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Thesis Title Influence of Parameters on Surface Hardness and Residual Stress
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ABSTRACT

The purpose of this research was to investigate the feasibility of a ball-burnishing process
on medium carbon steel, namely SCM-440, where a surface hardness, residual stress, surface
roughness, and microstructure were used as criteria for this study. Fundamentally, the burnishing
process is an operation aimed at improving the quality of a workpiece’s surface, including surface
hardness, residual stress, and surface roughness, by a plastic deformation generated by a movement
of a ceramic ball rolled onto a desired surface.

Experimentally, a silicon nitride ceramic ball with a diameter of 6 mm was used as a tool
in this study, while the process parameters, comprised of the burnishing pressure and depth of
burnishing, ranged between 200 and 600 bars and 0.4 and 0.6 mm, respectively.

Based on the experimental results, it can be concluded that both burnishing pressure and
depth of burnishing were the main effects of the final surface hardness. The highest surface hardness
was at 582 HV where the burnishing pressure was 600 bars and the depth was burnishing of 0.5mm,
which is similar to a hardened SCM-440. Nevertheless, this combination of the process parameters
also provided the highest horizontal residual stress up to 369.4 MPa, which is higher than a hardened
SCM-440. Surface roughness was influenced by both process parameters where the burnishing
pressure of 200 bars and the depth of burnishing of 0.4 mm provided the best surface quality in this
study. Finally, the microstructure of the burnished sample showed the dense area on the surface of the

sample effected by a compacting process of grains.

Keywords: ball burnishing surface hardness residual stress
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Rockwell C, Rockwell || Rockwell B, || Brinell 10-mm Brinell 10-mm
Vickers Hardness
150 kgf A, 60 kgf 100 kgf Standard Ball || CarbideBall 3000-kgf
Number(HV)
(HRC) (HRA) (HRB) 3000-kgf(HB) (HB)
68 85.6 940
67 85.0 900
66 84.5 865
65 83.9 (739) 832
64 83.4 (722) 800
63 82.8 (705) 772
62 823 (688) 746
61 81.8 (670) 720
60 81.2 (654) 697
59 80.7 634 674
58 80.1 615 653
57 79.6 595 633
56 79.0 577 613
55 78.5 560 595
54 78.0 543 577
53 77.4 525 560
52 76.8 (500) 512 544
51 76.3 (487) 496 528
50 75.9 (475) 481 513
49 75.2 (464) 469 498
48 74.7 451 455 484
47 74.1 442 443 471

15



I~ = ' < '
A1TNN 2.3 AT INUNYUAIANNLUY (91D)

Rockwell C, Rockwell A,|| Rockwell B, || Brinell 10-mm Brinell 10-mm
Vickers Hardness
150 kgf 60 kgf 100 kgf Standard Ball ||CarbideBall 3000-kgf]
Number(HV)
(HRC) (HRA) (HRB) 3000-kgf(HB) (HB)
46 73.6 432 432 458
45 73.1 421 421 446
44 72.5 409 409 434
43 72.0 400 400 423
42 71.5 390 390 412
41 70.9 381 381 402
40 70.4 371 371 392
39 69.9 362 362 382
38 69.4 353 353 372
37 68.9 344 344 363
36 68.4 336 336 354
35 67.9 327 327 345
34 67.4 319 319 336
33 66.8 311 311 327
32 66.3 301 301 318
31 65.8 294 294 310
30 65.3 286 286 302
29 64.8 279 279 294
28 64.3 271 271 286
27 63.8 264 264 279
26 63.3 258 258 272
25 62.8 253 253 266
24 62.4 247 247 260
23 62.0 243 243 254
22 61.5 237 237 248
21 61.0 231 231 243
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1. Aa TanBuUVYeY (Edge Dislocation) e nozaew og lunuivsounslu
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2.5 NURIFUY (Surface Texture)
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2.5.1 ANUHIUAALANNIZIUAIFUY (Surface Roughness and Surface Finish)
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 TYPIGAL FLAW (SCRATCH)
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SURFACE ROUGHNESS
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Surface Roughness : Rz) FafintiaoniluluTaswns (Um) naasiagilii 2.3 Tasudazmiasmsia
fail
- mmwﬂmmﬁa (Average Surface Roughness : Ra) ﬁf] mﬁ"lﬂ”mﬂmsmmmﬁ'mm

adinvesitufigeaurauududess Aunu x Aemnas Awnu y e MANUHEI naas
310 2.6 (@)

- A1ANHEIVAIZIGA (Maximum Height : Ry) Ao A1inaingagaga lidsdega
@%1@@611@@ﬁammﬁauﬁmﬁ'ué’nﬁq uﬁmﬁagﬂﬁ 2.6 (b)

- iéhmmwﬂmﬁam?;mmuﬁugﬂ (Ten Spot Average Surface Roughness : Rz) D i1
wlannmidanaaeuilugiunig fu 5 semulaniniugavesseaniiuy 5 90 Lazan s
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(a) Arithmetical average roughness (R,)
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Ry=Rp-+Rv

(b) Maximum height (Ry)
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Rz [Yp1+Ype+Ypa+Ypa+¥ps |+ |Yor+Yvz+ Yoo+ Yoas Yos |
= 5
¥p1.Yp2,Ypa. Ypa, Yps  : Heights of the of top five peaks within the
sampled portion of reference length £
Y1, Yvz, Yva, Yva, Yvs  : Heights of the five lowest valleys within the
sampled portion of reference length £

(c) Ten-spot average roughness (R))

d' 1 a
310 2.6 MANUMOIVFI [19]
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MTNN 4.9 LLﬁﬂ\iWﬁ’)tﬂi”lgﬁﬂ’ﬂml‘l]iﬂiﬁu (ANOVA) VoIMAMUTNAIHANDANVUUIVOIH?

