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APPENDIX-I 

Table 1: Variations in tangential grinding force with downfeed. 

Tangential grinding force, Ft (N) 

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 19 20.5 22 15 16.4 17.5 9.5 11.2 12 

20 33 38.3 41 25.5 26.5 27.5 12.5 14.4 15.5 

30 50 52.7 55.5 33 35.8 38.5 18.5 20.5 22 

40 67 70 73.5 41.5 45.2 50.5 23 25.7 27 

Table 2: Variations in normal grinding force with downfeed. 

Normal grinding force, Fn (N) 

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 29.5 34.5 38 25 29.3 35 21 23.5 26 

20 57 65.7 72.5 47 49.5 54.5 27.5 31 34 

30 86 91 93 63 67 74 42 45.2 50 

40 120 126 130.5 83.5 88 96.5 54 57 61.5 

Table 3: Variations in specific grinding energy with downfeed. 

Specific grinding energy, Ug (J/mm3) 

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 24.902 27.334 29.303 19.701 21.672 23.021 12.957 14.592 15.91 

20 23.744 25.381 27.028 17.011 17.655 18.323 8.145 9.295 10.27 

30 21.987 23.078 24.387 14.414 15.504 16.824 8.123 8.993 9.756 

40 22.113 22.913 24.234 13.605 15.034 16.635 7.437 8.257 8.924 

Table 4: Variations in grinding temperature with downfeed. 

Grinding temperature, Tg (ºC) 

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 456 470 488 289 301 315 138 149 163 

20 530 550 566 326 340 353 156 169 179 

30 586 608 633 398 415 435 178 191 208 

40 607 635 650 430 451 474 206 221 237 

Table 5: Variations in force ratio with downfeed. 

Force ratio, Ft /Fn  

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 0.5699 0.5999 0.6249 0.5199 0.5599 0.6099 0.4296 0.4696 0.5056 

20 0.5577 0.5877 0.6177 0.5299 0.5399 0.5549 0.4367 0.4567 0.4967 

30 0.5393 0.5793 0.5993 0.52 0.529 0.545 0.43 0.4525 0.4725 

40 0.503 0.553 0.578 0.4935 0.5185 0.5385 0.4189 0.4389 0.4739 
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Table 6: Variations in surface roughness (Ra) with downfeed. 

Surface roughness, Ra (µm) 

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 0.585 0.61 0.64 0.4267 0.4537 0.4877 0.266 0.284 0.299 

20 0.6581 0.6761 0.6961 0.4914 0.5194 0.5484 0.3141 0.3241 0.3361 

30 0.687 0.732 0.792 0.5462 0.5652 0.5852 0.3685 0.3975 0.4225 

40 0.7787 0.8237 0.8587 0.5709 0.6349 0.6899 0.4046 0.4396 0.4696 

Table 7: Variations in surface roughness (Rq) with downfeed. 

Surface roughness, Rq (µm) 

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 0.7254 0.7554 0.7904 0.53 0.565 0.605 0.3401 0.3651 0.3851 

20 0.8274 0.8504 0.8754 0.6004 0.6324 0.6674 0.395 0.415 0.435 

30 0.8405 0.8905 0.9555 0.67 0.695 0.72 0.4599 0.4949 0.5249 

40 0.9658 1.0158 1.0558 0.7282 0.7982 0.8582 0.4865 0.5265 0.5615 

Table 8: Variations in surface roughness (Rz) with downfeed. 

Surface roughness, Rz (µm) 

ap 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

10 3.8548 4.0248 4.2248 2.8962 3.0762 3.2962 1.9499 2.0799 2.1799 

20 4.2422 4.3622 4.4922 3.0622 3.2522 3.4272 2.4425 2.5325 2.6225 

30 4.3007 4.5907 4.8907 3.3047 3.4247 3.5447 2.492 2.692 2.862 

40 4.7033 4.8533 5.1033 3.9877 4.4377 4.6577 2.6745 2.8945 3.0945 

Table 9: Variations in tangential grinding force with LN2 delivery pressure at various 

downfeed. 

Tangential grinding force, Ft (N) 

𝑷𝑳𝑵𝟐
 

(bar) 

Downfeed 

10 µm 20 µm 30 µm 40 µm 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

2 10 11.5 12.5 12.5 14.2 15.5 18.5 20.5 22.5 22.5 25.1 27.5 

3 9.5 11.2 12.5 12 14 15 17 19.5 21.5 22.5 24.8 26.5 

4 8.5 10.3 12 11.5 13 14.5 16.5 18.9 20.5 21 23.1 25.5 

Table 10: Variations in the normal grinding force with LN2 delivery pressure at various 

downfeed. 

Normal grinding force, Fn (N) 

𝑷𝑳𝑵𝟐
 

(bar) 

Downfeed 

10 µm 20 µm 30 µm 40 µm 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

2 21 23.7 25.5 27.5 31 34.5 41.5 45.5 50 54.5 57.2 61.5 

3 20.5 22.5 24.5 26 29.5 32 41 45 48.5 51.5 55.7 58.5 

4 21 22.2 23.5 27 29.1 31 39 42.6 45.5 50.5 53.8 56.5 
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Table 11: Variations in specific grinding energy with LN2 delivery pressure at various 

downfeed. 

Specific grinding energy, Ug (J/mm3) 

𝑷𝑳𝑵𝟐
 

(bar) 

Downfeed 

10 µm 20 µm 30 µm 40 µm 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

2 12.94

5 

14.58

5 

15.89

5 

8.14 9.29 10.2

71 

8.11

8 

8.98

8 

9.74

8 

7.42

9 

8.24

9 

8.89

9 

3 13.29

6 

14.29

6 

15.39

6 

8.41

5 

9.16

5 

10.1

65 

7.29

1 

8.54

1 

9.04

1 

7.63

7 

8.13

7 

9.13

7 

4 12.16

6 

13.41

6 

14.61

6 

7.54

8 

8.54

8 

9.29

8 

7.76

9 

8.26

9 

8.76

9 

6.83

9 

7.58

8 

8.58

8 

Table 12: Variations in surface roughness with LN2 delivery pressure at various downfeed. 

Surface roughness, Ra (µm) 

𝑷𝑳𝑵𝟐
 

(bar) 

Downfeed 

10 µm 20 µm 30 µm 40 µm 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

2 0.27 

 

0.284 0.296 0.31

41 

0.32

41 

0.33

61 

0.38

75 

0.39

75 

0.41

25 

0.41

46 

0.43

96 

0.46

21 

3 0.253

6 

0.268

6 

0.284

6 

0.29

89 

0.30

39 

0.30

89 

0.35

94 

0.37

94 

0.39

44 

0.40

6 

0.41

85 

0.43

35 

4 0.245

4 

0.259

4 

0.273

4 

0.28

66 

0.29

91 

0.31

41 

0.35

93 

0.36

93 

0.38

33 

0.40

3 

0.40

8 

0.41

8 

Table 13: Variations in tangential grinding force with table feed rate. 

Tangential grinding force, Ft (N) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 52 55.5 58.5 31 34.5 39 19.5 21.2 22.5 

9 67 69.8 73.5 41.5 45.6 50.5 22.5 25.1 27 

12 75 78.2 81.5 55 59.5 63.5 33.5 35.3 38.5 

Table 14: Variations in normal grinding force with table feed rate. 

Normal grinding force, Fn (N) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 90.5 94.9 98.5 73 76.7 81 49.5 52.6 55 

9 120.5 126.2 130.5 84 88 96.5 54.5 57 61.5 

12 141.5 145.6 150 105 111.9 120 72.5 75.9 80 

Table 15: Variations in surface roughness (Ra) with table feed rate. 

