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A Study on Laser Repairing of Exhaust Valve
for Marine Engine with Co-based Alloy Powder

Park, Su Han

Department of Marine Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Exhaust valves for ship engines are easily worn out because they constantly
receive mechanical and thermal stress at high temperature. Especially, the
exhaust valve face that has great impact on engine performance requires high
mechanical characteristics because damaging of the face leads to substantial
performance degradation. However, the conventional exhaust valve repairing
technique performs overlay welding on the face part using arc, which causes
widening of diluted and heat affected zones due to high heat input. On the
contrary, the cladding technique that uses a laser heat source can control the
amount of dissimilar metals added, allowing for fusion bonding on the interface
through minimal dilution. the base metal is partially melted to form a mixed
junction layer. From the material perspective, this can obtain materials with
complex characteristics and handle local heat treatment because of low heat
input compared to other conventional heat sources. Deformation of processed
objects can be minimized in this way. Also, this contactless process does not
involve introduction of impurities by wearing of electrodes and can obtain
relatively desirable surface with ease of automation. Such laser cladding
technique is not only applied to exhaust valves in the ship industry but is

also in practical use for turbine blades and machine parts of power generation

_ix_
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facilities. The scope will be expanded to the defense industry and
aerospace industry. Nonetheless, the laser cladding technology of Korea is
still in an early stage of development and relies on foreign countries for
repairs. Accordingly, it is urgent to secure laser processing technologies by
actively responding to domestic demand and prepare for the development
of future technologies in high-tech industries.

In this study, an experiment was conducted to apply repairing of the
exhaust valve face part of an actual ship using a laser heat source. Laser
cladding was performed using a diode laser with maximum output of 8.0
kW, cladding optical head, 6-axis robot, powder feeder and turntable jig.
The basic experiment performed one-pass cladding according to preheating,
laser output, beam traverse speed and powder feed rate. It was carried out
using SNCrW, a heat resisting steel material of 50MC exhaust valve for
actual ships, Co-based stellite 6 with different contents of W and C and
excellent heat resistance, wear resistance and corrosion resistance, and
LC-190 powder. In addition, multi-pass cladding was performed while
changing powder feed rate, overlap rate and number of stacks.
Characteristics of the clad layer obtained from diverse variables were
analyzed to derive optimal conditions, and the selected conditions were
applied to the exhaust valve face part to perform cladding under different
conditions. The clad layer acquired was free of defects like porosities and

cracks, relatively excellent compared to the conventional techniques.

KEY WORDS: Laser cladding;
Powder feed rate;
Diode laser;
Clad layer;
Exhaust valve face;
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2 Tie 4% ©lsl, Al 2% ©|stZ ATt Aq7|d &= e = A-286,
Discaloy, Incoloy 901 5°] it}
M ZA3 Y FEe EHoIWA, @3lE FA A4 Mo, W, Nb(Ta), V
< AV, CY 4= AHEAEE deit Bol HVAAA SH(Z)E=
0% SOl o3 H=7Etet 84Sl oste 1A EE SV Faol
. o] o ZE Ni-155 ¥ S-590 5o] Ut} Table 2.2¢) thEA <l FeA &
o] 814 Ade yehig?,

|

Table 2.1 Chemical composition of Fe-based super heat-resistant forging alloy(wt.%)

Alloy Ni Cr Co Mo w Nb Al Ti Fe Mn Si C B etc.
A-286 26.0 | 15.0 - 1.3 o — 0.2 2.0 | 540 | 1.3 0.5 | 0.05 [0.015| -
Discaloy| 26.0 | 13.5 - 2.7 = = 0.1 1.7 | 54.0 | 0.9 0.8 | 0.04 |0.005| -
Incoloy
901 42.5 1 12.5 - 5.7 = i 0.2 2.8 [ 36.0| 0.1 0.1 | 0.05 [0.015| -
N-155 20.0 | 21.0 | 20.0 | 3.0 2.5 1 0.1 - - 30.0 | 1.5 0.5 | 0.15 - |0.15N
Incoloy
3251 21.0 0 - - - 04 | 04 | 460 0.8 0.5 | 0.05 - -
800
1.5~
Incoloy | 38~ |12.5~ 2.5~
- - - 0.2 0.3 220 10 0.5 | 0.05 - 3Cu,
825 46 | 23.5 3.5
0.03S
_6_
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Table 2.2 Physical properties of Fe-based heat-resistant forging alloy

Alloy Shape Meltir(lngC )point Temlioeg)ature (ik}éCK ) (W;I.ICII 0 (15.:1;.}1)
21 460 12.7 -
A286 Rod 1,370 ~ 1,400 538 - 22.5 17.6
871 - - -
21 475 13.3 -
Discaloy Rod 1,380 ~ 1,465 538 Y 21.1 17.1
871 < - -
21 - 13.3 -
Alloy 901 Rod 1,230~ 1,400 538 - - 15.3
871 - - -
21 455 11.6 -
Incoloy 800 Rod 1,355~1,385 538 A 20.1 16.4
871 - - 18.4
21 440 11.1 -
Incoloy 825 Rod 1,370 ~ 1,400 538 - - 14.0
871 - - -
21 430 12.3 -
N-155 Rod 1,125~ 1,275 538 - 19.2 16.4
871 - - 17.8

(S.H.C: Specific Heat Capacity, T.C: Thermal Conductivity, C.T.E: Coefficient of Thermal Expansion)
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2.1.2 CoAl WL+

CoAl %LT;LS NiAl =Xk 1,000 °C o] ol A Watstd, dEs44d 2 W4
slzgel ek, Axst 47 WMol @A 1100 CAAe Ee exoA A
g5 TxAz H4Hn Utk o FFE Co-Cr-N)E 7EEH o2 s
Wi 2o wel® Y4UsE A7bE Aol Cre] Fe 19-29% NiFlnc
ol A7iEol Utk of RE W, Mo 53 2 w8% 34945 A7la]
HNEAsY F2% Tie Aokl FRAA '8 HEA

g gFoz BRAL
%Y FEe BEFFOR AEHI, 1 FF 2 58242 Table 2.3
Hepd GagFens Fald e 11510 5 J-16500) Hladola, 2

14
E3] J-1650 4 %Ti, 2 %Ta % 12%W< 35+ cOﬁl DPZ?} FAA 7F
ootk tEAA d2@dao] E84 EAS Table 2.4 YebdAth
dHEA4Y dE2 IeH w5 FAVMAA 8As e d3E 4F0] 9
sto] A3 geoln, FEIAE SR Axdy. HEA d=o F7F 2 59
Z/3< Table 2.5 yepdlith. WI 52 =2 X-40 f=ol W& 7141712 Nb
=2 FHybek 2oty U Cr ko] HojA atside] ymoz Al S
FHAYE AAY Bort Atk Mar-M 302= WI 52 g9 NbE Tao = A
stal I e TN, R Co e 08 %7HA v AR $eo
ZA, dyzd g Zo] EAZE vk Mar-M 509& X-40 gl Tadt Zr&
v Adrbstal, Co dEFe AaA7ZIEA Ni s 10% H7He $eoltt. ©f
SHFe Y4t o) st @& A4 sk, 38z 7 x= Mar-M 302Xt
3o}, Table 2.691 tlEH F2Hao] 2924 54& vehdd

rigt
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Table 2.3 Chemical composition of Co-based super heat-resistant forging alloy(wt.%)