Source DF Seq SS Adj SS Adj MS F P
Pressure 2 9544 9544 4772 2.60 0.102
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Error 18 33051 33051 1836
Total 26 164142
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AN 4.11 HAAIMIANUAUANAL

4
uimuﬁmu"lamaaﬂ

ﬂ’JUJﬁﬂﬂJ?Nﬂﬁﬂﬂ Point X Y
ans) FaRA (MPa) (MPa)
(Naawwns)
200 0.4 Unburnished | -384.7%18.1 | 333.3%+14.6
Surface -215.8%13.1 | -749.8%20.9
0.5 Unburnished | -206.31+152 | 141.319.0
Surface -366.71£15.3 | -992.0%19.1
0.6 Unburnished |  7.2%10.8 39.819.4
Surface -350.1%£6.2 | -729%13.2
400 0.4 Unburnished | -107.1%17.6 | 185.0122.8
Surface -209.112.8 | -447.5137
0.5 Unburnished | 109.4%18.0 | 362.1%15.6
Surface 3423112 | -815.1119.8
0.6 Unburnished | 296.4116.1 | 451.1X16.9
Surface 3404156 | -693.119.9
600 0.4 Unburnished | -372.5124.9 | 499.1+10.7
Surface 2733136 | -638.1%12.7
0.5 Unburnished | -335.4122.1 221211
Surface -369.4%15.7 | -787.4%17.1
0.6 Unburnished | 162.3%12.4 | 2349193
Surface -343.8%7.1 | -711.2482
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A1319N 4.12 UAAIAIANUHEIVAIRAIUDI SCM 440

ufnﬁuﬁwﬁu ﬂ'J’liJﬁﬂ"Ui’]\?ﬂ’lﬁ wnﬁma%’mmwamﬁa
lansedn aasaRde | Ra(Sa) | Rq(Sq) | Rp(Sp) | Rv(Sv) | R#(Sz) | Rsk(Ssk) | Rku(Sku)
(W% @adwas) | (m) | (Wm) | (Um) | (Hm) | (Um)
Unburnished 1.40 1.67 5.51 -6.46 11.98 | 0.12 2.70
200 0.4 0.46 3.73 0.61 -3.97 8.45 -0.15 3.91
0.5 0.59 3.19 0.77 -6.72 10.62 | -0.88 4.65
0.6 0.66 3.13 0.81 -3.36 6.48 0.03 2.49
400 0.4 1.18 5.98 1.47 -6.26 12.29 | 0.58 3.81
0.5 0.73 4.67 1.18 -4.81 9.52 0.28 391
0.6 0.67 4.74 0.86 -4.57 9.31 -0.28 4.02
600 0.4 1.34 10.35 1.77 -8.18 18.54 | 0.72 5.29
0.5 0.83 4.13 1.00 -5.16 9.89 -0.24 3.55
0.6 0.82 4.71 1.02 -4.36 9.08 -0.43 3.16
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(b) Pb =200 bar, Db = 0.5 mm

70



NV an
Armes
"R ]
¥ Profie =0 7195 mm AR SETY pm
L
10 I ] ) is ] ﬁ | | I
33 'H-.r’l : 1 7 H 1 ﬁ: i ] ;.FJFF'\.
good o I I Frl § os | ] wwmwwﬁﬂf' !
An - - T - - | ! A ! !
b AT — i —1 oo —=—1—F
20{—* ' + + 4 Bt B f
28% - A1
oo a2 on& (-1 as 10 ' el ] (=R 1] 020 onx Dax [=F-1 ] [+ ] ane

(¢c) Pb =200 bar, Db = 0.6 mm

a
2 -
']
5 Al
M
2
)
<
3
) ¥ Profile: AX=0.71%5 mm; AZ=1.5721 pm
M= M
¥ s Cnl - .
20 20 T
0l RS =ocay R I I ‘ o
g 0N 1] ! A v
e PP o U il e 1= o i
a0 ‘ T :
A0 - + - - o 30— T T T - - + -
00 02 04 05 08 0 000 @0 020 0N 0w 0® 0W 07
mm mm

(d) Pb =400 bar, Db = 0.4 mm
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M50 1.1 HAMINATOUMANNUIIAIVOUNAN SCM-440 AOUMTNATARIT

freddn | usewdaiy | avwdEnvesnisna AU (HV)
laasodn Fanud Test 1 Test 2 Test3
W19) (Hadwag)
200 0.4 319 342 305
! 200 0.5 321 303 318
200 0.6 336 313 370
400 0.4 364 368 326
2 400 0.5 311 306 354
400 0.6 310 313 324
600 0.4 386 343 345
3 600 0.5 299 299 329
600 0.6 303 336 357
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A5 N2 wam'smﬁauﬁwmmuﬁaﬁmmmﬁﬂ SCM-440 'ﬁﬁlﬂﬂﬁ%ﬂﬁ’mﬁﬂ

