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Evaluation of Surface Roughness Effect on Fatigue Life in Drilling of Hardened
Steel
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, the effect of surface roughness on fatigue life was investigated in drilling process of
Received 02 November 2017 AIS14340 steel. Three hole making methods including drilling with and without pre-drill and helical
Accepted 12 December 2017 milling were utilized. In order to study the effect of surface roughness and process parameters on

Available Onfine 29 December 207g fatigue strength, the two main cutting parameters including cutting speed (Vo) and feed rate (f,) were

changed at 5 levels using the response surface method. Five main parameter of surface roughness

Keywords:

Drilling profile including R, Ry, Ra, Rg and Rsm were measured in each experiment. Then, the fatigue life of
Fatigue Life specimens were obtained using fatigue tests. Regarding the validation experiments, 13 fatigue tests were
Surface Roughness carried out for each drilling strategy (39 fatigue tests totally). Investigation of surface texture showed

Surface Texture the signs of the tool path, scratches by the chip collisions and ploughing on whole surfaces in the

conventional drilling. These effects were negligible in other processes. Accordingly, the highest
roughness was observed in conventional drilling, drilling with pre-drill and helical milling processes
respectively. Also, the fatigue life estimation model based on R, had the best estimation with an average
error of 4.4%. In fact, the fatigue life is more dependent on the difference between adjacent peaks and
valleys. It was also observed that a model based on the roughness parameter will decrease the maximum
prediction error of the fatigue life from 16.4% to 7.5% compared to a model based on the cutting

parameters.
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Table 3 Measured surface roughness and fatigue life values in different
drilling strategies

Slows )
5 S Ram R R, Rq Ra o ket
i (mm)  (um)  (um)  (um)  (um) el
S
s S5y g
293627 10 2236 1280 274 315 1
222829 340 2710 2010 443 439 2
331079 7.8 2110 1360  3.32 3.42 3
153551 227 3250 2550 518 5.60 4
292523 179 2160 1460 255 3.08 5
268563 206 2480 1860 429  4.29 6
201783 248 3000 2340 580 5.65 7
214659 219 29.00 2190 396 445 8
145126 233 3360 2680  6.15 5.99 9
wogier b 6, 5E o
385450 274 2260 1180 210 155 10
398171 171 1920 1350  3.01 242 11
406161 240 2110 1250 267 2.03 12
316875 247 2840 2040 482 3.66 13
408765 108 1760 1030 249 1.86 14
434101 160 1860 1060  2.79 2.58 15
337543 287 2580 1950  4.60 3.83 16
409239 209 1720 1610 324 257 17
283867 339 2650 2220 467 3.70 18
el 6,155,

319535 305 1260 364 0.84 056 19
311522 214 7.09 5.57 1.03 1.02 20
328548 136 6.79 2.53 1.13 0.84 21
280431 303 2290 1570 330 1.97 22
374430 72 1.83 0.92 0.60 0.88 23
316914 249 8.42 6.10 212 0.92 24
259335 205 17.70 1230 227 1.92 25
319327 158 1270 485 155 1.04 26
221761 374 2520 1730 513 2.36 27

Fig. 5 Fatigue cracked specimen under dynamic loading

Seoliys 6 NSl o (S 55 gl aiges 5 S5

S8l gy 5o Sadgame pte O GBI sl dszy cd S 18
JSL S o gt Sl 1) 50 Ko a5 039 Elyg (SIS oz mhan
olis 1,20 6 11 2 slailes] o oads sbyl (glag]ygw mhw <L 6
.u\.kb‘_gn
Loy O3 g G g Pl o a5 Sgdie csalin
5555 Ao el vy 4 plidl ol Gl e 51 esdle
(6-8 JS2) ol d5pien g i (595 (it Sl g (795 sosly
Sald e lopesly £ oom Fomb abuls 4 6D JSs gl
@ gl 5, Ll 05 g 00 S Wosly 955 ey b ) E s

01 oplouts 18 055 1397 (13355 58 e Suille i

Syeais ol olyon 4 90 sl slaalyb ol ooy 1 Jgur
Table 1 Hole making parameters with their levels

b sl
2 1 0 a1 2 T e
40 325 251 176 10 Ve(mmin) oS¢l
025 02 015 01 005 f,(mmitooth) T
40 325 251 176 10 Ve(mmin) @ 5¢lsm
025 02 015 01 005 f(mmiooth)  ameiin b
10 8 60 35 10 V. (m/min) 5

012 01 008 006 004 f,(mmitooth)
0.2 a, (mm) ale

Tl a9, by 4 o tles] b ol 2 Jeux
Table 2 Design matrix of experiments by RSM method

S sl el
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Fig. 7 Variations of fatigue life versus surface roughness base on a- R,,
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Fig. 6 Holes surface texture in levels of V. =-1and f,=-1 ina-
drilling, b- drilling with predrill, c- helical milling
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Table 5 Measured surface roughness and fatigue life values in
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Table 4 Regression equations for estimation of fatigue life based on
various roughness parameters in different hole making strategies
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b )15,
304210 206 8.65 6.30 241 1.06 1
317238 221 7.96 5.33 2.13 0.83 2
303434 295 8.57 7.10 2.20 0.79 3
312341 331 9.40 5.72 1.80 0.90 4

. anl
R? OgeyS ) ol
nS)LSt')}“

0.85 N/1000= —50.561 R.+460
0.71 N/1000= -51.841 R,+460 &
0.94 N/1000= —11.416 R,+460 “t o
0.83 N/1000= —8.4687 R+460 %
0.52 N/1000= 0.0012 Ryy2-0.799 Ren+330
0.73 N/1000= —15.882 R,2+37.787 R.+400
0.81 N/1000= —10.484 R+31.339 R,+400 o
0.89 N/1000= —0.5687 R,%+7.74 R,+400 % -
0.84 N/1000= —0.4406 R2+8.8404 R+400 %
0.71 N/1000= —0.0024 Ryy2+0.4748 Ryy+400
0.80 N/1000= —19.899 R.2 —4.9306 R,+350
0.77 N/1000= -0.3441 R,2 ~23.134 R4+350 G
0.84 N/1000= —0.0035 R;2 -6.2933 R,+350 T %
0.80 N/1000= —0.0852 RZ - 2.3142 R, + 350 &N
0.51 N/1000= 0.0012 Rey2 — 0.9595 Ry+450

~15

5.’\;12 .

g

g 9

w0 4 -

= | Com-Drlg | Cony. Drilling

mR, 8.5 55

aR, 11.2 84 33
B R, 35 44 0.8
8 R, 9.9 5.2 4.7
B R, 12.6 14.7 8.2

Fig. 9 Average errors in estimation of the fatigue life by various
roughness parameters in different hole making strategies
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Table 6 Cutting parameters and measured fatigue life in validation tests
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Fig. 10 Variations of surface roughness versus cutting speed and feed
rate in different drilling strategies
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Fig. 11 Values of errors in estimation of the fatigue life using cutting
parameters in different hole making strategies
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