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ABSTRACT

This paper is presented a new theoretical modelsbas experimental to predict the thrust force on
AZ91magnesium alloy in drilling process depend be various machining parameters. The experimemts fo
modeling were conducted in dry cutting conditiomsl alesigned as full factorial using the spindleespand
feed rate with four different kinds of drill bit¥he results were modeled with Genetic Expressiagmming
and the thrust force formulation was obtained. @ering the formulation, the factors effects wenalgzed on
thrust force for AZ91.

Keywords: AZ91 magnesium alloys, drilling, thrust force, gén expression programming, spindle speed, feed
rate

AZ91 Magnezyum Alsminin Delinmesindésleme Parametrelerinin
Kesme Kuvveti Uzerine Etkisinin
Genetic Expression Modellemesi llecelenmesi

OzeT

Bu calsmada AZ91 magnezyum aleninin farkli parametreler altindgléanmesi ile olgan kesme kuvvetlerinin
deneysel tabanl teorik bir model ile tahmin ed#msunulmytur. Modelleme igin gerekli deneyler kurgldme
ortaminda vesleme devri ilerleme hizi ve 4 farkh matkap ucurtam faktoriyel deney tasarimi kullanarak
gerceklatirilmi stir. Deneyler sonucunca elde edilen veriler Geneépression yazilimi ile modellenerek kesme
kuvveti tahmini icin formulasyon ofturulmwtur. Bu formulasyon kullanilarak deneyde kullanilan
parametrelerin kesme kuvveti Gizerindeki etkilettiegl olarak analiz edilngtir.

Anahtar Kelimeler: AZ91 Magnezyum adami, delme, kesme kuvveti, genetic expression teauslkesme hizi,
ilerleme hizi
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|. INTRODUCTION

HE lightweight magnesium alloys, (1.7gfrhave been developing as for many kind of indaktri

sector because of high mechanical properties regpaensity [1-4]. Beside on that magnesium
alloy is replacing the plastics, especially in comep industries [5]. However they have poor
workability because of their hexagonal structure @ine degradation of mechanical properties at
elevated temperatures [6,7].

AZ91 alloy is the most widely used die casting megjum alloy, with high castability [8-11].
However, this popular alloy has not much study cechinability properties. Therefore this study
focused on machining parameters influence on wigilfior AZ91 magnesium alloy. The experimental
results are analyzed with Genetic Expression Progriag (GEP).

Il. MATERIAL AND EXPERIMENTAL METHODS

In experiments, a die cast AZ91 magnesium alloy ugesl. The chemical compositions of alloy were
given in Table 1. The work piece thickness wasndefias 17 mm and prepared suitable clamping
fixture for fix to dynamometer (Figure 1.) AZ91 @k were received as 57 mm diameter a cylindrical
bar. The sides of work pieces weremachined a$ditatiamping.

Table 1. AZ91 magnesium alloy chemical compositions wt.%

%Al %Zn %Mn %Fe %Si %Mg
3.07 0.81 0.31 0.002 0.015 Balanced

Drill bit

Workpiece

Fixture
P

.:,"Dynamometer

Figure 1. Experimental setup

Four different types unused @ 8mm drill bits wesediin experiments. The drill bits were chosen as
follows; uncoated HSS, HSS-TiAl coated, uncoatathide and TiAl coated carbide drill bit. Drilling
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process were conducted at a numerical controlledQ)Cvertical machining center (VMC-550
Johnford Fanuc Series O-M) having the capacity=okWv in an ambient atmosphere at dry cutting
conditions. The tests in experiments were two tioerated for reliability of the results. A KISTLER
9272 type dynamometer was used to measure the forae during the drilling process. The thrust
force data has recorded to computer environmett MISTLER DynoWare software. For machining
process, the spindle speed and the feed rate uaetinmg parameters. Three and four different
parameters were selected for the feed rate andpihdle speed, respectively. The factors and levels
used for tests were given in Table 2.

Table 2. Factors and levels for drilling process

Control parameters Levels

1 2 3 4
Feed rate (A) 01 0.2 03 i
(mm/rev)
(SrE'r?]‘)j'e speed (B) 1500 2000 2500 3000
Drill material Uncoated HSS-TiAl Uncoated TiAl coated
(©) HSS coated carbide carbide

I1l. MODELING WITH GENETIC PROGRAMMING

Genetic Expression Programming was first describgdrerreira [12]. GEP algorithm is able to
provide a global function for problems, developaedaaresultant of genetic programming algorithms
and genetic algorithm [13]. The GEP structure imldished on five units. These are terminal set,
function set, control parameters, fitness functaod termination conditions [14]. GEP evaluation
system of any data approach is similar with biatagjevaluation. The system uses two components as
chromosomes that coded some information using apkmguage with gene(s) and the expression
trees that reflection of translated chromosomed. [The first step in GEP modelling problem
definition which is also the most difficult step psoblem definition the encoding of the candidate
solution and the definition of the fitness functidre fitness and the encoding are defined separate
for each problem. To achieve the successful resfiltise algorithm should be applied the appropriate
choices with dominating the problem and expectesulte GEP algorithm begins to generate
randomly with a mathematical function that chronmoso In following, it converts the function a
expression tree (Figure 2.) Program controls thdehand target values till desired predefined error
criteria [15].

