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ABSTRACT

This research was to investigate the effect of various parameters in laser cladding
using stainless steel 420 powder and microhardness of high-speed shaft 17CrNiMoé6.
The selection of appropriate parameters, such as a powder feed rate of 12 ¢/min, laser power
of 1600 W, and cladding speed of 15 mm/s, can significantly increase the hardness of the
workpiece. The selected process parameters resulted in a coating layer with a dilution rate of
43.8% and an aspect ratio of 5, indicating effective metallurgical bonding between the cladding
layer and the substrate. A full-area laser surface cladding experiment was conducted over
a 7x7cm. The results demonstrated that the three layer cladding exhibited no observable
surface or internal defects, such as porosity or cracking, thereby confirming the structural
integrity and quality of the coating. Furthermore, testing using X-ray Computed Tomography
(XCT) and Scanning Electron Microscopy (SEM) confirmed that the coating layer possessed
a defect-free microstructure with no evidence of delamination. In addition, the hardness of
the cladding layer produced by laser surface hardening was significantly enhanced, indicating
the effectiveness of the process in improving surface properties. The average hardness of
the substrate material prior to laser cladding was 326 HV, which increased to 445 HV, 570 HVY,
and 582 HV, respectively, as the number of cladding layers increased. This enhancement in
hardness is attributed to the cumulative thermal effect and changes in dilution, both of which
significantly influence the microstructure and hardness of the coating layer. Based on these
experimental results, it can be concluded that the proper selection of laser cladding
parameters effectively enhances the hardness and improves the material properties of

the substrate.

Keywords: Laser cladding, Microhardness, High-speed shaft, Powder
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C Si Mn P S Cr Mo Ni Fe
0.23 0.312 0.57 0.007 0.011 1.80 0.32 1.63 Bal.
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Tanzhg C B Si Mn Cr Mo Ni Fe

420 0.25 - 0.5 1.2 13 - <1 Bal.

A13199 3 NINTTLVUINBUNIAVBIRILANE SSA20

D10/pum D50/pm D90/pm Span

31.81 46.1 66.54 0.753

nsileumeniaudeileiaives

Fagucumaliiown ox9 [WuRLAT LaEIT 1.5 WURWAS SIWIUTINUA 6 TU d1913U
NPABILUUEULREY (Single Track) uaznAaBILUULE sumandafuiiuil fnuinindunuliiZeude
w3 pelad swavihanuarenaliliinsiva wenusnunind usunewd euweniia Taefvunmy
WSTABIANT  UAAITIANINT 4 wazamd 3 arntudonmfineTiusananALENLIAS
1NMsIATaLsIAdn (Geometrical Measures) WagAn Aspect Ratio 353afsnmil 4 uagfiansan
Founnsesnmadon Fadeumeninduiiuil 7x7 wufiwss e Overlap 50% wazfiutuadouly
JouraRanennuIUseuI 2 Jadiuns mmfmiﬁsfumuaLmu@gwqumaiuﬁwm?laq X-ray

Computed Tormography; XCT wa@assanIngl 5 uazn1asinuing (Cross section)

A15199 4 v dwesilglunisnaaeanuu Single Track

Powder Feed Rate (g/min)  Cladding Speed (mm/s) Laser Power (W)
10, 15, 20 1800
10 10, 15, 20 1600
10, 15, 20 1400
10, 15, 20 1800
12 10, 15, 20 1600
10, 15, 20 1400
10, 15, 20 1800
15 10, 15, 20 1600
10, 15, 20 1400
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Ralland Modem Transports Techaclogy Research Center (AMT)

AT 3 MNTUNUNSUTONLUY Single Track NW151TLH050199 a) Powder feed rate 10 ¢/min

b) Powder feed rate 12 ¢/min wag c) Powder feed rate 15 ¢/min

Laser beam

w
Argon Powder Aspect ratio =
(Flow) ™~ * (Flow) P h
h
Nozzle i i = ——mix
Sl Dilution = (h.+h) x 100%
nozzle Powder and e

o .'/ protection gas
.

