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ABSTRACT

This project studies on paramcters affecting surface hardness of AISI 1045 steel machined by a turning

machine. The process variables studied in this project included cutting speed, depth of cut, feed, coolant and tool wear.

The experimental design strategy employed in this experiment was factorial design. Results showed that cutting speed,

and fced had significant effect on the surface hardness. Hardness of the machined surface increased when cutting

specd and feed were increased.
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2.4.3.2 Crater Wear
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Regression Analysis - Linear Model 1 ¥ =a+b*X

Dependent Variable : Hardness

Independent Variable : Wear

Parameter Estimate Standard Error T Statistic P-Value

Intercept 215.500 94.239 2.286 0.262
Slope 0.058 0.683 0.085 0.946

r Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio P-Valuc
Meodel 1.927 1 1.927 0.010 0.946
Residual 209.120 1 269.120
Total (Corr.) 271.047 2

25




kN

-~

ST

A7 150 (HY

Plot of Fitted Model

216 _f ; _
L ! .

| | -

212 ,»_1 JRT— ?N [ et e _-.
| \ ‘

08 ._i - Vo o e -
[ a ]

L | a i P

100 110 120 130 140

anuiniiae (uniouw

5 3.14 naaoulagldws Wiweinaaas Bilhimdaiu

- ' . a . e 1 d
39 3.8 71 Regression voawniwmeinmanas lilhimdabu

Regression Analysis — Linear Model 1 Y =a+ b*X

Dependent Variable : Hardness

Independent Variable : Wear

I
Parameter Estimate Standard Error T Statislic P-Value
Intercept 165.943 35.581 4.664 0.135
Slope 0376 0.293 1.284 0.421
| _ °p
Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio P-Value
Madel 63.394 1 63.394 1.640 0.421
Residual 38.446 | 318.446
\lola] {Corr.) 101.840 2
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Regression Analysis— Linear Model : ¥ =a + b*X
Dependent Variable : Hardness
Independent Vartable : Wear
Parameter Estimate Standard Error T Statistic P-Vaiue
Intercept 200.165 90.654 2.208 0.271
L Slope 0.385 0.705 0.546 0.682
Analysis of Variance
Saurce Sum of Squarcs Df Mean Square F-Ratio P-Value
Model 113.920 1 113.920 0.300 0.682
Residual 382287 1 382287
Total (Corr.) 496,207 2

27




AU (HV) 163309 0.2 kN

Plot of Fitted Model

290 F F{Af_r RS A ‘,., LA 1—_'__'_?::_. _'__'_w_',— . '_E
! | i

i | | 1

270 b — B — l%
260 ol B EIE B
45 i I S
230 : ‘f ) ‘ ]
i i ) § ]

| E

98 103 108 113 118 123 128

-t .
anudanmse luniaw

517 3.16 naeuTavldmsfimes quuas Mdrimdeidu

o . - 4 )
A3 180 3,10 A1 Regression veamnlimeiguaz 1himasdu

Regression Analysis — Linear Model : ¥ =a+b*X

Dependent Variable : Hardness

Independent Variable : Wear

Parameter Estimate Standard Error T Statistic P-Value
Intercept 379.550 86.762 4.375 0.143
Slape -1.107 0.798 -1.387 0.398
Analysis of Variance
Source Sum of Squares pr Mean Square F-Ratic P-Value
Model 706.335 1 113.920 1.920 0.398
Residual 367,205 1 382.287
Total (Corr.} 1G73.540 2
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Regression Analysis — Linear Model 1 Y =a+ X
Dependent Variable : Hardness
Independent Variable © Wear
.
Parameter Estimate Standard Error T Siatistic P-Value
r—_—__—__f
Intercept 172.050 123.821 1.389 0.397
Slope 0.679 1.076 0.63) 0.641
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Analysis ol Variance
Source Sum of Squares Df Mecan Square F-Ratio P-Value
Madel 207.260 1 207 260 0.400 | 0.641
.
Residual 519.720 ! 519,720
Total (Corr.} 726980 2




r Plot ot Fitted Model
34() '[ —r T T |
cl 320 :
Low] :
= z
= 300 :
e
; 80 :
\:Ev : : :
— 2(\0 e e+ e e o g . e e e, 7—,'_'_'"' R —_ .
e ; ; : . o,
Z 240
= - .
20 b il SRR =
oS 18 s 128 {38
Anamiia (asau) |

v . »
7% 3.8 nadeu laeldwisilimesd ez lhimdeiiu

) ' - : e v d
#1379 3,02 91 Repression ﬂﬂd“ﬂ('l‘iﬁiiﬂﬂ‘;ﬂmﬁzi%u"[‘ﬁ aetaid

[ Regression Analysis — Linear Model : Y = a + b*X
Dependent Variable : Hardness
Independent Variahle : Wear
Parameter Estimate Standard Error e T Statistic P-Value
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Analysis of Variance for Hardness — Type 11l Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Vvalue
MAIN EFFECTS

