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THE INFLUENCE OF TECHNOLOGICAL
PARAMETERS AND GEOMETRIC FEATURES
OF A CUTTING EDGE ON CUTTING FORCES

DURING AZ91HP ALLOY MILLING

Olga Gziut, J6zef Kuczmaszewski
Ireneusz Zagorski

Summary

This article presents the state of knowledge on cutting forces during the milling of light alloys. Research
results presented in the paper concern cutting forces and their amplitudes depending on the
technological parameters (vc, f;, ap) with the use of two carbide milling cutters having a different cutting
edge geometry (y=5° and y=30°). Research and analysis of cutting forces appear to be a significant
factor determining chip deformation, temperature and cutting area strain, among others. Lower values of
cutting force components are observed in the case of y=30° tool processing. For the purpose of this
research casting magnesium alloy AZ91HP was selected.
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Wplyw parametrow technologicznych i cech geometrycznych krawedzi skrawajacej
na sily skrawania w procesie frezowania stopu AZ91HP

Streszczenie

W pracy wykonano analize ogélnego stanu wiedzy dotyczaca sit skrawania podczas frezowania stopow
lekkich. Przedstawiono wyniki pomiaréw sit skrawania w zaleznoéci od zmiany okres$lonych
parametrow technologicznych (ve, fz, ap) przy zastosowaniu dwoéch frezow weglikowych o zmiennej
geometrii ostrza (y=5° i y=30°). Ustalono, ze wartosci sit skrawania sa czynnikiem determinujacym
m.in. odksztatcanie sie witra, temperature oraz odksztatcenia materiatu warstwy wierzchniej w strefie
skrawania. Mniejsze wartosci sktadowych sit skrawania stwierdzono dla obrobki narzedziem o kacie
y =30°. Proces obrobki prowadzono dla stopu magnezu AZ91HP.

Stowa kluczowe: frezowanie na sucho, stopy magnezu, skrawalnos$¢, sity skrawania

1. Introduction

When product weight is of crucial importance, theplaation of
magnesium alloys is getting wider due to their |labsolute weight and
considerable strength. Furthermore, magnesiumsatlogy can be distinguished
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by their casting qualities, the ability to deaddéorations and be recycled. They
are also noted for satisfactory screening of edectignetic radiation [1]. The

availability of magnesium, which can be found ituna in the form of chemical

compounds occurring in dolomite, magnesite, cateallr sea water, does not
stay unnoticed.

Magnesium alloys find applications in the followirfiglds: aviation,
astronautics, electrotechnology, automotive ingustr machine construction.
Objects like a car door frame, lever brackets, bashd elements, laptops and
camera casings (e.g. Toshiba notebooks or OLYMPMSOOmain body), plane
and helicopter planking are all manufactured witlagmesium alloys [2].
A considerable majority of them is produced throeghkting (sand molds, metal
molds, pressure casts). When plastic processingkisn into consideration,
magnesium alloys are formed mainly with the usefafjing, rolling and
extrusion methods. An unquestionable advantage agjnesium alloys is also
their fine machinability which can be proven by ighhquality surface after
processing and little appropriate cutting forcesita a positive influence on
a high wear of cutting tools. For instance, wherlimy magnesium alloy
AZ91HP using a tool with a PCD cutting edge, cgttiarces have lower values
and grow linearly with an increasing feed rated]3,

2. Current state of knowledge

Research on magnesium alloys has proven [3] tegtdhe suitable for both
HSC (high speed cutting) and HPC (high performanng). Processing tools
(mainly consisting of PCD (polycrystalline diamomat) fine-grained cemented
carbide) should have a relatively big clearanceeangpsitive rake angle and
sharp cutting edges.

During High Speed Machining (HSM) the increase utting speed (with
constant process efficiency) results in a reductiboutting forces. This seems
to be of high significance due to the possibility pvocessing of thin-walled
elements and shortening the time of this procegh thie retention of high
quality surface and shape accuracy. There is a cotynaccepted division into
“conventional” machining and HSM. HSM can thereftwe defined as a range
of speeds in which cutting force derivative takesegative value in relation to
cutting speed [5]:

» OF/ov, < 0, HSM,

» 0F/ov.> 0, conventional machining.