Wc = Clad width
- Meltpool - h. Clad height

HAZ

mix = Melt pool depth (Mix height)
uaz = Heat affected zone height

J T
1]

A 4 M3IAnIasIAdan Geometrical Measures of Single Track (Waree et al., 2024)
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AT 5 a) W3eualwes IPG Laser U YLS-6000 Fiber Laser Wdeu laser cladding Ste KUKA
b) \A38d X-ray Computed Tomography; XCT i;u Phoenix V tome xM420

Al Waygate Technologies

nawSentunulasiadrganiauazanuuds

dunuilganndeuneninsauazdaaedionseaenseiues 180, 360, 600 uag 2500
AuEEU Nt andnasideadsnstamesIue 9, 6,3 wazl luAseu wazuu1nARIlATIASS
fangiusensalutuneuaainediensa Nital 29 shmstaauuddiduialagldiniomaaeauni
wiomieininesa (vickers) frevwidnvasianawuin 200 n¥u (HV0.2) Awmalusazgaviaiu 100
luasou 91nAaduvugn laglding eamaaeuanuudslulasiinesd (Shimadzu microhardness
tester 1 HMV-G31-FA-D-HC) uazfnwlassairasendesaneile %o Olympus U SXZ7 uag
N&BIMAIYENege Field Emission Scanning Electron Microscope (FESEM) S1e JEOL U JSM7800F

o dl
LEAIANNINT 6

27 6 a) NAY Stereo, b) Ndes Field Emission Scanning Electron Microscope Wag

o) wsaawmaasuANuLllulasiinesd
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ANSANUIRINNITIANINAVIAMA (Geometrical Measures) WAAIHINITIN 5-7 WAZNIN

¥
Ay Aaa |

AAFRYINUBN Single track Wansdsnm? 7-9 :uAdeiliian Dilution egsEming 28.9-64.7 Weldus
Fadurrent definsananaugituadouuasanudnvesiuinsevuiou (HAZ) vesmnsiimes
fluanstanunsandaenuing Aspect ratio 5-6 uagAdaTIALvesTangIuAnauaylufi1AFou
wsannsiden (Dilution) Uszanas 40-45 Wesidud uthsiimnzauuaziimnuauuing mszdle
@1 Dilution siiAuly msBameszminstuiinndeuuas tanguoralifvansuauvessaiiiisae
ﬁwlﬂqjquméaufumﬂﬁizul,ﬂﬁaulﬁ usv1nAT Dilution ajm,ﬁu’s’a@g'mmauL‘Zl"ﬁu%uwaﬂﬁ'smmﬁulﬂ
2197 AT S oAU IUNIUASENUTBVRIRIAGBUANAY (Fasihi et al,, 2022; Soodi, 2011)
ﬁﬂﬂgquﬁﬁﬁLma% Powder Feed Rate 12 ¢/min, Laser Power 1600 W wa¢ Cladding Speed 15
mm/s fuundounitamindy 2313 fladluns Anugaviniu 0.450 Tadwns wazduuinsznuieu
(HAZ) winiu 0.49 Tadwuns & Aspect ratio i1 U 5 wagA Dilution AU 43.8 1WasLdua 39l

ANNUNLNZAUNLUIN TR DS U D UNDNRWTUNUT 7T LwURLUAT

Powder feed rate 10 g¢/min

Speed (mm/s)

AN 7 AINENAIENABY Stereo NIMadUENY 50 L1 USIAINIARAYINN Single Track Y09 S5420 %

Powder feed rate 10 ¢/min
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Powder feed rate 10 g¢/min

Parameter Width (mm)  Height (mm) h.,,(mm) HAZ (mm) Aspectratio Dilution%

1800W/10mm/s 2673 0.547 0.649 0.627 4.8 54.3
1800W/15mm/s 2.423 0.356 0.591 0.458 6.8 62.4
1800W/20mm/s 2.236 0.246 0.451 0.418 9.0 64.7
1600W/10mm/s 2.533 0.517 0.660 0.550 4.8 56.1
1600W/15mm/s 2317 0.334 0.444 0.488 6.9 57.1
1600W/20mm/s 2.166 0.235 0.319 0.466 9.2 57.6
1400W/10mm/s 2.463 0.470 0.561 0.532 52 54.4
1400W/15mm/s 2.287 0.315 0.403 0.462 7.2 56.1
1400W/20mm/s 2177 0.187 0.268 0.422 11.6 58.9

Powder feed rate 12 ¢/min
F

Power (W)

Speed (mm/s)

