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The aim of this study was to investigate the effect of laser power variation on joint connection characteristics in the
additive manufacturing (AM) process by depositing Inconel 718 powder on an Inconel 738 substrate in order to
reconstruct defective gas turbine blades with a circular economy approach. Laser metal deposition (LMD) is a layer-
by-layer fabrication technique used to manufacture and reconstruct critical and strategic parts. For this purpose,

deposition with different power of 150, 250 and 350 watts was performed on the substrate. Some features such as
geometric dimensions, number of pulses per layer and microstructure of the samples were studied. Comparing the
results, it was found that with increasing strength, integrity, joint connection thickness and substrate melting depth
increase. In contrast, with increasing power, surface porosity, and size deviation from the design dimensions, and the

Keywords:
Additive Manufacturing
Laser Metal Deposition

P .. .
Sﬁ;zralloy number of pulses to complete each layer decrease. Each deposition layer with power of 150, 250 and 350 watts was
Inconel completed with 17, 11 and 9 pulses, respectively. By increasing the power from 150 watts to 350 watts, the surface

porosity decreased by about 90%.
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Fig. 1 LMD coaxial nozzle cross section [14]
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! Additive Manufacturing (AM)

% Direct Energy Deposition (DED)
3 Powder Bed Fusion (PBF)

* Sheet Lamination (SL)

3 Laser Metal Deposition
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Table 1 Chemical composition of acid washing solution
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Table 2 Inconel 738 superalloy chemical composition (Wt%)

SR rais
61.50 Ni
0.15 C
16.07 Cr
8.75 Co
1.59 Mo
3.48 Al
0.01 B
345 Ti

! Optical Emission Spectrometry

v

5 ol Skl 5,8 5l Syl cale izl (K3 )gllie
5 L VYA Bl jog Gl ogmy 552 [M] o Sen
WY 5% Glagy Sty 50 45 Sidgad (3135 ol ioged 3o
S sy gAYy S kie Jad o Vb g 4l el
Al yedhes ¥y (hag) S 2815 L g 00 5 (o0 b
(VY] e 5 5b1 L5 pls o 5 ol S5 oy aiges
ISl ST pgw 00 Slas Cow, Cuz a5 b s
2 SLhsren (Slg) e 5 Ol (o) Sz Sl
gy ey [YY] (e g KI5 00903 pDlel aigs 1, 7 F -
5l cadbge b g Wiogesl 1) aids e Ve 510 O A D
Al-Cu- 5LIT 0955] cows @y gl atnl Lid g, Cae o
Aidged oolaiul jali g e o Mg

Sox |, LMD g, [YE] C.Y.Kong (5,50 aslllas o
Sl a8 a8l Ll oged (o)l VIA sl 5L
S JHS sbml cel ks Vb Ce o b sy 505 69555
Sligizs [YO] o)Sen 5 e 09 00 ladiges ;3 S5 (i3 5
5 Y9 S leslaial b 5 Oles Sgme 9 SS90 | 995
CoCrMo 5T iz 5l askd cals o 3Ll 5 g
Olesly «BLal )5 g jsYene o ceal Wdged 3 pele
ol G [Y8] ) Ken 5 Choo ols al331 7V b 1, ol
3ged owyp 1) LMD wilp jo (50550l els> 5]
Gals pd olg By o axslys YV ol Kea 5 s
oRIB L IA & TN Gl (e S ge 4y SRS il o
el )5 ey YA ollSen 5 Sl abiss
Szl JLds &y a5 wdged (5)135 9 Wdged (owyn 1) wlen
9 olgmsS wgdioe b Ly JLSlan, lde AY &y
ol 4 Stellite 6 og5dl csle awlp e [Ya] )Kes
slpbols Jds 4 xy JB Sloiis &5 o, 4l
Wgiee SRS S 5 Gl slaauld vy Y ()l
glrsel & e DBl (AU gl den oS WS S
gl oo S 5 ooyl b Cgllacl

g g Son silwil jslaie 4 ol Bidod
ellngms iz 5l oad wisle g 0 hisdnl Slakd
P g V) olye 4 0S5 celu Aee e LVTA Sl
olyie 4 [¥ o] 0o 63y Ghgz el Jds 4 VIA LSl
Olg b bdiges .aiuls LSl LMD a8 b Slis gy jog
lagyl 59, 2 siie ] r-'l-’ 5 ol Sl Cgm; i 5

00,5 (e

Eojlod 0093 NE-N s bl ddgs 9 il Swiiie



Obhed 9 335 wslad Jow)

YYA J59Sial 59,02 VIA J5955al 9393 wagany J1d9 3 22 AM-LMD 3dalyd 53 )54 0lgs puads yil

wilp ol (b s ol e Sl ey sl
5 25 SLisred 9 WA £ gy Sy syl
ssbie (pl glp el w3 e o el i) Sl alais lad
209 2R Ce dvv] agt Facske O 5 Liagy ey
55y il i ojlail  [YY] e o Sligean Yrpm-g/s
(V] 595 oo 625 o3l ooy soliiwl j3d J3b & a>g5 b oS
(VY] o)l oo ()50 gy s3lml 5 yeshoe S
S )0 mye e (Sl S sy e 5 £ Jaaxr Bills
5 S baiged (oled o 55 65 655 @y WD 4
Son SU ey plsl 1S cwl o5 g S
iz byl )b olabs plxl cyx wotin glaa¥p;
Bl Guiz 5l Ko AV S o Sl o, b
PSS 0 a5 sbplen b pdy sl ¥ S gllae VYA
e ST 35 by obml jslaie 4 (unl oad osly (las
20,5 oolatul jeme o J3U I LMD gog38l sl ol )3
$n Oly g YLl yoe G J3U S oSS0 L
Slos Grizred 9 gy he )0 )5d mie AT 99l e 5]
.[Y‘Y]o)lixfsn ,.;ls Ol Ol dzesgm 4y 09,9 51 B j09,

