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INFLUENCE OF SELECTED CUTTING CONDITIONS ON CUTTING FORCES
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The article presents achieved results of research focused on the influence of various
factors modification on cutting forces at longitudinal turning of steel C 45 using two

tools with different shape and geometry at constant values of feed and depth of cut. The
individual components of cutting force were compared reciprocally, i. e. axial, radial,
tangential and finally resulting cutting force depending on cutting speed.
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INTRODUCTION

Knowledge of size and direction of cutting
forces as well as the knowledge of their modifica-
tion with regard to the variation of process param-
eters is essential for evaluation and optimization
of cutting process from the perspective of perfor-
mance, quality and economy. The cutting forces
are important indicators of the cutting process
course and help understand the machining pro-
cesses and their respective actions [1, 2].

Comprehension and knowledge of cutting pro-
cess relations with regard to cutting forces enables
not only to optimize the particular process param-
eters successfully but also to prevent critical situa-
tions in the area of work safety. For some specific
workpieces (i.e. parts made of brittle materials or
with thin walls susceptible to crack initiation, etc.)
especially the cutting forces are limiting factor for
application of particular technology type [3, 4].

Dynamic strain of a system machine — tool
— workpiece — fixture caused by cutting forces
has also essential impact on stability of cutting
process and thereby on workpiece accuracy and
quality (integrity) of machined surface. In terms
of energy, the cutting force is one of the most sen-
sitive indicators of machining power [5, 6].

Information on cutting force size and its behav-
iour during the cutting process enables to perform
the final economic optimization analyses of produc-
tion processes, technologies, and selection of cutting
tools, working machines and cutting conditions [7, §].

EXPERIMENT CONDITIONS

In order to perform experiments, universal
lathe type SUI 500 COMBI (TRENS, SK) was
used. The mentioned lathe is determined for preci-
sion machining of shaft and flanged workpieces
in a small and medium lot production. A standard
steel C45 (STN 12 050) with diameter D = 60 mm
was selected as machined material. This steel is
appropriate for production of less stressed shafts,
gears, connecting rods, pins (spindles), etc.

Optimal mechanic values including ductility
are achieved in hardened state and consequently
in drawn state. For determination of cutting force
components a piezoelectric dynamometer Kistler
9257B was used, which is able to measure inde-
pendently three force values along the axis x, y
and z. As shows Figure 1., dynamometer is fixed
on the fixture determined for measurement on the
mentioned lathe where a fixture for tool grip is
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Fig. 1. Dynamometer Kistler 9257B

placed. Based on the measurement the force val-
ues F, Fp, F_were achieved and evaluated in ex-
perimental part.

For both experimental measurements cutting
inserts were used — these are made of material NC
3020 (cemented carbide coated by CVD method),
produced by company Korloy (ISO P15-P25).
This material is intended for high speed machining
of steels with recommended cutting speeds within
the interval 170-370 m/min. This coat represents a
combination of excellent wear resistance, fracture
resistance and concurrently heat resistance.

For the first measurements a cutting insert
type KORLOY WNMG 080408 — HM was ap-
plied (recommended depth of cut a =10-5,0
mm and feed f=0,1-0,5mm). Together with tool
holder WWLNR 2525 — MO8 they create a cross
section of a cut layer illustrated in Fig. 2. In or-
der to perform further measurements of cutting
force components, a cutting insert KORLOY
SNMG 120404 — GM was used, where recom-
mended depth of cut a = 0,7 — 4,0 mm and feed

ap

Fig. 2. Cross section of cut layer for tool WNMG
080408 — HM a = 1,5 mm, f=0,2 mm
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Fig. 3. Cross section of cut layer for tool SNMG
120404 — GM a = 1,5 mm, f=0,2 mm

f=0,1 — 0,5 mm. Analogous to previous meas-
urement, tool holder PSSNR — M12 and cutting
insert together create a certain geometry and
cross section of cut layer as shown in Figure 3.

EXPERIMENT PERFORMANCE

The workpiece with diameter D = 60 mm
and length 300 mm was held in three jaw chuck
and supported by rotating centre in tailstock. For
bothexperimentsthe constantvaluesdepthofcut
a= 1,5 mm and feed f = 0,2 mm were set.
The workpiece was longitudinal turned at
cutting speeds 100, 125, 150, 175, 200, 225,
250 m.min"'. Subsequence of application of
individual cutting speeds was random. New
cutting inserts were used, which avoided
the wear influence on cutting force compo-
nents. The measurement of cutting forces
was conducted in a short time period (dur-
ing 10s) whereby also built-up-edge cre-
ation and its influence was eliminated. From
achieved values measured by dynamometer
a S5-second time period was evaluated. Based
on this time period, average values, as well
as maximal and minimal values of respective
components of cutting forces were determined.

