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Abstract - This study was conducted to determine the specific role of the effect of machining parameters spindle speed, feed 

rate and depth of cut on tool life during machining of AISI 316 under dry environment. The analysis was conducted under three 

different spindle speeds (300, 460 and 755 r.p.m.); feed rates (0.08, 0.1, 0.12mm/rev) and depths of cut (0.4, 0.8, 1.2mm). The 

used tools were coated carbide (WP9335) and HSS Co. The results showed that the spindle speed had the most significant 

effects on tool life than feed rate and depth of cut. The life of carbide tool when cutting the work materials was 473 sec, where 

the life of the HSS 65 sec, at spindle speed 300 rev/min, feed rate 0.08 rev/min and depth of cut 0.4mm, The shortest life of 

the two cutting tool materials (HSS, carbide) on the work material occurred at cutting speed (755 rpm), feed rate (0.12 

mm/rev) and depth of cut (1.2 mm). The increment of spindle speed, feed rate and depth of cut values has great effect on the 

tool life. 
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I. INTRODUCTION 

 

Metal machining processes such as turning and 

cutting are widely used in engineering industries. 

Machining conditions (cutting speed, feed, and depth 

of cut) have represented the specific role in the 

efficient use of a machine tool and improving its tool 

life. Sunday Joshua Ojolo and Olugbenga 

Ogunkomaiya [1] presented an analysis of cutting tool 

life under different of cutting parameters (spindle 

speed, feed rate and depth of cut). Their results 

showed that the relationship between cutting 

parameters and tool life was most significant effects 

on spindle speed, than other parameters K.B. Ahsan, 

et al. [2] have found that as the cutting speed 

increases, the cutting tool life rapidly decrease due to 

high heat generation at the cutting zone, during  α-β 

Ti-alloy machining the cutting zone, the chips the 

optimizinon of tool life of carbide inserts for turned 

parts using Taguchi’s design of experiments 

approach. It was found from the results that the 

turning process parameters i.e. cutting speed, feed and 

depth of cut significantly affect the mean and variance 

of the tool life of the carbide inserts during turning 

En24 steel (0.4 % C). C.J. Raoa et al. [4] made 

analytical investigation of tool life during turning 

operation by determining optimal process parameters 

from MATLAB program. Their results indicated that 

the tool life decreases as the MRR and cutting speed 

optimization of cutting parameters for turning 

operations based on the Taguchi method. Their results 

showed that cutting parameters, cutting speed and 

feed rate tool life, while the change of the depth of cut 

within the selected range has an insignificant effect on 

tool life. Astakhov [6] studied the effect of the cutting 

feed, depth of cut, and workpiece (bore) diameter on 

the tool wear rate. He found out that an increase in the 

feed rate leads to improved in tool life that’s occur 

with optimal cutting temperature and cutting 

operation. In this work, the effect of machining 

parameters spindle speed, feed rate and depth of cut 

has been investigated on the tool life of carbide and 

HSS tool during machining of 316 stainless steel 

 

II. MATERIALS 

 

The experimental material used for this research work 

are two cutting tools, HSS cutting tool (12×12×150 

HSS-Co) and carbide tool (wsp9335), as shown in 

figure (1). AISI 316 stainless steel was used as 

workpiece material with diameter 45mm×1200mm 

long as shown in figure (2) 

 

 
Figure .1 Cutting tools, HSS-Co) and carbide tool(wsp9335) 
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Figure .2 Machining set up 

III. EXPERIMENTAL PROCEDURE 

 

Lathe machine F1-1000AG/ZJ with a spindle speed 

range from 70 to 1255 r.p.m.. was used for the79 

machining trial. The experiment was done under dry 

machining environment. The following process 

parameters were used: Spindle speed of 300 r.p.m., 

460 r.p.m.  and 755rev/min, feed rate of 0.08mm/rev, 

0.1mm/rev and 0.12 mm/rev, depth of cut of 0.4mm, 

0.8mm and 1.2mm.  The tool life is a measure of the 

amount of wear and the upper limit acceptable flank 

wear of 0.30 mm, as recommended by central machine 

tool institute, Figure .3 shows the relationship between 

the flank wear and tool life. Initial wear, steady wear, 

and severe wear periods are clearly observable from 

this figure. 