A ol
%clm1 =z |3 14 |5
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Table 3 Specifications of deposited powder of Inconel 718
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Table 4 Chemical composition of Inconel 718 superalloy powder by
(Wt%)

)9 ey raie
47 Ni
21.3 Cr
15 Fe
2.2 Mo
1.2 Al
0.9 Ti
5.5 Si
6.5 Nb
0.6 Mn

Fig. 2 Scanning Electron Microscopic image of Inconel 718 powder

VA BoSal j0gs (siagy (9, oSy, Se pigeas ¥ S

AM-LMD o5iws Slasiin & Jgoo
Table 5 Specifications of AM-LMD device
AM-LMD o&ws Slasein

ErYAG - o e

g 2y e

Cly b R g
Fagli VAT o3l bgie gge Job

FaNeee b o2




Obhed 9 335 wslad Jow)

VYA Ji9Sial 59,9 VIA J59Sial 393 cogm )y Jadgre )0 AM-LMD 35slpd 53 )5 wlgs saads 3l

bdigos owyp—Y-Y

5 JrS leaiged el 5 (o8 9 Jsb o Slis ey 5l o
gyl 0SS S L g pSoslul ad (g S el
33,8 b T gl 5 plowl AVEN-26700

CEENECE D)

Y5 e des

a¥yp;

Fig. 6 Schematic of deposited layers
onds Slis Gy slo Y Soleds £ S

ao,s Digimizer Version 5.7.2 li8le 5 31 oolaxul L

JYVESTRRNVIN | o i ) IEVNK VO SN PPEIOR TP SN P B
0‘9" L ooods Lgul.m.s Sy Sla digal C_E...: )| ol Ay glal
GISL 8le 5 e jo o35 4 Dy YO 5 YO N0
il (b J3u55 15810 5 adgl Slanass plosil 5l s g 00
SLS Cgw,y bdiges w05 (S0l SIS 4
&Ua.o 9 Lo eals U’“")" Ja...uj )‘ ulS).v‘j Ko L:.my 03l
Sl oslel 81, Sllie jglaie 4 ASTM E3 -11 o, luiliwl
Y o Loolaw 5l by 4 adsl calo,y cue aul
3 ol ey jelaie 4 a0 5 ool VY e g Aee Fee
[¥F] 5 00T Jolowo 51 o onlizal g ,8e V 5 ¥ anslall jpos
ok 655 03Il s ,T ooliiul ladiges (yogei | S g
woSgSee Sl GpSose b Sytie Jab Culs 5 Yy
o 5l >l 7y 0 OLYSIA J5ile s s OLYMPUS (s,

S g s -Y

9P el Gl dignd (M o)z -1

Sladiged ooy il Grpal A IS8 5 IS Gl VS
Slis Sslite lss am b1y o35l el anld b onds ol
s dglie BB Sy Lol JSk 1 as aies e
Ol b (Y) o)leds diges «lg VO ol b (V) o el digad
Sl gy Slg YO les L (F) ojleds diged g g YO
aS (V) o Lo digad a5 090 oo cdline Al -V Sy 50l
Sy mhaw wad Slis oge, Dy V00 Ol (neS L

! Adlers
2 Eching

[

9 0l85 S 1 S 850 oy sl ol SIMI &S jobles
[vy] a5 b G o3l nl SO bl )y ulos &l 31 zalS
b s S L s 0 S il

aiges 592 Gliiosm) sloyell # Jgaa
Table 6 Deposition parameters

) a)Lo.AZ ) a)Lo.AZ (\)a)Lo.i: Lged
350 250 150 W) O'?j
1 1 1 Sl akais ol
(mm)
5 5 5 o9 Sy
(mm/s)
7 7 7 % ‘UM CJ"
(rpm-g/s)
40% 40% 40% = @L.:W
obb

Fig. 5 Scanning strategy for deposition in three layers
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Fig. 8 A cross-sectional views of deposited samples with different
power. A) 150 watts, B) 250 watts, C) 350 watts
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Fig. 9 Schematic introduction of geometric dimensions of width, length
and height of additive manufacturing
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Fig. 7 Deposited samples with different power, A) 150 watts, B) 250
watts, C) 350 watts
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Fig. 11 Schematic of deposition sample No.2, (A) Maximum height,
(B) Minimum height
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Fig. 10 Measuring the geomtric dimensions of the width, length and
height of the deposited samples, A) 150 watts, B) 250 watts, C) 350
watts
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Table 7 Comparison of samples dimension and number of layer pulses
in deposited samples
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Fig. 12 Effect of power on the dimensions of samples, A) Power-width
of each layer diagram, B) Power-length of each layer diagram, C)
Power-height difference diagram, D) Power-number of pulses in each
layer diagram
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Fig. 14 Effect of power on substrate melting depth and joint thickness
A) Power-depth of melting of the substrate diagram, B) Power-
thickness of the joint diagram
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