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Experimental investigation of the effects of hot turning parameters on the
cutting tool wear and surface roughness of AIS1630 hardened stainless steel
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Article Information Abstract
Original Research Paper AISI630 is a stainless steel that is strengthened by precipitation-hardening mechanism. This steel has high hardness and low
Received: 20 November 2020 thermal conductivity, has made it one of the difficult-to-cut materials. These two factors have its machining is associated with
First Decision: 7 January 2021 high tool wear and poor workpiece surface quality. In this study, the conventional and hot turning of AISI630 hardened
Accepted: 16 April 2021 stainless steel have been investigated. To determine the effect of machining parameters on tool wear, a hot turning process up
to a preheating temperature of 400°C was performed. Turning was conducted at three feed rates and three levels of cutting
Keywords: speed using PVD-(Ti,Al)N/(Al,Cr)203 coated carbide tools. Tool flank wear and wear mechanisms have been studied in
AISI630 Steel different cutting conditions as well as different preheating temperatures using SEM microscope. Experimental results showed
Hot turning that the lowest wear on the free surface of the tool was obtained by hot turning at 300 °C. Hot turning at this temperature
Tool wear reduced the flank wear by 33%. Observation of the worn surface of the tools showed that the tool wear mechanism in hot
Surface roughness turning and conventional turning is of the type of abrasive wear and adhesive wear.Moreover, at each cutting speed and feed,

with increasing the workpiece initial temperature up to 400°C, the surface roughness decreases. The optimal values of
temperature, cutting speed and feed rate were obtained using Minitab software with the aim of reducing tool wear and surface
roughness.
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Fig. 1 Experimental setup
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Stainless steel Hardness [<<<< WEAR RESISTANCE
ISOM Brinell GC1115 | GC1125
ha, mm = feed f,, mm/r

0.1-0.2-0.3 | 0.1-0.2-0.3

Material No. HB |Cutting speed (v}, m/min

Ferritic/martensitic

Bars/forged

MNon-hardened 05.11 200 |335-255-200 | 280-215-170

PH-hardened 05.12 330 | 185-150-120 | 155-125-100

Hardened 05.13 330 |200-160-140 | 165-135-120

Fig. 2 Proposed cutting tool grade from SANDVIK Co. for turning
martensitic precipitation-hardened steels in M group [14]
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Table 1 Turningng parameters

Sorin  hpese il
f (mm/rev) Ve (m/min) T (°C)
0/102 62 25 1
0/175 96 200 2
0241 123 300 3
400 4
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Table 2 Tool flank wear and surface roughness values versus cutting parameters

cho 6y il olbe Goptn by Cepe 585 sles D s g il Glale Gopiay by et g (5K glos ©

Ra(um) VB (um) f(mm/rev) Vc (m/min) T (°C) d"..,chﬂ Ra (um) VB (um) f(mm/rev) Vc (m/min) T (°C) &LA}]
2 100 01175 96 300 19 22 91 0/102 62 25 1
1/61 107 01175 96 400 20 2 82 0/102 62 200 2
1/8 128 01175 123 25 21 1/69 70 0/102 62 300 3
1/76 118 0/175 123 200 22 1/6 71 0/102 62 400 4
1/5 106 01175 123 300 23 1/6 105 0/102 96 25 5
1/41 112 01175 123 400 24 1/5 98 0/102 96 200 6
2/86 128 0241 62 25 25 131 88 0/102 96 300 7
2/8 112 0241 62 200 26 1/27 91 0/102 96 400 8
2/63 91 0241 62 300 27 1/5 119 0/102 123 25 9
247 94 0241 62 400 28 1/41 108 0/102 123 200 10
2/9 138 0241 96 25 29 1/19 100 0/102 123 300 11
2/8 123 0241 96 200 30 1/14 107 0/102 123 400 12
216 110 0241 96 300 31 216 114 01175 62 25 13
212 115 0241 96 400 32 2/43 99 01175 62 200 14
2/8 147 0241 123 25 33 2/1 76 01175 62 300 15
273 131 0241 123 200 34 2111 84 0/175 62 400 16
2149 119 0241 123 300 35 2/5 118 01175 96 25 17
2121 125 0241 123 400 36 2/36 110 01175 96 200 18
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R?=96.37%, , R? adj= 95.46%)
Table 3 ANOVA results for flank wear (S=3.952, R?*=96.37%, R,
adj=95.46%)