Alloy Ni Cr Co W Ta Nb Al Ti Fe C B
Haynes
22.0 22.0 39.2 14.0 - - - - 3.0 0.10 -
188
L605 10.0 20.0 52.9 15.0 - - - - - 0.05 -
J-1570 28.0 20.0 38.0 12.0 - - - 4.0 2.0 0.20 -
J-1650 27.0 19.0 bal. 25.0 2.0 - - 3.8 - 0.20 0.02

Table 2.4 Physical properties of Co-based heat-resistant forging alloy

Collection @ kmou

Alloy Snse Meltir(lﬂgC )point Tem;;oecr)ature (Sk}éCK ) (W};f 0 (S:l;.i{)
21 405 - -
Haynes 188 Plate 1,300 ~ 1,330 538 510 19.9 14.8
871 565 25.1 17.0
21 385 9.4 -
L605 Plate 1,330 ~ 1,410 538 - 19.9 14.4
871 - 26.1 16.3
- 9 -




Table 2.5 Chemical composition of Co-based

super heat-resistant cast alloy(wt.%)

Alloy C Vr Ni Y Ta Nb Mo Ti Zr Fe Co
Hs-21 0.25 27.0 3.0 - - - 5.0 - - 1.0 bal.
HS-31 0.50 25.0 10.0 7.5 - - - - 0.17 1.5 bal.
WI-52 0.42 21.0 <1.0 11.0 - 2.0 - - - 2.0 bal.
Mar-M

0.85 21.5 - 10.0 9.0 - - 0.2 - 1.0 bal.
302
Mar-M 322| 1.0 21.5 - 9.0 4.5 - - 0.75 2.25 0.75 bal.
Mar-M 509 0.6 24.0 10.0 7.0 7.5 - - 0.2 - 1.0 bal.
FSX 414 0.25 29.5 10.5 7.0 - - - - - >2.0 bal.

Table 2.6 Physical properties of Co-based heat-resistant cast alloy

Alloy Density Meltinog point Temp:arature T.C C._T.E
(g/cm?) (C) (C) (W/m K) (107°/K)
93 11.8 -
X-40 8.60 - 538 21.6 15.1
1,093 - -
93 24.8 -
WI-52 8.88 1,300 ~ 1,355 538 27.4 14.4
1,093 40.3 17.5
93 18.7 -
Mar-M 302 9.21 1,315~ 1,370 538 22.2 13.7
1,093 - 16.6
93 - -
Mar-M 322 8.91 1,315~ 1,360 538 - -
1,093 - -
93 - 9.8
Mar-M 509 8.85 - 538 27.9 15.9
1,093 44.6 18.2
93 - -
FSX-414 8.3 - 538 - -
1,093 - -
- 'IO -
Collection @ kmou




2.1.3 NiAl 2 EH=

NiAl =& FRAAAHFCOS zte= y'Ael Niy(AlL THe A3 XE3AAS o
23 AAEA3E FFoE 2UET T TAAME 7 Aoy e 9 v-8H
AT}

Table 2.7¢] ™A NiA| d=2F=9 sgx4dS Yebdth. Rene’ 41,
Waspaloy, Udimet 500, Udimet 700 &< C2] ko] 0.05% ©]3s}e]a, Ti(Nb) + Al

%L oF 5% oldtolm, W, Mool ##= 7] wie] AYLFEE ITHA ¥
A gt ols ArE §3 F AEAS WA Loy, AANA MC,7H
&t gyFdol WAFY) 4 DML /AT ok weA olUd oy

S fAEr] flstke] Tigk Ale] &8 TaAl7la, thile] Nb &8 F7HA1%]
Inconel 625, Inconel 718 So] ZiErE Qith Table 2.8° A<l NiA @-=x=3=+
o] B84 EAES yEeRdL.

_'I'I_
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Table 2.7 Chemical composition of Ni-based super heat-resistant forging alloy(wt.%)

Alloy Ni Cr Co | Mo W Cb Al Ti Fe | Mn Si C B Zr.
Astroloy 55.0| 15.0 | 17.0| 5.3 - - 40 | 35 - - - 10.0.6]0.030| -
Hastelloy X | 47.0|22.0] 1.5 | 9.0 | 0.6 - - - |185| 05 | 05 |0.10| - -
Inconel 600 | 76.0 | 15.5| - - - - - - 80 | 05| 02 [0.08]| - -
Inconel 625 |61.0|21.5| - 9.0 3 36 02|02 |25]| 0202|005 - -
Inconel 718 | 52.5|19.0 | - 3.0 - 51105 1]09 185|022 | 02 |0.04| - -
Inconel X750| 73.0 | 15.5 | - - 3 1.0 | 0.7 | 25 | 70 | 0.5 | 0.2 | 0.04| - -
Nimonic 75 | 76.0 | 19.5 | = - = - - 04|30 )03]03]010] - -
Nimonic 80A | 76.0 | 19.5 | - X = - 1.4 | 2.4 = 0.3 | 0.3 | 0.06 |{0.003| 0.06
Nimonic 90 |59.0| 19.5|16.5| -~ - = 1.5 | 2.5 4 0.3 | 0.3 | 0.07 |0.003| 0.06
Rene’4l 55.0|19.0 | 11.0| 1.0 = € 1.5 | 3.1 - - - 10.09 {0.005| -
Rene’'95 61.0|14.0| 80 | 3.5 | 35 | 35 | 35 | 25 - - - 10.15]0.010| 0.05
Udimet 500 | 54.0 | 18.0 | 18.,5| 4.0 - - 29129 - - - 1 0.08 |{0.006| 0.05
Udimet 700 | 55.0 | 15.0 | 17.0 | 5.0 - - 40 | 35 - - - 10.06 |{0.300| -
Waspaloy 58.0|19.5 | 135 4.3 - - 1.3 ] 3.0 - - - 10.08 |0.006| -

- 12 -



Table 2.8 Physical properties of Ni-based heat-resistant forging alloy

Collection @ kmou

Melting point | Temperature S.H.C T.C Cr 2
— Shape () ) U/ke K) | W/mK) | (10-°/K)