Surface roughness, Ra (µm) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 0.5845 0.6095 0.6395 0.4461 0.4761 0.5111 0.2723 0.2963 0.3143 

9 0.7787 0.8237 0.8587 0.5509 0.6149 0.6699 0.4046 0.4396 0.4696 

12 0.9763 1.0213 1.0713 0.7404 0.7904 0.8454 0.5773 0.6023 0.6373 
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Table 16: Variations in surface roughness (Rq) with table feed rate. 

Surface roughness, Rq (µm) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 0.7166 0.7516 0.7916 0.5536 0.5986 0.6386 0.357 0.382 0.409 

9 0.9708 1.0158 1.0558 0.7282 0.7982 0.8382 0.4815 0.5265 0.5665 

12 1.1995 1.2595 1.3145 0.9487 0.9937 1.0637 0.6966 0.7466 0.7916 

Table 17: Variations in surface roughness (Sa) with table feed rate. 

Surface roughness, Sa (nm) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 395 410 429 301 315 326 217 225 234.5 

9 497.23 517.23 540.23 386.17 401.17 418.17 271.12 283.12 297.12 

12 623 645 670 510 535 558 371 387 405 

Table 18: Variations in surface roughness (Sq) with table feed rate. 

Surface roughness, Sq (nm) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 461 480 500.5 344 359 373 231 243 256 

9 664.47 690.47 720.47 442.07 464.07 485.07 331.05 344.05 359.05 

12 826.6 855.6 888.6 607 629 654 448.5 469 492 

Table 19: Variations in surface bearing index (Sbi) with table feed rate. 

Surface bearing index, Sbi (µm) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 0.9430 0.9680 0.9880 1.085 1.11 1.14 1.1733 1.2133 1.2483 

9 1.1944 1.2294 1.2694 1.387 1.422 1.467 1.5094 1.5594 1.6044 

12 1.2411 1.2961 1.3411 1.506 1.551 1.601 1.7095 1.7595 1.8145 

Table 20: Variations in core fluid retention index (Sci) with table feed rate. 

Core fluid retention index, Sci (µm) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 1.3817 1.4217 1.4517 1.6132 1.6382 1.6832 1.8557 1.9007 1.9357 

9 1.2040 1.2540 1.2940 1.4488 1.4838 1.5338 1.6376 1.6926 1.7376 

12 1.0921 1.1521 1.1971 1.3561 1.4011 1.4461 1.5610 1.6110 1.6660 

Table 21: Variations in grinding temperature with table feed rate. 

Grinding temperature, Tg (ºC) 

Vw 

(m/min) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

6 592 605 619 420 431 443 184 192 198 

9 617 633 645 439 451 465 211 221 229 

12 632 645 650 453 466 482 218 230 239 
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Table 22: Microhardness variation along the depth beneath the ground surface at table feed 

rate of 6 m/min. 

Microhardness (HV) 

Depth 

from 

ground 

surface 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

0 731 736 739 715 720 723 708 711 713.5 

30 729.5 733 737 710 713 718 704.5 708 710.5 

80 718 721 726 703 705 708.5 694 698 701 

130 709 713 716 683.5 686 690 675 678 681.5 

180 681 685 688.5 670 675 679 665 669 672.5 

230 668.1 671 674.5 662.5 665 668.5 660 663 665.5 

280 659 663 666.5 658.5 661 663 655.5 659 662 

330 659.5 661 663.5 657 660 662.5 660 662 665 

380 659.5 662 665 660.5 663 665 656.5 659 662.5 

430 657.5 660 663 655 658 660.5 656.5 661 663.5 

Table 23: Microhardness variation along the depth beneath the ground surface at table feed 

rate of 9 m/min. 

Microhardness (HV) 

Depth 

from 

ground 

surface 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

0 739.5 745 748.5 720.5 726 729.5 712 716 719.5 

30 738 742 746.5 719.5 723 728.5 706.5 711 714 

80 730.5 734 739.5 704 707 711 696.5 701 704.5 

130 714.5 719 722 691.5 695 699.5 680.5 684 688 

180 691.5 695 699 671.5 677 681.5 667.5 672 676 

230 674.5 678 682 664.5 668 672.5 662.5 666 669 

280 660.5 665 669 662 666 669.5 657 661 664.5 

330 656.5 659 662 654.5 658 661 657.5 662 667 

380 659.5 663 666.5 659.5 664 668 655.5 659 663 

430 657 661 664.5 657.5 661 664 655.5 660 663.5 
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Table 24: Microhardness variation along the depth beneath the ground surface at table feed 

rate of 12 m/min. 

Microhardness (HV) 

Depth 

from 

ground 

surface 

(µm) 

Dry Wet Cryogenic 

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 

0 750 755 759.5 729.5 735 738.5 717 722 725.5 

30 745.5 751 755 725.5 729 734.5 710.5 715 718 

80 745 749 755 718 721 725 700.5 705 708.5 

130 724.5 729 734.5 699.5 703 707.5 680.5 686 689 

180 691 695 699.5 675.5 681 685.5 670.5 675 679 

230 675.5 680 685 665.5 669 673.5 664.5 668 671 

280 660.5 665 670.5 662 666 669.5 660 664 667.5 

330 655.5 659 663 654.5 658 661 655.5 660 665 

380 659.5 663 667.5 659.5 664 668 657.5 661 665 

430 657 661 664.5 654.5 658 661 657.5 662 666 

Table 25: Variations in tangential grinding force under different lubricants. 

Tangential grinding force, Ft (N) 

Lubricant MQL Cryo-MQL 

Min. Avg. Max. Min. Avg. Max. 

SO 37.5 39.3 41.5 37 37.8 39 

SO+DW 46.5 48.5 50.5 41.5 44 46 

Al2O3 (0.5 wt.%) 40 42.6 44 36.5 38.6 40 

Al2O3 (1 wt.%) 33 34.9 37.5 25 26 27.5 

Table 26: Variations in normal grinding force under different lubricants. 

Normal grinding force, Fn (N) 

Lubricant MQL Cryo-MQL 

Min. Avg. Max. Min. Avg. Max. 

SO 76.5 80.1 84 72.5 77.3 80.5 

SO+DW 86.5 91.2 94.5 83 86.9 91.5 

Al2O3 (0.5 wt.%) 77.5 82.2 85 74.5 78.5 83 

Al2O3 (1 wt.%) 70 71.8 74.5 60.5 62.5 65 

Table 27: Variations in specific grinding energy under different lubricants. 

Specific grinding energy, Ug (J/mm3) 

Lubricant MQL Cryo-MQL 

Min. Avg. Max. Min. Avg. Max. 

SO 16.687 17.187 17.987 15.660 16.560 17.360 

SO+DW 20.421 21.221 22.221 18.054 19.254 20.254 

Al2O3 (0.5 wt.%) 17.750 18.650 19.150 15.798 16.898 17.598 

Al2O3 (1 wt.%) 14.795 15.295 16.095 10.970 11.370 11.670 
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Table 28: Variations in surface roughness (Ra) under different lubricants. 

Surface roughness, Ra (µm) 

Lubricant MQL Cryo-MQL 

Min. Avg. Max. Min. Avg. Max. 

SO 0.4172 0.4382 0.4622 0.3375 0.3525 0.3645 

SO+DW 0.5435 0.5675 0.5875 0.4955 0.5175 0.5375 

Al2O3 (0.5 wt.%) 0.461 0.479 0.499 0.3815 0.3975 0.4115 

Al2O3 (1 wt.%) 0.3863 0.4053 0.4203 0.2899 0.3039 0.3149 

Table 29: Variations in surface roughness (Rq) under different lubricants. 

