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Emission spectroscopy of plasma plume induced in CW fiber laser
cladding of St 410 powder on St 304 substrate

Narges Ajamgard?, Ali Chehrghani?, Mohammadjavad Torkamany?, Atamalek
Ghorbanzade!, Mohammad Javad Sobhani?, Ataallah Koohian?!, Seyed Hasan Nabavi?

1Physics Department, University of Tehran, North Kargar
2Iranian National Center for Laser Science and Technology (INLC)

Abstract- spectroscopic approach was used to study the effects of laser power on quality of clad layer produced
with laser cladding. A CW fiber laser with a 3 KW maximum power (1080 nm) was used to produce clad with St
410 powder on St 304 substrate. The plasma plume electron temperature T, is computed from the Boltzman plot
for five discrete Fe | lines at 382.782, 386.552, 393.029, 438.354 and 526.953 nm wavelength. We have found that
the electron temperature decreases and dilution increases as the laser power is enhanced. Such a result could be
useful to develop an online monitoring system of the dilution.

Keywords: CW fiber laser 3 KW, Electron temperature, Emission Spectroscopy, Laser cladding, Plasma Plume.
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Plasma Plume*
Local Thermodynamic equilibrium (LTE)*
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Laser Additive Manufactoring’
Prototyping®
Laser Induced Breakdown Spectroscopy (LIBS)"
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3 KW Fiber laser
CW -1080 nm

— b sl iales] jo eolitnl 8 90 ledus 3l (g pguai 1) IS
S 2o

Aol S Gog b @ a2 b awd e s
ST IR (Y ST YN I P WL A WA EY
309 9 Fm O S92 ga yolic (Jig ao)d 4 az g L
ol bglas 5l g0l olaws ¢ alejl 1o 00 solai ul
slod 0y i o odal i (5, —id Slin o 5 el
Bl s bshs eide @ jes 5l eslitul b oy ,5dl
Lyl Sledbl .ol oo awl=e (Fel) oz al
QS)ISJ‘ sled aule 1y (Amn, g, Em) a8, S
6)5Lié 9 )‘AJL.«.A‘ éﬂ e —s o Lgoab oli.sl.' )‘ Lo_wy.a
s == )‘ uﬂ)-‘SJ‘ LgLo.b o 00 C‘).‘z.»_m‘? lS.jJ.AT
386.552, 382.782 slo zge ob L s ool alb
Cawlods] Cavsas yiegils 526.953 4 438.354, 393.029,

2500 |- B 5 »
3] o < e
3 [ < @©
v 0 =} o
4 2 & g
— + ) <
— 2000 8 = = A
— 7] <+ ~<
s, ®
— = B == ) T—
2 1500 ol o | o = = O
b 7N R i ) n N
=] ol N[ wvao v a ®
Q Nl B 3 N o o
= ol o | & © 13 B
= 1000 F © o IR >
| o ¥ <+ < < <
) <| =] < << |
=] ( /
= |/ / v
500 | /
‘\" Y, »
v v
0

1 1 L L 1

400 450 500 550 600

Wavelength [nm]

S Py e )5 Rl 655 ol slaiges Y USS

owloil gy 9 Hlodus lge

Voale—io ol b g oid S5l oo 5T 0l 5o
@b S e Olye 4 fogll VoA zae ol b SlgslS
@ ioleyl cpl jo eolaiwl 0,50 (slajlIT .o oolax
Coolies 43) St 304 daxio (ol 4,090 5 ey Glgie
(g, S YoV e el )3 5Lw) SE410 09y g (iandn #
ool wl Ladloe 55 lgreas 55,1 55 5l wioren (o g
Do o slas |y Giales] Gleduz 5l g pgas VS o
ool oK S by ol oley slos puSoslul
el L8 L “EPP200-UV” Ja_. “stellarnet Inc.”
Veofoe oadsb ojb po yegll oF (63 SoSa5
3 s &S > jelaie 4y cpl  ogdle .28 S plxil jagil
FoeelS abwsy J5uS BB 5o Syl (o by plie

A oolaiwl XYZ gz a2 4o

5 b 555,15 by g (2009 5 bl cnl 5
W8 e V L/min g Foogrimm Jlaae oS g
VO MM ol o 3 iy b 6 5500 6l i
i) 64 b 80 e o5 ) s Sl
Sy ATl conds QLBH el )l )0 all oo i (59,
55 roake ¥ logas (500 4 2ty g il jesleo F
Y o¥0Y oy ¥ Lalspe ¥ s ilegl oS o ol