21 - - -
Astroloy Rod - 538 - - 13.9
871 - - 16.2

21 485 9.1 -
Hastelloy X Plate 1,260 ~ 1,355 538 - 19.6 15.1
871 700 26.0 16.2

21 445 14.8 -
Inconel 600 Rod 1,355~ 1,415 538 555 22.8 15.1
871 625 28.8 16.4

21 410 9.8 -
Inconel 625 Rod 1,290 ~ 1,350 538 535 17.5 14.0
871 620 22.8 15.8

21 430 11.4 N
Inconel 718 Rod 1,260 ~ 1,335 538 560 1.6 14.4

871 645 24.9 -

21 430 12.0 -
Inconel X750 Rod 1,395~ 1,425 538 545 18.9 14.6
871 715 23.6 16.8

21 460 - -
Nimonic 75 Rod = 538 = - 14.7
871 = - 17.0

21 460 8.7 -
Nimonic 80A Rod 1,360 ~ 1,390 538 = 15.9 13.9
871 - 22.5 15.5

21 460 9.8 -
Nimonic 90 Rod 1,335~1,360 538 585 17.0 13.9
871 670 - 16.2

21 - 9.0 -
Rene'41l Rod 1,315~ 1,370 538 545 18.0 13.5
871 725 23.1 15.6

21 - 8.7 -

Rene’95 Rod - 538 - 17.4 -

871 - - -

21 - 11.1 -
Udimet 500 Rod 1,300 ~ 1,395 538 - 18.3 14.0
871 - 24.5 16.1

21 - 19.6 -
Udimet 700 Rod 1,205 ~ 1,400 538 575 20.6 13.9
871 590 27.7 16.1

21 - 10.7 -
Waspaloy Rod 1,330 ~ 1,355 538 - 18.1 14.0
871 - 24.1 16.0

- 13 -




Table 2.9 Chemical composition of Ni-based super heat-resistant cast alloy(wt.%)

Alloy Ni | Cr |Co|Mo| W | Ta | Nb | Al Ti | Hf | Zr C B |etc.
IN 713C bal. | 125 | - 4.2 - - 20| 6.1 ] 0.8 - 10.10|0.12 |0.012] -
IN 713LC bal. | 12.0 | - 4.5 - - 20| 59| 06 - 1010005001} -
IN 713Hf bal. | 12.0 | - 4.5 - % 20|59 |06 | 13]0.10|005]0.01] -
IN 100 bal. | 10.0 | 15.0 | 3.0 - - - 55 1 4.7 - |10.06|0.18 |0.014| 1.0V
IN 738C bal. | 16.0 | 85| 1.75| 26 | 1.75| 0.9 | 3.4 | 34 - 10.10|0.170.01 | -
IN 738LC bal. | 16.0 | 85 | 1.75| 2.6 | 1.75| 0.9 | 3.4 | 34 - 10.04|0.11]0.01]| -
IN 939C bal. | 22.4 | 19.0 | - 20 | 1.4 10| 19 | 3.7 - 10.10|0.15 ]0.009| -
B-1900 bal. | 8.0 | 10.1 | 6.0 < 4.3 = 6.0 | 1.0 - 10.08|0.10 |0.015
B-1900Hf bal. | 8.0 [ 10.0| 6.0 - 4.3 - 6.0 | 1.0 | 1.5 | 0.08 | 0.10 |0.015| -
Mar-M 246 |bal.| 9.0 | 10.0| 2.5 | 10.0| 1.5 - 55| 1.5 - 10.05|0.15]0.015] -
Mar-M 246Hf| bal. | 9.0 | 10.0 | 2.5 | 10.0| 1.5 - 551 15 | 1.4 |0.05]0.15|0.015| -
Mar-M 247 |bal.| 85 | 10.0| 0.65| 10.0 | 3.0 - 56 | 1.0 | 1.4 | 0.04]0.16 |0.015] -
Rene’80 bal. | 14.0 | 9.5 | 4.0 | 4.0 - - 3.0 | 5.0 - 10.03|0.17 |0.015] -

- 14 -
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Table 2.10 Physical properties of Ni-based heat-resistant cast alloy

Alloy Densitsy Meltinog point Tempoerature S.H.C T.C C;T.E
(g/cm®) (C) (C) (/kg K) (W/m K) (10%/K)
21 420 10.9 10.6
IN 716C 7.91 1,260 ~ 1,290 538 565 17.0 13.5
1,093 710 26.4 17.1
21 440 10.7 10.1
IN 716LC 8.00 1,290 ~ 1,320 538 565 16.7 15.8
1,093 710 25.3 18.9
21 2 10.2 11.7
B-1900 8.22 1,275~ 1,300 538 = 16.3 13.3
1,093 - - 16.2
21 = - 13.0
IN 100 7.75 1,265~ 1,335 538 480 17.3 13.9
1,093 605 - 18.1
21 420 - 11.6
IN 738 8.11 1,230 ~ 1,315 538 565 17.7 14.0
1,093 710 27.2 -
21 - - 11.3
Mar-M 246 8.44 1,315~1,345 538 - 18.9 14.8
1,093 - 30.0 18.6
21 - - -
Mar-M 247 8.33 - 538 - - -
1,093 - - -
- 15 -
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Fig. 2.1 Schematic illustration of laser cladding

_19_

Collection @ kmou



(a)

(b)

(©)

(d)

Fig. 2.2 Schematic of the melting process of the laser cladding powder
which was being irradiated by the laser beam

Laser beam

Scanning
direction

Protective gas

\ «+«——Focal point

Presetting
powder

/ Clad layer

| Substrate

(a) Pre-placed powder

Laser beam
Scanning direction l

Shielding gas
nozzle

|

Wire

Wire nozzle

Substrate Solidified clad layer

(b) Wire feeding

Fig. 2.3 Different methods of laser cladding
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| Binding mechanism classification |

Solid state sintering | Liquid phase sintering | Full melting |
& Partial melting

Different binderand
| structural materials |

J

» .
No distinct binder and
structural materials

Separate structural and Single phase material |__ Single component single
Binder powder particles partially molten material

| Single component alloyed
material

Composite powder

el Fusing powder mixture
particles

Coated powder particles '— Fusing powder mixture

Fig. 2.4 Particle bonding shape of powder

338 /1

(a) Coated powder (b) Mixed powder

O, @
O3 G
(c) Partially pre-alloyed powder (d) Pre-alloyed powder

Q Structural material . Binder material

Fig. 2.5 Differences between binder and structural materials
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o rals wEel WY dstE WASE 482 @tk olelelE Mn, Mo

Table 3.20] =Aj<] 3etd =43 E24 S4S vt =3 Fig. 3.1
Fig. 3.2¢ B3 Aldd= w7 WE e 4 9 X+F Yepdnh

AgoA AFESE #olA Fd 22 EuTroLoy 160063 LC-190°0.2 =F
CoAl &=oltt. EuTroLoy 16006 #Z-2 wjr|®is ZFdA 7} HEHo=2

AHEE D e 2"HPgolE 63 AT AERIE 7HAH, LC-190 EE2
EuTroLoy 16006X .t W3 Co] ¢hdFo] Hup w2 ETolty. Zze| &&o] 7t
7 38 243 7|AF EA-E Table 3.37 Table 3.4 Yepdt;. drbygo=
o 24%E B A= = Az AHEEHH, 53] Crah @ AHEH o e

o} 1 AEE IA F7HNZI Fig 33L& F g5 299 d4Es UEd
2, EuTroLoy 16006 53 ~ 150 um, LC-190-> 78 ~ 211 ime] YA371E 7HIth.