Source DF  Seq.SS  Adj. MS P Value  Contribution
T 3 371319 1237/96  0/000 %30/83
Ve 2 40011 200053  0/000 %33/22
f 2 3893/1 1946/53  0/000 %32/32
Error 28  437/2 15/62 %3/63
Total 35 12045/2 %100/00

Exposed WC

Adhered
Workpiece

workpiece initial temperat:
HV [magnO| WD THRW | -
20.00kV| 200x [16.1 mm|1.49 mm
Fig. 6 Cutting tool flank wear after 3 minuts cutting with 62m/min,
0.102mm/rev; a) conventional turning, b) turning at 300°C
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Fig. 5 Main effects plot for Cutting tool flank wear
Sl olyT s Groles sl (ol &l 31 Jloges O i

oud 750 (i)l 5alUT Az 5l glaodls 55 3 Jsaz 5o
5 o ailiwl Bl Sl w4 PValue 5 S jlade ool
3 eSS el Sl P Value 31 o Jlas! lade
Sl Giale p el ol a5 el o] saims las wsl 0/05
sl 5 el e oS L Jlaie 3 Jeaz o .canl 8 50
et o oo sl el )b o8 Lie sl oo 0 1l o] e
3083 55 ar Iyl o] o ol 40 «Sgpban g S
oz Jlais 4 axg b oplplo sl . %32/32 4 %33/22
5 g oo glayally oS lie a5 CaS oy e %363
e 2l e ojlal SO 4 L%)"-’ el Gl 5 9 rien
aS el %95/46 L1, RPadj L ods guhaie fygnw S, cup
sols ibgr Jow lawgs esls 0o y0 95 5l iy ams e oylis
Wlouds

33T o ol (o9, (58I oS ;oo 5l ealinl L
rea Gl S5 llyl 5 05 e slales o bl
L as ams o plis |y Il g0 ol mlaw 6 UKo .o s ls
;o 07102 mmirev sgyim g aids p e 62 3y ey
4 azrgs bowilasd 5 155 oslanal 590 Els 5 (Jgane ()543
e sl ol ole Jlade aSl j ogdle 6 S
Gl b oawlie o 50 Gole gei ccwl aisly alS
Y 5 5 e dyane GBS 5 Lol 4Bl o Jyano
S gl a5 Il ol sole g oud sdules 5l idss
Eb el e as Jb ol sas bl sl WL
Olzes Gidgy (npj 4 g ool oaiS lpl idsy (VL Y
R 0975 el Sgzge WL eSS aY 5 gy,
S5 D98y S bagi ]l (59, 2 99290 polic
sl 00 00l e gs T S 4o

2 Sy e ekt 5l pleS 5 So ST S

2 o)loits 8 )93 1400wyl whal 3des 9 il waiise



UHed 9 (s0adl sl Soxo am

AlSIB30 3¥55 mhoww (525 9 )32l Gl s E15 GHIb1 x5 35aT 8 Sl yiolyly H31 175 w2

Exposed WC Adhered

Workplece

A )"—i\l‘_Co'atin'g ' :

Cr-KA]

Map data 10561

SE MAG: 429x HV: 20.0 kV WD: 2.
Fig. 7 a) Magnification of the red rectangle in Figure 6-a, b) Iron-rich area. Areas Where the workpiece material is adhered to the tool surface, c)

!

