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Abstract. The estimation of cutting forces in longitudinatning of metals can be performed by applying skei-
empirical method developed by Kienzle and Victanpwn also as specific cutting resistance modelhdlgh this
model is well documented for metals it has not beggplied for new materials such as composites. Kheand (1z)
constants of the Kienzle-Victor model for a gladsref reinforced Polyamide (PA66 GF-30) are expentaly
determined in the present work.
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1. Introduction For the calculation of cutting forces in turning
Fiber reinforced polymer composites constituteprocesses the empirical equation of Victor and
an important class of materials in advancedKienzle [5, 6] has been established as a common
structural applications owing to their light weight model, in particular for metals, on the basis of
high stiffness and mechanical strength, and ar@xtensive experimental investigations [7]. On the
nowadays in competition with metals. They arecontrary, applications of this model to polymersd an
widely used for manufacture in diverse industrialcomposites are rather limited due to lack of
fields: defense, automobile, space, aerospace ar@ppropriate data.
electronics industries [1]. The purpose of the present work is to apply
Machining of glass fibre reinforced polymer Kienzle-Victor analysis for the prediction of cati
(GFRP) composites has been reported in a numbéderces in turning of a glass fibre reinforced pofym
of publications by applying either experimental or composite. Thés,, and (1z) constants of this model
numerical techniques [2-4]. were determined by statistical techniques using
The machinability of an engineering material experimental data from a research concerning guttin
denotes its adaptability to machining processes iifiorces developed during turning of the GFRP
view of factors such as cutting forces, tool west a composite Ertalon 66 GF-3(2]. Predicted values
surface roughness [1]. Machinability is of utmostare in good agreement with the measured ones.
importance in industrial practice under nowadays
very high quality product requirements; however,2. Fundamental equations
unlike common engineering metals and alloys, there  The prediction of the cutting forces in
is lack of data and empirical models for thelongitudinal turning is based on the method
machinability parameters in the machining of proposed originally by Kienzle and Victor and
polymer composites [2, 4]. On the other hand,considered nowadays as a common and reliable
knowledge of the cutting forces developed in thesimple model [8]. This model assumes that there is
various machining processes under given cutting relationship between the theoretical chip thiskne
factors is of great importance, being a dominatingt,) and chip width If) with the main cutting force
criterion of material’s machinability, to both: the (F;) following the equation (1):
designer-manufacturer of machine tools, as well as F =b ksnto(l_z‘) (1)
to the user.
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Taking into account tool geometry and the s(mm/rev) | v (m/min) Fi (N)
cross section of the chi\ & si@), equation (1) can 0.2 350 104.61
be rewritten as: 8-(2)2 ggg 12395-1913

Fy = alg,s™ (2) 0.1 500 53.07

In equation (2)a is the depth of cut (mmg is 0.16 500 82.79
the feed rate (mm per revolution); akg is the 0.2 500 99.84
specific cutting resistance (daN/m when 0.26 500 127.82

theoretical chip cross section is 1 fafihe values
of the constantkss and the exponent @) for 4. Results

various materials, in particular metals, are giuen Through equation (2ksx andz will be initially
handbooks and/or machinability databases. On thggrrelated with the feed rate for each value of
contrary, such data are not available, to the astho speedv, separately. The following Tables 2-4

knowledge, for advanced materials includingpresent calculated values in logarithm form.
FGRPs. For the prediction of the cutting forces,

through equation (2), theq, and (1z) constants of Table 2. LogE/a) and Logé) for cutting speed
Kienzle-Victor model were determined by statistical 200m/min;a = 2 mm
techniques from a series of experiments concerning s (mm/rev) | F/a (daN/mm) | Logé) | Log(F/a)
turning of a GFRP composite [2]. 0.05 1.656 -1.301 0.219
0.1 3.012 -1.000 0.479
External longitudinal turning was performed in 0.2 5.754 -0.699 0.760
a Colchester 2500 lathe. The composite used for 0.26 7.395 -0.585 0.869

cutting is specified as ERTALON 66-GF30 (PA 66-

GF 30). The test specimens were in the form of bars 1 2Ple 3. Logk/a) and Logg) for cutting speed

350 m/min;a=2 mm

150 mm in diameter and 500 mm in length. They s(mmirev) | FJa(daNimm) | Log§ | LogF/a)
were carefully clamped on 'the. headstock and & 05 1512 1.301 0.180
tailstock was used, considering the reduced 01 2.889 -1.000 0.461
elasticity modulus of the polymer matrix [1]. The 0.16 4.389 -0.796 0.642
cutting tool material was P20 cemented carbide of 0.2 5.231 -0.699 0.719
the throwing insert type and of square form. The 0.26 6.797 -0.585 0.832
clearance angle was = 5°, the tip radius 0.8 mm

and the rake angle = +6. Cutting depth kept Table 4. LogE/a) and Logg) for cutting speed
constant during the experiments (2 mm). For th 500m/min;a = 2 mm.

cutting forces measurements a Kistler three-axis S(mm/rev) | F/a(daN/mm) | Log¢) | Log(F/a)
piezoelectric dynamometer type 9257B was used. -0 1.456 -1.301]  0.163