 

 
Figure 3: The relationship between the flank wear and tool life[7] 

 

 
Figure .4: Lathe machine F1-1000AG/ZJ 

IV. RESULTS AND DISCUSSION 

 

The results of the experiments are presented in 

(Figures 3-16) and Table 1and 2 

A- Carbide too 

Figure (5) shows that the effect of spindle speeds of 

(300, 460, 755) r.p.m on tools life of the depths of cut 

(0.4, 0.8, and 1.2) mm at constant feed of 0.08 

mm/rev. from Figure 2, it can be seen that the increase 

spindle speed from 300 r.p.m up to 755 r.p.m. at 

0.4mm depth of cut resulted in decreasing tool life of 

carbide tool from 473sec to 237 sec i.e. approximately 

50% reduction in tool life. Also, the same tendency is 

observed at depth of cut 0.8mm where the tool life 

reduces from 406 sec to 302 sec. Furthermore, the tool 

life reduces from 338 sec to 169 sec at depths of cut 1.2 

mm. Figure (6) shows that the effect of spindle speeds 

of (300, 460, 755) r.p.m on tools life of the depths of 

cut (0.4, 0.8, 1.2) mm at constant feed of 0.1 mm/rev. 

it can be noticed that the tool life of carbide tool 

decrease from 445 sec to 223 sec with increasing 

spindle speed at depth of cut 0.4mm. While at depths 

of cut (0.8and 1.2) mm, the tool life reduces from 382 

sec to 191 sec and 318 sec to 159 sec respectively . 

Figure (7) reveals the effect of spindle speeds and 

depths of cut on tools life at constant value of feed rate 

(0.12 mm/rev). it can be observed from Figure 4 that 

the increase in the spindle speed at 0.4 mm value of 

depth of cut causes decreasing the tool life of  carbide  

tool from 432 sec to 210 sec i.e. 51% reduction in tool 

life. While at depths of cut (0.8 mm), the tool life 

reduces from 370 sec to 180 sec and at depth of cut 1.2 

mm, the tool life reduces from 309 sec to 150 sec. This 

is due to its high wear resistance. It can be seen that 

better tool life is obtained with an arrangement of 

spindle speed 300 ) r.p.m, feed 0.08 mm/rev, and 

depth of cut 0.4 and this results agreed with Tugrul 

and Karpat.[8]. From the results it can be concluded 

that the better tool life is obtained at lowest value of 

feed rate and lowest value of cutting speed. Figure 5 

shows the effect of the feed rates at (0.08, 0.1, 0.12) 

mm/rev values on the tool life under different spindle 

speeds (300, 460, 755) r.p.m with constant value of 

depth of cut at 0.4mm. it can be noticed that as the feed 

rate increases from 0.08mm/rev up to 0.12mm/rev 

with 300  r.p.m spindle speed, the tool life decreases 

from 473 sec to 433 sec. While the tool life decrease 

from 393 sec to 346 sec at spindle speed of 460 

rev/min with the different value of feed rate. The same 

trend of tool life was observed at constant value of 

spindle speed (755 r.p.m) where the tool life reduces 

from 237 sec to 203 sec. It is clear from the results 

above that the value of feed rate at 0.12 mm/rev results 

in shorter tool life in all cases. It can be concluded 

from the results that the increasing in the feed rate 

leads to decreases in the tool life when cutting speed 
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and depth of cut are both constant and this results 

agree with previous researches [9]. 

 

 
Table:1 Cutting Parameters with tool life of carbide tool 

 

 
Fig 5: Effect of spindle speed on life of tools under different 

depth of cut a constant Feeds rate 0.08mm /rev for carbide tool 

 

 
Figure 6: Effect of spindle speed on life of tools under different 

depth of cut at constant Feeds rate 0.1 mm /rev for carbide tool 

 

 
Figure 7: Effect of spindle speed on life of tools under different 

depth of cut at    constant Feeds rate 0.12mm /rev for carbide 

tool 

 

