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An experimental investigation of.the effect of lubrication method on surface
roughness and cutting fluid consumption in machining of super alloys
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Super alloys due to special features such as high resistance to corrosion and heat, have the ability to
Received 13 August 2016 maintain mechanical and chemical properties at extremely high temperatures which are used in various
Accepted 31 August 2016 industries, especially in the aerospace industry. On the other hand, very low heat transfer coefficient and

Available Online 15 October 2016 high toughness with work hardening in these alloys caused the machining of them to be seriously

challenged. In the present study, the effect of cutting parameters on surface roughness of A286

vl A26 superalloy has been studied in different lubrication conditions. Response surface method experimental

Minimum quantity lubrication design was used to plan experiments. In order to investigate the effects of machining parameters and

Surface roughness conditions of lubrication on the surface roughness, Two factors - cutting speed and feed rate- on three

Response surface method levels and minimum quantity lubrication conditions and wet method are considered as the main
parameters. In order to investigate the Tool wear and workpiece surface quality, the images of Scanning
Electron Microscope and optical microscope are used. The results show that using the minimum
quantity method of lubricant caused cooling-lubrication fluid particles penetrating power to the cutting
zone to increase and improves the process by reducing the surface roughness. It was observed that with
increasing feed rate in fixed cutting speed, numerical values of surface roughness in R, criterion are
taken apart for different lubrication circumstances and its value for the minimum quantity method of
lubricant is less, which shows the superiority of this method over the wet method.
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Table 2 mechanical properties of superalloy A286
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surface under wet lubrication (cutting speed 70 m/min, feed rate 0.32
rev/min)
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Fig. 7 Developed image with an optical microscope of the workpiece
surface under wet lubrication (cutting speed 95 m/min, feed rate 0.32
rev/min)
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Fig. 4 Effect of cutting speed on surface roughness for different feed
rate under wet lubrication conditions
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Fig. 5 Developed image with an optical microscope of built-up edge
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Fig. 9 SEM image of rake face of tool under wet lubrication (cutting
speed 95 m/min, feed rate 0.32 rev/min)
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Fig. 10 Effect of cutting speed on surface roughness for different feed

rate under MQL conditions

P U - DU UM O S O) S SUCIUO i [ I C 9
Sy, Jlade Jla Ll o5

349

039y i ool ye (6 Sly, Cll @y e jlade Jlax & 00 4 (5SS,
Slade JBlas bgy 50 el iy onl 65 00iS Bl el (nl &5 2l
31y ond bl lga b g ax3 513 oYL Jlad cow Sy, wle oSl
Sl bo)S &jgo 4 IS0l mbe (Jalids iz Cod aiS e Hee S50
0 gl Ssi bl 3, sll cde 4 go)S Bhd cnl ey Ds,SKee
Lt g s b Sl ol ol 3585 aboe il S 4y allate
Sl ol a2 5 IS0l @hd Y S sl g A adlate 4 YL
wob e )y, gy 4 Sams Ghe) al P n kel ole JSaskad L

ol

9y a8 pou2-2-4
2 e 5 Olee 2 Srte Sy Dlyais 3612 5 11 (gla S
ke Jlaz g osbye )0y, Ll it sl o 4 il Sp Sy
Oyl (Sopte S Rl LTl il )3 aesoe las ) SN,
ankd (Sud oy crge o)l iz GRIEL[O] wibiee SRl eaiass
Sz p3b (Jgead oI5 askid plsocal ples o3l (nl )2 0900 IS
oads JFolwl jSaakad mhas jlenly coils o3 opl 450,105 5l Slge 5
el Gt 5 Skl s () o1 Jlis 4 5 4l halS (b 595
S i polie Il Galalesg iy Sy I L (g ibion S
anlp S abee all Saskd mhe coiS g 005 by Gow
G808 oy dalol bl (6500 oy 0929 b (6,5 piils
sk e s 05)) il ol sy 5 ool gl wpad il b g 2 4
(4880 pfe 95 Loy o ps g 590 » yioshes 032 (o oy
S ol sbsS mads 4 S ank s alisl CuksS oS 59y ety
el (§9 i Sy sl enlial

g 4B e A5 Lhp Cepe ln ook oW, S e
S5 Ol Sl 50 (Kwgl 99 2 oo 0.32 9500 o
5 el badse anilol ad b oooly oauay 4 a5 0ed oo cdplive xaw

Slp 530y Fadee 0.32 (690t Co s g aids 2 T0 2y e e

SEM HV: 30.00 kY WD 13.9980 mm
SEM MAG: 70 x Det SE 500 pm
viewfield: 205 mm  PC: 10

Fig. 8 SEM image of rake face of tool under wet lubrication (cutting
speed 70 m/min, feed rate 0.32 rev/min)
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Fig. 13 Comparison surface roughness of two methods MQL and wet in
cutting speed of 45 meters per minute and variable feed rate
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Fig. 14 Comparison surface roughness of two methods MQL and wet in
cutting speed of 70 meters per minute and variable feed rate
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Fig. 15 Comparison surface roughness of two methods MQL and wet
in cutting speed of 95 meters per minute and variable feed rate
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Fig. 11 Effect of feet rate variations on surface roughness in Constant
cutting speed under wet lubrication conditions
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Fig. 12 Effect of feet rate variations on surface roughness in Constant
cutting speed under MQL conditions
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Fig. 18 three-dimensional picture of the effect of cutting speed and feed
rate at the same time on the quality of workpiece surface under MQL
condition

Sorber £33 D Sy Olojon 3l 4 by o rlans otey ds jgai 18 S

0.3

032

0.22 95.00

dy (mm/rev) 70.00

0.12 " 45.00 Ve (m/min)

Fig. 19 three-dimensional picture of the effect of cutting speed and feed
rate at the same time on the quality of workpiece surface under wet
condition
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Fig. 16 Developed image with an optical microscope of the workpiece
surface under wet lubrication
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Fig. 17 Developed image with oialmicroscope of the workpiece
surface under MQL
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