Fr06190 139AU AWAN AN (HV)
ﬁnj’u VoIN1INg Test1 | Test2 | Test3 | Test4 | Test5 | Test6 | Test7 | Test8 | Test9
leasedan | Farauda
W13) (Tadny)
200 0.4 459.8 | 456.2 | 347.4 | 494.6 | 4849 | 448.8 | 404.6 | 376.1 | 454.5
! 200 0.5 691.1 | 517.7 | 758.6 | 588.2 | 7243 | 626.8 | 619.5 | 693.3 | 492.6
200 0.6 366.7 | 411.5 | 285.0 | 304.6 | 443.4 | 550.7 | 550.7 | 324.6 | 366.7
200 0.4 429.0 | 471.8 | 507.3 | 337.2 | 439.8 | 459.8 | 488.0 | 510.0 | 532.8
2 200 0.5 365.0 | 465.7 | 538.0 | 623.8 | 651.7 | 500.5 | 545.5 | 454.5 | 575.6
200 0.6 611.0 | 510.7 | 447.6 | 453.3 | 521.8 | 430.6 | 428.6 | 451.6 | 536.5
200 0.4 457.4 | 409.5 | 462.3 | 414.5 | 463.9 | 458.7 | 475.3 | 505.3 | 523.2
3 200 0.5 741.0 | 599.4 | 587.3 | 563.0 | 484.9 | 524.0 | 465.7 | 419.1 | 490.7
200 0.6 394.6 | 368.0 | 327.0 | 350.5 | 352.5 | 368.8 | 389.7 | 4264 | 4574
400 0.4 530.6 | 359.8 | 412.0 | 489.4 | 381.4 | 310.7 | 348.2 | 3174 | 381.6
! 400 05 553.2 | 452.8 | 493.9 | 569.9 | 458.6 | 497.9 | 507.3 | 439.3 | 456.8
400 0.6 3923 | 4264 | 437.1 | 488.1 | 5109 | 485.1 | 410.6 | 454.5 | 414.0
400 0.4 379.6 | 380.4 | 379.2 | 323.4 | 4409 | 3552 | 381.4 | 378.3 | 380.1
2 400 0.5 603.8 | 579.7 | 594.2 | 663.7 | 532.8 | 691.1 | 686.8 | 737.8 | 505.3
400 0.6 314.7 | 322.8 | 417.6 | 391.8 | 3752 | 412.0 | 403.7 | 4409 | 401.3
400 0.4 375.2 | 342.0 | 384.5 | 374.8 | 608.3 | 447.1 | 369.7 | 403.7 | 304.3
3 400 0.5 479.2 | 4959 | 581.4 | 421.7 | 447.1 | 609.2 | 503.9 | 458.6 | 500.5
400 0.6 388.1 | 398.9 | 454.5 | 406.1 | 393.7 | 502.6 | 406.1 | 396.5 | 354.0

92




A ' < a <] @ A A < '
A1TNN N2 WANITNATDUAINNNLUUINIVDIUNAN SCM-440 HAINITTARNILLUL (919)

Fr06190 139AU AWAN AN (HV)
1}13]"1,4 VoIN1INg Test1 | Test2 | Test3 | Test4 | Test5 | Test6 | Test7 | Test8 | Test9
leasedan | Farauda
@) (Hadnms)
600 0.4 310.1 | 464.5 | 330.6 | 335.7 | 505.3 | 304.3 | 471.1 | 483.6 | 300.2
! 600 0.5 573.1 | 543.2 | 500.5 | 578.1 | 668.9 | 637.9 | 619.5 | 598.5 | 620.1
600 0.6 465.7 | 420.1 | 442.0 | 458.6 | 752.3 | 630.4 | 724.3 | 391.4 | 463.9
600 0.4 419.1 | 414.0 | 538.0 | 475.7 | 314.0 | 429.0 | 522.7 | 313.0 | 381.4
2 600 0.5 611.0 | 522.7 | 490.7 | 602.0 | 797.3 | 602.0 | 585.2 | 430.6 | 575.6
600 0.6 316.4 | 452.8 | 380.5 | 415.5 | 782.9 | 825.1 | 646.7 | 430.1 | 416.6
600 0.4 4979 | 317.7 | 313.7 | 314.0 | 427.7 | 435.5 | 414.0 | 372.6 | 389.6
3 600 0.5 603.8 | 457.4 | 5723 | 600.3 | 544.7 | 550.9 | 617.3 | 623.8 | 5814
600 0.6 390.3 | 397.9 | 402.2 | 507.3 | 362.5 | 517.0 | 450.5 | 408.1 | 477.3
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M3 V.1 UAAIAIANURGIURUNTEVDI SCM 440 NOUNTNATARIT

feg1e | useduniuiy | aawdnvesms WA AUV

i laasoan AATARILLY Sa Sq Sp Sv Sz Ssk | Sku
(W1%) (a@mas) | (Um) | (m) | (Hm) | (HUm) | (Lm)