Exposed WC

;, ,,.f. (ﬁ,Al) N

Chrome-rich area, Areas where the top layer of the tool is not removed .In the areas marked in black, the top layer of the tool is peeled off, d)

Tungsten rich area, where the top and bottom layers of the tool are removed.

aibaie g el odpnz Il s (59, 2 I ankad U e a5 blis . al 5l é it lo .l =6 S o 08 Judates 51 olesS 5 il 7 Gl
el oals 0aiS Il SYL Y idg wload jateie (S S0, L aS bl jo .l sais oasS Il oYL 4 b oS bl pg,S 5l o8
el oad 0aiS 5l cml 5 oYL Y ilg oS ole Sl o ddlais

ﬁu'GJ&«uw‘oWSULJ)}&)‘W‘SJM
ax 0 300 sleo 3 Ele gyl o aS wes e lias
ashad b yie g 0 s 0925 cdins Giule 03086 @l )5 ol
90,2 i blas 'l‘sé-f)ooj)l.ccu.m‘s,a)l}l@m s
ujd.” Gduﬁumm N PRI L Y |).:‘ 9_14351
U ashd o F s sl iulidl Loas aes e olas
cos il o] maw Gimle 300 °C b gl o, uile
Fyore B 4 Cos Stz 9 WS lapssle
el 48l alS

L gl o Kl 5o Il oly] mbaws ol I -8 JSi jo
599 ).AA‘}M 0/175 I 48,8 P oy 62 sy
Jywd ‘SsLa.*f))Ju'SJSw el ol oolo UL.MJ
sanlice I3l oly rhw g9, ol aes o las |y 5l
Sl Gle Qi ilSe a5 canl oaims (Lis aS 04 oo
Jlye opdle el Lal> olo «9 8 9 S 00l o
d..,J OHgo L J&w u.:‘ 3o )‘)J‘ ‘}.al 005 5 AJ A o
Dgds oo 0plie (BUE) axsLl

5 Fyere Sl ol ol maw (ile 9 US40

2 o )leuis 8 095 1400 izl ol pl 395 9 el wliie

ol 039 A3 b olpen (St 55 LS 5l (S o

S 4 iy L 558 gy S IS bl e 4555k
o T8 aslsl jo o g9 00,5 olul wl (ALCK),03 a5 I3l
45 o s oy (ol b 005 Il s (5, 51 ()15
>3 ool 5005 (bles (TEADN L 1l 0n oy 0¥ (s,
929 Wl pg)S el odd 0uiS Ipl (VL Y iy o5
ALS Cugy pg,S gaic a5 bl o dsos o bl atils
Gidy g (g T JS8) ool ol owsS Jgl Y by
abati diged laie 4 0gd oo clin Il g9, » (TLAIN
Jolss abaii opl olewss 50UT .z g il =7 slaJSCo «2»
HOIB 3525 H32B ogmicasl] U222 s i35 44
oS 5 aS sas e plis LT cpl i (5nSTH0I3 5 oS
s 5l Sy cal (TLADN a4l ool o ol
S5 axkad oole 4 00y ol slojlasl a4y 3l ll ol5l e
b rny o 9 @Yb G lpl e 4 o 5 e
o aS Cwl 0o,S Hlhled 1) WL, X pls mhaw g oaiS
Lis Liole cpl 5l ol iges 3 alais jo g 0=7 JSio
Sl omile 5o Il ole a5 sas e ol T S Ll

odd ools

58



UHed 9 (s0adl sl Soxo am

AlSIB30 3¥55 mhoww (525 9 )32l Gl s E15 GHIb1 x5 35aT 8 Sl yiolyly H31 175 w2

Exposed WC Adhered Workpiece Al

e
(MARNE... o

J
Exposed WC

Workpiece initial tem_peratur_e'ﬁ L {L ol .

HV mag O| WD
20.00 kv 200 x |16.3 mm| Schoo

2 ) X 'm| School of Metallur ity of Tehran
Fig. 9 Cutting tool flank wear after 3 minuts cutting at cutting speed
96m/min and feed 0.175mm/rev