Choromosome with one gene o
01234567890123456
+*Qab-ababaaabba . 0
L 8292

\ head tail j
o ® @
Expression tree
(ET)
(a=b)+(a*b)
Corresponding mathematical equation

Figure 2. Schematic indication of a chromosome with one gamkits expression tree and corresponding
mathematical equation [15]
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A. GEP FORMULATIONS

The purpose of this study is to get the thrustddmrmulation effected by machining parameters and
kind of drill bits in drilling process. GEP pressrihe user very kind of options to set configuratio
The GEP options for this modeling were shown ibl&e.

Table 3. The GEP models parameters

+, -, *, 1, Pow, Sqgrt, Exp, Pow10, Ln,

P1 Function set Log, Inv, X"2, X3
P2 Chromosomes 15-45

P3 Head size 10-20

P4 Number of genes 4-12

P5 Linking function Addition, multiplication
P6 Mutation rate 0.044

p7 Inversion rate 0.1

P8 One-point recombination rate 0.3

P9 Two-point recombination rate 0.3

P10 Gene recombination Rate 0.1

P11 Gene transposition rate 0.1

The GEP was obtained following function in Matl@ndguage for thrust force with97 training R-
square and.96testing R-square values. The comparative tablbefnodel and the test results are
presented in Table 4 and 5.

function result = gepModel(d)

varTemp = 0.0;

varTemp = (((1/(=7.477295)) (((1/((d(3)*((1/((4.3217*2.845063)))-d(2)))))+d(2))* -7.845368))-d(1));

varTemp = varTemp + exp(((2.267792*(10"d(2)))-(kgd(2)/((d(1)/ 1.513519)" 0.4823))*(d(1)"3)))"2)));

varTemp = varTemp + ((4.718384+((1/(d(3)))*((log{(8)"3)-(d(3)* -9.33789)))*d(2))-log10((4.718384)B)"3);

varTemp = varTemp + ((4.316101-(1og(3.204467)* (¢ (1)/ 9.964905)/d(1))-d(2))*d(3)))-( 0.53399PB"3);

varTemp = varTemp + exp(((log10(((d(1)+(log(d(1))*2( -3.613526+(d(1)* 0.999146))/( 0.999146"d(IN[10"d(2)))"2));
varTemp = varTemp + ((4.329468-((d(1)*(d(2)-(1/@H((( 7.338318"2)+( -1.101654+d(1)))*(d(1)d(X YN 3)"3);

result = varTemp; D

Table 4. Results of GP formulation versus Test results

Drill Feed rate Spindle Thrust Force (N) Residual
bit (mm/rev) speed

Type (RPM)

Expr. Results Gep (N)
Model

4 0.2 2500 320 274 46
3 0.2 3000 327 292 35
3 0.3 3000 377 357 20
4 0.2 2000 260 273 13
2 0.3 1500 441 428 13
4 0.1 3000 208 195 13
2 0.3 2500 438 429 9
1 0.2 2500 310 304 6
2 0.1 1500 227 239 12
1 0.1 2000 207 209 2
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Table 5. Results of GP formulation versus training results

Drill Feed rate Spindle Thrust Force (N) Residual
bit (mm/rev) speed Results
Type (RPM)
Exp. Gep (N)
3 0.3 1500 296 311 15
4 0.2 1500 258 272 14
4 0.1 1500 214 221 7
2 0.2 1500 335 327 8
4 0.3 1500 318 324 6
1 0.2 1500 300 303 3
1 0.1 1500 227 225 2
1 0.3 1500 417 419 2
3 0.1 1500 202 202 0
3 0.2 1500 249 242 7
3 0.1 2000 249 217 32
3 0.3 2000 388 357 31
3 0.2 2000 319 292 27
1 0.3 2000 407 420 13
2 0.3 2000 423 429 6
2 0.2 2000 336 327 9
4 0.3 2000 334 327 7
2 0.1 2000 222 223 1
1 0.2 2000 311 304 7
4 0.1 2000 204 205 1
1 0.3 2500 460 420 40
3 0.2 2500 267 292 25
3 0.3 2500 330 357 27
3 0.1 2500 190 208 18
1 0.1 2500 184 200 16
4 0.1 2500 196 197 1
2 0.2 2500 323 327 4
4 0.3 2500 326 332 6
2 0.1 2500 207 214 7
1 0.2 3000 286 304 18
1 0.3 3000 404 420 16
2 0.2 3000 313 327 14
4 0.2 3000 274 284 10
2 0.3 3000 422 429 7
3 0.1 3000 199 202 3
4 0.3 3000 382 379 3
2 0.1 3000 202 208 6
1 0.1 3000 192 195 3
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IV. RESULTS &DISCUSSION

The formulation that obtained from GEP, was utdizier analyze of the thrusts force relations
between machining parameters. The plots were geefar each parameter. These plots were shown

in Figure 3-9.