It was observed from Figure (8) that as the feed rate 

increased from 0.08mm/rev up to 0.12mm/rev with 

300 ) r.p.m value of spindle speed, the tool life of 

carbide tool decreased from 406s sec to 350 sec. It can 

be seen the same behavior of tool life when the spindle 

speed is 460 r.p.m. Also, the same trend was observed 

at constant spindle speed of 755rev/min, the tool life of 

carbide tool reduced from 250 sec to 160 sec. Figure 

(9) shows the effect of the feed rates of (0.08, 0.1, 0.12) 

mm/rev on tools life for carbide tool under different 

spindle speeds (300, 460, 755) r.p.m and at constant 

depth of cut 0.8mm. Figure (10) shows the effect of the 

feed rates of (0.08, 0.1, 0.12) mm/rev on tools life for 

carbide tool under different spindle speeds (300, 460, 

755) r.p.m and at constant depth of cut 1.2 mm. As the 

feed rate increased from 0.08mm/rev up to 

0.12mm/rev, it was observed that at 300 ) r.p.m 

spindle speed, the tool life of carbide tool decreased 

from 338 sec to 309 sec. At a spindle speed of 460 

rev/min, there was a decrease in the tool life from 281 

sec to 247 sec .The same trend was observed at 

constant spindle speed of 755 r.p.m where the tool life 

of tungsten carbide reduced from 169 sec to 150 sec. 

 

 
Figure.8: Effect of Feeds rate on life of tools under different 

Spindle   speed at constant depth of cut   0.4.mm for carbide tool 

 

 
Figure.9: Effect of feeds rate on life of tools under different 

Spindle speed at constant depth of cut   0.8 mm for carbide tool 

 

 
Figure 10: Effect of feeds rate on life of tools under different 

Spindle Speed at constant depth of cut 1.2.mm for carbide tool 

B- HSS Tool. 

Figure (11) shows that the effect of spindle speeds of 

(300, 460, 755) r.p.m on tools life of the depths of cut 
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(0.4,0.8,1.2)mm  at constant feed of 0.08 mm/rev. as 

the spindle speed increased from 300rev/min up to 

755  r.p.m at 0.4mm depth of cut, the tool life of  HSS  

tool decreases from 65 sec to 38 sec, also the same 

tendency was observed at depth of cut 0.8mm where 

the tool life  reduces from 37 sec to 27 sec and at 

depths of cut 1.2 mm the tool life  reduced from 25 sec  

to 10 sec. This due to the fact that the contact length of 

the cutting edge with the work-piece increases with 

increase the depth of cut. Thus wear occurs deeper 

along the cutting edge and causes reducing in the tool 

life of HSS [10]. Figure (12) shows that the effect of 

spindle speeds of (300, 460, 755) r.p.m on tools life of 

the depths of cut (0.4,0.8,1.2) mm  at constant feed of 

0.1 mm/rev, as the spindle speed increased from 

300rev/min up to 755  r.p.m. at 0.4mm depth of cut, 

the tool life of  HSS  tool decreases from60 sec to 30 

sec, at depths of cut 0.8 mm the tool life  reduces from 

35 sec to 23 sec and depth of cut 1.2 mm the tool life  

reduces from 22 sec  to 8 sec, At constant feed of 0.12 

mm/rev figure (13) shows that the effect of spindle 

speeds of (300, 460, 755) r.p.m on tools life of the 

depths of cut (0.4,0.8,1.2)mm, when the spindle speed 

increased from 300 ) r.p.m up to 755 r.p.m, the tool 

life of  HSS tool decreases dramatically from50 sec 

to28 sec at 0.4 mm depth of cut , at depths of cut 0.8 

mm the tool life  reduced from 30 sec to20 sec and 

depth of cut 1.2 mm, the tool life  reduced from 20 sec 

to 7 sec. Increase in depth of cut cause more materials 

removal from work piece, which means more energy 

will be required and this will cause an increase in the 

cutting force and this decreases tool life. In addition, 

the increase in the cutting feed leads to a decrease in 

the tool life, according to the change in the 

temperature, that’s leads to shorter tool life. However 

if the cutting speed is low, the cutting temperature will 

be lower than the optimal cutting temperature, leading 

to longer tool life. This results agree with Viktor P. 

