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A study on tool wear rate of HSS cutting tool in
turning 1045 steel using R410A as a cutting fluid
over traditional wet machining

Abstract: In this research, using R410a coolant in cooling the cutting edge of the tool and
comparing it with the traditional fluid of soapy water, the life of the tool and the wear rate of
the cutting edge of the tool were investigated. The wear rate of high speed steel (HSS) tool in
steel cutting (ck45) 1045 at cutting speeds of 15, 25, 40, and 55 meters per minute, cutting
depths of 0.5, 1, and 1.5 mm and feed rate of 0.05, 0.12, and 0.2 mm /rev was investigated in
two modes of liquid cooling, soapy water and R410a coolant. The obtained results show that
cooling with R410a coolant, due to its high cooling power and better control of the
temperature of the cutting area compared to the soapy water fluid in the machining process,
has reduced the amount of tool wear and can be used as one of the suitable cooling fluids.
Based on the minimum amount of tool wear in different conditions, by using R410a coolant,
the cutting speed can be increased by 60% from 25 m/min to 40 m/min. Also, in the most
optimal mode, the amount of tool wear is improved up to 20 times, and at a cutting speed of
40/min, the cutting depth is 1 mm and the feed rate is reduced from 400 to 20 micrometers.

Keywords: Tool wear, Cryogenic cooling, Surface roughness, Tool steel
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F-3 o g
RA108 Jlw sy g adeds 2 e 10 (B p Sy 53 )5l (b8 gl ool cod sl ools ) Jgoor
S G RA108 oS S b aids s 3l il b lodie
o St
m/min | mm [ mm/rev 10 | 15 20 25 30 35 40 45 50 55 60
0.05 7 (14| 21 27 34 36 36 43 48 54 56 73
0.5 0.12 13 | 27 42 56 70 70 75 89 94 107 | 110 | 150
0.2 28 | 60 90 116 | 145 | 150 | 154 | 178 | 189 | 207 | 228 -
0.05 9 19 27 36 45 48 48 57 62 69 76 97
15 1 0.12 17 | 37 53 74 87 95 98 103 | 121 | 140 | 151 | 190
0.2 35| 71| 105 | 142 | 182 | 187 | 188 | 212 | 227 | 262 | 275 | 375
0.05 11 | 23 33 46 59 55 59 66 73 80 91 119
15 0.12 25 | 48 71 98 123 | 127 | 130 | 151 | 160 | 189 | 198 | 255
0.2 39 |1 80 | 116 | 150 | 196 | 200 | 205 | 234 | 261 | 296 | 304 | 400
Ostbe = ol Jlow sl 9 4880 52 e 10 (B Sy o il (bl b (6l oud Cod sla 0ol Y Jgur
%JM & Sy Osle - ol oaS G L aids o ) Jale b jlode
o b
m/min | mm | mm/rev 5 10 15 20 25 30 35 40 45 50 55 60
0.05 12 23 35 45 59 62 64 71 75 86 97 124
0.5 0.12 28 61 87 116 | 146 | 149 | 155 | 178 | 205 | 231 - -
0.2 47 | 94 143 | 190 | 236 | 239 | 250 - - - - -
0.05 17 34 53 72 86 92 92 108 | 117 | 138 | 147 | 185
15 1 0.12 39| 75 118 | 175 | 203 | 205 | 210 | 229 | 252 | 293 | 338 | 410
0.2 65 | 131 | 196 | 280 | 341 | 350 | 359 | 401 | 467 - - -
0.05 22 43 65 90 113 | 114 | 117 | 128 | 153 | 164 | 180 | 235
15 0.12 47 99 151 | 192 | 240 | 252 | 255 | 272 | 332 | 352 | 383 | 510
0.2 83 | 170 | 250 | 334 | 389 | 425 | 431 | 504 | 516 | 595 - -
R410a Jluws (gl 5 4o 5 e YO (b S pun 5o 13l Giol)d (6l ool &b gla oolo ¥ Jga
el Il R RA108 s0iiS a5 L 4ids o 3l Lol 3 e
oo b
m/min [ mm | mm/rev 5110 | 15 20 25 30 35 40 45 50 55 60
0.05 7 |1 13| 22 28 33 36 36 41 49 50 60 73
0.5 0.12 11 | 24 38 49 61 63 65 74 81 91 96 130
0.2 19 | 37 57 74 92 94 97 110 | 119 | 136 | 157 | 195
0.05 5 12 17 24 27 29 30 32 40 44 44 60
25 1 0.12 11 | 24 34 50 59 61 62 70 78 83 103 | 125
0.2 17 ] 35 53 72 91 94 95 105 | 122 | 134 | 151 | 190
0.05 10 | 21 32 44 57 58 58 70 74 83 91 117
15 0.12 19 | 38 60 79 94 100 | 100 | 116 | 121 | 143 | 155 | 200
0.2 32 | 67 | 102 | 134 | 161 | 167 | 175 | 186 | 210 | 233 | 272 | 350
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o > S9ria Ogbe — ol anss G L aids po ! iale 3 lude
o S
m/min | mm [ mm/rev | 5 10 15 20 25 30 35 40 45 50 55 60
0.05 13 27 38 52 64 67 70 75 85 105 | 105 | 140
0.5 0.12 27 52 79 109 | 128 | 137 | 144 | 155 | 171 | 197 | 224 -
0.2 37 81 117 | 153 | 196 | 205 | 210 | 237 - - - -
0.05 10 20 30 42 50 53 55 63 73 76 88 110
25 1 0.12 19 40 57 77 103 | 105 | 110 | 117 | 141 | 141 | 173 | 210
0.2 32 65 98 137 | 169 | 175 | 181 | 193 | 231 | 236 | 288 | 350
0.05 22 45 64 88 108 | 109 | 115 | 130 | 151 | 155 | 179 | 230
15 0.12 38 78 120 | 150 | 185 | 189 | 200 | 218 | 267 | 296 | 304 | 400
0.2 65 | 122 | 182 | 247 | 297 | 325 | 341 | 368 | 410 | 465 | 530 | 650
R410a Jlew (sl g aids 5 e T i ey ;o 5l ol b (6l oads b sla ools B Jgu
”:: “f Sorbey RA108 oS i b aids 5 ) iwloo b e
m/min | mm | mm/rev 5 10 15 20 25 30 35 40 45 50 55 60
0.05 2 4 7 9 12 12 12 14 16 17 18 25
0.5 0.12 7 15 22 29 37 38 39 47 50 54 64 78
0.2 26 53 81 113 | 137 | 142 | 145 | 156 | 180 | 195 | 223 -
0.05 1 3 5 7 9 10 10 10 12 14 15 20
40 1 0.12 4 8 13 16 21 21 22 25 29 33 35 45
0.2 12 24 37 49 59 64 65 69 78 88 100 | 130
0.05 8 15 24 33 41 42 44 45 55 58 67 85
15 0.12 19 42 58 77 98 102 | 105 | 121 | 138 | 141 | 154 | 210
0.2 57 | 113 | 174 | 240 | 275 | 300 | 308 | 324 | 360 | 410 | 440 | 600
Ostbe = ol Jlw sl g akBo e Fr (L ey o il (bl b (gl 0ud Cod sla o0l 7 Jgar
o & Sorie ogbe = ol oS i L aids jo ! b lade
o 2L
m/min | mm | mm/rev 5 10 15 20 25 30 35 40 45 50 55 60
0.05 28 56 85 112 | 141 | 150 | 154 | 176 | 180 | 205 | 220 -
05 0.12 72 | 148 | 215 | - - - - - - - - -
0.2 158 | - - - - - - - - - - -
0.05 37 75 120 | 160 | 186 | 200 | 203 | 213 | 240 | 266 | 300 | 400
40 1 0.12 109 | 210 | 321 | 414 - - - - - - - -
0.2 212 | 440 | 690 | - - - - - - - - -
0.05 50 100 | 138 | 193 | 241 | 242 | 250 | 276 | 326 | 366 | 394 | 500
15 0.12 128 | 259 | 395 | 560 | 653 | 665 | 700 - - - - -
0.2 282 | 555 - - - - - - - - - -
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R410a Jlews (sl g 4ido 5 e OO b Sy 5o 13l ol 3 gl onls ol glo 0ols ¥ Jga