1 200 0.4 392 2010 |1.96 |-20.63 |40.73 | -0.481 | 3.412
200 0.5 6.02 | 1782 | 732 |-2130 | 39.12 | 0.084 | 2.378
200 0.6 446 | 1250 |5.56 |-23.47 | 3567 |-0.545 | 2.998

2 400 0.4 055 | 266 |069 |-353 |619 |-0.343 | 2.679
400 0.5 053 |295 |066 |-248 [543 0026 |3.205
400 0.6 121|372 | 144 |-521 |893 |-0.303 | 3.492

3 600 0.4 063 |338 [078 |-284 |622 |-1403 | 5282
600 05 721 | 2630 | 871 |-2617 | 5248 | -0.018 | 2.326
600 0.6 3.66 | 1050 | 473 | -23.97 | 3447 | -0.992 | 4.467
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M50 9.2 UAAIAIANUHRGILRUNTEVDI SCM 440 HEINTNAT AR

a ¢ a
WITTADTAITUNYTUNY

AI001 | UIIAU AWAN | Test
i duiu | veamsna Sa Sq Sp Sv Sz Ssk | Sku
loasodn | Faruda (Um) | (Um) | (Um) | (Um) | (Lm)
and) | (adwag)

1 200 0.4 1 0.84 12.63 | 1.32 -5.48 18.10 | 0.811 3.674
200 0.4 2 0.40 3.67 0.52 -4.10 7.77 0.151 4.79
200 0.4 3 0.59 5.51 0.75 -3.90 9.42 -0.66 3.69
200 0.4 4 0.41 3.05 0.53 -3.42 6.47 -0.417 | 4.033

2 200 0.4 1 0.35 3.37 0.45 -2.93 6.30 0.062 4.054
200 0.4 2 0.35 3.23 0.44 -2.77 5.99 -0.137 | 3.004
200 0.4 3 1036 [304 |045 [-388 |691 |016 |3.189
200 0.4 4 043 399 |059 |-407 |807 |-0.821 | 6.091

3 200 0.4 1 044 |303 |055 |-485 |7.88 |0.161 |3.233
200 0.4 2 | 044 |358 |056 |-554 |9.12 |-0.409 | 3.956
200 0.4 3 0.47 5.16 0.60 -3.42 8.58 -0.23 3.572
200 0.4 4 0.48 3.43 0.61 -3.32 6.75 -0.413 | 3.613

4 200 0.5 1 0.89 3.84 1.11 -5.08 8.92 -0.029 | 2.851
200 0.5 2 0.48 4.11 0.88 -21.72 | 25.83 | -0.859 | 6.022
200 0.5 3 0.38 4.63 0.49 -8.63 13.26 | -0.445 | 5.737
200 0.5 4 0.80 3.41 0.95 -3.34 6.75 0.204 2.254

5 200 0.5 1 0.57 4.90 0.79 -6.60 11.49 | -0.629 | 8.426
200 0.5 2 0.54 6.83 0.74 -6.65 13.51 | 0.173 8.793
200 0.5 3 1036 |439 |046 |-3.57 |7.95 |-0.039 | 4.694
200 0.5 4 1068 |38 |084 |-581 |9.63 |0.062 |5.018

6 200 0.5 1 0.79 5.01 0.97 -4.78 9.80 0.811 3.674
200 0.5 2 0.44 2.62 0.58 -4.81 7.43 -0.21 3.94
200 0.5 3 0.63 2.47 0.75 -3.88 6.35 -0.277 | 2.411
200 0.5 4 0.54 3.78 0.66 -5.79 6.56 -0.262 | 3.362
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A U a = v A A [ '
ATNN V.2 UAAINIANNUHIIUNURAYUDI SCM 440 HAINITNATARNILUL (71D)

a ¢ a
WITTADTAITUNYTUNY

AI001 | UIIAU AWAN | Test
i duiu | veamsna Sa Sq Sp Sv Sz Ssk | Sku
loasodn | Faruda (Um) | (Um) | (Um) | (Um) | (Lm)
and) | (adwag)

1 200 0.6 1 0.66 4.02 0.84 -5.57 9.59 0.302 3.245
200 0.6 2 0.66 3.49 0.85 -3.07 6.57 0.449 3.447
200 0.6 3 0.76 2.35 0.89 -1.44 3.79 0.655 2.195
200 0.6 4 0.55 2.66 0.69 -3.53 6.19 -0.559 | 3.357

2 200 0.6 1 0.53 2.95 0.66 -2.48 5.43 -0.114 | 2.778
200 0.6 2 1.21 3.72 1.44 -5.21 8.93 -0.63 2.436
200 0.6 3 |063 [338 |078 |-284 |622 |-0.101 |2.535
200 0.6 4 1067 |376 |085 |-48 |859 |0.086 |3.348

3 200 0.6 11055 |28 [071 |-279 |566 |0.111 |3.114
200 0.6 2 033 227 |042 |-189 |4.16 |0454 |3.385
200 0.6 3 0.63 3.31 0.79 -3.00 6.30 0.258 2.766
200 0.6 4 0.68 2.75 0.83 -3.65 6.39 -0.585 | 2.698