Despite multiple advantages, material removal msicg of magnesium
alloys involves a number of threats. Magnesium dersierging during the
processing has a negative influence on both madbimieoperators’ health and
machine tools themselves (it can damage their mgmmnd guideways). What
seems equally dangerous is a tendency of magnewuself-ignite when
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a sudden temperature increase occurs (480°C isgtiiton temperature of
magnesium) [3]. Another problem is build-up appire@ron a flank face or a
cutter tooth face which results from the intensifion of adhesion.

What should be paid attention to is the increasea ofutting process
efficiency using HSM without the stability of theillimg process being
impaired. In such a case it is a stability curver he selection of the most
beneficial cutting parameters embracing stablesanéarocessing with regard to
the absence of self-oscilation) and recurrencespiioat can be applied most
successfully. With their help, so called, stabl#tiog areas can be determined
[5, 6].

The influence of various tool coats (BiBnd TiAICN among others) on
cutting forces with the application of carbide emills is also of crucial
importance. The lowest values of cutting force comgntsFx, Fy during Al
6082 alloy milling were obtained for TiBoated tools. What could be observed
during v, change is a specific “switch point” in HSC machumi (for
Vegr = 450-600 m/min) [7]. Also, when turning alloy AZ9P, the following
tools were compared: a carbide TiN and PCD coatets,t uncoated carbide
tools and PCD tools. Machining with PCD coated oot the ones having
a PCD cutting edge allows to obtain lower cuttingcés, makes a tool less
prone to overheating (lower coefficient of frictjorand therefore lower
temperatures in the cutting area [8].

Additionally, cutting force amplitudes, constitudira significant indicator
of the cutting force dynamics, are the higheshind¢ase of compound tools (this
fact should be taken into consideration when selgctools for specific
purposes) [9]. During milling magnesium alloys AZatd AZ91HP, in most
cases, PCD cutting edge tool induced higher vadfiesitting force components
compared to carbide tools (presumably becausezafr@ helix anglels = 0°)
taking into account both “conventional” and “highesd” (HSM) machining
[10]. When machining with “classical geometry” teptutting forces and their
amplitudes were influenced by changes in feed patetoothf, rather than
a change in cutting forces[11, 12].

Moreover, cutting forces may cause strain of thecessed machine
components and their increase prompts a reduatigo4icalled deformation of
chip thickness. This results in a change of a shagle and, consequently, the
shear plane temperature rises. Additionally, cgttiarce increases when an
undeformed chip thickness is decreased [13].

Taking into account the stability of the procesd #re quality of a surface
finish, the analysis of the influence of some & tleometric tool qualities on
a cutting force value seems to be of high imposartichas been acknowledged
that it is machining with tools having radicallyffdrent rake angle values that
supplies vital information.
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3. Methodology, aims and scope of the research

Figure 1 shows a research plan whose aim is t@prehianges concerning
the values of cutting force components and theiplantdes depending on
a change of the established parameters. Changiragnpters are as follows:
cutting speeds, = 400-1200 m/min, feed rate per todfh= 0.05-0.3 mml/tooth,
depth of cuta, = 0.5-3 mm and a tool rake angi€5°, 30°). A constant milling
width a. = 14 mm and a type of workpiece material (AZ91HRI are
constant.

Constant
) A
Changing a8  AZ91HP Initial
Earameters data
Y
> =
f2
Fx, Fy, Fz,
Ve OF THE STUDY AFx, AFy, AFz

Oscilation, build-

Disturbances

Fig. 1. Research plan for the analysis of cuttirgde and their amplitudes depending
on a change of parameters

The research was conducted in a machining centdAAXMC 800HS.
The tools applied in the study are two carbidderiputting edge end mills with
a variable cutting edge geometry used for lightyathachining. Table 1 presents
geometry of the tools mentioned.