Surface roughness, Rq (µm) 

Lubricant MQL Cryo-MQL 

Min. Avg. Max. Min. Avg. Max. 

SO 0.5187 0.5397 0.5637 0.4254 0.4404 0.4524 

SO+DW 0.6946 0.7146 0.7396 0.6136 0.6376 0.6586 

Al2O3 (0.5 wt.%) 0.5845 0.6045 0.6265 0.4749 0.4949 0.5109 

Al2O3 (1 wt.%) 0.4768 0.4958 0.5108 0.3749 0.3929 0.4079 

Table 30: Variations in specific surface roughness (Rz) under different lubricants. 

Surface roughness, Rz (µm) 

Lubricant MQL Cryo-MQL 

Min. Avg. Max. Min. Avg. Max. 

SO 2.6108 2.8308 3.0308 2.382 2.512 2.612 

SO+DW 4.159 4.329 4.579 3.4586 3.6586 3.8786 

Al2O3 (0.5 wt.%) 3.0422 3.2222 3.4422 2.542 2.692 2.882 

Al2O3 (1 wt.%) 2.3601 2.5601 2.7301 1.9873 2.1373 2.2973 

Table 31: Variations in grinding temperature under different lubricants. 

Grinding temperature, Tg (ºC) 

Lubricant MQL Cryo-MQL 

Min. Avg. Max. Min. Avg. Max. 

SO 491 507 526 204 215 230 

SO+DW 462 476 493 191 201 213 

Al2O3 (0.5 wt.%) 440 458 473 179 191 201 

Al2O3 (1 wt.%) 407 421 439 168 178 189 
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− Page 92, line 23: rubbing and ploughing actions;  

− Page 98, line 11: Fig. 4.7 shows the 2D profiles; 

− Page 99, line 11: Fig. 4.8 represents the SEM images of; 

− Page 101, line 12: cryogenic cooling (refer to Fig. 4.10). 

− Page 109, line 7. Fig. 4.14 indicates the; 

− Page 112, line 16: Using cryogenic LN2; 

− Page 119, line 6: 6 m/min, 9 m/min, and 12 m/min; 

− Page 128, line 12: plays an important role; 

− Page 137, line 1: Fig. 4.36 shows the grinding forces; 

− Page 145, line 3: Fig. 4.40 (h) shows the best surface texture; 

− Page 151, line 23: rubbing, ploughing, and shearing actions; 

− Page 165, line 9: in sections 5.1.1, 5.1.2, and 5.1.3; 

Response: Thank you for your thorough review of my thesis. I appreciate your feedback on the 

overall quality of the English and the identification of typos and grammatical errors. I corrected 

all above comments as per the examiner's suggestions and incorporated them in the revised thesis 

as well I also checked the thesis thoroughly for any other typos and grammatical errors. Page no. 

20, 43, 47, 63, 81, 90, 91, 98, 103, 104, 107, 115, 119, 125, 134, 143, 152, 161, and 177. 

Comment 2: Please re-arrange the "list of abbreviations" on page xviii in alphabetical order. 

Response: Thank you for your suggestion. I appreciate you bringing to my attention the need to 

alphabetize the list of abbreviations. I have already corrected the list of abbreviations to ensure it 

is in proper alphabetical order in the revised thesis. Page no. xxv. 
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Comment 3: British and American spelling have been used simultaneously, such as "analyse & 

analyze, "mould & mold", "utilise & utilize", "optimise & optimize", "aluminium & aluminum", 

"minimise & minimize", "characterize & characterize", "behaviour & behavior", and 

"characterization & characterisation". 

So, please only follow one of them. 

Response: Thank you for your insightful review of my PhD thesis and pointing out the 

inconsistencies in spelling conventions between British and American English. I have 

meticulously revised the document and followed one in the revised thesis, such as analyze, mold, 

utilize, optimize, aluminum, minimize, characterize, behaviour, characterization. 

Comment 4: Some sentences on pages 15, 48, 54, 68, 75, and 169 were written in Italic form. 

Please modify them. 

Response: Thank you for your suggestion. Sentences have been modified according to the 

examiner's comment in the revised thesis. Page no. 18, 52, 58, 72, 80, and 181. 

Comment 5: The abbreviation of a term should be brought at the first time that term is used in the 

text (and not e.g. at the second time). So, please consider this issue for magnetic Barkhausen noise 

(MBN). 

Response: I recognize the importance of clarity in technical writing. To address this oversight, I 

revised the relevant sections to ensure MBN is defined and abbreviated at its first instance in the 

text. I have located all subsequent uses of the term and ensured they consistently utilize the 

abbreviation after that. 

Comment 6: Some words have been written in different spellings, such as “online & on-line”, 

“environmentally friendly & environmentally-friendly”, “LN2 & LN2”, as well as “microcrack & 
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micro-crack”. You should follow a unique spelling in your text. 

Response: As per the examiner’s suggestion, I have written a unique spelling in the revised thesis, 

such as online, environmentally friendly, LN2, and microcrack. 

Comment 7: In the literature review, it is not usual to mention a researcher with his/her title (such 

as prof.). This is done in a few cases in this thesis. So, please modify them. 

Response: Thank you for your comprehensive review of my thesis. I modified the relevant 

sentences to remove any unnecessary titles. Page no. 16. 

Comment 8: The first paragraph of page 48 is unfinished. 

Response: Thank you for flagging the mistake. The unfinished paragraph has been completed in 

the revised thesis. Page no. 52. 

Comment 9: The first sentence of the third paragraph on page 90 is not clear and I cannot get the 

concept. Please rewrite it. 

Response: I apologize for any confusion it may have caused. I modified the suggested sentence 

and incorporated it in the revised thesis according to the examiner's comment. Page no. 95. 

Comment 10: The supply pressures of 2, 3, and 4 bars have been mentioned three times just in 

less than ten lines on pages 108 and 109. Please prevent extra repetitions. 

Response: Thank you for your insightful review of my thesis. I appreciate you pointing out the 

repetitive mentions of supply pressures at 2, 3, and 4 bars, as excessive repetition can hinder 

readability. I have carefully reviewed Section 4.1.9 and Subsection 4.1.9.1 in the revised thesis to 

ensure clarity and avoid unnecessary repetition. Section 4.1.9 and Subsection 4.1.9.1 were 

mentioned on pages 108 and 109 in the previous thesis. Now, it is on Page no. 114 and 115 in the 

revised thesis. 
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Comment 11: The verb tenses should be defined exclusively throughout the thesis. In some cases, 

the simple present structure is being used for describing the conditions and in some cases the past 

present is being employed. For example, both of them have been used just in the first paragraph of 

subsection 4.1.9.2 or 5.1. 

Response: Thank you for your careful review and for pointing out the inconsistency in verb tenses 

within subsection 4.1.9.2 or 5.1. I acknowledge the inconsistency in your identified subsection and 

have carefully reviewed the tense usage throughout the thesis. I have revised the thesis to ensure 

consistent use of the simple present tense for describing general conditions, principles, and 

techniques. I have also limited the use of the past perfect tense to instances where it is necessary 

to emphasize the completion of an action with ongoing relevance. Page no. 116, 117 and 177. 

Comment 12: You should reconsider the first sentence of the second paragraph on page 114. It 

seems you meant "3D roughness of dry grinding was poor under various table feed rates". The 

current sentence transfers another meaning, which is not correct. 

