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Response surface experiments of effect factors on temperature
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Abstract: On the basis of the response surface method, the influences of main high speed cutting fac-
tors on cutting temperatures in AISI10 45 steel cutting processing were researched. A high-speed cut-
ting temperature measurement test system was established. The tests with four factors and three lev-
els were designed by applying Box-Behnken Design (BBD) response surface experimental design meth-
od considering the cutting speed, feed, axial cutting depth and the radial cutting width. Then, the
effects of various factors on high-speed cutting temperature and temperature range were analyzed. Re-
sults show that when the feed is 0. 05—0. 11 mm, the cutting temperature rises slowly with cutting
speed increasing; when the feed is greater than 0. 11 mm, the cutting temperature decreases slowly
with cutting speed increasing. However, when cutting speed maintains unchanged, the cutting tem-
perature increases linearly with axial cutting depth increasing. When axial cutting depth is less than 1.
5 mm, the cutting temperature first decreases then increases with radial cutting width increasing;

when axial cutting depth is greater than 1.5 mm, the cutting temperature increases with radial cutting
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width increasing linearly. Comprehensive analysis shows that feed and axial cutting depth effect on

cutting temperature changes more significant.

Key words: high speed cutting; cutting parameter; temperature measurement; response surface analysis
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Fig. 1 Temperature calculate model in equivalent plane
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Fig. 2 Experiment system of high speed cutting tem-

perature measurement
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Fig. 3 Schematic diagram of cutting temperature

measurement
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Tab.1 Main operation parameters and level of cutting

experimentation design

main operation

Level 1 Level 2 Level 3

parameter

Cutting speed 40 m/min 100 m/min 150 m/min

Feed 0.05 mm/r 0.1 mm/r 0.3 mm/r
Axial depth of cut 0.5 mm 1.5 mm 3 mm
Radial width of cut 2.0 mm 6.0 mm 9.0 mm
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Tab. 2 Experimental design and cutting conditions 3 : ;‘L % I 7})?
Cutting Axial Radial width
Experimental Feed
) speed depth of cut  of cut 3.1 YIHIE EE N R 4 47 42 B %
serial mm/r
m/min mm mm M bR S50 45 1, 4 %;&%”ﬁﬁﬁﬂﬁ?ﬁ
I 50 0.3 Ls 6 REWIFE 4 TR . 164 BT R 7 2 49 B CANO-
I VA Iy 5 SR — A 25 6 R 5
3 100 0.3 L5 2 FHo AR5 TR BE N A HE R T Y 43 B A
4 100 0.1 3 9 LIS INE IR 5 QNG N 5 Y = I8
o 100 0.05 0.5 6 5,38 6 FIR 7 MRS R R LG
6 100 0.3 3 6 eI TR VTE IR W 0, . 3R 5 45 T e A
7 150 0.05 L5 6 B (%) ~F-J7 01 BI04 0 52 25 38 X S Y ) 52 W) 5 3R 6
s 0 01 LS g st T B R B 2 5 G O A 5 2% L
9 150 0.1 L5 9 3R T L AR 5 22 5 2R 3R WIZOR Y kK 1
10 100 0.1 L5 6 o 3 ANt 2, PRI, AT DA S SR kMR ASE AL 43 AT )
11 100 0.3 1.5 9 ) L BE AR T
12 100 0. 05 1.5 9
13 40 0.3 1.5 6 ®3 WEFRSVIHIE
14 150 0.1 3 6 Tab. 3 Cutting temperature measured Qo
15 100 0. 05 3 6 Cutting temperature measured
16 100 0. 05 1.5 2 sequence 1 2 3 4
17 40 0.1 3 6 temp. 158.83  226.57 111.41  683.81
18 150 0.1 1.5 2 sequence 5 6 7 8
19 100 0.1 0.5 9 temp. 53.83 649. 94 99.9 243.5
sequence 9 10 11 12
20 100 0.1 3 2 temp. 649.94 179.824  609.3 677.04
21 100 0.3 0.5 6 sequence 13 14 15 16
22 100 0.1 0.5 9 temp. 734.62 859.934  836.23 58.91
23 100 0.1 1.5 6 sequence 17 18 19 20
24 40 0.1 0.5 6 temp. 477. 20 548. 33 62. 30 473. 82
95 40 0. 05 s 6 sequence 21 22 23 24
temp. 121.57 168.986 179.82 57.22
26 10 0.1 1.5 2 sequence 25 26 27
27 100 0.1 L5 6 temp. 461.96  616.07  179.82
x4 MEmEITSEEANRENMIER
Tab. 4 Responses and parameters with minimum and maximum ranges
Responses and parameters with minimum and maximum ranges
Response Name Units Obs Analysis Min Max model
Y Temp. C 29 Polynomial 53.83 859. 93 Linear
Factor Name Units Type Subtype Min Max Coded value
A Cutting speed m/min Num. Contimuous 40 150 —1=40,1=150
B Feed mm/r Num. Contimuous 0. 05 0.3 —1=0.05,1=0.3
C Axial cut depth mm Num. Contimuous 0.5 3 —1=0.5,1=3
D Radial cut width mm Num. Contimuous 2 9 —1=2,1=9
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Tab.5 Sequential model sum of squares
Source Sum of Squares df Mean Square F-value Prob>F
Mean vs Total 3.755X10° 1 3.755X10° suggested
Linear vs Mean 4. 649X 10° 4 1.162X10° 1.76 0. 1707 suggested
2F1 vs Linear 4. 430X 10° 6 73836.52 1.16 0.3694
Quadratic vs 2FI 2.629X10° 4 65722.91 1.04 0.42
Cubic vs quadratic 3.733X10° 8 46657. 59 0.55 0.7873 Aliased
Residual 5.089X10° 6 84811. 63
Total 5.808x10° 29 2.003X10°
Fo6 mRERMEKE
Tab. 6 Lack-of-fit tests
Source Sum of Squares df Mean Square F-value Prob>F
Linear 1.421X10° 20 71 025. 31 1.70 0.3261 suggested
2F1 9.775X10° 14 69 820. 50 1. 67 0.3311
Quadratic 7.146X10° 10 71 459.53 1.71 0.3199
Cubic 3.413X10° 2 1. 707X 10° 4.07 0.1084 Aliased
Pure Error 1.675X10° 4 41 883. 80
x7T MEEERMLERE
Tab.7 ANOVA for Response Surface Linear Model
Source Sum ofSquares df MeanSquare FValue Prob>F
Model 4. 649X 10° 4 1.162X10° 1.76 0. 1707 significant
A-Cutting speed 73 024. 84 1 73 024. 84 1. 10 0.3039
B-Feed 1.121X10° 1 1.121X10° 1. 69 0. 2055 significant
C-Axial cut depth 1.620X10° 1 1.620X10° 2.45 0. 1307 significant
D-Radial cut width 1. 409X 10° 1 1. 409X 10° 2.13 0.1574
Residual 1.588X10° 24 66 168. 39
Lack of Fit 1.421X10° 20 71 025. 31 1.70 0.3261  not significant
Pure Error 1.675X10° 4 41 883. 80
Cor Total 2.053X10° 28
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Residuals vs. Predicted
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