45( —e— Uncoated HSS
425 1 —a—HSS-TiAl coated
400 {4 —&—Uncoated carbide
’2“375 | —e—TiAl coated carbide
g 350 -
O 325 A
‘g 300
I'E 275 -
250 A
225 A
200 T T
0,1 0,2 0,3

Figure 3. Feed rate

Feed rate (mm/rev) for 1500 rpm

effects on thrust force analyze for 11500 spindle speed

45(
—e— Uncoated HSS
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Figure 4.Feed rate

Feed rate (mm/rev) for 2000 rpm

effects on thrust force analyze for 2Q00 spindle speed

45C
—e— Uncoated HSS
425 4 —=—HSS-TiAl coated
—a4— Uncoated carbide
g 400 + —e—TiAl coated carbide
o 375 -
S 350 { Intersection
3 325 A
i<
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275 -
250 T T
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Figure 5.Feed rate effects on thrust force analyze for 2500 spindle speed

Feed rate (mm/rev) for 2500 rpm
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Figure 6.Feed rate effects on thrust force analyze for 3@d0 spindle speed

Even the plots seem extremely similar, there amesdifferences in Fig. 3-6. Ti-Al coated HSS drill
bits were generated the highest thrust force itsplbhe uncoated HSS was shown a same tendency
with uncoated drill bit but with lower levels. Aade resemblance is also valid for uncoated ane:doat
carbide drill bits. But in Fig. 3 uncoated carbdtél bit showed better performance at a plotI600
rpm comparing to Fig. 4, 5 and 6.In carbide dritlthe coat performance increasing in high spindle
speeds. In generally increasing the feed rateeviil@ thrust force increases proportionally. Insireg
the spindle speed was not much affected the undd4&S and coated HSS thrust force. However,
raising the spindle speed higher, uncoated carthidlebits showed worse performance and its thrust
force level increased as approximately 15%. Theetbaarbide drill bit was performed more stable
operation considering the other drill bits with 2ianges. In Fig. 4, 5 and 6 plots the intersecion
0.14 mm/rev uncoated HSS and uncoated carbidebitriichieved the same force for 2000 rpm and
2500 rpm. The major differences were occurred o Bi The carbide drill bits performance levels
were changed at 0.26 mm/rev for 3000 rpm spindé®dp However in general view of the plots, the
thrust force values at lower feed rate get vergeltevels especially 0.1-0.15 mm/rev. The ductile
structure of the material at high feed rates wasegat with an increase of around 35% at cuttingdorc

235 4 —e&— Uncoated HSS
—8— HSS-TiAl coated

- —— Uncoated carbide
Z 225 - —e—TiAl coated carbide
8
é 215 -
3 205 -
=
|_

195 A

185 T T T

1500 2000 2500 3000

Spindle speed (rpm) for 0.1 mm/rev

Figure7. Spindle speed effects on thrust force analyz8.tomm/rev
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Figure 8.Spindle speed effects on thrust force analyze.fonfin/rev
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Figure 9.Spindle speed effects on thrust force analyze.®nlin/rev

Different tendencies were observed between Fignd Big. 9. The spindle speed increment made
lower thrust force levels in Fig. 7. However, thisrement does not show same effects on Fig. 8 and
Fig. 9. Both plots performed better stable beha&gainst increment. 1.5mm/rev feeding rate is gctin
as transition speed for achieve to regime zones Géun be explaining with the drill bit geometryttha
forced material at lower speeds. In Fig. 7, theoated HSS drill bit and TiAl coated carbide drill b
achieved same level at 3000 rpm for 0.1mm/rev. Tiéated drill bit trend changes to un-stable
position at 2850 rpm breaking point. For Fig. 8 #&hdhe TiAl coated drill bit showed positive
tendency against the increment of spindle speeaghrdang the other drill bits. The reason of this
tendency can be explain with continuous chip witkitlup edge (BUE) problem that encountered with
increasing feeding rate in high spindle speeds achiming. Also this problem was observed in the
experiments. But angle of inclination in plotsnist significant except Fig. 7. In lower feed ratee
chip flow is being sufficient against the incremehspindle speed and that make easier machinabilit
for AZ91 alloy. However in medium and high levelfegd rate ( 0.2 and 0.3 mm/rev) this chip flow
showed sustain more stable structure for eachhiltsllexcept TiAl coated drill bit in Fig. 8 and 9.
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V. CONCLUSION

The thrust force is one of the major factors far tlefining the machinability of any materials. st
study, influence of various machining parameterdtonst force with drilling the AZ91 alloy was
investigated. The full factorial experiments weonducted for different type drill bits and diffeten
spindle speed and feed rates values. Thrust fanceulation was obtained based experiments test
results with GEP software. The formulation wasizeill to generate the plots in respect to the factor
used in experiments. In plots the highest thrustefo were obtained with HSS TiAl. Generally the
lowest point was observed for TiAl coated drillhiThe feed rate increment thrust force values were
increased proportionally. However that situatiorswat observed for spindle speed. The thrust force
values were deducted with increment of spindle ¢pae0.1mm/rev feed rate. Nevertheless, thrust
force was shown stable tendency in the other @bt8.2 mm/rev and 0.3 mm/rev except for TiAl
coated carbide drill bit.
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