Response: Thank you for your review and for identifying the unclear sentence on page 114, which 

essentially needs revision. I corrected the sentence and incorporated it in the revised thesis. The 

incorporated sentence is "Poor surface roughness was noticed with an increased table feed rate 

during the dry grinding operation". Page no. 120. 

Technical comments 

Comment 1: In subsection 1.1, bring the equivalent of AISI D2 tool steel in other commonly used 

standards such as DIN, EN, and AMS. 

Response: Thank you for your valuable feedback regarding the equivalents of AISI D2 tool steel 

in other standards within subsection 1.1 of my thesis. I added that AISI D2 tool steel is equivalent 
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to DIN 1.2379, EN X153CrMoV12. This provided a clear and concise way for readers familiar 

with other standards to identify the material. Page no. 1. 

Comment 2: Rubbing and ploughing are two machining mechanisms. However, there is almost 

no material removal in them, So, instead of introducing them as "the modes of removing metals” 

on page 5, please refer to them as the "machining mechanisms". 

Response: Thank you for your insightful feedback regarding the terminology used to describe 

rubbing and ploughing on page 5. I agree; rubbing and ploughing are fundamental machining 

mechanisms but do not directly contribute to material removal. To address this, I incorporated the 

text "machining mechanisms" instead of "modes of removing metal" on page 5 in the revised 

thesis. 

Comment 3: Not all the abrasive grains have the negative rake angle (as you also show in Fig. 

1.2). Hence, modify your statement on page 5, number 2. 

Response: Thank you for your valuable feedback. Figure 1.1 (updated figure no.) clearly 

illustrates that not all abrasive grains will have a negative rake angle. To address this, I revised the 

statement on page 5, point no. 2, to provide a more accurate representation: The grit rake angle 

may vary from positive to negative.  

Comment 4: In chapter 1, you brought some explanation about cutting fluids and coolants in 

"subsection 1.3. background of the present research work”. It is recommended to bring these 

explanations into another subsection, as you already did for other aspects (in subsections 1.1 and 

1.2). In such a case, you can specifically focus on the research gap in subsection 1.3. 

Response: Thank you for your valuable suggestion regarding the organization of Chapter 1. As 

per your suggestion, I separated the explanation about cutting fluids and coolants from subsection 
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1.4 (as per the revised thesis) into another subsection (Subsection 1.3: The role of cutting fluids 

and coolants in grinding process). After that, subsection 1.4: Background of the present research 

work is modified according to the examiner’s comment. Page no. 9, and 14. 

Comment 5: In subsection 2.1, you introduced gas-based lubricants as one of the cutting oils. By 

considering this, you should also bring solid lubricants (like powders, films, composite materials, 

etc.) in your classification. 

Response: Thank you for your suggestion. I have incorporated your suggestion. Furthermore, I 

have added relevant information about solid lubricants at an appropriate location within the thesis. 

This section discusses their unique properties, including high-temperature stability and suitability 

for specific applications under high stress or load. Page no. 24 and 25. 

Comment 6: Although a wide range of literature has been reviewed in section 2, there is no 

specific categorization in the subsections. You must specify the path and method you are going to 

narrate the literature in each subsection. Currently, the way of presenting previous research in some 

subsections is not based on year or any other specific division.  

In addition, as a PhD student, you should not limit yourself to reviewing previous literature. Rather, 

you should also include your own analysis and criticism of them. For example, there are some 

contradictions about the effect of cryogenic on cutting forces. You could enter your own point of 

view and state your own analyses in this regard. 

Response: Thank you for your valuable feedback regarding the organization of the literature 

review in Section 2. I recognized the importance of clearly presenting the reviewed research and 

aimed to improve the categorization within subsections. According to the examiner’s suggestion, 

Section 2: Literature Review is categorized into conventional cutting fluids, sustainable 

techniques, vegetable oil-based MQL technique, nanofluid-based MQL technique, and magnetic 
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Barkhausen noise technique. These sections are divided into subsections, providing a path and 

method. After doing a literature survey, a research gap and objectives of the present work sections 

are added. Furthermore, relevant previous research articles are explained in Section 2: literature 

review based on the year, as per the examiner's comment.  

As a PhD student, according to the examiner’s suggestion, I wrote my opinion from our PhD 

research work at the appropriate place in the revised thesis. Page no. 52. 

Comment 7: In line with the above comment, some statements are repeatedly mentioned in the 

literature review. For example, “overheating the workpiece during the dry machining”, “bacteria 

growth in cutting fluids”, etc. 

Response: Thankful to the examiner for this observation regarding the repetitive mention of 

certain statements in the literature review (e.g., “overheating the workpiece during dry machining” 

and “bacteria growth in cutting fluids”). I have thoroughly checked the literature review, and 

repetitions have been removed from the literature review section of the revised thesis. 

Comment 8: In subsection 2.5.1, you referred to reference [93] and mentioned that the “dry 

machining enhances the machinability in comparison to the conventional methods involving 

cutting fluids”. This is a very challenging statement. Generally, cutting fluids are being used to 

increase the surface quality, decrease cutting forces, and improve dimensional accuracy; all of 

these refer to better machinability. Even in the referred reference, it was mentioned that the “dry 

machining will be acceptable only whenever the part quality and machining times achieved in wet 

machining are equalled or surpassed”. 

Response: I apologize for the sentence mistake. I sincerely read the article (Ref. [93]) and thought 

of your opinion.  I corrected the previous sentence, i.e., “dry machining enhances the machinability 
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in comparison to the conventional methods involving cutting fluids”, and incorporated it in the 

revised thesis. Also, I deleted the reference [93]. Page no. 35. 

Comment 9: “Reduction in specific energy” has been introduced as one of the advantages of 

cryogenic cooling (by increasing the cutting speed). However, from a wider view, we would also 

need energy for producing LN2 as well as related activities (such as storage, circulation, etc.). So, 

we could not easily claim about the energy consumption in this regard. 

Response: Thank you for pointing out the statement "Reduction in specific energy" under 

cryogenic cooling. I agree with the examiner's statement, “We could not easily claim about the 

energy consumption in this regard”. In our research work, specific energy was calculated using the 

formula (Ug = 
𝐹𝑡 · 𝑉𝑠

𝑉𝑤 · 𝑎𝑝 ·𝑏
). Details are given in Section 3.5.1 in the revised thesis. Several researchers 

used this formula to calculate the specific energy. Paul and Chattopadhyay reported a reduction in 

specific energy under cryo-grinding when compared with grinding dry and with soluble oil in their 

article "A study of effects of cryo-cooling in grinding". 

Comment 10: For the Cryo-MQL experiments, it is mentioned that the flow rates of lubricant and 

compressed air were controlled by valves. So, was there no flowmeter in your experiments? If not, 

how you get sure about the constant experimental conditions during the different setups? 

Response: Thank you for your query regarding the flow measurement in our Cryo-MQL 

experiments. In our experimental setup, the lubricant and compressed air flow rates were 

controlled using valves rather than flowmeters. While flowmeters could have provided direct real-

time measurement of the flow rates, we employed a careful calibration and monitoring approach 

to maintain consistent experimental conditions throughout different setups. To be sure about the 

constant experimental conditions during the different setups: 
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Based on preliminary tests and established flow rate ranges suitable for our experiments, I 

calibrated the valves to achieve a specific flow rate. Once the desired flow rates were set using the 

valves, we maintained consistent operating parameters, including valve positions and system 

pressures, to minimize variability between experimental runs. After that, I continuously monitored 

the system performance and conditions throughout the experiments to detect deviations. 

Comment 11: Please bring the specification of the coolant oil you used for wet grinding in 

subsection 3.4.2. 

Response: I added the required information in the revised thesis. Page no. 84. 