During machining, tool wear is maintained within 00'116 i'i% éggg 82?‘;

the limit as per ISO specification and no cutting ' : — :

fluid was used. A two parameter experiment was 0.2 4.992 -0.699 0.698
' ) 0.26 6.391 -0.585 0.806

designed using full factorial design (Table 1). lEac
experiment is repeated three times and the average

of the measured cutting forces was used. Based on the values from Tables 2-4, plots

presented in Figures 1-3 were constructed. From the
above diagrams and taking into account the linear

Table 1. Cutti t d i tal vadfi -
avie HHting parame ets anc expenmental Vaties  correlation of LogE/a) to Log(), for each value of

the cutting forcd,

s(mmirev) | v (m/min) F.(N) cutting speed and the fact that the correlation
0.05 200 3312 coefficient R is quite high, the extracted values of
0.1 200 60.24 Log(ksy) and (1z) are summarized in Table 5.
0.16 200 95.56
0.2 200 115.08 Table 5. Log Ksy) and (1z) for each value of cutting
0.26 200 142.89 speed
0.05 350 30.24 v (m/min) | Logksu) (1-z)
0.1 350 57.78 200 1.398 0.91
0.16 350 87.78 350 1.358 0.904
500 1.328 0.898
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Figure 1. Linear correlation between LBgg) to Log(s)
for cutting speed 200 m/min

-15 -1 05

Log(R/a) yia V= 350m/ min
2 -

16

~

y=0,904x + 1,358
Re=0,999

¢ Log(R/a)
—pappikn (Log(R/a))

0,8 -

04 -

0

-0,5 0 0,5
log(§
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for cutting speed 350 m/min
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Figure 3. Linear correlation between LBg4) to Log(s)
for cutting speed 500 m/min

05

From the data presented

in Table

following figures 4 and 5 are constructed.
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Figure 4. Logarithmic correlation between

Log (ksa) and Log()

5 the

0,038 -
-0,040 -
-0,042 -
0,044

-0,046 -

Log(1-zt)

y=-0,014x - 0,008
Re=0,983

¢ Log(1-zt)
— Mpappikn (Log(1-2t))

-0,048
22

25
log(V)

23 24

26

27 28

Figure 5. Linear correlation between loggland Log()

From the above figures 4 and 5 representing the
correlation of Lodksy) and Log(1z) with Log(v),
respectively and since the correlation coefficight
is quite satisfactory for both cases, the finalueal
of the specific cutting resistandg, and the term
(1-z) are calculated as a function of the cutting

speed:

Then, similarly, the constants associated with
the cutting speed and inserted in equation (2) as a
function thereof. Applying logs in the values of Note that,v are the values of cutting speeds (200,
Table 5, we obtained values summarized in Table 6350 and 500 m/min).

Finally, from the equations (2), (3), and (4) the
main cutting force for each combination of cutting

Table 6. Logksy) and Log(1z) according to Log()

ksn — 101.8789_0'12

log(v; )

L-2)=v ~00147 10008

v(m/min) | log(v) | Log(lw) | Log(1-2)
200 2.301 1.398 -0.041
350 2.544 1.358 -0.044
500 2.699 1.328 -0.047

parameters can be calculated; see Table 7.

®3)
(4)

Table 7. Calculation of the main cutting force cament Fthrough Kienzle-Victor model and experimentally
identified and fixed K (1 - z)

v (Mm/min) s (mm/rev) Kea (daN/mnd) (1-2) Fy Kienzle (N) ERFt % ERF
200 0.05 26.67 0.912 34.76 1.64 4.95
200 0.1 26.67 0.912 65.40 5.16 8.57
200 0.16 26.67 0.912 100.37 4.81 5.0
200 0.2 26.67 0.912 123.01 7.93 6.89
200 0.26 26.67 0.912 156.25 8.36 5.69
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v (m/min) s (mm/rev) Kea (daN/mnd) (1-2) F Kienzle (N) ERFt % ERF
350 0.05 24.28 0.904 32.32 2.08 6.89
350 0.1 24.28 0.904 60.51 2.73 4.72
350 0.16 24.28 0.904 92.56 4.78 5.45
350 0.2 24.28 0.904 113.26 8.65 8.27
350 0.26 24.28 0.904 143.59 7.66 5.64
500 0.05 22.90 0.900 30.90 1.79 6.15
500 0.1 22.90 0.900 57.66 4.59 8.65
500 0.16 22.90 0.900 88.02 5.23 6.32
500 0.2 22.90 0.900 107.59 7.75 7.76
500 0.26 22.90 0.900 136.24 8.42 6.59

R 97.84% Average: 6.5%

Note that in Table 7 the difference between It was concluded that the Kienzle-Victor
measured; see Table 1 and calculated throughutting force model can be used in order to predict
Kienzle-Victor model, main cutting force values - cutting forces during longitudinal turning of Exal
for all machining conditions, are also presentes (s 66 GF-30 composite. Agreement obtained is, in
columns ERFt and % ERFt). Agreement obtainedyeneral, very good.
is, in general, very good.
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