4 400 0.4 1 1.19 2.93 1.33 -4.39 7.32 -0.119 | 1.674
400 0.4 2 0.63 5.19 0.85 -5.58 10.77 | 0.96 5.842
400 0.4 3 0.64 5.06 0.84 -4.48 9.54 0.973 5.276
400 0.4 4 0.80 5.09 1.04 -6.00 11.09 | 0.719 4.124

5 400 0.4 1 0.80 6.31 1.08 -6.21 12.53 | 1.033 5.625
400 0.4 2 2.05 7.01 2.42 -5.25 12.26 | 0.046 2.074
400 0.4 3 1138 [517 | 169 |-6.89 |12.06 | 0.247 | 2.606
400 0.4 4 |136 | 785 | 168 |-820 |16.01 |0.122 |3.077

6 400 0.4 1 1.41 6.99 1.73 -7.51 14.61 | 0.365 2.797
400 0.4 2 1.37 4.88 1.66 -6.84 11.71 | 0.12 2.573
400 0.4 3 1.18 6.25 1.57 -5.92 12.17 | 1.17 3.957
400 0.4 4 1.31 9.57 1.75 -7.87 17.43 | 1.327 6.12
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ATNN V.2 UAAINIANNUHIIUNURAYUDI SCM 440 HAINITNATARNILUL (71D)

a ¢ a
WITTMABDIAITUNYTUNTI

AI001 | UIIAU AWAN | Test
i duiu | veamsna Sa Sq Sp Sv Sz Ssk Sku
loasodn | Faruda (Um) | (Um) | (Wm) | (Um) | (m)
and) | (adwag)

1 400 0.5 1 0.27 3.40 0.35 -0.76 4.16 1.223 5.196
400 0.5 2 0.38 4.44 0.50 -1.91 6.35 1.223 5.987
400 0.5 3 0.51 3.21 0.64 -2.50 5.71 0.289 3.14
400 0.5 4 0.49 3.89 0.64 -4.15 8.04 -0.312 | 4.126

2 400 0.5 1 0.61 50.52 | 0.78 -5.83 10.90 | -0.135 | 3.642
400 0.5 2 1.23 4.56 4.56 -8.16 12.72 | -0.469 | 2.829
400 0.5 3 |1.08 [540 |137 |-455 [995 | 1.087 |3.686
400 0.5 4 1050 | 478 [064 |-512 [990 |0072 |3.747

3 400 0.5 11057 |683 [072 |-631 |[13.14 [0.161 | 3.899
400 0.5 2 |087 |471 |112 |-341 |[812 |089% |3.891
400 0.5 3 1.70 5.54 2.08 -7.51 13.05 | -0.49 2.762
400 0.5 4 0.58 4.64 0.76 -7.50 12.14 | -0.148 | 3.994

4 400 0.6 1 0.61 4.25 0.78 -3.78 8.03 0.614 3.859
400 0.6 2 0.79 5.07 1.01 -5.20 10.27 | -0.72 4.405
400 0.6 3 0.45 3.58 0.58 -2.31 5.89 0.555 3.856
400 0.6 4 0.51 4.69 0.70 -4.97 9.65 -0.987 | 6.801

5 400 0.6 1 0.67 5.86 0.85 -4.12 9.98 -0.205 | 3.563
400 0.6 2 0.85 6.06 1.09 -5.51 11.57 | -0.991 | 3.853
400 0.6 3 |060 |468 |074 |-467 |935 |-019 |3.047
400 0.6 4 1091 [394 [115 |-568 [9.63 |-0.604 |3.678

6 400 0.6 1 0.70 4.53 0.86 -3.24 7.76 -0.005 | 2.651
400 0.6 2 0.69 3.11 0.92 -5.36 8.47 -0.835 | 4.95
400 0.6 3 0.78 4.52 0.96 -4.46 8.98 -0.573 | 3.266
400 0.6 4 0.51 6.56 0.64 -5.58 12.14 | 0.574 4311
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ATNN V.2 UAAINIANNUHIIUNURAYUDI SCM 440 HAINITNATARNILUL (71D)

@001 | usedy | AwW@n | Test wWisiines ALK
i duiu | veamsna Sa Sq Sp Sv Sz Ssk Sku
loasodn | Faruda (Um) | (Um) | (Wm) | (Um) | (m)
@nd) | @adwag)

1 600 0.4 1 0.85 4.78 1.00 -4.75 9.53 0.249 2.526
600 0.4 2 2.83 17.45 | 3.77 -14.42 | 31.87 | 0.506 4.174
600 0.4 3 1.84 13.73 | 2.65 -13.21 | 2694 | 1.102 6.845
600 0.4 4 2.21 9.89 2.61 -9.97 19.86 | 0.595 2.289

2 600 0.4 1 1.09 5.17 1.42 -8.85 14.02 | 0.392 3.524
600 0.4 2 1.66 7.15 2.03 -7.49 14.63 | 0.24 2.452
600 0.4 3 (139 [ 1395 |[1.80 |-6.52 | 2057 | 1.168 | 5.969
600 0.4 4 | 118 | 1436 | 1.73 |-9.60 |2396 | 139 |11.17