RESULTS OF THE EXPERIMENT

Table 1 shows data from cutting force mea-
surement using cutting insert WNMG-HM and
Table 2 from measurement using cutting insert
SNMG-GM with parameters mentioned in mea-
surement process.
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Table 1. Table of measured values of measurement no. 1: WNMG, a = 1,5 mm, f=0,2 mm

Fig. 4. Demonstration of time period selection
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v Ff (N) Fp (N) Fc (N)

(m.min”") average min max average min max average min max
100 406,8 355,9 456,5 2417 208,1 277,5 758,0 698,2 817,5
125 370,7 315,4 4211 228,9 172,5 281,2 717,6 637,5 7841
150 379,4 321,2 436,8 234,2 189,2 285,0 721,9 636,4 807,4
175 375,8 327,0 425,4 236,3 193,4 280,5 712,0 634,0 796,3
200 354,6 310,1 401,0 228,1 1711 288,3 697,2 635,1 783,7
225 366,4 303,9 432,4 239,5 184,6 297,5 703,5 619,0 779,5
250 370,6 304,0 428,2 2422 175,4 312,1 692,5 612,5 759,5

Table 2. Table of measured values of measurement no. 2: SNMG, a = 1,5 mm, f=0,2 mm
v, Ff (N) Fp (N) Fc (N)

(m.min") average min max average min max average min max
100 420,8 394,7 4529 517,6 4744 564,0 820,4 764,5 873,2
125 397,8 367,9 424,3 486,2 442,7 531,9 785,5 724,2 839,6
150 400,4 362,5 4420 486,0 430,1 523,0 769,6 706,7 842,9
175 396,0 363,0 433,6 490,4 449,6 531,8 771,4 710,7 8445
200 383,2 345,5 415,9 478,1 432,6 526,4 757,3 682,4 836,9
225 391,0 335,6 451,4 490,1 424 .1 556,4 756,8 678,2 843,5
250 390,8 340,1 442,7 491,6 410,5 568,6 749,6 684,3 812,5

Resulting cutting force for both measure- 7 - -

ments at given cutting speeds was calculated F= -.J P+ B+ ) (M

from average values of respective cutting force

components by vector sum according to the fol-

lowing relation:

Calculated values are stated in Table 3, graph-
ic representation of these dependences show Fig-

ures 5 and 6.

181



Advances in Science and Technology Research Journal Vol. 11 (1), 2017

Table 3. Measured and calculated values of cutting forces
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Fig. 5. Graphic representation of dependence of cutting force components on cutting speed
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Fig. 6. Graphic representation of dependence of cutting force components on cutting speed
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EXPERIMENT EVALUATION

Comparison of feed component of cutting
force Ff

The feed force (axial cutting force) Ff affects
along the direction of part axis. It is necessary to
know its size with regard to calculation of feed
machine mechanism. Resulting dependences and
mutual comparison is shown in Figure 7.

As shown in graph, dependence tends to de-
crease at both measurements, which was antici-
pated on the basis of theoretical knowledge. The
size of Ff force is bigger at measurement with
cutting tip SNMG, this was caused by different

=== \WNMG 080408 - HM

tool geometry, especially by different size of end
cutting edge angle «.

Comparison of radial component of cutting
force Fp

The transverse component of cutting force
(radial, infeed) acts vertically on the rotation axis
of the workpiece. From measured values it is evi-
dent that at both measurements the force values
are not changing significantly and have a uniform
trend to the whole extent of cutting speeds. For
the cutting insert SNMG the cutting force value
was approximately double (Fig. 8), this is caused
by end cutting edge angle k. The choice of the
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Fig. 7. Comparison of feed component of cutting force Ff
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Fig. 8. Comparison of radial component of cutting force Fp
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mentioned angle values close to 90° caused that
the force Fp was reduced to a minimum (tool
WNMG) and workpiece bending, as well.

Comparison of tangential component of
cutting force Fc

The tangential or main cutting force Fc acts
in the direction of cutting speed. [11]. Knowl-
edge of its size is important for the calculation of
main cutting motion performance, tool strength
and strength of machine mechanism parts. [12].
It determines also rotational moment of spindle.
Theory shows that as the end cutting edge angle
increases, cutting force Fc decreases and its size

e=g=\YNMG 080408 - HM
= |linear (WNMG 080408 - HM)

relates also to cut width b [13,14]. When the tool
SNMG is applied, bigger cut width and also big-
ger cutting force are evident. This confirms the
theoretical results [15]. Declining trend of cutting
force depending on increasing cutting speed is
obvious, as well. (Fig. 9)

Comparison of resulting cutting force F

The resulting cutting force includes the sum
of all components and their impact on machined
material through the cutting tool. As shown in
Figure 10, it tends to decrease by increasing cut-
ting speed, which results from the dependences
of respective cutting force components.

==SNMG120404 - GM
= | inear (SNMG120404 - GM)

840
320 y =-0,403x + 843,47
R?=0,8182
800 -
— 780
£
"5
740 —
y =-0,3563x + 777,02
720 R?=0,7748
700
680 I T L] 1 T 1 1 1
75 100 125 150 175 200 225 250 275
Cutting speed v (m.min?)
Fig. 9. Comparison of tangential component of cutting force Fc
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Fig. 10. Comparison of resulting cutting force F

184



Advances in Science and Technology Research Journal Vol. 11 (1), 2017

CONCLUSIONS

Performed experimental work showed con-
siderable influence of cutting wedge shape (ge-
ometry), chip formation, as well as cutting condi-
tions (cutting speed in this case) on cutting forces
and respective components of cutting forces. In
all cases all components of cutting force and re-
sulting cutting force decrease by increasing cut-
ting speed. After the comparison of cuting wedge
shape the results show that for cutting insert
SNMG 120404 — GM the individual cutting force
components as well as the resulting cutting force
acquire higher values.
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