edge].

The unproductive cost is given by the relation:

1 ,np nC C= ⋅ τ (9)

where: τn – unproductive time.
The unproductive cost Cnp depends on the implied

times which generate costs and is a constant, therefore it
can be left out from the optimization procedure of the
cutting parameters, but it can be considered when deter-
mining the total costs.

The machining cost Cp can be determined for the
whole operation (rough cutting and finishing) on the
basis of the previous calculated times. It can be ex-
pressed as follows:

deg ,p finC C C= + (10)

where: Cdeg – the roughing machining cost; Cfin – the
finishing machining cost.

The final relation for total machining cost is:
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where: td, sd, and vd – depth of cutting, feed per revolu-
tion and cutting speed at rough; tf, sf, and vf -- depth of
cutting, feed per revolution and cutting speed finishing
turning; τsd and τsf – time of replacing the cutting edge at
rough turning and finishing [min]; Cmsd and Cmsf – cost of
the cutting edge at rough turning and finishing [RON/edge].

The metal removal rate can be determined by using
the following relation [8]:

Q t s v= ⋅ ⋅   [cm3/min]. (12)

The cutting power is calculated as follows [8]:
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where: 0,4ck  – specific cutting force for chip thickness
0,4 mm.

The cutting consumed energy is obtained as follows:

bW P= ⋅ τ      [kW/h]. (14)

3. RESULTS

In order to assess the six parameters described in this
paper, we consider the testing piece from Fig. 3, which
was machined on a SP 250 lathe with CNC H645. We
can determine the economical parameters of CNC turn-
ing by using “GENER” program, at the same time with
the generation of the NC program (Fig. 4).

Fig. 3. Testing piece.

Fig. 4. NC program for a testing piece.

The economical assessment concerns 3 type of cut-
ting inserts materials, namely uncoated cemented carbide
P20, TiC – coated cemented carbides and TiN – coated
cemented carbide.

The optimum cutting parameters for rough turning and
for finishing have been considered for all the three cases.

The optimum cutting parameters for rough turning
with the uncoated cemented carbide P20 inserts are
td = 5 mm, sd = 0.562 mm/rot and vd = 60 m/min.

The optimum cutting parameters for rough turning
with TiC – coated cemented carbide inserts are
td = 5 mm, sd = 0.562 mm/rot and vd = 104 m/min.

The optimum cutting parameters for rough turning
with TiN – coated cemented carbide inserts are
td = 5 mm, sd = 0.562 mm/rot and vd = 118 m/min.

The optimum cutting parameters for finish turning
with the uncoated cemented carbide P20 inserts are
tf = 0.5 mm, sf = 0.16 mm/rot and vf = 123 m/min.

The optimum cutting parameters for finish turning
with TiC – coated cemented carbide inserts are
tf = 0.5 mm, sf = 0.16 mm/rot and vf = 312 m/min.

The optimum cutting parameters for finish turning
with TiN – coated cemented carbide inserts are
tf = 0.5 mm, sf = 0.16 mm/rot and vf = 376 m/min.

 Figs. 5, 6 and 7 illustrate the economical assessment
(the effective time, rapid movement time, the cost of the
machining, the metal removal rate, the cutting power,
and the consumed energy) for the 3 type of cutting insert
materials.

Fig. 5. The economical assessment when turning with
the uncoated cemented carbide P20 inserts.

Fig. 6. The economical assessment when turning with
the TiC-coated cemented carbide inserts.
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Fig. 7. The economical assessment when turning with
the TiN - coated cemented carbide inserts.

Fig. 8. The economical assessment when turning with
the TiN - coated cemented carbide inserts without the

power constrained.

Fig. 7 shows that the cutting power is at the limit of
motor power because of the imposed constraint
(P = 8 kW) and the optimum corresponding speed is
v = 118 m/min. Without the power constraint, the opti-
mum speed would have been v = 136 m/min, demanding
a power P = 20,732 kW (Fig. 8).

Even if the price of the coated cutting inserts are big-
ger than those of the uncoated inserts, the machining
costs with the coated cutting inserts are smaller, when
using the optimum corresponding parameters.

4. CONCLUSIONS

The economical assessment of the machining processes
on CNC machine-tools is very important because it creates
an image about the efficiency of the machining process.
Specialized software like “GENER” enables to calculate
parameters as the effective time of machining, rapid
movement time, the cost of the machining, the metal
removal rate, the cutting power, the consumed energy,
thus giving valuable information about machining effi-
ciency.
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