3 600 0.4 1| 1.84 |1437 {237 |-1021 | 2457 |0.726 |3.622
600 0.4 2 | 138 | 1330 | 1.76 |-6.85 |20.15 | 0475 |4.536
600 0.4 3 1.82 16.39 | 2.03 -5.41 21.80 | -0.085 | 2.452
600 0.4 4 1.78 1122 | 240 | -9.84 21.07 | 0.92 5.46

4 600 0.5 1 0.84 3.69 0.71 -4.42 8.11 -0.30 4.24
600 0.5 2 1.27 7.59 1.58 -4.87 12.46 | 0.36 2.95
600 0.5 3 0.66 3.86 0.84 | -4.70 8.56 -0.32 3.72
600 0.5 4 0.57 3.33 0.72 -5.31 8.64 -0.28 3.40

5 600 0.5 1 0.64 4.40 0.82 -4.10 8.50 -0.43 3.71
600 0.5 2 0.81 5.34 1.04 -4.98 10.32 | -0.95 3.77
600 0.5 30 (111 323 [ 132 |-677 | 1000 |-0.63 | 247
600 0.5 4 | 121 |480 | 148 |-730 | 1211 |-0.66 |3.57

6 600 0.5 1 0.74 3.80 0.91 -4.63 8.43 -0.79 3.31
600 0.5 2 0.70 4.50 0.88 -4.36 8.85 -0.38 3.15
600 0.5 3 0.57 4.36 0.74 -4.12 8.48 0.82 4.17
600 0.5 4 0.79 7.93 1.01 -6.33 1426 | 0.72 4.14
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@001 | usedy | AwW@n | Test WsAe3 ALY
i duiu | veamsna Sa Sq Sp Sv Sz Ssk | Sku
loasodn | Faruda (Um) | (Um) | (Um) | (Um) | (Lm)
@nd) | @adwag)

1 600 0.6 1 1.02 3.79 1.21 -4.40 8.19 -0.25 2.17
600 0.6 2 0.59 3.59 0.73 -3.22 6.81 0.47 3.08
600 0.6 3 1.23 4.46 1.45 -6.29 | 10.74 -0.40 2.49
600 0.6 4 0.65 4.39 0.80 -3.63 8.02 0.06 2.79

2 600 0.6 1 0.75 5.73 0.94 -4.03 9.76 -0.68 332
600 0.6 2 0.54 5.11 0.72 -3.85 8.96 -3.85 4.20
600 0.6 3 097 | 571 | 122 -398| 9.69| 028 293
600 0.6 4 0.68 | 4.00 | 090 | -464 | 865| -0.60| 433

3 600 0.6 1 0.85| 6.00 | 1.04| -467| 1067 | -0.43| 2.83
600 0.6 2 0.88 | 4.00| 1.05| -3.65| 7.65| 014] 230
600 0.6 3 0.94 5.79 1.23 -7.13 | 12.93 -0.41 4.62
600 0.6 4 0.79 399 | 097 -2.85 6.83 0.55 2.81
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Surface Improvement of SCM 440 by the Ball-
burnishing Technique

Montri Kawsuk*

Department of Industrial Engincering,
Faculty of Engineering, Rajamangala University of
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Patumtani, Thailand
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Abstract—The objective of this research was to develop a new
ball-burnishing tool integrated with a CNC milling, to improve the
surface roughness, hardness, and residual stress of the material
used in the present study, the Low-alloy steel SCM 440. The
surface burnishing parameters for the ball-burnishing tool were
determingd after conducting the experimental methods. Based on
the experimental results, the adequate combination of the process
parameters was as follows, the burnishing pressure constantly
from 200 to 600 bars, when machining using a low depth of cut 0.5
and 0.6 mmJ/rev, the velocity of 2 m/min, Muid as lubricant
hydraulic oil (HLP 68). The quality of the surface roughness was
studied. The final quality was similar to grinding, even reaching
0.349 pm Ra on average by using the adequate burnishing
parameters. Corresponding to a before surface and to the same
surface after being burnished with two different burnishing depth,
roughness parameters improved about 75% when burnishing was
applicd. The burnishing surface hardness was increased to HV 586
on average.

Keywords;  ball-burnishing;  surface

hardoess; SCM440

roughness;surface

L. INTRODUCTION

Mechanical surface trealments have been widely used to
improve the physical-mechanical properties of metallic
components [1-3]. As a consequence of plastic deformations,
compressive residual stress states, work hardening, micro-
structural alterations and a favorable roughness are produced;
improving the fatigue strength and wear resistance [4,5]. Ball
burnishing and Roller (also known as surface plastic
deformation processes) arc methods for improving metal
surface finishing, surface hardness and dimensional accuracy
[6-9). Ball-burnishing is a rapid, simple and cost-cTective
mechanical surface treatment. [n the process, the deformation
element is the hard ball. As ball acts as a tool in deformation
the surface layer, for the given normal force it gives high
specific pressure, more fatigue strength, micro hardness &
depth of work hardening layer as compared to ball burnishing.
The materials used for the ball arc alumina carbide-ceramic,
cemented carbide, silicon nitride ceramic, silicon carbide
ceramic and bearing steel. Bumishing tools are also now widely
applied in nonautomotive applications for a varicty of benefits;
1o produce better and longer lasting seal surfaces; to improve
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wear life; to reduce friction and noise levels in running pars;
and to enhance cosmetic appearance. Examples include valves,
pistons of hydraulic or pneumatic cylinders, Jawn and garden
cquipment components, shafis for pumps, shafls running in
bushings, bearing bores, components of plastic molds, cold
mold, hot work and general auto parts [10].

