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Machining Optimization of Al7075-TO Turning Process
Considering Surface Roughness and Cutting Forces
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Abstract

process considering surface roughness and cutting force.

Key Words : Response surface method(5H3-3£H

The Response Surface Method(RSM) is used as optimal design technique of experimental conditions. In Al7075-T0 turning
operation, the principle cutting force and the Center-line averaged roughness are measured to optimize machining process.
In variation of feed, depth of cut and cutting speed, three cutting parameters are evaluated. The optimal cutting conditions
of Al17075-T0 turning are suggested by RSM. As a main result, feed is the dominant cutting parameter in this turning
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RAZFROIA AFSE B8] 8 Al Namsun hictech
6002000)% AHESHEOM, AHER AL KA
DCGT 55°, 91414174 0.8mm, A7} 90°0] ZL&EAFS 7}A]
T 9t} LT (SCLCR 2525-M12, Korloy) 2 AFEa}4it}.

A% A&AA] 2= Fig. 13} 20| Tool dynamometer, Charge
amplifier, NI PXI(Data Aquistion system), A1 &4 2]-8& PCE
AHEel4 o 7 2 7] A (Taylor Hobson, Surtronic 3+)&

AHgstel ZHBOR QIR ANGL 18 ARE FFTEAE 2
A5tk AAHEARe] 489 Aolzs Ao, of

S8k HAREE o] 30)7}o| ZF 35202 A3k Table 1

Tt Table 2= 212F T AR Al7075-T0 224 9f shetz/dst 714
4 54 ek
Table 1 Chemical comparisons of Al7075-T0
Element Cu| Si ([Mg|Zn |Mn| Cr | Fe | Ti | Al
wt(%) 1.5/04|25(55]03]02]05]|02 |rest
Table 2 Mechanical properties of A17075-T0
Mechanical Ultlm? e Ylel.d Shear | Modulus of
Properties Tensile Tensile Strength | Elastici
P Strength Strength g R
MPa(Unit) 221 96.5 152 71,700
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Fig. 12 $413A4 4 & (Face-centered Central Composite
Design)oll nh2 whgstwle] w45 1golth 3917 34
Table 3 Cutting conditions
Factor Level 1 | Level 2 | Level 3 |Increment
Depth of cut (mm) 0.25 0.5 0.75 +0.25
Feed (mm/rev) 0.05 0.1 0.15 +0.05
Cutting Speed (m/min)| 275 325 375 +50

—_—

Fig. 1 Face-centered Central Composite Design
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YNE - AYM - YBE - 2FY - Y - OFH
A E AR A (Full Factorial Design)dh wf it} A9l 514 AHzlo), o] &g, HArEEol HIRIAR] FEET} FHA AT
Zo|HA] 22 BhgEY g AJAsH] sl aokE Ad 7} o 7]1EE o] it
3o g 2A-T 243 24F Full Factorial Designol] 37} Fig. 49} 7ro] HA+7]0|(Depth of Cut : DOC), o|%aF, A4
StATh 42 AEZIEE vhEo] I3 WslE 24T 4 9le Sioof| 2 7bzh FEEI FUAAY Y HolHE d& & 9
Zo] AHolet g 4= Qlrk. Mmtab o3t ¥hg-3xH A A Atk ()0l A Hzo] 312 71&71E 2 AL R o
85 5to] Table 20 AAIH AFxAAA A8k ot @"*Eﬂ}i & o, dzlo]o] ofgko] o]FFe] Jgrt
@ & 7k, Z“‘*E«l g2 vlr|stct E?I FRIYLS
3, AlaidkH gl Msiznt 37}1] Aotz ol st B vl she S 7hAIch dat
Z10]9] fzof| wpEha] FEHo] X4 12.INojA] o 33.4N7}
3.1 AlgdHH A FEstom, o]fskol wEkal A 152NojA )
M@ o= Fig. 29} Zro] EUAAY|SAA L} 3159 33.IN7ZHA 9] BEakgal, A rof wheha] 23NAEof 75
|2 olgste] AN} 8 A5S FSatm gag = PR FEE AAE A0 5 g
CE %slo] BAatqr). RUAA7|E o] BAHuic} &4 HH (b)9] EUART19 Aol olEF AR F3sH
Q.00 ALI ZH(Cut Of)S 2.5mm= FAN P A=y HlEsks §Ad 7P 2 712718 2olr w2 9¥%=s ve
(um)Z =439tk Fig. 38 LA Mo mAk), L2, A7} Wolch HAE7] o] tisto] Aapzlole} AL QIxfef o
To A Yojur AarEE o] WEES FA|EGon] Al7075-T6 S UIHIEt B RS &5l ot
AR WA The o] MAkE A3 E SEstu ogtow olFF| ol weh BUAHZ|ZF 24 0.196umo A 2]
B Yoz 353 & QuE 3ok tf 0.280pm7}7] HEsFGITh Habzlo|o} Hakswof whet &
A7} 0.240umof| A 0.250um Atoof [FAH o7 Fast
3.2 Alsizin} Ack webA FEHD RUAAY| BRE HPS o o|FF
Table 4= ¥H-gEHH o] w2 2035]2) Az H¥A3}
AojH e FHAA7| Y ot @’lﬁ}% 271 4 Table 4 Test data for tuming conditions
ol et [ [T el
(mimin) | (N) (um)
0.5 0.1 325 26.5 0272
0.75 0.05 275 18.8 0.254
025 0.1 325 12.1 0.256
0.5 0.15 325 342 0.280
0.5 0.1 375 23.9 0.263
contact 0.5 0.1 325 23.9 0317
Turning 0.75 0.15 375 42.1 0.265
ek 0.25 0.05 375 8.6 0211
Fig. 2 Experimental sctup 0.25 0.15 375 17.9 0.265
0.25 0.05 275 73 0.265
0.75 0.05 375 21.8 0.301
0.75 0.15 275 449 0.269
Workpiece
N 0.5 0.1 325 23.9 0.250
- o | 0.75 0.1 325 334 0.251
0.5 0.1 325 24.7 0.196
0.5 0.1 325 235 0.250
025 0.15 275 17.0 0336
0.5 0.1 275 2.7 0257
0.5 0.1 325 22.6 0.251
Fig. 3 Scheme of Tuming Process 0.5 0.05 325 15.9 0.196
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Fig. 4 Results of cutting data
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Fig. 5 RSM of surface roughness
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Fig. 7 Graph of optimization
Optimum Depth of cut(mm) Feed(mm/rev) Cutting speed(m/min)
o 1% [0.1515) %)
ur -1.0] .1616] -1.0]
0.72172 -1.0 -1.0 -1.0
40
30 Total \\\ /,_,_—-.______ [ ——
Principal force satisfaction
Minimum 0.72172
(N)