Table 1. Geometry of the tools used during thearese

Diameter Cutting . Clearance Rake
edge Helix angle
No. D, angle angle
number A
mm a y
Z,

1. 16 3 35° 8° 50
2. 16 3 35° 8° 30°
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Cutting forces were measured using a Kistler 9253iBzoelectric
dynamometer and a 5017B amplifier. This enablechinbty adequate signal
sequences in the established time series for tlasuned parameters. Every time
interval included tens of thousands of measuririgtpalue to which maximum
values of cutting force components and their amgéis were specified. The
graphs presented reflect standard deviation pempd@fis for cutting forces and
10 points for their amplitudes.

The essence of this research is the analysis tihtdagical aspects of
a proper selection of cut depth, feed per tootlijngispeed and cutting edge
geometry in relation to occurring cutting forcesl dheir amplitudes during the
milling of a casting magnesium alloy AZ91HP. Foe thurpose of achieving the
best possible process stability, establishing propdations between the
abovementioned parameters is vital.

a) b)
800 800
700 700
pd pd
-z 600 ~ 600
Z 1500 < 1500
X 400 400
8 300 9 300
2 200 $ 200
100 100
o L 0
400 800 1200 400 800 1200
Cutting speed v, m/min Cutting speed v;, m/min
@y=5° Fx By=30° Fx By=5° AFx By=30° AFx @y=5° Fy @y=30° Fy my=5°AFy Hy=30°AFy
c)
800
700
b4
< 600
< 1500
X 400
8 300
2 200
100

400 800 1200
Cutting speed v;, m/min
@y=5° Fz @y=30° Fz my=5° AFz my=30° AFz

Fig. 2. The effect of change in cutting sp&gdn the value of cutting force components and their
amplitudes during milling of AZ91HP magnesium allaging tools of various rake angels: @) F
AF,, b) R, AF,, ¢) F, AF,
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4. Test results and their analysis

Correlations between cutting forces components thet amplitudes as
a function of technological parameters of processiased on the obtained test
results. Figure 2 presents the effect of changeuiting speeds. on cutting
forces components and their amplitudes values.

The diagrams presented in Figure 2 prove that dbggs of the tool used,
an increase inv, resulted in decreasing Fx and Fz and their ang#gu No
regular tendency was observed for Fy as its ihjtinlgh value decreased at
V. = 800m/min, which was followed by an increase @d.&/min. The highest
value observed was reached by Fx for 5° angle (747 N) at the speed of
400 m/min, then a decrease and a slow inconsiderabiease were observed.
This tendency can be well observed in regard td bt components which
present a clear decrease at 800 m/min. The corgitargtion was noted for AFz
component amplitude which increased at 400-800 m/ite highest diversity
of results was noted for AFx.

a) b)
600 600
= 500 = 500
£ 400 & 400
X 300 2 300
8 8
£ 200 S 200
[T ('R
100 100 “ “ “
0 0
0,05 0.15 0,3 0,05 0.15 0,3
Feed rate fz, mm/tooth Feed rate fz, mm/tooth
@y=5° Fx @y=30° Fx my=5° AFx By=30° AFx Ey=5° Fy By=30° Fy my=5° AFy Ey=30° AFy
c)
600
> 500
& '400
=
N 300
8 .
S 200
[T
100
0

0,05 0,15 0,3
Feed rate fz, mm/tooth
@y=5° Fz @y=30° Fz my=5° AFz my=30° AFz

Fig. 3. The effect of change in feed rate per téptim the value of cutting force components and
their amplitudes during milling of AZ91HP magnesiaftoy using tools of various rake angles:
a) FX! AFX! b) Fy1 AFy1 C) FZ! AFZ
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Figure 3 presents the effect of change in feed patetoothf, on cutting
forces and their amplitudes.