Comment 12: Units related to the equation 3.1 are not compatible. By considering the units you 

mentioned for P and Qw, we cannot receive to J/mm3. Moreover, the units of the second part of 

this equation (Ft, Vs, etc.) will not result in J/mm3, too. 

Response: Thank you for identifying the potential unit mismatch in equation 3.1. I modified 

equation 3.1 and checked the units for all variables (Ft , Vs , Vw , ap and b) to ensure dimensional 

consistency and found a result in J/mm3. Page no. 87 

Comment 13: Based on the outputs (such as Fig. 4.1), downfeed of 10µm is also used. So, please 

bring this value to Table 3.4. 

Response: Thank you for your suggestion. My research is divided into three parts: (1) Performance 

analysis of grinding parameters under cryogenic environment for ground AISI D2 tool steel, (2) 

Performance analysis of grinding parameters under Cryo-MQL environment for ground AISI D2 

tool steel, and (3) Performance analysis of magnetic BN and HL parameters under various 

environments for ground AISI D2 tool steel. Part 1 is the main part of my research in which 

grinding experiments have been done at all parameters, as given in the details in Table 3.3 in the 
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thesis. Fig. 4.1 belongs to Part 1. Table 3.4 provides details about the grinding parameters under 

Cryo-MQL grinding. In the case of Cryo-MQL grinding, experiments were carried out only at a 

higher downfeed (40 µm) because it was an additional part of my research.  

Comment 14: Please add some quantitative evaluations to your analyses. For instance, when 

comparing the tangential and normal forces or the effect of downfeed in subsection 4.1.1, such 

quantitative comparisons can transfer a better sense. 

Response: Thank you for your valuable feedback on incorporating quantitative evaluations into 

my analysis, particularly in subsection 4.1.1. I understand the importance of quantifying 

comparisons to enhance the clarity and impact of my findings. I incorporated some sentences to 

compare the tangential and normal forces and also showed how the downfeed affects things with 

some percentage changes in the revised thesis. Page no. 95. 

Comment 15: Temperature has been introduced as the main factor for the sharpness variation of 

the grits in subsection 4.1.1. Generally, such strict statements without any evidence should be 

avoided. There are such claims in a few sections, too. Please review the thesis from this aspect and 

polish it. 

Response: I agreed with the examiner’s opinion. I cited this sentence with a relevant article in 

subsection 4.1.1. Also, I checked the whole thesis and provided evidence where appropriate. Page 

no. 97. 

Comment 16: In chapter 4 and the related subsections, you did not only focus on the cryogenic 

environment; and other environments have been investigated. So, instead of writing “effect of 

cryogenic environment" you can simply write "grinding environment”. 

Response: Thank you for the examiner’s suggestion. Suggestions have been incorporated in 
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Chapter 4 and the related subsections of the revised thesis. Page no. 93, 97, 99, 100, 101, 104, 111, 

and 113.  

Comment 17: The ratio of Ft to Fn was defined as the friction coefficient, in the beginning. Why 

did you change this to force ratio at subsection 4.1.4? 

Response: In abrasive machining, the ratio Ft/Fn is known as the force ratio. Due to its similarity 

to a coefficient of friction, the same symbol, µ, is used:                

                                                          µ = 
𝐹𝑡

𝐹𝑛
 

In abrasive machining, like grinding, the friction coefficient and force ratio are interrelated 

concepts, but they represent distinct aspects of the cutting process. In grinding, the friction 

coefficient depends on workpiece material, grinding wheel material, and lubrication conditions. 

Factors influencing the force ratio include friction coefficient, grinding wheel properties, and 

grinding conditions. This ratio reflects the overall force distribution during the grinding process 

by relating the tangential force (Ft) acting in the cutting direction to the normal force (Fn) pressing 

the wheel into the workpiece.  

Comment 18: How did you conclude that the virtually completely curled chips are evidence of 

oxidation and large heat production? 

Response: Thank you for commenting on the connection between virtually completely curled 

chips and observations on oxidation and heat production. The statement, "The virtually completely 

curled chips are evidence of oxidation and large heat production", was justified by SEM 

micrographs of chips and EDS analysis of the ground surface under dry grinding. SEM 

micrographs showed that almost circular chips were noticed under dry grinding. Due to the absence 

of cutting fluid under dry grinding, more heat is generated in the grinding zone area. The EDS 
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analysis concluded that the ground surface had undergone severe oxidation in dry grinding, 

reflected by the highest value of oxygen weight percentage. 

Besides, many researchers (Sinha et al. [1], Rajmohan and Radhakrishnan [2]....etc.) also reported 

that almost complete curling of chips (i.e. almost circular chip) has been observed, which proves 

that high heat generation and severe oxidation occurred. 

[1] M. K. Sinha, R. Madarkar, S. Ghosh, and V. R. Paruchuri, “Some investigations in grindability 

improvement of Inconel 718 under ecological grinding,” Proc. Inst. Mech. Eng. Part B J. Eng. 

Manuf., vol. 233, no. 3, pp. 727–744, Feb. 2019, doi: 10.1177/0954405417752513. 

[2] B. Rajmohan and V. Radhakrishnan, “A study on the thermal aspects of chips in grinding,” 

Int. J. Mach. Tools Manuf., vol. 32, no. 4, pp. 563–569, 1992, doi: 10.1016/0890-6955(92)90045-

I. 

Comment 19: Please specify which downfeed has been used for the micrographs in Fig. 4.13. 

Response: Thank you for your comment. Micrographs of ground samples under different 

environments in Fig. 4.13 were taken at 24 µm downfeed. A 24 µm downfeed has been 

incorporated in subsection 4.1.8 of the revised thesis. Page no. 113. 

Comment 20: The size of Al2O3 NPs was defined between 20 and 50 nm in subsection 4.2.1. 

However, it seems bigger according to the scale bar in Fig. 4.26. Please bring more obvious 

micrographs to prove the statement. 

Response: Thank you for your careful review and raising this important point. I agree that the 

scale bar in Fig. 4.26 might not clearly depict the actual size of the nanoparticles. I modified the 

size of Al2O3 nanoparticles in the text. The size of Al2O3 nanoparticles is written as 10-50 nm" in 

the revised thesis. To prove the size of Al2O3 nanoparticles, I added the TEM image of Al2O3 
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nanoparticles instead of the HR-SEM image of Al2O3 nanoparticles. Page no. 129. 

Comment 21: It is hard to distinguish between the densities of different nanofluids in Fig. 4.32. 

Change the vertical axis bound to the limited range to get a better sense. 

Response: Thank you for your feedback regarding Fig. 4.32. I acknowledge the difficulty in 

distinguishing between the densities of different nanofluids presented in the figure. The density of 

SO+DW emulsion and NFs with 0.5 wt.% and 1 wt.% concentration of Al2O3 NPs is 996.58, 

1000.11, and 1003.62 kg/m3, respectively. The value of these lubricants is very close to each other. 

After changing the vertical axis limit range, I did not get a better difference between them. So, I 

incorporated the density value of SO+DW emulsion and NFs with 0.5 wt.% and 1 wt.% 

concentration of Al2O3 NPs in the text of subsection 4.2.2.2.4 of the revised thesis. Page no. 138. 

Comment 22: You have evaluated the different concentrations of Al2O3 nanofluids from different 

aspects. From different aspects, different nanofluids can be introduced as the ideal lubricant. E.g. 

since the lower pH would be preferred, 0.5 wt% was considered the best. in contrast, since the 

higher density of the nanofluid was preferred, the 1 wt% was introduced as the desired one. 