aQ

2

o

A
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Table 3.1 Chemical composition of SNCrW

Element(%) ) )
EEE—— C Ni | Mn Cr Si W P S Mo | Cu | Fe
Material
SNCrW | 0.257{9.996 | 0.952 | 19.958 | 0.969 | 2.012 [0.028 | 0.0028 | 0.14 | 0.275 | Bal.
Table 3.2 Physical constants of SNCrW
Density M;gi[iig S{f;f;; Yield strength Elongation Reit;g’;lon
3 % (@)
(g/cm”®) C) (MPA) (0.2 % offset, MPA) (%) (%)
7.7 1425 750 395 39.0 45.0
Jj(]mm
Fig. 3.1 Appearance and dimension of substrate
.=
/&M Exhaust valve
face
—>
’/ 8§ mm
/ """" \
= =) 42.5£0.1mm
30
0198
0294
Fig. 3.2 Appearance and dimension of exhaust valve
- 25 -
Collection @ kmou




Table 3.3 Chemical composition and mechanical properties of EuTroLoy 16006

Element(%) . . Flow rate Apparent Hardness
Material SRR R R (sec/50 g) | density(g/cm?) (HRQ)
EuTroLoy 42
16006 1.1/ 1.7/ 28.0| 1.2]| 3.9| 1.5| Bal. 15.0 4.6 (2nd layer-welded)

Table 3.4 Chemical composition and mechanical property of LC-190

Element(%) . . Flow rate | Apparent density
Material C N Cr i SiWY AKH) A aGe (sec/50 g) (g/cm?)
LC-190 3.1711.6(26.8|0.8(14.9|2.0|0.4 | Bal 13.0 5.0

SEM HV: 10.0 kV
SEM MAG: 300 x

(a) EuTroLoy 16006

WD: 9.98 mm

Det: SE

il i ]

200 pm

MIRA3 TESCAN|

KMmu

SEM HV: 10.0 kV
SEM MAG: 300 x

WD: 10.02 mm
Det: SE

[t

200 pm

MIRA3 TESCAN|

KMU

(b) LC-190

Fig. 3.3 Shape of as-received powders for laser cladding
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_26_




312 4% AA

B Ao AFESE HolA FUd AX+= IA Ho 8 8.0kWe ALt
2 thol2. & # o] A(continuous wave diode laser), B3 =, 6= 2, B
TgFE B Fg Ao wiyEE LA AHEE "HEHolE A1

(turntable jig= FAES. #olA Y FaAR}S Table 3501 Uetiow, e
9 Ao AHz-S Fig. 3.4°] YeRdT
Ao ALgE dolAE 975+10nme] It

Ash 2U9e FoE U RY FF xE
=

A, 2ol #olH B3}

=
= S
a9y W/ 20E P

FlO >{

JE= HdEd HolA W ZUWEE FHAE S8 6 X 6mm A7E 7HR A
Zt)(rectangular beam)©. 2 W3}, AR = #o| Ao sejd =7 sk
o] oA E 93t 7}-$ A eHgaussian) EEZ, SRR TE W F

Y3 F3l(top hat) el BEE JeEPATD,
g

384 2P L Fe = Wil HErts kEe AX s #HolA
=)
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Table 3.5 Specification of CWDL

Laser type CW diode laser
Maker COHERENT
Model HighLight 8000D
Wave length 975+10 nm
Output power > 8000 W

Power stability < 2 %/hour
Working distance 275 mm

Wall plug efficiency > 50 %

Cooling type Water cooling

Fig. 3.4 Setup of experimental equipment in laser cladding
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AAEt F Al dg AFES Aofsidt. 1 F APAEY o9, £
q

z7Ae AA WARE FHo|aRe Hgate] 1 E4L F7letnh Fig 3.8¢0
g7 By #Ho)A2XRe FYr = IJALS et

| Laser beam I
: / Processing
Powder & I direction
carrier gas
q
|
Coaxial .
Cladding nozzle Shield gas .

6mm

Deposited :_"__—-:‘:" Powder jet

material Rectangular laser

beam shape
Melt pool

Dilution zone Specimen

Fig. 3.5 Schematic of laser cladding and laser beam shape
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6axisqoDgR . e
- \ =" Powder
- = : 1 Delivery nozzle
A Laser cladding 7 \

sopticalbead

+—— Specimen
Turntabile jig

(a) Specimen (b) Exhaust valve
Fig. 3.6 Experimental methods in laser cladding

(a) One-pass ladding (b) Multi-pass cladding
Fig. 3.7 Photographs of clad layer
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Fig. 3.8 Photographs of clad layer in exhaust valve face

_32_

Collection @ kmou



322 &4 W
(D Adde] AH 2 oA

9T AP £ F4o dF g dHEAS 95 xHARES 293
3, ol AR AN E AFESt] HAE T AF e HH AP B A A
BT @GS 47 A8 SHY AR CERE 20mm EolX AHEH
10mm, 15mm, 10mme] FF o2 3702 AldHS AAFHsAT. wjrj¥He

£ o

=

a AANA 15 mme] Fo= AFAS AHFH A
A AH X S T 9 34 X E Fig 3.9% Fig. 3.109] ek
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(width, w)3} soltheight, 1)E ZAH3FHoH, ELEH‘: =% 2AY 8§ A=
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2ok W

Fote FEH B FEoE HA SeuHo] t E_XH LgHo nHE mA s}
FHE 22| IJHAEE ofrn.
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AFHE GO 7AH 58S £A8] S8l vlo] AR BIAL AETE AHES
T2 =439tk A=AE Al EuTroLoy 1600602 dAE gt =& gtxto &=
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T 10x9 71 FAAE AT =9 JHEAste) o AR AR A
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2] A

Q) mAM=2 & g

n| M| 228 F8td v Z(Optical microscopy, OM)3} AR A& 1] 7(Scanning  electron
microscope, SEM)2- AR&3te] st =38k EDS(Energy-dispersive X-ray spectroscopy)
2 o] &3 HEA 9 MRy EPMA(Electron probe micro-analysis)S o83 HEAS

=
F8) Aao] AE BE 42 29,

ol
e
i)
A
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(@) Mgz A
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i il

115 mm

(a) One-pass cladding

[ ———

H 20 mm

(] S Sp—_—

1
20mm 10 mm 15 mm10 mm

115 mm

0294

(c) Cladding of exhaust valve face

(b) Multi-pass cladding

Fig. 3.9 Position of sampling for observing cross section

w

(a) Surface

(b) Cross section

Fig. 3.10 Sampling position of clad layer
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x
A - T
L] TR LT

(b) Transverse-direction

Fig. 3.11 Measurement position for hardness test of one-pass and multi-pass cladding