Astakhov [6]. At the value of spindle speed of 

755rev/min and feed rate up to 0.12mm/rev, the tool 

life of HSS decreases from 14 sec to 7 sec .This 

decreasing in tool life occurs due to the wear on the 

cutting edge. That’s might be due to increase in feed 

rate that causes larger contact area between cutting 

tool and work-piece, the bigger interface, resulted in 

more friction that caused more heat generated and 

consequently shorten the tool 

 
Table:2 cutting parameters with tool life of HSS tool 

 
Figure 11: Effect of spindle speed on life of tools under different 

depth of cut at constant Feeds rate 0.08 mm /rev for carbide tool  

for HSS 

 
Figure 12: Effect of spindle speed on life of tools under different 

depth of cut at constant Feeds rate 0.1 mm /rev for carbide tool 

for HSS 

 
Figure 13: Effect of spindle speed on life of tools under   different 

depth of cut at constant Feeds rate 1.2 mm /rev for carbide tool 

for HSS 

 

Figure (14) shows the effect of the feed rates of (0.08, 

0.1, 0.12) mm/rev on tools life for carbide tool under 

different spindle speeds (300, 460, 755)  r.p.m and at 

constant depth of cut 0.4mm. As the feed rate 

increased from 0.08mm/rev up to 0.12mm/rev, it was 

observed that at 300 rev/min spindle speed, the tool 

life of HSS tool decreased from 65 sec to 45 sec 

showing 30% reduction in the tool life. At a spindle 

speed of 460   r.p.m there was a decrease in the tool life 

from 55 sec to 38 sec. The same trend was observed at 

constant spindle speed of 755 r.p.m, the tool life of 

HSS reduces from 50 sec to 28 sec. At these 

conditions, the effect of feed at 0.12 mm/rev is clear on 
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tool life giving shorter tool life in all cases and this 

agrees with previous study [9]. Figure (15) represents 

the effect of the feed rates of (0.08, 0.1, 0.12) mm/rev 

on tools life for HSS tool under different spindle 

speeds (300, 460, 755) r.p.m. and at constant depth of 

cut 0.8mm. It was observed that as the feed rate 

increases from 0.08mm/rev up to 0.12mm/rev, at 300 

rev/min spindle speed, the tool life of HSS tool 

decreases from 37 sec to 30 sec. At a spindle speed of 

460 ) r.p.m, there was a decrease in the tool life from 

33 sec to 27 sec .The same trend was observed at 

constant spindle speed of 755 ) r.p.m, the tool life of 

HSS reduced from 27 sec to 20 sec. Figure (16) reveals 

the effect of the feed rates of (0.08, 0.1, 0.12) mm/rev 

on tools life for HSS tool under different spindle 

speeds (300, 460, 755) ) r.p.m, and at constant depth 

of cut 1.2 mm. As the feed rate increases from 

0.08mm/rev up to 0.12mm/rev, it was observed that at 

300 rev/min spindle speed, the tool life of carbide tool 

decreased from 25 sec to 20 sec. At a spindle speed of 

460 r.p.m, there was a decrease in the tool life from 20 

sec to 16 sec. The same trend was observed at constant 

spindle speed of 755 r.p.m. the increasing in the depth 

of cut up to 1.2 mm causes the compressive stress on 

the cutting edge which causes in rapid fracture of the 

tool so resulting in a decrease in the tool life from 14 

sec to 7 sec. This fact can be attributed to increase 

depth of cut reduces tool life but essentially increases 

the amount of the removed material by the tool. At 

these conditions, the effect of depth of cut at 1.2 mm 

was evident on tool life giving shorter in  tool life for  

all cases. cases. 

 
Figure 14: Effect of Feeds rate on life of tools under different 

Spindle speed at   constant depth of cut   0.4.mm for HSS tool 

 

 

Figure. 15: Effect of feeds rate on life of tools under different 

Spindle speed at constant depth of cut 0.8 mm for HSS tool 

 

 
Figure .16: Effect of feeds rate on life of tools under different 

Spindle speed at constant depth of cut 1.2 .mm for HSS tool 

 

V. CONCLUSION 

 

The following conclusions can be drawn from this 

study: 

 From the cutting parameters which affect the 

machining process, spindle speed has a great 

effectiveness on tool life and more efficiency 

than the feed rate and depth of cut 

 The feed rate at (0.08 mm/rev) was evident 

effect on tool life giving shorter tool life in all 

cases. 

 Carbide tool has the longest tool life than the 

HSS tool. 

 The lower cutting speeds should be selected 

in arrangement with suitable feed rate that's 

leads to the conclusion that for improved tool 

life. 
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