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Global Optimization of the Turning Operation Using Response Surface Method

Hyun-Wook Lee*, Won-Tae Kwon"

Optimization of the turning process has been concentrated on the selection of the optimal cutting parameters, such
as cufting speed, feed rate and depth of cut. However, optimization of the cutting parameters does not necessarily
guarantee the maximum profit. For the maximization of the profit, parameters other than cutting parameters have to
be taken care of. In this study, 8 price-related parameters were considered to maximize the profit of the product.
Regression equations obtained from RSM technique to relate the cutting parameters and maximum cutting volume
with a given insert were used. The experiments with four combinations of cutting inserts and material were executed
to compare the results that made the profit and cutting volume maximized. The results showed that the cutting
parameters for volume and profit maximization were totally different. Contrary to our intuition, global optimization
was achieved when the number of inserts change was larger than those for volume maximization. It is attributed to

the faster cutting velocity, which decreases processing time and increasing the number of tool used and the total tool

I Abstract

changing time.
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: Cutting speed(m/min)
: Feed rate(mm/rev)
: Depth of cut(mm)

= oy

: Cutting Volume(mm3)
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Table 1 Chemical composition and mechanical roperty
of SM45C and SCM440

SM45C | SCM440

C 042048 | 0.38-0.43

Si 0.15-0.35 | 0.15-0.35

Chemical Mn 0.60~0.90 | 0.60~0.85

Property P 0.030 Max | 0.030 Max

(Wi%) S 0.035 Max | 0.030 Max

Cr : 0.90~1.20

Mo - 0.15-0.30

Tensile strength| 4o 7 \fin | 9807 Min
Mechanical (N/mim')

ropeny | PandnessHRC) | 11256 | 298353

Ygfmfn"z‘)m 3432 Min | 834 Min

Table 2 Experimental plan for RSM technique

Coded variable
Number v F D
1 -1 -1 0
2 -1 1 0
3 1 -1 0
4 1 1 0
5 -1 0 -1
6 -1 0 1
7 1 0 -1
8 1 0 1
9 0 -1 -1
10 0 -1 1
11 0 1 -1
12 0 1 1
13 0 0 0
14 0 0 0
15 0 0 0




Table 3 Revised cutting conditions for each combination
of inserts and work materials for RSM technique

Cutting Feed rate | Depth of cut
velocity(m/min.)]  (mm/rev.) (mm)
-1 160 -1 0.1 -1 0.34
P20-
SMASC 0 185 0 0.2 0 0.41
1 210 1 0.3 1 0.48
-1 160 -1 0.1 -1 0.28
P20-
0 225 0 0.2 0 0.38
SCM440 1 290 1 0.3 1 0.48
-1 340 -1 028 | -1 0.32
:h};:;)c 0 [ 410 | 0 [044]| O |037
1 480 1 0.6 1 0.42
-1 340 -1 0.35 -1 0.32
82113/134?4;0 0 410 0 0.5 0 0.39
1 480 1 0.65 1 0.46

ZF 9] Az, &9 F5H], 99 s, &9l A7), 7]
A9 Gl A7z, AME TA AT, FEAE A AL,
A& AE71Z Solrt. XA 22 3Kglobal optimization)
£ Y3 242 o2 2ok

Maximization
24 XN =W
. truct 11 £
Proflt — [ siructure Tma eTlalS‘] [ expense] (3)
production
Minimization

"Z;rodudion = [ I;TOCESS X ]vtools ] + [ ‘/Z;aols change X jvtuﬂls ] (4)

[ Trateria change XN eriats |
Wezpense = [ W, ois XNzools] &)
+ [ I/Velectricity/secx :Z;roduction]
+ [ %ork/secx Tiools change XMOO!S}
F [ Wors/secX Tporiar change X Ny areriats
Control constraints
—1 < Vcutting speed) <1 6)
—1 < F(Feed rate) <1 @)
— 1< D(Depth of cut) <1 (8)
1= Noots > Vmateriats ®
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Initial data input

Object function, Restricted condition.
Design variable assignment
-
Design variable direction vector.