However, no conclusion has been made about this. In other words, considering all these studies, it 

is still not possible to determine which nanofluid is better. If the general trend of different 

lubricants was only considered, it could be found in the literature. 

Response: I agree with your opinion. The thermophysical properties of nanofluids are measured 

by their thermal conductivity, dynamic viscosity, surface tension, density, pH value, and 

wettability analysis. These properties show the only characteristics of the nanofluids. According 

to the experimental investigation outcomes, i.e., grinding force, specific grinding energy, surface 

roughness, surface topography, chip morphology and grinding temperature, it was found that the 

optimum concentration of the eco-friendly nanofluid is 1 wt.% concentration of Al2O3 NPs which 
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provided better results as compared to 0.5 wt.%. This result indicated that adding the NPs in 

vegetable oil-based deionized water emulsion impacts the grinding performance and that a specific 

concentration can optimize this effect. To determine which nanofluid is better, I also incorporated 

the paragraph in the Section 5.1.2 of the revised thesis. Page no. 181. 

Comment 23: The grit sharpness has been a hypothesis for the reason of better surface quality 

under some conditions (such as employing Cryo-MQL coolant) in your thesis. Since there was no 

investigation from this point of view, you are not allowed to claim grit sharpness improvement as 

an output of your experiments in your conclusion on page 168. 

Response: Thank you for your valuable feedback regarding the inclusion of grit sharpness 

improvement in the conclusion of my thesis (page 168). I understand your concern about the lack 

of direct investigation into this aspect. I deleted the sentence related to grit sharpness improvement 

from point no. 2 of the conclusion subsection 5.1.2 and modified the conclusion in the revised 

thesis. Page no. 180. 

Comment 24: A main question that arises is that even without conducting experiments, the general 

trend of the graphs of chapter 4 (e.g. improvement of surface quality with Cryo-MQL coolant, 

reduction of machining forces under wet grinding, reduction of machining forces by increasing 

coolant pressure, reduction of specific machining energy by increasing machining speed, 

increasing in machining forces with an increase in feed rate, etc.) can be predicted.  

Therefore, it would be better if you included other parameters in the investigation to show the 

efficiency of Cryo-MQL. For example, you could enter the cryogenic cost parameter and finally 

conclude whether this grinding is cost-effective or not considering the improvements it has 

achieved. 
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Response: Thank you for raising an important question regarding the predictive nature of the 

trends illustrated in Chapter 4 of our thesis. I appreciate the opportunity to clarify the methodology 

and justification behind the results presented in our research. 

In our study, I conducted all grinding experiments to investigate and analyze the factors 

influencing surface quality, grinding forces, specific energy, etc., under different environments. I 

employed SEM (Scanning Electron Microscope) and AFM (Atomic Force Microscope) 

micrographs to justify our results. By analyzing these micrographs, I directly observe and quantify 

the effects of various process parameters, i.e., downfeed, coolant delivery pressure, and table feed 

rate. 

As per the examiner’s suggestion, I incorporated additional techniques to examine the efficiency 

of Cryo-MQL in the revised thesis. Page no. 157. In this technique, I kept all parameters (also 

included cost parameters) which affects the sustainability, grinding performance and productivity. 

This technique is explained below. 

Sustainability Assessment: Pugh Matrix Approach 

In modern manufacturing sectors, the use of cutting fluids plays a vital role in the efficient 

production of products with appropriate quality. Presently, various techniques for application of 

cutting fluid are available and a secure and eco-friendly manufacturing process requires a crucial 

evaluation of the sustainability of each technique before implementation. Sustainable 

manufacturing, characterized by green efficiency, entails adopting economically efficient and eco-

friendly technologies with broader social implications. This approach minimizes waste, reduces 

negative environmental impacts, and helps in the development of a healthy working environment. 

It encompasses various manufacturing parameters such as environmental and worker safety, 

product quality, process efficiency, total cost, etc. 
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This section uses the Pugh matrix sustainability assessment on MQL and Cryo-MQL techniques 

to decide the best among these two cooling environments during the grinding operation of AISI 

D2 tool steel by considering environmental impact, operator safety, coolant cost, setup cost, 

surface finish, specific energy consumption, grinding temperature, grinding force, and coolant 

recycling and disposal. To assess sustainability in manufacturing processes, the Pugh matrix 

decision-making sustainability assessment technique is preferred by many researchers [253], 

[254], [255], [256] (as per thesis). According to the importance of each quality parameter, a weight 

criterion as mathematical numbers ranging from -2 to +2 was assigned. Here, dry grinding was 

referred to as a datum or reference line for comparing the other two conditions. Its factors are 

denoted by "S" and receive a total score of zero. Scores were allocated based on the worst-to-best 

criterion, with “-1” for inferior outcomes and” +1” for better results, and much superior and much 

inferior results were assigned a score of +2 for the best and -2 for the worst, respectively. Total 

scores for all conditions, i.e., MQL and Cryo-MQL grinding, are calculated by summing up the 

scores of all sustainability assessment factors, as represented in Table 4.4 (as per thesis). Compared 

to dry grinding, MQL and Cryo-MQL grinding scored “-1” regarding environmental impact. 

Because under the MQL and Cryo-MQL, the MQL uses a small quantity of lubricants at high 

pressure, which emits minimal emissions of harmful gases that harm the environment. At the same 

time, cryogenic coolant (LN2) evaporates into the atmosphere and does not harm the environment 

due to its properties. As to operator safety scoring, MQL and Cryo-MQL were given a “+1” score, 

producing efficient cooling and debris-flushing capabilities. In the case of MQL, only a small 

amount of lubricant was used with compressed air; a score “-1” was given to the coolant cost. 

However, in Cryo-MQL grinding, the score “-2” was given for coolant cost due to the use of liquid 

nitrogen coolant and lubricants with compressed air. For setup cost, “-1” and “-2” scores were 



18 
 

given to the MQL and Cryo-MQL, respectively. The MQL setup includes an air compressor, flow 

control valve, air control valve, lubricant reservoir, air atomizing spray nozzle, etc. On the other 

hand, the Cryo-MQL setup has two additional major parts, namely, dewar and nitrogen gas 

cylinder with MQL setup. Therefore, Cryo-MQL setup cost is high. When the graphs of 

experimental results were examined, it was seen that Cryo-MQL have better results than MQL 

grinding in terms of surface roughness, specific energy, grinding temperature and grinding force. 

Therefore, MQL and Cryo-MQL grinding were given “+1” and “+2” scores for surface finish, 

specific energy consumption, grinding temperature, and grinding force, respectively. Further, for 

coolant recycling and disposal, a score of “-1” was provided for MQL and Cryo-MQL because dry 

grinding has better results due to the absence of coolant. Also, in MQL and Cryo-MQL 

environments, cleaning, filtering, and minimizing the harmful effects of the coolant used, resulted 

in enhancement in manufacturing cost. Now, after the summation of positive and negative scores 

in both cases, the final scores are achieved. The MQL receives a final score of +1, and the Cryo-

MQL gets a final score of +3. The technique with the highest total score is deemed the best. Thus, 

this clearly indicates that the Cryo-MQL technique is superior in terms of sustainability compared 

with the MQL. Therefore, from a sustainability point of view, Cryo-MQL grinding proves 

economically and socio-technologically beneficial. All these results are displayed in the Kiviat 

diagram in Fig. 4.44 (as per thesis) and sustainability assessment scores are plotted in Fig. 4.45 (as 

per thesis). 

“In summary, the Cryo-MQL system is more efficient than the MQL, offering enhanced 

lubrication, cooling, and process adaptability, leading to improved grinding performance and 

productivity.” 