Parameters that have an influcnce on the ball bumishing
process are; the normal bumishing force (measured at the
hydraulic installation by the fluid pressure), the bumishing
feed, prior hard turning feed, burnishing speed, prior hard
tumning inscrt nose radius and lubrication. Original roughness is
also expected to exert an important effect. Other interesting data
are; surface hardness, microhardness underneath the bumished
surface and microstructurc photographs.

I1. THE BASIS OF HYDROSTATIC BALL-BURNISHING

The principle of the ball-burnishing tool is shown in Fig. 1.
Tt is based on the hydrostatic principle [11). The pressure is
supplicd by a hydraulic pump, which feeds on its own coolant
tank and is capable of pumping at a pressure of 600 bar. The
hydraulic pump is placed next to the machine where is mounted
the burnishing equipment. The key element is a ceramic ball
pressed against the surface of the workpicce so that crushes the
surface roughness peaks. This material exhibits silicon nitride
(SisNs) ceramic with a diameter of 6mm.The ceramic ball is
entircly supported by the fluid, freely rotating on the workpiece
surface.

In the hydrostatic technology, the normal force depends
only on the pump pressure.

This setup has several advantages, as follows [12]:

-the normal force is constant, proportional to the fluid
pressure; the process is then consistent and easy to reproduce;

- the ball can rotate freely in any direction; this prevents any
sliding contact with the workpiece;

-1he tool can be installed on a regular or CNC milling, as
shown in Fig. 2; burnishing can be thus carried out with the
workpiece in the same clamped position as the previous
operation;

-the tool has a long life and it is easy 1o maintain.
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The burnishing technique can be used on cylindrical
surfaces, flat surfaces, profiled surfaces, conical surfaces, zones
of sharp section changes, etc.

111, EXPERIMENTAL DESIGN

The material used in the present study was the Low-alloy
steel SCM 440, the chemical composition of which was given
in Table 1. The material was heat-treated steel, with hardness
42-57 HRC.[13] The alloy steel contained moderate amounts of
carbon (0.40%). It also contained chrome / molybdenum.
SCM440 was used in thermal-refining or induction-hardening
treatment for the automotive industry.

Table 1. Chemical composition of SCM 440 steel (mass®)

[~ Si Mn Cr Mo Ni

041 030 007 110 0.20 1.5
Pressure gauge

==

From Hydraulic Oil |
—l {

b el b Ceramic Ball

Fig 1. Principle schema of ball burnishing

Hydeaulic pusgp
Fig 2. Ball bumnishing placed on the milling machine

To prepare the specimens, a face milling process had to be
carried out. In this work, a CNC milling insert was used. All the
bumishing tests Hydraulic oil HLP 68 were high-performance
hydraulic oil with optimal anti-wear properties (A W-Additives)
and high load capacity of the lubrication film. The process
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variables for ball-burnishing were the burnishing pressure (Py)
and the burnishing depth (a.).

The studies determined the bumishing parameters
influencing on surface roughness and residual stress. Each
specimen was initially size turned on a length of 60 mm width
40 mm and a thickness of 10 mm and then divided into several
regions, each of them with different burnishing parameters.
Some region was left without burishing for initial surface
roughness measurement.

- Surface roughness was measured using the 3D Optical
Profiler from BRUKER.

- Surface hardness was measured using a Vickers hardness
test method. The Vickers hardness test method also referred
to as @ micro hardness test method mostly used for small
parts, thin sections, or case depth work.

The plastic deformation produced on the part surface during
ball burnishing causes a significant alteration of the residual
stress state. X-ray diffraction (XRD) rechniques were used
for the residual stress measurement. XRD allows to measure
the stress field on the surface or close to the surface.

The studies examined the surface improvement which was
obtained from bumishing parameters. Three test parts were
analyzed; surface hardness, surface roughness and residual
stresses were measured. In Table 2, the parameters used for
each test part were shown.

Tahle 2 Experimental of the burnishing tests

Input parameter Test 1 Test2 Test 3
Bumishing pressore {har) 200 400 00
By orp (i 05.06 0506 0506

IV, ANALYSIS OF THE SUPFACE QUALITY

The goal of the research is to give the manufacturer a set of
options in term of burnishing parameters and original hardness
in order to obtain a target hardness of 412 HV (42 HRC) after
burnishing.

