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Original Research Paper 17-4 stainless steel is one of the high strength stainless steel that is widely used in military, oil and gas
Received 3 January 2019 industries, which has many problems due to its high strength, such as other new and high strength materials

Accepted 18 May 2019

face to a lot of problems. Due to great improvement in material properties especially their strength and
Available December 2019 p u g prov properti P y ther g

hardness in recent years, this has become more evident. The use of controlled heat source along with

machining (hot machining) (heat assisted machining) has been introduced as an efficient way for machining

E;rydwt?,rff{ materials hard-cutting materials. This also significantly improves the process output parameters. Minimum quantity

Heat assisted machining lubrication (MQL) has been used to eliminate other dangers, such as tool wear and high temperature

Surface integrity infiltration. The surface roughness as an important parameter in machining due to its high strength and

Minimum  quantity  lubrication hardness is one of the challenges of machining this steel. Using this method, surface integrity have improved

(MQL) significantly. In this study, the effect of cutting velocity, feed rate and applied temperature on the surface have
been investigated on the surface integrity. The surface roughness has been improved by using a hybrid
machining up to 70 to 100%, as well as a uniform surface roughness profile. The hybrid machining has shown
that all surface imperfections, such as tricks and micro cracks, sticking particles Eliminates at the surface,
which can indicate a dramatic improvement in fatigue strength.
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Fig. 1 Variations of hard-cutting materials in a ratio to temperature
changes [1]
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Fig. 2 Laser-assisted turning [4]
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Fig. 4 The effect of cutting velocity and preheating on surface
roughness
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Fig. 5 Effect of heating on tool life at different cutting speeds and feed rates
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Fig. 3 Minimum quantity lubrication (MQL) performance [5]
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Fig. 6 Material data-typical values and chemical composition of 17-
4PH [10]
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Fig. 12 Surface roughness variation in different cutting velocity, feed
rates, and heating temperature
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Fig. 13 Surface roughness variation in different hybrid-machining
conditions

=0/19 -Gl mhaw 55 59, » Blise 5,5y, Ll 36 WY s
f:0/3 -

e @ anlp 5o eadg lpl Gile (pals el (ol e
ailaie slos LalS aulall 5 by dilaie SlSxhol _zals
5 osly S spdee el e ol il 6,5 eile
95 dlml mhaw 30 (5168 Cges A o oud Frel) mhaw
ol 5V s o ) e o
GSpap 3o odalie VTS p0 a5 jebles
Elo GBS )0 oS sled Gl g aeS B,
Gy gl gy ey Vo b pSelr jlews 205 2l
oor omil Sl Wlgioe ggdse (nl il oud anl


http://www.SId.ir

Ot 9 (s ddie i yuol

- 43 17-4 PH(AISI630) 55 5346 3Vgd €15 ()5 yhlys 3ialyd ) mloww caoduw 9 ®lows (5900 (52)55 ()9

Ul il ol wile fin oy ghe one
sy g Si 5 8 ile joffend 0,55, Sl el
bl s ML Sl 4y g
ol el goely eoly S 5l esnly soudes maw g
Dged oadlice VY S 0 lgs o 1) £4.090

1mm 1mm

(<) (A
Fig. 15 Surface integrity in a)room temperature b)350

3 mo e gloo jo —dll gl B o mha SBIES s 10 JSCB
Gos VA mm/irev (gg b0 Sy A m/Min LSy Ce s SO0 sleo

S5 0ls, 9y < /O mm 3

Fig. 16 Surface topography defects eliminations in hybrid-machining
conditions

Sy, buls cos FYO % gles /O mm by Ges /) mmirev
dry -z wet - «mql -l iz

g Awgm ool p iy Jlade ul38l b ool IS job 4
b resless aslais cpl 5 b oo 2ol lao,l olais glas )|

! Side flow

2 Debris

3 Grooves

4 Adhered micro particles
5 Uniform saw toothes

Y.

(&

(<)

@

(O]
Fig. 14 Roghness profile in different conditions
f=0.19 Ve=90 m/min :loyl, s Cov ool olml 5,5 Judgp VF JSCo
mm/rev
MQL -» T=200% MQL -z T=350° dry - T=25% dry -l
T=350c

A oploids 7 093 AYAA oue w0l nal 3udes o b (Swdigs


http://www.SId.ir

Ot 9 (s ddie i yuol

- 43 17-4 PH(AISI630) 555346 3Vg3 €15 ()5 yhlys 3ialyd ) mlow caoduw 9 ®lows (5900 (52)55 ()9

LY ey @b gpy g2als anlp cnl jleslinal b
o) § sl ax,0 Yoo 5 YO slod o iy @ oy V-
Ded on oddlive Lasre sleo ;o (6,5 G5 4 s
b 5l collae v cldls JLST )0 Cgllae mhaw (65
oaalie o W 3l o o paS (b G 352
o3y JoSis Caely Els ) A5 eS alig 95 09d s
Gl 0als &)l S @ g5 il cdl s sl

sbul 625 Jdgn Sl ond el (S5 B dle
398 Sbml 15 s Glagaiis sy b (18l oals
G ol & o VL ey ST s ) s a8
u\.»)lJGA W) odsd ‘_;)LTWLA Ja.i‘fw )iié 9 (5]9.4.'.9