Analysis of data presented in Figure 3 allowed tted that the initial
increase in cutting forces components and their liides arises around
f,= 0.15 mm/tooth followed by a relative stabilizatifwith standard deviation
having been considered). The feed rate per too#mgsh does not influence
considerably cutting forces components or their ldaoges (feed rate per tooth
influence was lowest for Fy). The greatest chamgeserned the Fx component
(y = 5°), however only within 0.05-0.15 mm/tooth. Bathy = 5° angle as well
asy = 30° angle similar relations can be observed, itkegpe fact that force
values are higher fgr=5°.

Figure 4 presents the influence of depth of cutngkaa, (at f, = 0.05
mm/tooth) on cutting forces components and theplaodes.

s3]
Rl

O

~

400
350
300
250
200
150
100

50

Force Fx, AFx, N
Force Fy, AFy, N

05 15 3 6 9 ae 4

Depth of cut a,, mm Depth of cut ap, mm
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Fig. 4. The influence of change in depth of guatf,= 0.05 mm/tooth) on cutting forces
components and their amplitudes during milling @AHP magnesium alloy using tools of
various rake angles: a),FAF,, b) F, AF,, ) F, AF,, f,= 0.05 mm/toothy,= 800 m/min

The analysis of change in depth of ey{atf,= 0.05 mm/tooth) showed an
increase in cutting forces and their amplitude$ witreasing,. An increasing
a, influenced Fy and its amplitude to the lowest éegiFor depth of cut equal to
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a,= 0.5 mm the highest value was observed-ipwhereas foa,= 6 mm it was
Fx and its amplitude which obtained the highest \&@llégure 4 demonstrates
that the highest force values were obtained using &° tool.

Figure 5 presents the influence of depth of cutngkaa, (at f, = 0.15
mm/tooth) on cutting forces components and theplaodes.
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Fig. 5. The influence of change in depth of gutatf,= 0.15 mm/tooth) on cutting forces
components and their amplitudes during milling @AHP magnesium alloy: a), FAF,,
b) F, AR, ¢) F, AR, f,= 0.15 mm/toothy, = 800m/min

With feed rate per tooth equalfte= 0.15 mm/tooth (Fig. 5) it was observed
that an increase in depth of cytsafollowed by an increase in cutting forces and
their amplitudes. The highest value was noted=fofy = 5°), which at depth of
cut equal toa, = 0.6 mm reached 583 N. Lower forces and their @utgss
values for g = 30° tool indicate a better stabilization of grecess. An increase
in feed rate pert tooth resulted in higher cutfiages increase compared to the
ones presented in Figure 4 (feed rate per toothleqt,= 0.05 mm/tooth).
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5. Summary and Conclusions

When designing a technological process exceptiaftehtion is paid to
careful selection of parameters which would allashiaving highest and most
stable results. Stabilization is a crucial indicadd a process. Technological
parameters values as well as the machine toolglitsigiare among the
fundamental factors influencing stabilization gfracess.

The conducted tests measured cutting forces comp®nand their
amplitudes during machining of AZ91HP magnesiumoyalidepending on
technological parameters values, (f,, a;) as well as the rake angje The
obtained results allowed to formulate the followganclusions:

* Lower cutting forces and their amplitudes valuesrevobserved for
ay = 30° tool indicating a better stabilization oétprocess. This also seems to
be a fundamental issue regarding safety, as lowahres in the cutting area
generate lower temperatures, which is crucial witfpect to magnesium chip
ignition during machining.

* An increase in depth of cut causes a linear irsereéa cutting force
components and their amplitudes.

* In the case of change in cutting speed cutting forces components
reached highest values for cutting speed equaliling 400 m/min, and the
highest value was obtained in the case of Fx fob° (747N).

« An increase in feed rate per tooth to 0,15 mm¥taath various depth of
cut values caused an increase in cutting forcepooants when compared with
f,= 0.05 mm/tooth.

» The change in feed rate pr tooth (witfir 0.05-0.15 mm/tooth) resulted
in an increase of cutting forces components as a®ltheir stabilization (for
f, = 0.15-0.3 mm/tooth)
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