A speed 607.6220 i 607.6220 8.4800 0.0054
B : [ced 548.7310 1 548.7310 7.6600 0.0080
C : depth of cut 92.1600 1 92,1600 1.2900 0.2624
D : coolant 16.6056 1 16.6056 0.2300 0.6324
INTERACTIONS

AB 175.5630 ! 175.5630 2.4500 0.1241
AC 109.7260 1 109.7260 1.5300 0.2220
AD 15.2100 1 15.2100 0.2100 0.6471
BC 16.8100 L 16,8100 0.2300 0.6304
BD 205.2060 1 205.2060 2.8600 0.0971
cD 103.0230 1 103.0230 1.4400 0.2364
ABC 41006 1 4.1006 0.0600 0.8120
ABD 0.4225 1 0.4225 0.0100 0.9391
ACD 0.1406 1 0.1406 0.0000 0.9649
BCD 228.0100 1 228.0100 3.1800 0.0808
ABCD 77.0006 1 77.0006 1.0700 0.3051
Residual 3439.8300 48 71.6631

Total {Corrected) 5640.1600 63

All F-Ratios arc based on the residual mean square error.
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a135197 w1 nraggumniRveaminndinisveur unan AIST 1045

ﬁauwﬁumuﬂﬂ C Si Mn Pmax Smax
v, Taotiutin 043-050 | 0.15-030 0.6—-0.9 0.04 0.05
INFANAN DIN ns 814 ASTM AFNOR
AlnMfoe 1.119% $45C 1672 A29, A510 XC42
M15199 pA 2 IndngAveandnndimiveuthunana AlSI 1045
o - Acl Acl Ar3 Arl
gaInga
725 (1340) 780 (1435) 750 (1385) l 680 (1260)
A1 #A 3 AuaTAmImEn mysamanafiniiueninata At 1045
L ar L= ﬂ" s - J
mduszaninisuoiedn gamplauguazuaugl
gl Adulszdns - ATINAT
- EF D]
°C F pmsm. k pinfin, °F 8C 8F
7
0-100 32-212 115 6.4 VATTITRAL 1245 2275
0~ 500 32 - 930 14.0 7.8 MGRI 790 - 870 1450-1600
25 - 100 75212 112 62 BUAUAD 810 - 915 1525-1675
25— 500 75930 14.0 78
25- 600 751110 14.4 8.0 pupamnulun 800 — 845 1475-1550
25 - 700 75 - 1290 14.6 8.2
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v oa . ANl | AT
VURITUNTY ATUA LTI QFWTLILI o o
TH WU 3 181K}

fum in MPa ksi MPa ksi % HB

Fadou 19-32 | 0.75-125 565 82 310 45 16 163

Faou 19-32 | 0.75-1.25 625 ol 530 77 12 179

Zadu,au8eu 19-32 | 0.75-125 585 85 505 7 12 170

naAus AAAD 19-32 | 075-1.25 675 o8 405 59 24 212

16-32 | 0.63-088 655 95 585 85 12 187

i 22-32 | 088-1.25 620 90 550 80 1 179
FALEU

12-50 | 1.25-2.00 585 85 515 75 10 170

5075 2843 515 75 485 70 10 163

. 16-22 | 063088 690 100 620 90 12 197
AL

. 22-32 | 0.88-125 655 95 585 85 3 187

‘E)"U'E]WTTQHFH

3250 | 1.25-2.00 620 90 550 80 10 179

. 16-22 | 063-088 655 95 515 75 15 187
AU

. 22-32 | 0.88-125 620 90 515 75 15 179

BUGUU NI
312-50 | 1.252.00 585 85 485 70 15 170

WAL 3




@ SHIIAZHUANG JRON AND STEEL HOLDINGS LTD.

COMMODITY: HOT ROLLED STEEL ROUND BAR No. 189321
STEELGRADE: SC45 SURFACE QUALITY: QUALIFIED
SIZE: @30 mm DELIVE.RY CONDITION: HOT ROLLED
WEIGHT: 54.553 MT STANDARD: JIS G4051
NO.OF BUNDLE: 20
HEAT | CHEMICAL COMPOSITION (%)
MECHANICS HARDNESS MACROSTRUCTURE

5204169 | C Si Mn P 5 Cr Ni Cu

046 024 071 0009 0010 010 0010 001

Os MPa Ob MPa 05% X % HARDNESS
>355 2600 2 16.0 2400 <0

G.P. c.p LP.