 



19 
 

Table 4.4. Pugh matrix comparison for MQL and Cryo-MQL techniques. 

Sustainability 

assessment 

factors 

Dry MQL Cryo-MQL 

Environmental 

impact 

S -1 -1 

Operator safety S +1 +1 

Coolant cost S -1 -2 

Setup cost S -1 -2 

Surface finish S +1 +2 

Specific energy 

consumption 

S +1 +2 

Grinding 

temperature 

S +1 +2 

Grinding force S +1 +2 

Coolant 

recycling and 

disposal 

S -1 -1 

Total + 0 +5 +9 

Total - 0 -4 -6 

Score 0 +1 +3 

 

 

Fig. 4.44. Kiviat diagram based on the Pugh Matrix for sustainability assessment. 
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Fig. 4.45. Sustainability assessment scores. 
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Examiner II 

Annexure (b) 

Points for clarification: 

Comment 1: Why are you using magnetic Barkhausen noise analyser for surface integrity? Is 

profilometer not enough? 

Response: Magnetic Barkhausen noise technique is best for online monitoring of machined 

surface. It can be easily used to evaluate surface integrity for ferromagnetic materials such as all 

types of steel. Magnetic Barkhausen Noise (MBN) analysis offers some unique advantages. 

Advantages of MBN Analysis: 

• Non-Destructive: MBN analysis is a non-destructive testing (NDT) method, meaning it 

does not damage the workpiece surface during the measurement. This is crucial for 

ensuring the integrity of critical components. 

• Bulk Material Sensitivity: MBN analysis is sensitive to the microstructure of the material 

below the surface. This can be particularly useful for detecting subsurface defects like 

cracks or residual stresses that might not be readily apparent with profilometry. 

• Fast and Efficient: MBN analysis can be a relatively fast and efficient method for 

assessing surface integrity, particularly for large or complex components. 

The MBN technique provides certain advantages, such as deep penetration, less energy 

consumption, and portability of equipment. 

A profilometer is a very common and effective tool for measuring surface integrity, particularly 
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when focusing on geometric features like roughness, waviness, and step height. They do not 

provide direct information about the microstructure/microhardness/residual stresses at surface and 

sub-surface level. 

Comment 2: Why was the coolant deliver at 12º angle? 

Response: Prior to the actual experiment, several pilot tests were performed to optimize the nozzle 

angle for grinding the AISI D2 tool steel workpiece in our research work. The coolant delivery 

angle might compromise between good cooling and chip evacuation. A 12° angle could represent 

a balance between directly targeting the heat source and maintaining a flow path that effectively 

removes chips from the grinding zone. This angle helps to effectively reach coolant in the grinding 

zone and minimize the effect of the hydrodynamic layer around the wheel. 

Comment 3: Give more details of water-based coolant. 

Response: A detailed explanation of water-based coolant is provided below: 

Water: The primary component, typically comprising 80-95% of the coolant mixture. Water 

provides excellent heat transfer properties, which are crucial for absorbing heat generated during 

machining processes. 

Additives: Various additives are incorporated in relatively small concentrations (5-20%) to 

enhance the coolant's performance and offer additional functionalities beyond simple cooling.  

Water-based coolants have several classifications, depending on the type and concentration of 

additives: Mineral Oil-Based Emulsions, Synthetic-Based Coolants, Semi-Synthetic Coolants, and 

Soluble Oils. 

Water-based coolants are widely used in various machining processes, including grinding, milling, 
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turning, drilling, and tapping. 

Advantages of Water-Based Coolants: 

Cost-Effective:  They are generally less expensive compared to oil-based coolants. 

Environmentally Friendly: Water is the primary component that makes it more eco-friendly and 

easier to dispose of compared to oil-based coolants with stricter disposal regulations. 

Good Cooling:  Water possesses excellent heat transfer properties, effectively removing heat from 

the machining zone. 

Biodegradable:  Many synthetic-based water-based coolants are biodegradable, further reducing 

their environmental impact. 

Easy Cleanup:  Water-based coolants are generally easier to clean from workpieces and tools 

compared to oil-based coolants. 

Comment 4: Better to provide more details of dynamometer. 

Response: Thank you for your suggestion. As per your suggestion, some more information about 

the dynamometer has been incorporated at the appropriate place in subsection 3.5.1 of the revised 

thesis. Page no. 85. 

Comment 5: How did you focus thermal imaging camera? What is the accuracy? Will chips and 

coolant will not hinder the correct measurement? 

Response: After performing several trial experiments, the thermal imaging camera was fixed at a 

distance of 550 mm from the grinding zone using a tripod for proper focus on the grinding zone. 

The infrared thermal imager has 320 × 240 pixels infrared resolution and 30 Hz frame rate. It is 

set to a measurement range of -20 to 650 ºC, an emissivity of 0.95 with thermal accuracy of ±2%. 
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Thank you for your valuable comment regarding the potential impact of chips and coolant on 

temperature measurements using a thermal imaging camera in the grinding zone. Chips and 

coolant can hinder the accurate temperature measurement at the grinding zone using a thermal 

imaging camera. I used a chip evacuation system throughout the experiment to remove chips and 

maintain a clear line of sight between the camera and the grinding zone. On the other hand, coolant 

can coat the workpiece surface, altering its emissivity. Therefore, coolant should be chosen with 

minimal impact on emissivity. In my research, all coolants are provided in less quantity at the 

grinding zone area, which means they can not cover the workpiece surface, resulting in less impcat 

on emissivity. 

Comment 6: How significant is thermal softening in your work? Cryogenic cooling and thermal 

softening are contradictory. 

Response: The role of thermal softening in my work is related to the sharpness of grits, which 

results in grindability indices such as grinding forces, surface roughness, etc. Thermal softening 

and grit sharpness are interrelated factors in grinding, but their significance on each other varies 

depending on the grinding environment, i.e., dry, wet, or cryogenic with liquid nitrogen. In dry 

grinding, the absence of coolant leads to the highest grinding temperatures. This can significantly 

soften the workpiece material, especially with dull grits that generate more heat due to friction. 

The softened material might smear or adhere to the grinding wheel, further reducing grinding 

efficiency. Wet grinding introduces a coolant that absorbs some heat, reducing grinding 

temperatures compared to dry grinding. This can help minimize thermal softening, particularly 

when combined with sharp grits that promote efficient material removal with less heat generation. 

Cryogenic grinding with liquid nitrogen (LN2) offers the most significant reduction in grinding 

temperatures. The extremely low temperature of LN2 minimizes thermal softening, even with 
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slightly dull grits. However, very sharp grits are still preferred for optimal grinding efficiency and 

minimizing overall grinding forces. 

Comment 7: Section 4.1.4: It may be better to carry out hypothesis testing before making any 

conclusion. 

Response: I completely agree with the examiner's opinion. For better justification, in subsection 

4.1.4, I cited the conclusion statement, which was taken after studying the relevant research article 

in the revised thesis. Page no. 100 and 101. 

Comment 8: Fig. 4.6: Some texts report that surface roughness improves with increasing down 

feed due to self-sharpening etc. Please comment. 

Response: The statement “surface roughness improves with increasing down feed due to self-

sharpening” is not entirely accurate. The influence of downfeed on surface roughness in grinding 

is not a simple linear relationship. Because it depends on the work material, wheel material, 

grinding parameters, environments, etc. While there can be an initial improvement at low 

downfeed, increasing the downfeed can improve surface roughness to a certain extent. This can be 

attributed to self-sharpening and the increased penetration of sharper grits into the workpiece 

material, resulting in a cleaner chip formation. However, increasing the down feed excessively can 

lead to a rougher surface due to chip size, wheel loading, redeposition material over the machined 

surface and deflection issues of the workpiece and grinding wheel. Selecting the optimal down 

feed is crucial for achieving the desired surface finish in grinding. 