10

Depth of cut !

(a) Depth of cut and feed

30

Principal force 1
Minimum 20
(N) Cutting

speed

0

,1 O 1
Depth of cut

(b) Depth of cut and cutting speed

30

L. 25
Principal force
Minimum  og

(N)

pCutting
speed

Feed 1

(c) Feed and cutting speed

Fig. 6 RSM of principal force
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y= 24.2503 +9.8121z, +8.38142, — 0.3594, @)

— 1607612} +0.692891x5 — 1.026613
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Principal cutting
Force-Minimum
y = 12.0896
d=0.82276

Specific cutting
Force-Minimum|
y =446.7629
d =0.63309

Table 5 Regression coefficient according to optimization

Term Coefficient
Constant 24.2503
Depth of cut(mm) 9.8121
Feed(mm/rev) 8.3814
Cutting speed(m/min) 0.3594
Depth of cutX Depth of cut(mmz) -1.60761
Feed X Feed((mm/rev)’) 0.692891
Cutting speed X Cutting speed(m/minz) -1.02661
4. 2=
& =aoAe BREEHE 285kl Al7075-T0 2249

RS Jlesto]
3}, Al7075 279
A= g Sl
el UFulE 70 AGY A
oo} o|FFE 7Hs T AA At
A 320mm/min A 9] AArLET 2
719k AArE WollA ghEgh At
HREHe] ofsf =EH 2
0.25mm, ©]£%F 0.05mm/rev,
o] el 8.2N, ¥4 A

il

[o n

1

oo
ot mé
> I~
3 R

N
N
rir

@

i
it N
2N

N
o

a2
N
N

(€)

L
il

s
~
rlr
o
N

)
Lo
3
o
o

= o
TT_T_‘E%'C_‘



B M A ZZAIARIEES| X Vol.21 No.5 2012. 10.

Jon

7|

o] A= e]

I L W

oAl 20124 vl
Aol gJsto] A= A5

H-871e71EH(09-

References

(1) Yu, M, H,, Yu, C. H., Hong, D. P., Kim, C. S. and
Kim, Y. J., 2010, “Study on the Mechanical and Surface
Properties of Priction Welded Al Wlloy 6061-T6 and
7075-T6,” Korean society of Machine Tool Engineers
2010 Autumn Conference, pp. 389~393.

(2) Lee, H. I, Han, Y. S., Kim, D. H., and Kim, W. T.,
2005, Comprehension and Apply of Advanced Technique
on Aluminum, KMJ News.

(3) Poongsan, 2012, Development of a Large Aluminum

847

Tubes using Cryogenic Heat, Poongsan corporation.

(4) Choi, T. K., Kim, J. S., Park, J. H.,, and Lim, H. J.,
2009, “The Machinability Estimation Depending on
Cutting Condition in Al6061-T6 Turning Operations,”
Journal of the Korean Society of Machine Tool Engineers,
Vol. 18, No. 6, pp. 675~680.

(5) Oh, S. H., 2004, “A Study on the Correlation between
Machinability and the Cutting Condition in Machining
Aluminum Alloy,” Journal of the Korean Society of
Manufacturing Process Engineers, Vol. 3, No. 4, pp.
56~62.

(6) Vincent, D., Shreyes, N. M,, and Christophe, L., 2004,
“Modeling and Verification of Cutting Tool Temperatures
in Rotary Tool Turning of Hardened Steel,” International
Journal of Machine Tools & Manufacture, Vol. 44, No.
14, pp. 1463~1470.