S0l ssbomes 5 Gsmdael e a4 B, Hea>
oo g SBxhol Jude pals b atuily 5.0 MQL ai.S
Yo UV sgas 0 iy 4|y mha 5,5 Sols gades
Jlesl .auS ol I8 4lg, 5l eolaiwl s cdl 4y Cannd a0
9 7S ha oge Bkl e gl SoiS Lulb Gl
R PR WGP UER PR ES B SV T A SN ZR NN

Eb 805 L oyl SeS a5l T S s
wsls p o) @ody gl pKeda b Sgne S e
b 4 cad o v A B ) maw 505 &5 59k 4 ol
sl Sz e jsbias g e slos o (5,5 35

S etle (2l sbml (oS 5 B oedle S 5k &
O g )L..S B 17-4PH .>§!5s asle L)“’)) Corw )LMAA) o|9,c
L oxs 5 @B oedle anje (g)loyp ool 25w CoaS
A oo lid

e Cow 548 -0
oy <& Ve (m/min)
S9réew ¢Af(mm/rev)
(o )5 G sloo) 4l JS& i 00l Lo T(°C)
&8 owile slea T (0C)
2 Gecap (mm)
Jbw Jlesl £53P (1/min)
Sl elae o poh
Sr SaxFe(N)
aslil ad b ool yBUE
wweS 51 Ols, MQL
&yl SaS 4 6,5 S HAT

A oploits 7 0993 AYAA oue wwlml 395 9 il Swaie

Sl Gopg S w4 gedge (ol g wale>
8l e lasl oole s rals cde 4 YL slalos jo oole
Jleel 150 VA S anle 4 e |, el ol

03l o253 0525 g5 ol Sl 45 Sged oaalie i 505,
g Sbebaol jl 4 azg b IS sk 4 ablioe Sjge ax @
lo,) alio ke woly U5 a5 o, e oo adg
@ osbye oS Sl o ol ol a5 Sos g 00l (0

(<) (&
Fig. 17 Chip moroholgy in different conditions
Ey Ve % slos 0 YO % gles —l ool S s VY JSCS
Ogd 10 mm 5y Ges g O m/MIN L5y sy oY mmireV (g ke

Bl

Fig. 18 Chip morphology in different conditions a.dry b.wet c¢.MQL
v=90 §=0.19 mm/rev d=0.5mm ,o s3dgi oolp (6,5 Ko VA S

-z wet -0 dry -l el 6,5y, bl o T=25% am/min
mql

S 325 4z - F

el Al b o axksd 4y oS iy sles Jlasl 5 £ls 6,5 2l
S9!l G,k 5l Sonl whe G 9 e e obxl
Dgb oo Jlnl peS Golw 9 %eS 6 bl


http://www.SId.ir

Ot 9 (s ddie i yuol

- 43 17-4 PH(AISI630) 55 5346 3Vgd €15 ()5 yhlys 3ialyd ) mloww caoduw 9 ®lows (5900 (52)55 ()9

case study in turning process," Tribology
International, Vol. 101, pp. 234-246, 2016.

S. Khani, M. Farahnakian, and M. R. Razfar,
"Experimental study on hybrid cryogenic and
plasma-enhanced turning of 17-4PH stainless steel,"
Materials and Manufacturing Processes, Vol. 30,
pp. 868-874, 2015.

[71 M. A. Lajis, A. Amin, A. Karim, C. Daud, M. Radzi,

[9]

[10]

vy

and T. L. Ginta, "Hot machining of hardened steels
with coated carbide inserts," American Journal of
Engineering and Applied Sceices, Vol. 2, pp. 421-
427,2009.

A. K. Parida and K. Maity, "Experimental
investigation on tool life and chip morphology in
hot machining of Monel-400," Engineering Science
and Technology, an International Journal, Vol. 21,
pp- 371-379, 2018.

J. R. Davis, ASM specialty handbook: heat-resistant
materials: Asm International, 1997.

A. Mohanty, S. Gangopadhyay, and A. Thakur, "On
applicability of multilayer coated tool in dry
machining of aerospace grade stainless steel,"
Materials and Manufacturing Processes, Vol. 31,
pp- 869-879, 2016.

(1]

(4]

(3]

sgaze oyl SIGIFEM
J5S1) e (e S HRC

&&=V
Konig, W. "Laser-assisted Hot Machining of
Ceramics and Composite Materials", NIST Special
Publication 847. In Proc. Int. Conf. Machining of
Advanced Materials, pp. 455-463, 1993.
G. Chryssolouris, N. Anifantis, and S. Karagiannis,
"Laser assisted machining: an overview," Journal
of manufacturing science and engineering, Vol. 119,
pp- 766-769, 1997.
S. Sun, M. Brandt, and M. Dargusch, "Thermally
enhanced machining of  hard-to-machine
materials—a review," International Journal of
Machine Tools and Manufacture, Vol. 50, pp. 663-
680, 2010.
S. Lei and F. Pfefferkorn, "A review of thermally
assisted machining," in Proceedings of the ASME
international conference on manufacturing science
and engineering, Atlanta, GA, 2007, pp. 1-12.
B. Behera, S. Ghosh, and P. Rao, "Application of
nanofluids during minimum quantity lubrication: A

A oploids 7 093 AYAA oue w0l nal 3udes o b (Swdigs


http://www.SId.ir