AMNA 8 NINANYAIINADY Stereo NMAIVENY 50 1111 NNARAYINN Single Track UB9 5420 9

Powder feed rate 12 ¢/min
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Powder feed rate 12 ¢/min

Parameter Width (mm)  Height (mm) h.,,(mm) HAZ (mm) Aspectratio Dilution%

1800W/10mm/s 2.669 0.620 0.657 0.594 4.3 51.4
1800W/15mm/s 2.445 0.425 0.462 0.514 5.7 52.0
1800W/20mm/s 2.335 0.282 0.356 0.458 8.3 55.8
1600W/10mm/s 2.507 0.616 0.495 0.569 4.0 44.6
1600W/15mm/s 2313 0.451 0.352 0.492 5.1 43.8
1600W/20mm/s 2313 0.297 0.308 0.436 7.8 51.0
1400W/10mm/s 2379 0.572 0.429 0.591 4.2 42.9
1400W/15mm/s 2.269 0.392 0.323 0.488 58 45.1
1400W/20mm/s 2.129 0.286 0.216 0.440 7.5 43.1

Powder feed rate 15 ¢/min

E

Power (W)

Speed (mm/s)

AN 9 AIMNANBAIBNADY Stereo NNMAIVENY 50 111 N1ARATINN Single Track U89 $5420 9

Powder feed rate 15 g¢/min



ASLA 12 nas:auunuyia Asvin 10
“nsdvga:waiuiudIanssy JIiUNKUIENISWAIUNEUBUNRGLEU”

JErsheuoweuses e UKI2NY1agN1AAIUDDNIRYVIKUD

E l | NSUS:UIBINIS a:N1sUuNIduawavIuddes:auysia
N
@z
N
1%
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Powder feed rate 15 g¢/min

Parameter Width (mm)  Height (mm)  h ,(mm) HAZ (mm) Aspectratio Dilution%
1800W/10mm/s 2.665 0.705 0.517 0.587 3.8 42.3
1800W/15mm/s 2.552 0.488 0.425 0.488 5.2 46.6
1800W/20mm/s 2.504 0.367 0.341 0.440 6.8 48.2
1600W/10mm/s 2.581 0.701 0.470 0.572 3.6 40.12
1600W/15mm/s 2.460 0.444 0.356 0.466 5.5 44.5
1600W/20mm/s 2.309 0.304 0.286 0.451 7.6 48.4
1400W/10mm/s 2.463 0.690 0.363 0.583 3.6 34.5
1400W/15mm/s 2.482 0.403 0.282 0.477 6.2 41.2
1400W/20mm/s 2.313 0.308 0.124 0.473 7.5 28.9

INATALNUAIYLATEY X-ray Computed Tomography; XCT iilaidaunanidnAuiuil
TXT LURLUAT W1918LAes Powder Feed Rate 12 ¢/min, Laser Power 1600 W tag Cladding
Speed 15 mm/s Iag Overlap 50% YasRaAdouniletu RlAdsvdsstulaziadouaiudy iy
Tounnsedenfiwy sniuniesesuaninnsluainnsleuneniudisaes uanidianing 10
41' o 1Y v dl' I a a & o a v
WeneaaulunafnrIewienaes SEM vaduuidounannuin daadeuduiinininugaauiiiu
0.45 fadwns Windu 0.70 fadwes Wedeunanduiiaes Auadouliaugelaesiumindu 1.2
faduns uasl¥aunanduiiany Huadioulinnugilaesiuwindu 2 daduwns uaglinutaunnsos

(% o
v A ¥ a = g a =~ U v a

YNFNIUNTOTOULANTIIVBINILAADULALYY Interface maqmmaamma@gmmmi%mwﬁ’ulé’ﬁ

Y 9

AININA 11

AT 10 71w 2D §rendes X-ray Computed Tomography; XCT T03uuaidayumeniauds

1) BARUTUNNTG 2) RILARBUTUNADY kA 3) RILARBUIUNANY
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At 12 wansnsiusindrnuudslalasinnesd (vickers Microhardness) vesuaiumman
AAL§239 17CrNIMo6 ik unsid sumeniudsieiaimosaonalans 55420 vosmisndines
Powder Feed Rate 12 ¢/min, Laser Power 1600 W iLa¢ Cladding Speed 15 mm/s ﬁﬁ’smﬁaua’m
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