(0.0/0.0% (1.5/1.0) (0.0/0.0)

NOTE:Ob = TENSILE STRENGTH, GOs = YIELD STRENGTH

G.P. = GENERAL POROQSITY, C.P, = CENTRAL POROSITY, L.P. = INGOT PATTERN
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: . a d a & Iy o
AT HT 1 IR URAIA 1AM 118IW1T 0w es A M maeiou

W5 ines

=

, d da = .
FIANBUUINHITUIIU U HY 1153INA 0.2 kN

A B C Ase ) ndef 2 atait 3 Aman
+1 +1 + 257.50 284.60 23850 260.20
0 0 0 2326 2703 246.50 249 80
-1 -1 -1 328.00 220.90 254.70 267.90
15199 FL 2 WA unde () fu adsvin (o)
WITiiae3 A
A B W C WU HV 1330 0.2 kN
+1 +1 + 257.50
+1 +1 +) 284.60
+] +1 +1 23850
0 0 0 2326
0 0 0 27030
0 0 0 246.50
-1 -1 -1 328.00
-1 -1 -1 220.90
-1 -1 -1 25470
Anain (;I) 259.29
A ulilsn (o) 32,49
I, = 260.20 HV 1340A 0.2 kN [, = 249.80 HV #139nA 0.2 kN
I, = 267.90 HV LIINA 0.2 kN L= 259.29 HV 1390A 0.2 kN
T,= [, -l - 260.20-259.29 < 091
T,= [, - H = 29980-25029 = 849
T,= |- B = 2679025929 = &6
3
n 21:2;
nngAs pibx -2

062
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M1t 216502 ; 0 =3219 5 a=3 -;

I

; o 3 = 4 va 4 d
M3 'N‘?l Ha 3l LlﬁﬂQHﬁﬂTiHﬁ]Tuqucﬁjﬁlﬂu’lﬁﬁnluaﬂﬂﬂﬂﬂiﬂﬂi‘huqﬂaﬂwu

b=3; P>090

r n (pz 0] aln-1) [3 Powcr(l-B }
a
0 a=0.05
3 048 0.69 6 - -
4 0.64 (.80 9 - -
5 0.8 0.89 12 - -

A v a d = P RS ]
AITHN WY 4 H']ﬂ-llnaﬂﬂ'-lﬂ']T“lH]4”@3“]51”1?‘95“11‘1‘1]‘“1“aal“u

LRCRTGLH AT AR Mg HY (390R 0.2 KN
A B C Adai | Aseit 2 afaft 3 Andn
+1 +1 +1 222.30 235.60 212.40 22343
0 0 0 209.80 205.20 219.20 211.40
-1 - -1 249,50 233.40 264.90 249.27

A3 129 HY 5 AR an (u ) iy mamulsdsou (o)

W3 iaes A AT
A B C HUIY HV U5I0R 0.2 kN
+1 +1 +1 222.30
+] +1 1 235.60
+1 +1 +1 21240
0 0 0 209.80
0 0 0 205.20
0 0 0 219.20
-1 -1 -1 249.50
-1 -1 -1 233.40
-1 -1 -1 264.90
AURAo (1) 228.03
mnulsilsn (o) 19.73
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1, = 223.43 HV U330 0.2 kN

WUy = 24927 HY L53nA 0.2 kN

223.43-228.03

TLER R =

T,= [, - b = 211.40—228.03
T, =, - I = 24927 -228.03
INGAT

(P2 =h X 3

- 4.6
- 16.63

21.24

3
n ETZJ'

2
aac

1L, = 211.40 HV 43409 0.2 kN

L = 228.03 HV 1390A 0.2 kN

El
Dxl = 74885 ; ©=1973 ; a=3 : b=3; P>090

]

. o ¥4 ! | s »od
AT WD 6 LARIRamMH IS AUT Mz euienavey Tao i wdedu

n @’ 0] a(n-1) B Power(1-J3 )
# a=0.05

3 5.76 24 6 0.15 0.85

4 7.86 k 2.717 9 0.04 0.96

oA ' u . Yo s A A
' -‘Ylﬂﬂlluwmﬂuﬂmmﬂﬂ’n 0.90 Lﬁ1‘ﬂz‘1ﬂﬂ1uqu‘ﬁ1ﬂlﬁﬂﬂ1

¥y

Re

A9 n=4 9 0=005

o o iy "o s o a o A
NMIA NI UIUE W iz aslunivaaoedl = 4 afs FAUABNIINNTINAAB

¥
a

EURLES y_d = @ woon W
Al maeitu iszdunlsdifiyg = 0.05
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Probability of accepting the hypathesis
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¢ {for o = 01— 1

3 — P ifor x = 05)

2 3

31 #a 1iduIAdn Bz tulidveaniAufiumi (Operation Characteristic Curve)
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