Maximum violation restricted condition,
Calculation about object function and design variable

New design variable get,
Hessian Matrix modification
4

Calculation about direction vector
and Lagrange Muttipliers

Optimization convergent, . No
Condition check

Fig. 1 Flow chart of the SQP algorithm

Table 4 Fixed variables for optimum condition

Unit
100,000 (Won)
3,000 (Won/unit)
2.5 (Won/sec)
4 (Won/sec)
0.25 (Won/sec)
30 (Sec/unit)
180 (Sec/unit)
200,000 (Won)

Variable

Material unit cost

Insert unit cost

Cost of labor
Electricity bill

Depreciation amount

Time of insert change

Time of material change

Cost of finished product

of oaf 7fA=fe] HEAALS 8sA Aok BFGSH-2 H]
AlFAA Y] A4t Al df ¥HE Zjnch FAIFY H(Hessian
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I XiXg, XiX3, XoXs O S A 02 FAE Q) o] AL x,
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Table 5 Optimal cutting condition obtained RSM tech-

nique
Insert- . .
Material Factor Optimum point
Cuiting 189.425m/min
velocity
Feed rate 0.1492mm/rev
P20-
0.4366mm

SMA45C Depth of cut

y=286130+1156.9,1-18041.2,014336.58,3

Regression |-, 1485 6.17-33433.0,02-24321.1,4°
Equation
12842.7,1,0-28766.1,5153-35907. 105
Cutting 212.8313m/min
velocity
Feed rate 0.1463mm/rev
P20-
0.3691mm

SCMA40 Depth of cut

y=251340-27165.2-28835.02-9680.84,3

ltgf:;is(‘;n -54871.6,1°-23698.95,°-78457.9,3
4 11944 1,1,0-8457.1505+10107. Lo
Cutting 424.9251m/min
velocity
Feed rate 0.519mm/rev
AB30-
0.3836mm

smasc |Pepth of cut

y=258913+17875,+19146.9,+10530,

Resrossi
CIESSION | © 39770.5,%-18177.90%20532.1 4
Equation

6146 Ay10-1082.2,0,5+2086. Toos
Cutting 465.174m/min
velocity
Feed rate 0.512105mm/rev
AB30-
SChado | Depth of aut 0.46659mm

YBATIT3H41602.04-28798 50+19653.8,3
-27611.2,*-103402.0,2°-50390.3,5>
-56186.841x2-17675.751:5-4980.3 7 x5

Regression
Equation
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Table 6 Cutting volume of optimal cutting condition
from Taguchi method and RSM technique

Average of three| Theoretical | _.
. ... |Difference
experimental | estimation o
results(mm®) (mm’) (%)
P20-
SMASC RSM 292802 292200 0.2
P20-
SCM440 RSM 244832 262200 -7.1
AB30-
SM4SC RSM 299129 267000 10.7
AB30-
SCM440 RSM 345257 362600 -5.0

( ViCuting spoe), oo rat), DDogth o ex) sl vl JG=m=mmy

{ Estimation equation of

| Cotting valumes Max cutting volume
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Fig. 2 Flow chart of the algorithm to determine the
maximum profit
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Global optimization

Volume optimization

Global optimization

Volurne optimization

AB30-SMASC | AB30-SCMA40

Global optimization

Volume opthmization

Global optimization

P20-5M45C

Velume optimization

] 100 wme 300 4n0 500 &0 700 BOC

o Cutting time{sec) i Insert ch

Fig. 3 Compatison of the global and volume optimization
in terms of cutting time, insert changing time
and material changing time

Table 7 Condition of at max volumes and profit

P20-SM45C P20-SCM440
Max volume| Profit | volume | Profit
(mm’) |(Won/sec) (mm3) (Won/sec)
Cutting speed |00 5| 3236 |212.833| 225.085
(m/min)
Feed rate 1 1 4on | 0.1864 | 0.1463 | 0.22489
(mm/rev) ' ’ ) ’
Depth of cut(mm)| 043661 0.3533 | 0.3691 | 0.65019
Cutting ime(sec) | 452 254 443 227
Insert(num) 14 3.02 1.6 2.96
Profit{Won/sec) | 183.92 | 243.99 | 177.57 | 227.38
AB30-SM45C AB30-SCM440
volume| Profit | volume| Profit
Max 3 3
(mm’) |(Won/sec)] (mm’) |(Won/sec)
Cutting speed | ) o | 4451 |465.174| 503.73
(m/min)
Feed rate
(mmvrev) 0.519 | 0.5751 | 0.5121 0.55
Depth of cut(mm)| 0.3836| 0325 | 04659 | 04907
Cutting time(sec)| 233 197 198 174
Insert(num) 1.2 1.49 1 1.27
Profit(Won/sec) |254.44| 2987 | 30429 | 31535
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Table 8 Production cost of the maximum profit and
maximum volume

Production
cost(Won)
Maximum Profit 6743.00
P20-SM4sC
Maximum Volume 11540.00
Maximum Profit 7409.00
P20-SCM440 -
Maximum Volume 11237.00
Maximum Profit 4819.25
AB30-SM45C
Maximum Volume 6020.75
Maximum Profit 4317.00
AB30-SCM440 -
Maximum Volume 5152.50
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