Fig. 3.12 Measurement position for hardness test
of exhaust valve face
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SNCrW - Stellite 6, One-pass clad;
v:4mm/s, Re: 3rpm(19 ~20 g/min), Gs & Gc: 20 & 8 ¢/min(Ar)

P &W)
Clad layer 2 3

Surface

Cross section

PGW |,
Clad layer 4 >

Surface

Cross section

Fig. 4.1 Shape of clad layer with stellite 6

SNCrW -LC-190, One-pass clad;
v:4mm/s, Re:3rpm(19 ~20 g/min), Gs & Ge: 20 & 8 ¢/min(Ar)

P (kW)
Clad layer

Surface

Cross section

PO | |
Clad layer 4 >

Surface

Cross section

Fig. 4.2 Shape of clad layer with LC-190
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SNCrW - LC-190, One-pass clad;
v:4mm/s, Re: 2.5 rpm(19 ~ 20 g/min), Gs & G¢: 20 & 8 ¢/min(Ar)
TPreh. (OC )
Clad layer

Non-preheating 150 200

Surface

Cross
section

T Preh. (OC )
Clad layer

Surface

Cross
section

r

[—&— Diiition ravn

i i i i i
n-prahamting 150 m El 0

e

Dilution ratio, D (%)

Clad layer width, w{mm}
Clad layer height, h {rmm)

R T
Lo M

i

T T T T T
Won-prehasting 150 200 300 &

Preheating tempeﬁstu!erc} Preheating temperature {°C)

(b) Width and height of Clad layer (c) Dilution ratio

Fig. 4.3 Clad layer shape and characteristics of LC-190 with preheating temperature
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14~ 15
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2 =43 A3, 1rpm¥ w 7~8g/min, 2 rpmelA
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4mm/s of Fig. 4.1
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Fig. 4.4 Clad characteristics of stellite 6 with laser power in v
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SNCrW - Stellite 6, One-pass clad;
v:6mm/s, Re:3rpm(19 ~ 20 g/min), Gs & Gc: 20 & 8 ¢/min(Ar)

P (kW)
Clad layer

2 3

Surface

Cross section

P (kW)
Clad layer

Surface

Cross section

ace and

(a) Surf Cross section

12 50
—®— Clad layer width [=A— Diltuioni ratio]
" {—®— Clad layer hegith/
A/§10 _ 40
£ 9 X A
< s a -
£57 £
225 - § 2 Y
é; 2 3 10
oo 1
0 0
4 4
Laser power, P (kW) Laser power, P (kW)
(b) Width and height of Clad layer (o) Dilution ratio

Fig. 4.5 Clad layer shape and characteristics of stellite 6 with laser power in v=6 mm/s

_43_

Collection @ kmou



SNCrW - Stellite 6, One-pass clad;
P:4kW, v:4mm/s, Gs & Gc: 20 & 8 ¢/min(Ar)
Ry (rpm)
Clad layer

1 2 3

Surface

Cross
section

R (rpm)
Clad layer

Surface

Cross
section

L T T T T T T
12 ¥ : 3 Ciag @yer wikim ! H H [—— Diluton =t

Clad layer heigat

Dilution ratio, D (%)

Clad layer width, w (rmm)
Clad layer height, h {mmj

Bl

1 z 3 1 5 1 z 3 1 5

Powder feed rate, & {1pm) FPowder feed rate, & (rpm)

(b) Width and height of Clad layer (c) Dilution ratio

Fig. 4.6 Clad layer shape and characteristics of stellite 6 with powder feed rate
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SNCrW - LC-190, One-pass clad;

v:4dmm/s, Re: 2.5pm(19 ~ 20 g/min), Gs & Ge: 20 & 8 ¢/min(An),
TPrehA . 300°C

P (kW)
Clad layer

Surface

Cross section

P (kW)
Clad layer

Surface

Cross section

b g

(a) Surface and cross section

1" 60
[—m— Clad layer wiqlh ‘ [=A— Dilution ratio

10 J+ Clad layer 1t
£Ee S 2 .
;\E 8 S 4
£§57 e
4K g
29 4 5 2
22 2 ]
88 1 S— a1 A A /

0 4 0 4

Laser power, P (kW) Laser power, P (kW)
(b) Width and height of Clad layer (o) Dilution ratio

Fig. 4.7 Clad layer shape and characteristics of LC-190 with laser power

_47_

Collection @ kmou



SNCrW - LC-190, One-pass clad;
v:3mm/s, Re: 1rpm(5 ~ 6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar),

Tpen, : 300 C
P (kW)
Clad layer 2 25
S IR TR
Surface ! A

Cross section

P (kW)
Clad layer

Surface

Cross section

(a) Surface and cross section

| —a— Dilution ratio | A

/A

QN

A N N ®© O SN

[[ —=— Clad layer width
—e— Clad layer height |

Dilution ratio, D (%)
oo 88858338

Clad layer width, w (mm)
Clad layer height, h (mm)

2.0 25 3.0 35 2.0 25 3.0
Laser power, P(KW) Laser power, P (kW)

(b Width and height of Cad layer (c) Dilution ratio

=)

35

Fig. 4.8 Clad layer shape and characteristics of LC-190 with laser power
in v=3mm/s and A =1rpm
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SNCrW - LC-190, One-pass clad;
v:3.5mm/s, Re: 1rpm(5 ~6 g/min), Gs & Gc: 20 & 8 ¢/min(Ar),
Tpren. : 300 C
P &W)
Clad layer 2 25

Surface

Cross section

P kW)
Clad layer

Surface

Cross section

(a) Surface and cross section

2 Ci i & [=a— Dilution ratio
EA“',TW 70 — Dilution ratio
§,§,10 —e— Clad layer height | g0 .
= £ 9 [a) __—*
££ 8 s %
£% 7 &4
33 5%

SR 2 e — — 10
075 25 30 35 055 25 3.0 35
Laser power, P (kW) Laser power, P (kW)
(b) Width and height of Clad layer (c) Dilution ratio

Fig. 4.9 Clad layer shape and characteristics of LC-190 with laser power
in v=35mm/s and R =1rpm
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SNCrW - LC-190, One-pass clad;
v:3mm/s, Re:2rpm(12 ~13 g/min), Gs & Gc: 20 & 8 ¢/min(Ar),
Tpen, : 300 C
P kW)
Clad layer

2 2.5

PR e o S e e Rk T

Surface

Cross section

P (kW)
Clad layer

Surface

Cross section

(a) Surface and cross section

12 80, T -
e gl
I 9 e 5 60
£E e s 5
£% 7 g0
fuliralpy S 30
o] S
E E’ 2| E] 20 A
BR 4 8
(o) s} e 10

o 2.0 25 3.0 35 0 2.0 25 3.0 35

Laser power, P (kW) Laser power, P (kW)
(b) Width and height of dad layer (o) Dilution ratio