A. Surface hardness

The direct effect of bumishing parameters on surface
hardness, the initial surface hardness of the test specimen is
about HV 312.5 on average. Afier finishing the experiments
with SCM440, Fig. 3 illustrates the surface hardness on the nine
arcas have been measured and averaged by the Vickers micro-
hardness test instrument, Model MXT-70, The bumishing
pressure variation in hardness reveals that the surface hardness
increases with the increased burnishing pressure constantly
from 200 to 600 bars. Further increase of burnishing depth
results in the decrease of surface hardness. The surface hardness
is increased to HV 58 6 on average, possibly, due to the
squeezing of the grain boundary.
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B. Surface roughness

Measuring roughness surface topography using coherence
scanning interferometry (CSlI), CSI is a non-contacting
measurement technique. It uses a broadband light source and
combines vertical (z-axis) scanning techniques with optical
interferometry techniques, to achieve a three-dimensional (3D}
surface measurement. The core § parameters expanded from the
roughness (2D) parameter are identified in Table 3. As
previously explained for the profile parameters, the range of the
real parameters available to the user will be dependent on the
CSl instrument manufacturer. S parameters have also been
developed as analogies to the range of material ratio parameters
defined in 1SO 4287

Fig. 3.M:

Tuble 3. 3D p xpanded from the rough @2 p
3 b1} Description T{]ﬂﬂl
Parameter | Roughness nits

Sa Ra Anthmetical mean b,

e Rq Roal mean square leagth of the [—E—I
scale limited surface

Sp R ,\imEhﬂrﬂ i

Sv Rv Maximum pit depth wm

8 Rz Muximum heaght of the seale n
limited surface

Sk Rsk Skewness of the scale Limited
surface

Shu Rhku Kurtosis of the scale lmted

A set of tests was carried out in order to check the relation
between roughness and the burnishing pressure (Py) and
burnishing depth (a). Table 4, the values of roughness for
several external pressures are gathered, for different depths of
burnishing of the CNC milling. Bumishing was always
performed at feed 2m/min.

At the view of results, the first conclusion is that the higher
the pressure, the lower the mean roughness, but there is little
difference between case 400 and 600 bars. As a conclusion, at
400 bar the final roughness results are better, can be obtained
when machining using a high depth of cut (0.6 mm) than when
using a low depth of cut (0.5 mm).
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Table 4. Mamn pump § gh bumishing depth
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The quality of the surface roughness was studied. The
surface topography before and after bumnishing is presented, a
complete analysis of the surface characteristics is addressed.
Afier burnishing, the roughness reduction is more than an order
of magnitude. The final quality is similar to grinding, even
reaching 0.349um Ra. Topographies are shown in Fig. 4(a),
Fig. 4(b) and Fig. 4(c); cormesponding to a before surface and to
the same surface after being burnished with two different
bumishing depth. R i i about 75%
when burnishing is applied.
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€) Py=400 bar, a, = 0.6 mm

Fig 4. 2D and 3D Topographies and roughness profiles (a) before burnishing
(b) after bumishing operation (Pb=400bar, a.=0.5 mm) (c) afler bumishing
operation (Py=400 bar, a, = 0.6 mm)

C. Compressive residual stresses

The plastic deformation produced on the part surface during
ball burnishing causes a significant alteration of the residual
stress state. It is well known that the generation of residual
stress depends upon the interplay of many factors such as
inhomogeneous plastic deformation induced by mechanical and
thermal events associated with the process[10].  X-ray
diffraction (XRD) techniques are used for the residual stress
measurement. XRD allows measuring the stress field on
burnishing surface. The variation of the compressive residual
stress on the bumnished surface has been measured by an X-ray
diffractometer is shown in tahle 5 The harizontal compressive
residual stress on the burnished surface was increased up 10 369
MPa, possibly, due to the modification of the microstructure.
The residual stresses have a significant dependence on the
burnishing direction.[14]

To achieve a good surface hardness and the compressive
residual stresses, are the keys for a remarkable improvement of’
the fatigue life and wear resistance of the burnishing
components, the optimum condition could be Pb=600 bar;
2,~0.5 mm, as shown in Fig. 5.

Table 5. Residual stress value
Sample Point X Y
200 bar-0.5 mm | Basc 2063182 | 1413290
Surface | -366.74153 | 99204191
200 bar-0.6 mm | Base 724108 39819 4
Surface | -350.1362 | -729£132
400 bar-0.5 mm | Base 10942180 | 362.1215.6
Surface | -3423:12 B15.1:198
400 bar-0.6 mm | Base 2064=161 | 4511168
Surface 30456 93,1499
600 bar-0.5 mm | Base -3354422.1 22421.1
Surface | -369.4x15.7 | -7874%17.]
600 bar-0.6 mm Base 1623124 234993
Surface -343.827.1 -711.2482

logy and I
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Fig. 5. Variation of the compressive residual stress on the bumished surface

V. CONCLUSIONS

A ball burnishing tool integrated with a CNC milling was
developed to improve the surface roughness, hardness, and
residual stress of the material used in the present study, the
Low-alloy steel SCM 440. The surface bumnishing parameters
for the ball-burnishing tool were determined after conducting
the experimental methods. The burnishing pressure constantly
from 200 to 600 bars, when machining using a bumishing depth
0.5 and 0.6 mm., the velocity of 2 m/min., the fluid as lubricant
hydraulic oil (HLP 68)were used. The quality of the surface
roughness was studied. The final quality was similar to
grinding, even reaching 0.349 um Ra on average, using the
adequate bumnishing parameters, corresponding to a before
surface and to the same surface after being burnished with two
different burnishing depth, roughness parameters improved
about 75% when bumishing was applied. The burnishing
surface hardness was increased to HV 586 on average, possibly
due to the squeezing of the grain boundary. X-ray diffraction
(XRD) techmiques were used for the residual stress
measurement, The horizontal compressive residual stress on the
bumished surface was increased up 10 369 MPa.
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