Sy 5 (6,55 aiBs w5l e il 5T e Lol 9 S
0/175 mm/rev 5,50 5 96 m/min

o L axkad U yie «B» alasi asle blas 5l S 0
3Ly el (ALCF);05 45 5l Vb 4 (idigs b (55 Sigy
0aiS 5l e (59, 5l (6,05 AT aslsl Jo e g 03,5
Lol ey ¥ (b a8 LS o] 0 0 a5 0
Sl @b Y idg oS (el yo0si Ll (TEADN
«O» adagi JUT .ol atils sg>g wls pg,S el 0al saiS
4l opl 0 olewd cuS 5 oS ob i £ =10 s o
&«T» 5 «6» bl ssle gble 51 S p o .cwl (TI,ADN
Oz 3 a5 dalad oole aS 0090 0L (slojlasl &y il >
WYy g oaS |y tupy Gde 5 2Yb Gde Gl gl 4
510 USs 4o a8 canl 05,5 ohlei | (Wl)ls (pnss) 3
A Dgud oo &S dinx? ucdlSe el ol ools las
a Vb Jlasl plSovinl b ¥ S Ojg0 4 )5 axkd b e
Jods 4 (BUE) oz yf3) (Lol iy a5 Jl3l ol31 o
J1LG (BUE) sl 4 g Sl 5 anlp  Seslips conls
Ol ogd oo adls p lpl ad (59, 5l pglae Djge 4 g ABb (o
4 e Sole o ol b axBlop g axilal 4 LSS a2 2
Edge) ,lpl 4 cuSa 4 (Peel-off) jlnl idg SasS
(=10 s ,0 7 36 blas) wi wales (fracture

59

97 996M/Min e 1400 °C (slos ;o Els (5,815

ol oo sols Las 0/175mm/rev

Top (Al,Cr);03 coating removed
exposing (Ti,Al) N Coating =

I
I
I
1
I
1
I
I
1
1
1
1
il
I

Abrasion marks
(Groove marks) -

HV [mag O] WD

20.00 kV|1000x [13.5 mm
Fig. 8 Cutting tool flank wear after 3 minuts cutting at a cutting speed
62m/min and feed 0.175mm/rev

g 50 6,5 4 a3l ey il O e il 8 S
0/175 mm/rev 4 i 4 62 m/min

100 ygm ——

oeolS o gl o)Al plxl a5 0ad go cumlice
5O Jyera K5 5 el sos il ST w0 ol
ol 50 5 ol oad olml KK ol Sg glads Coond
o Sl el sl oble wlblS reSs 4l
S a5 glagml colas 400 °C los ,o gl oSl
el Jgars 65515 51 e woads shles b8
S5 59 sehes Jebatns 5l i3 Sl -10 S
s b o -10 sl Jss o o] EDSmaps ¢ asb o o -9
«dy aais b a5 5l o] maw 5l gladlaie (ailodds w5
EDS maps ;s g cuwl ool 5l é adlaie ol oo ools \Lis
a5 ab atine 3T 51 e el oo e o =10 S
el 180 5l S b Uyt o 5 e Al (S 5

sl 03 I3l O] b 5 Y G &g 4 U e

2 o)loits 8 )93 1400wyl whal 3des 9 il waiise



UHed 9 (s0adl sl Soxo am

AlSIB30 3¥55 mhoww (525 9 )32l Gl s E15 GHIb1 x5 35aT 8 Sl yiolyly H31 175 w2

Cr-KA

Map data 10509

of Tehran

SE MAG: 429x HV: 20.0kV WD:16.1mm

Fig. 10 a) Magnification of the white rectangle in Figure 8-b, b) Iron-rich area. Areas where the workpiece material is adhered to the tool surface,
¢) Chrome-rich area, Areas where the top layer of the tool is not removed .In the areas marked in black, the top layer of the tool is peeled off, d)

Tungsten rich areas, where the top and bottom layers of the tool are removed.
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Table 4 ANOVA results for surface roughness (5=0.161, R?*=93.20%,
R, adj=91.50%)

Source DF Seq.SS  Adj. MS P Value  Contribution
T 3 1/5895 0/52983  0/000 %14/90
Ve 2 12846 0/64230  0/000 %12/04
f 2 7/0713 3/53564  0/000 %66/27
Error 28 07257  0/02592 %6/80
Total 35 10/6711 %100/00
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Fig. 13 Roughness profile in conventional and hot turning processes at 400°C and 96m/min and 0.175mm/rev
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