Fig. 4.10 Clad layer shape and characteristics of LC-190 with laser power
in v=3mm/s and A =2rpm
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SNCrW - LC-190, One-pass clad;
v:3.5mm/s, Re: 2rpm(12 ~ 13 g/min), Gs & Gc: 20 & 8 ¢/min(Arn),
Tpren, - 300 T
P kW)
Clad layer

2 2.5

Surface

Cross section

P kW)
Clad layer 8 35

Surface

Cross section

s L | P
ce and cross section

(a) Sr‘fa

I i & [[=A— Dilution ratio |
EEr =SR] ~ .
£=" T / < 60 —
i £ g . % 50 /
25 o
fulralpy S 30
é‘% 2| § 20
88 1 10|
[SXs) S N—
075 25 3.0 35 25 25 3.0 35
Laser power, P (kW) Laser power, P (kW)
(b) Width and height of Clad layer (o) Dilution ratio

Fig. 4.11 Clad layer shape and characteristics of LC-190 with laser power
in v=3.5mm/s and A =2rpm
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SNCrW - Stellite 6, Multi-pass clad;

P:4kW, v:4mm/s, Re: 3rpm(19 ~ 20 g/min), Gs & G¢: 20 & 8 ¢/min(Ar)
Photos .
Orane % Surface Cross section

0
(0 mm)
10
(0.6 mm)
20
(1.2 mm)
30
(1.8 mm)

%0 [=m— Clad layer width| 25 [~@— Clad layer heighf]
= i € 20 pa—
£ EE’ /n/

3 g — el
2 £ 10
g 10 % 05
(@) (@)
0 0.0
0 10 20 30 0 10 20 30
Overlapping ratio (%) Overlapping ratio(%)
(b) Width of clad layer (c) Height of clad layer

Fig. 4.12 Multi-pass clad layer shape and characteristics of stellite 6 with
overlapping ratioin A =19 ~ 20 g/min
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mm/s, Re:5rpm(32 ~ 33 g/min), Gs & Gc: 20 & 8 ¢/min(Ar)
Photos .
f
Orars %) Surface Cross section
0
(0 mm)
10
(0.6 mm)
20
(1.2 mm)
30
(1.8 mm)
(a) Surface and cross section
% = Clad layer widh, 3 =~ Clad layer height, |
g 40 n E )
; \I = N /0
=} \II £ e
g 30 i °
5 N
& 10 @©
Ee] o 1
5 o
0 0
0 10 20 30 0 10 20 30
Overlapping ratio (%) Overlapping ratio (%)
(b) Width of clad layer (c) Height of clad layer

Fig. 4.13 Multi-pass clad layer shape and characteristics of stellite 6 with
overlapping ratioin Rr =32 ~ 33 g/min
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SNCrW - LC-190, Multi-pass clad;
P:2kW, v:35mm/s, R;: 1rpm(5 ~6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Tpre, : 300 C
Photos .
m Surface Cross section
10
(0.6 mm)
20
(1.2 mm)
30 | e |
(1.8 mm)
“(a) Surface and cos section
50 —8—Clad layer wid 30
’§4o< E o
E ; i : =
] T— : S 10/
S 304 '\\i -------- %
% 10 ---------------- -------- §0.5
5 i i 5
0 ; ; 00
10 20 30 10 20 30
Overlapping ratio (%) Overlapping ratio(%)
(b) Width of clad layer (c) Height of clad layer

Fig. 4.14 Multi-pass clad layer shape and characteristics of LC-190 with
overlapping ratioin Rr =5~ 6 g/min

_56_

Collection @ kmou



SNCrW - LC-190, Multi-pass clad;
P:2KkW, v:35mm/s, R: 2rpm(12 ~ 13 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), T, : 300 °C
Photos ;
Orane (%) Surface Cross section
10
(0.6 mm)
20
(1.2 mm)
30
(1.8 mm)
(a) rface andros section
%0 —8—Cad layer widih 50 7 —@ Clad layer heigh
TP .\ > o S -
H i : : < : P
£ —_— . ; B 10| —
g [CUE EEEEEREE \_ -------- % : : :
g 0T oe e -------- §‘05 ................ ........
5 : 5
0 ; 0.0
10 20 30 10 20 30
Overlapping ratio (%) Overlapping ratio(%)
(b) Width of clad layer (c) Height of clad layer

Fig. 4.15 Multi-pass clad layer shape and characteristics of LC-190 with

overlapping ratioin A =12~ 13 g/min
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SNCrW -LC 190, Multi-pass clad;
P:4KkW, v:4mm/s, Re:2.51rpm(19 ~ 20 g/min), Gs & Gc: 20 & 8 ¢/min(Ar), Tp, : 300 T

Photos .
Surface Cross section
OLapx (%)
10
(0.6 mm)
e
20
(1.2 mm) Bas
Height of clad layer: 2.0 mm, Width of clad layer : 33.598 mm

Fig. 4.16 Multi-pass clad layer shape and characteristics of LC-190 with
overlapping ratioin A =19 ~ 20 g/min
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mm/s, Re: 3rpm(19 ~ 20 g/min), Gs & Gc: 20 & 8 £/min(Ar),
Ovap. +: 20 %
Photos
Layer no.

Surface Cross section

1st

3rd

5th

[

L 3

Clad layer height, h (m
O-=2MNWEOGO -~

Tat 3rd 5t
Layer number

(b) Height of clad layer with layer number

Fig. 4.17 Multi-pass clad layer shape and characteristics of stellite 6 with
different layer number at 20 % overlapping ratio
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SNCrW - LC-190, Multi-pass clad;
P:2kW, v:3.5mm/s, Re: 1rpm(5 ~6 g/min), Gs & Gc: 20 & 8 ¢/min(Ar),
Ovap. 1 1 20 %, Tpren. : 300 C
Photos
Layer no.

Surface Cross section

1st

3rd

6th

R
(a) Surface and cross section

o

IS
|

w

ra

-

Clad layer height, h {rmm)

[=]

1st 3rd Gth
Layer number

(b) Height of clad layer with layer number

Fig. 4.18 Multi-pass clad layer shape and characteristics of LC-190 with
different layer number at 20 % overlapping ratio
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SNCrW - Stellite 6, One-pass clad;
v:4mm/s, Ry:3rpm(19 ~ 20 g/min), Gs & Ge: 20 & 8 £/min(Ar)
50 700 ,
| —& 2kW
600} i kW
4 = s Ak | oW
S ° Z 500 I X ;f{':?'/;:f:}./ . "; - SkW
s g aoof ity PN ]
=  } [0} &
5~ s 1 facseon |
= ! 7200 RS
fa !
P 100 Clad layer ; Substrate
] ] ] i ] ]
0 2 3 4 5 . 15 10 05 00 -05 -1.0
Laser power, P (kW) Distance from fusion line (mm)
(a) Dilution ratio (b) Hardness

Fig. 4.19 Dilution ratio and hardness of stellite 6 clad layer with laser power
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SNCrW - LC-190, One-pass clad;
v:3.5mm/s, Ry: 1rpm(5 ~ 6 g/min), Gs & Ge