Comment 9: Bearing area curve can be explained in a better way. If needed, use Appendix. 

Response: Thank you for your suggestion regarding further explanation of the bearing area curve 

(BAC). I appreciate your feedback and agree that a more detailed explanation would be beneficial. 
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I have revised the explanation of the bearing area curve in the main text (section 4.1.6.3) to provide 

a more precise and comprehensive understanding. Page no. 108 and 109. 

Annexure (c) 

Suggestions for Modification: 

Comment 1: Please take permissions for all the figures taken from other sources. Write in caption 

“With permission from Ref. XYZ” as applicable. See for example, Fig. 1.1. 

Response: Thank you for your time and consideration of my thesis. I have taken immediate action 

and secured written permission to use all figures from external sources. I have cited all figures 

taken from external sources at appropriate places and wrote" With permission from Ref. XYZ" in 

the caption. Page no. 5, 6, 13, 29, 30, 34, 36, 39, 44, 47, 56, 59, 64, 66, 69. 

Comment 2: Section 1.3: Line 7: Change "grits" to "grains". 

Response: Thank you for your suggestion. The suggestion has been incorporated into the revised 

thesis. Page no. 14. 

Comment 3: Page 11: "hydrodynamic layer is inversely proportional to the smaller space.." is not 

clear and needs to be rephrased. 

Response: Thank you for your insightful review of my thesis. This suggestion would improve the 

clarity of the sentence on page 11 regarding the hydrodynamic layer. The current sentence, 

"hydrodynamic layer is inversely proportional to the smaller space..," is unclear. Here is a revised 

version that better conveys the intended meaning: “The reason was that hydrodynamic pressure is 

inversely proportional to the minimum gap between the grinding wheel and the workpiece”. The 

revised sentence has been incorporated into the revised thesis. Page no. 11. 
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Comment 4: Please use proper symbol for minus. You are using dash. 

Response: I appreciate you bringing to my attention the use of dashes (-) in place of proper minus 

signs (-) throughout the document. As per the examiner’s suggestion, I used the appropriate symbol 

for minus in the revised thesis. 

Comment 5: Please describe the setup of Fig. 1.4 in text. 

Response: Thank you for your review. As commented, a few descriptions of Fig. 1.3 (updated 

Fig. no.) are included at appropriate places in the revised thesis because detailed descriptions are 

given in Section 3.3.1. Page no. 12. 

Comment 6: Page 18: "Chapter 2:" line: Change "article" to "articles". 

Response: Thank you for your suggestion. The suggestion has been incorporated into the revised 

thesis. Page no. 20. 

Comment 7: Page 22: Correct the grammar in the first sentences and explain Fig. 2.1 in text. 

Response: Thank you for your thorough review of my PhD thesis. I appreciate your efforts for 

identifying the need for grammatical correction in the first sentences on page 22. I improved those 

sentences and incorporated a detailed description of Fig. 2.1 in the revised thesis. Page no. 24. 

Comment 8: Page 29: In the pointwise description, remove grammatical errors. 

Response: Thank you for reviewing my thesis and identifying grammatical errors in the pointwise 

description on page 29. I have carefully reviewed the thesis and made the necessary revisions to 

address the grammatical errors. Now, Page no. is 32. 

Comment 9: Fig. 2.4: What about cultural impact? 

Response: Thank you for highlighting the lack of cultural considerations in Fig. 2.4. I addressed 

this by adding a sentence in the revised thesis. Page no. 34. 
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Comment 10: Fig. 2.10: Improve it. Portion regarding Dewar is not clear. 

Response: I am grateful for the examiner's suggestion. I updated Fig. 3.5 (updated Fig. no.) 

according to the examiner's comments in the revised thesis. Page no. 81. 

Comment 11: Fig. 2.14 is not much useful. 

Response: Thank you for your feedback on Fig. 2.14.  I understand your concern that Fig. 2.14 is 

less valuable than other figures in the thesis, but it shows the importance of nanofluids in recent 

research. Page no. 64. 

Comment 12: While writing a number, do not put space after decimal point. Thus, 3.1 is correct, 

not the 3. 1. 

Response: Thank you for your suggestion. Suggestion has been incorporated in the revised thesis. 

Page no. 75. 

Comment 13: Page 74: Change 1050ºC to 1050 ºC. 

Response: Thanks for suggestion. I agree that the temperature on page 74 should be formatted as 

"1050 °C" with a space between the number and the degree symbol. I ensured that the temperature 

on page 74 is corrected to "1050 °C" and corrected all temperatures, as per the comment, 

throughout the revised thesis document. Page no. 76. 

Comment 14: Repeated experiments have been carried out. Hence, range or standard deviation 

can be reported along with average value. 

Response: Thank you for your suggestion. A range and average value are reported in tabular form 

and incorporated in the revised thesis. Page no. 215-221. 

Comment 15: Along with Fig. 3.5, adding one schematic will look good. 

Response: Thank you for giving valuable suggestions. I agree that adding a schematic diagram 
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alongside Fig. 3.5 could be beneficial for further clarity. I clubbed a schematic diagram and a real 

image of the Cryo-MQL experimental setup and placed them in Fig. 3.5 in the revised thesis. Page 

no. 81. 

Comment 16: Provide more details of coolant. 

Response: Thank you for your suggestion. I added some details about the coolant in Section 3.4 

because more details are given in Chapters 2, 3 and 4. Page no. 84 and 85. 

Comment 17: Page 85: Change “environmental-friendly” to “environment-friendly”. 

Response: Thank you for your valuable feedback. I updated all instances of “environmental-

friendly” throughout the entire thesis and corrected them to “environment-friendly”, as per the 

examiner’s suggestion. Page no. 86. 

Comment 18: Get rid of the habit of referring an equation number before it appears in the text. 

See Eq. 3.1, for example. The text should be written in different manner. 

Response: Thank you for your valuable feedback regarding using equation number before the 

equation is introduced in the text. As per the comment, I modified the sentence. Page no. 87 

Comment 19: Page 91: Line 8: Change “sections” to “Sections”. 

Response: Thank you for your suggestion. The suggestion has been incorporated into the revised 

thesis. Page no. 93. 

Comment 20: Fig. 4.2: Mention other parameters in a box or caption. 

Response: Thank you for your valuable feedback regarding the presentation of additional 

parameters. I understand the suggestion to include them within a dedicated box or caption. 

However, I provided the other parameter in the caption of Fig. 4.2 in the revised thesis. Page no. 

96. 
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Comment 21: Eq. 4.1: Change “Where” to “where”. Same in Eq. 4.2. Also, explain Eq. 4.2. 

Response: Thank you for your attentive review. I have identified the capitalization errors in Eq. 

4.1 and Eq. 4.2. After that, I revised them both to use lowercase "where" for proper equation 

formatting. Also, Eq. 4.2 was explained on page 122 of the revised thesis document. 

Comment 22: Section 5.1.1: Point 4: Correct grammar. Points 10, 11 and 12 are not clear. 

Response: Thank you for your thorough review of my thesis. I appreciate you identifying areas 

for improvement in Section 5.1.1. I read Section 5.1.1 and modified the point 10, 11 and 12 in the 

revised thesis according to the examiner's suggestion. Page no. 178 and 179. 

 

 

We appreciate all your insightful comments. Thank you for taking the time and energy to help us 

improve the thesis. 

Thank You. 