A plonl 4l tandie A ol e yus g DlgollS

Qo gy Ao j oy SO (G920 oddlice Lol bglas
6‘).)Aa)‘d)‘)Sa)bu—)}.J)."g)b}wL )l Ler’
e ol oo (ol bohas Dad 585 (556l

Curve Sl 51,15 ol gl aS 0p i Bis i g

Wiged ¥ JSs ol oolaiwl i 13816 53 4o Fitting Tool

) diey g Jb)lwom—l Cawdy (b ol 31 !

a4

National Institute of Standard and Technology (NIST)”

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


http://opsi.ir/article-1-2111-en.html

[ Downloaded from opsi.ir on 2025-07-15]

Olpl Sgigd (6)9l3 5 (owkiter (RS e d3l5d 5 Ol pl SEgis8 9 Syl (ST et 9 Cenn
VYWAA crage V81D il el ooanslss oSl

u:l;.mlf Lo...u)b 6‘)‘.’ 0dls Cud Lng) LT SVERR AW [
~G:5) bole g Lewdly slos (g alail; S Slml L ol il

Gde CedsS S lp @l ol 5l Gl 5l
2,5 oolaiwl clas 5 O jgods 00l Sl

3807
37
3650
960
680
| 41
| B
| .
p=2 KW P=2.5 KW
3 Temprature(k) 8h Clad(mm) ®h mix(mm) & dilution(%)

Ohbsy Serd oS 9 s 5l 09l sles ¥ S

a2 wo

[1] G.Tapia and A. Elwany. "A review on process
monitoring and control in metal-based additive
manufacturing.”  Manufacturing  Science and
Engineering 136.6, 2014.

[2] V. N. Lednev, et al. "In situ multi-elemental

analysis by laser induced breakdown spectroscopy
in additive manufacturing."” Additive
Manufacturing 25, 64-70, 2019.

[3] B.Chen,etal. "A study on spectral characterization
and quality detection of direct metal deposition
process based on spectral diagnosis." The
International Journal of Advanced Manufacturing
Technology 96.9-12, 2018.

[4] J. Shin, and J. Mazumder. "Composition monitoring
using plasma diagnostics during direct metal
deposition (DMD) process." Optics & Laser
Technology 106, 40-46, 2018.

[5] W. Ya, et al. "Spectroscopic monitoring of metallic
bonding in laser metal deposition." Journal of
materials processing technology 220, 276-284,
2015.

[6] Griem, H. R. "Principles of Plasma Spectroscopy,
Cambridge Uni." Press, Cambridge (1997).

sl dboml (il (08,6 whaie mhaw ) s pgal VSO
sphiles s o LS 1, 0 oleiS 5 b oSy Se )
QT Slsslaie yiws j0 j0gs 3685 b el yLled S jo 4
TS o P e T e

Dy Ol 2 OHge

d ~ —mix_ s 100% (f)

hmix+hc
L)‘“'"‘"B" &LQ.»)‘ hC 9)3.»..3).) 399 °5-°-’d—°-°hmlxu~‘ )045

] Fogllae il oS lade

1 mm

P=2000w
VER"mm/s

B aloiF 5 b oas ol Jidigy e adaiie gl g ¥ S

plo g Sy HraleaSs ol es Giabeyl cpl o
b5 L8 cn s 5d Ol seess ST e el
A slos 30 g5 il b ot plol Sloslons 4 4z g8
2wl Gl gileEd, Jole g (als B -5

(F JS5) (casls putlss ) iy e ol 53] aseai
(Lowodly) ;B0 =5 ol Ssloiws (092 oduzy 4 4> gl
oxd Ol g bedly sles o (2l ladaly 4 o
— o0 03l Cawday =l gunaex L Ll cwl S [l
550 ) 30 sles o5 0.5 Vil 558l ol
Cpde Sle WSe labaly silwgd, Jele g )5 Hle b
Ll g ile@sd, ele i Gly Gldl b as e s
45 sl gn Ll ol ogllacl Lole 45 Apmiy o5 )lae

AF -

Dilution’

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


http://opsi.ir/article-1-2111-en.html
http://www.tcpdf.org