. 5
T s RA108 6aiiS Sis b aids o 13l Jalo b e

o )b.
m/min | mm mm/rev 5 10 15 20 25 30 35 40 45 50 55 60

0.05 28 60 85 | 113 | 140 | 145 | 150 | 168 | 198 | 220 | 225 -
05 0.12 94 | 183 - - - - - - - - - -
0.2 96 | 204 - - - - - - - - - -
0.05 38 78 | 110 | 157 | 188 | 200 | 207 | 229 | 255 | 266 | 315 | 400
55 1 0.12 108 | 218 | 342 | 444 - - - - - - - -
0.2 120 | 236 | 345 | 480 - - - - - - - -
0.05 45 88 | 130 | 183 | 237 | 237 | 241 | 259 | 306 | 340 | 391 | 475
1.5 0.12 133 | 266 | 409 | 513 | 676 | 700 | 710 - - - - -
0.2 135 | 273 | 416 | 536 | 665 | 677 | 700 - - - - -

u};lﬂa_u" JL\.M: Lg\))su..éo)),m()a ‘5.,.:).) C«Lﬂ)b)b.a‘ LJMJLM:)S Lgl).a adeLm oolo A Jj..\>

PR St
m/min mm mm/rev 5 10 15 20 25 30 35 40 45 50 55 60

0.05 54 105 | 156 | 214 | 250 - - - - - - -
0.5 0.12 174 - - - - - - - - - - -

S9ri O%Lo—g" 00isS 3 L aids o Il gale,d lade

0.2 175 - - - - - - - - - - -
0.05 73 140 | 206 | 300 [ 356 | 375 | 393 | 430 | 455 - - -
55 1 0.12 215 | 435 - - - - - - - - - -

0.2 221 | 446 - - - - - - - - - -
0.05 90 166 | 256 | 360 | 420 | 450 | 467 | 522 | 540 | 660 | 667 | -
1.5 0.12 270 | 513 - - - - - - - - - -
0.2 277 | 565 - - - - - - - - - -
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