120 & 8 ¢/min(Ar), Ty : 300 C

80

~
o
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o
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LoV o Tt
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| i
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Fig. 4.20 Dilution ratio and hardness of LC-190 clad layer with laser power

Collection @ kmou

_65_



g 2~35kWe HeolA LC-190 #E¢= ¥

=
=

3

=i
=

=

2]
Fed #olA

9

B ES

=

o

n7de ol&

3

7h mAl =

2 9=
?js_ll—

-
(<]

!
il

AR S Fig. 4216 vebath 3

73

Bt

Tor

T O
__OL

o

=

oy

< 10090 &] uh

o] Byg 200m)e] wjgE Sy

o)

7o

4 At} Fig. 4.21¢] A

o}
=

o
-+
=

7d
g 2kW

==
=

[e)

fol Bel B2 U

25

<

ste] A=yt B
=2 g
Ho

©

o

Fou)&
o] Ath

°
yul

2, 93

5

I BA Abole} AAR

m7d olm A =,

il
FH=

ol
]__O

T

=]
=

=

Fol 2

% 19~20 g/mine] ZANA ¥

9

€]

2

&l SEM Zn]

S

I B Abel o) AA
of o

C =
— O

=

o

I3 AAQle] RE FYT ZolA 7]
oz

=

=
(2]
=

ol A

al

7

lith Fig. 4.22&= »€glolE 65 o

=

9

g
A
X

< LRFHA Kt oH, S
A

| &

A
L4

.]

1
3

=
=

°
3
o)

5

HE WA
oj# =¥ 4kW, ¥ olF&EE 4mms,

Zlo|E Tx7} e HlolA =
51)4

e 22 2

by

9

18

& wl

il

of
.Z_O

bl

i
g

e

X

=

=

(Hy~mny= &

[e]

=

Fed 200uH 2] Y

<)

45

[e)

=

&7

Fed 1,000 1) ~ (sl = 2,00080 2} 3,00081(C 1) ~ (11")

9

SEM< ©]-§&

[e]
A=)

1;]__4

1

9]
yil

nJ
-

H
B

NI
i

o}
ZO

_66_

o2 r|e EAZHE ZA]9
Collection @ kmou



I 220l &85 &%

3|

o} ol Zeg A dlol Aol o

el

o

(E)
g

. wd

b el A
i

el

=

oA o] of

al

]
HE 2= 2o 22 Fg 423 ek

[S]

Fed #HolA &9 2kW, W ol$&% 35mm/s, £ T

A

°

°o]-&

[e)

=

T

o
=

=]
a

LC-190
2F 5~6g/mine] Ao

o

ATH.

Hl Hle Aoz ¢#A
7k LC-190 o] 3%, o]

©

34

o
=

t Z&523HE(Cr23C6)

)

HH f4A 2%

!

7

—

sf C7F =

of H

718 Ao 2 AsEHY, o]FE=Tt 4mm/sq] ~HEoE 6 B}

6

E

meba 2eletol
2 ool

d

-

[e)
737,

b

A F0)2

Fle Zolzt ddtdEn.

zsg).

4% LC-190

(¢}

3.5mm/se] 2=

dolER o]F0]A
300 °Ce] ool <5

-

%
R

oju

,mo

_67_

Collection @ kmou



SNCrW - LC-190, One-pass clad;

v:3.5mm/s, Ry: 1rpm( ~ 6 g/min), Gs & G¢: 20 & 8 ¢/min(Ar), Tpep, : 300 C

2kW

2.5kW

Fig. 4.21 Microstructure of LC-190 clad layer with laser power
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SNCrW - Stellite 6, One-pass clad;
P:4kW,v:4mm/s, Re:3rpm(19 ~ 20 g/min), Gs & G : 20 & 8 ¢/min(Ar)

mm

Cross-section OM image(x 50

OM image(x 200) SEM image(x 1,000)

(c) Near interface SEM image(x 2,000) of (c)

Fig. 4.22 Microstructure observed by OM and SEM in stellite 6 clad layer

_69_

Collection @ kmou



SNCrW - LC-190, One-pass clad;

P:2KW, v:3.5mm/s, Re: 11pm(5 ~ 6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Tpe : 300 C

OM image(x 100)

000)

)

SEM image(x 3

-section

Cross

OM image(x 200)

000)

9

SEM image(x 1

(a) Near surface

(b) Around center

(c) Near interface

. 4.23 Microstructure observed by OM and SEM in LC-190 clad layer
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SNCrW - LC-190, One-pass clad;
P:2KW, v:3.5mm/s, R;: 1rpm(5 ~ 6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar),
TPreh_ . 300 OC

i A 100umy

OM image(x 200)

Co

o0
100 200 300 400 500 600 700 800 %00 1000 100 I 180 20 30 4% W0 00 700 X SM 1080 160
Energy - keV Ensrar eV,

(@ No. 1 (b) No. 2

Co ba - Cr

505 8
Energy - ket

(c) No. 3
Atomic %
No. - :
Co Cr Fe Ni \% Si C
1] 26.23 | 33.05 5.45 1.27 2.57 5.30 26.12
2| 30.65 | 11.78 | 13.32 3.50 1.58 3.17 36.00
3| 10.29 | 48.56 | 12.42 0.96 2.48 3.91 21.37
4| 33.04 | 16.03 | 25.77 5.73 1.44 3.97 14.02

(e) EDS analysis result

Fig. 4.24 EDS spot analysis results on near surface part of LC-190 clad layer
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SNCrW - LC-190, One-pass clad;
P:2kW, v:35mm/s, R: 1rpm(5 ~6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar),
TPreh4 . 300 OC

— 10um

SEM image(x 3,000)

100 200 100 400 500 Ked 100 830 500 1040 A0 100 200 300 450 580 00 00 G00 B8O 1000 MO0
Eneray -key tneray koY

(a) No. 1 (b) No. 2

Si Fe
e Co
, | Ni W

(©) No. 3
Atomic %

No. - :

Co Cr Fe Ni W Si C
1] 26.01 | 19.67 | 35.83 6.98 2.00 4.12 5.40
21 7.89 38.67 | 14.44 1.58 3.51 4.71 29.20
3| 25.50 | 19.07 | 36.37 7.35 1.92 4.25 5.54
4| 6.56 43.15 | 15.30 1.33 3.00 4.88 25.79

(e) EDS analysis results

Fig. 4.25 EDS spot analysis results on center part of LC-190 clad layer
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SNCrW - LC-190, One-pass clad;
P:2KW, v:3.5mm/s, R:: 1rpm(5 ~6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar),
TPreh_ . 300 0C

S

L 1
et LO0um

OM image(x 200)

He Fe
Cr Cr
Si l Co e Co
e 1B w el S Y VR
(c) No. 3 (d No. 4
Atomic %
No. - :
Co Cr Fe Ni W Si C
1| 4.45 57.03 | 15.74 0.91 3.27 4.51 14.09
2| 11.85 | 18.93 | 51.26 9.43 1.15 2.81 4.58
3] 1.89 19.69 | 58.98 9.29 0.62 3.63 5.90
4| 1.95 20.56 | 59.55 9.73 1.03 3.09 4.10

(e) EDS analysis results
Fig. 4.26 EDS spot analysis results on near interface part of LC-190 clad layer
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SNCrW - LC-190, One-pass clad;
v:3.5mm/s, R¢: 1rpm(5 ~ 6 g/min), Gs & Ge: 20 & 8 £/min(Ar), Ty, : 300 C

100 s 100 -
Bonding layer :g Bonding layer
F o — e 2w
B Clad layer + Substrate = B Clad layer 4| Substrate
2 m Ww:”; ' @ jof ey
: L5 Nre s
g M -
E ooy - E
R N :
o’
i a
1ho " 2da " ado Tado T sdoTeda T 7do Tade 4 e 2d0 T ada T ado T sda Tedo 7o ade
Distance {um} Digtancea {um})
2kW 2.5 kW

100 180
B&nndi.lig laxer Bonding laver

F a g oa !
i Clad lavrer Substrate & Clad layer Substrate
£ £
=4 =4
Q o
o o
m 40 n
c =
[ 3
§ m 5
w w

K T W, NP R VL Ny Yt

a ! heni- o ? e
4 100 200 300 200 S0 elo 7do 4t 4 tdo zdo 3o ado Tsdo edo 7de Tade
Distmnca jum}) Diswnca {um}

3kW 3.5 kW

Fig. 4.27 EDS line analysis results along the cross section of LC-190 clad layer
with laser power
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SNCrW - LC-190, Multi-pass clad;

P:2kW, v:3.5mm/s, Re: 1rpm(5 ~ 6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Ovap.  : 20 %, Toren. : 300 °C

Cross section

900— ! = . 900— . . : ;
800} ; 800[ -
~ 700} __ 700} ,
Z 600} I 600 ’-_' » :
T . - : Z s00} - a
@ 500} WTaua m . S 500f - e e g
@ 400f : 3 400 -
% 300L- N B 300[ - { L]
T 200F el it £ 200} - T B
100} ; 100}
=355 0.5 1.0 15 05505 10 15 20
Distance (mm) Distance (mm)
(a) Line a (b) Line b
900— : — AN . 900 — . , . .
800} i ; 800} -
£ codt | 2 ‘
L 600} - T, R L 600} ; =1
@ 500} e !./\_,-'.’ L @ 500} L at 3 '.""’\f
g 400} - L g 400} , "'\ ;
S 300 oo - S 300} e | S
T 200} By | < 200k : e
100p 100p Clad layer Substrate’
005 05 10 15 20 OG0 05 10 15 20
Distance (mm) Distance (mm)
(©) Line ¢ (d Line d

Fig. 4.28 Longitudinal hardness distribution of LC-190 1st clad layer at 20 %

overlapping ratio
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SNCrW - LC-190, Multi-pass clad;
P:2kW, v:3.5mm/s, Re: 1rpm(5 ~ 6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Ovap 2 20 %, Tiren, : 300 °C

Cross section

900—————————————— 900 ~————————1——T—T
800 v o s ] 800} -
— 700} ; 700} = 5
> = [ L i
I 600} Z 600 = "-".-'»."-""l-'\_/'\w
@ 500} % 500F - Ty
2 400} - 8 400 o
2 300} - B 300 ol L. i =
T 200} - £ 200F bl i
100} - : 100f & - i i
0G5 05 70 15 20 25 30 05005 70 75 20 25 30 35

Distance (mm) Distance (mm)

(a) Line a (b) Line b
900—+——————————————— 900—+——————————————
800} : — NN 800F - ; b 5 ;

—~ 700} i Mo gm e gl ; — 700} -:
> \ 7 . H > :
T 600} syt “neme e Z 600} #
@ 500 - R @ 500f +
g 400F i T— -ﬁ\ § 400}
2 300 . , \ , i , i 2 300[ -
© i ©
T 200} - - S -"""""'" T 200} - L
100F B e 108"* | TClad layér 7 Substrate]
05605 70 75 20 25 30 35 0.0 05 1.0 1.5 20 25 3.0 35
Distance (mm) Distance (mm)
() Line ¢ (d Line d

Fig. 4.29 Longitudinal hardness distribution of LC-190 3rd clad layer at 20 %
overlapping ratio
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SNCrW - LC-190, Multi-pass clad;

P:2KW, v:3.5mmy/s, Re: 1rpm(5 ~ 6 g/min), Gs & Gc: 20 & 8 ¢/min(Ar), Olap. + : 20 %, Tpren, - 300 T

Cross section

900~ T T T T
800} . : _ ]
[, 700 TR, /W{\H .
Z600F o h' b
@ 500--
@ 400"
=
S 300}
£ 200}
100+ : g
ol 3
Distance (mm) Distance (mm)
(a) Line a (b) Line b
900 . 900 . , —
800f 1 SOO-W ; % ]
~ 700} -uh" Wi !- q‘!“?-"l. ] = 700P £ T ',-,n. ]
T L ] T L. . ]
= 600 ; l < 600 -\
@ 500} @ 500f A ]
g 400} g 400} : \ ]
S 300} 2 300+ |F——
T 200[ T 200} ‘.j"-
108' : T 100p Clad layer Sub:strate
0 1 2 3 4 5 o 0 2 3 4 5
Distance (mm) Distance (mm)
(c) Line ¢ (d) Line d

Fig. 4.30 Longitudinal hardness distribution of LC-190 6th clad layer at

overlapping ratio
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SNCrW - Stellite 6, Multi-pass clad;

P 4kW,v:4mm/s, Re: 3rpm(19 ~ 20 g/min), Gs & Gc : 20 & 8 ¢/min(Ar), Oryp r: 20 %

23

Cross section

700 1or—= ' 700 v v v .
6001+ oo - 6001: - o - $-- -1
g 500 d,’;‘,‘h"cgj:"f‘&rﬁimx;‘g : g 5001 :Wf“ﬁ‘_’-f#?ﬂ" 3
§400 . : I e et '! §400 Y. = , <4
" ' -
£ 300 oy £ 3001 L-
< b . <
= 200 .&' = 2001 :
100 ] 1004 I
0 *r v v v v 0 *r v v v v
6 5 4 3 2 1 0 -l 3 6 4 2 0
Distance (mm) Distance (mm)
(a) Line a (b) Line b
700 v . v 700 , . :
6004- - : ;. ' EN | S N D S
2 so0] VLR, - T g d gy Lot i B T et Tn P 220 e
g soo| F g »*‘,f/-*;‘wi BE T
2 400 - A T T R A e # o |
o i : . 1
£ 300 : 2 8 300 - L\.'
d -
= 200 % & 209 el
: £ ‘
100 i 100 : SR
| Clad layer Substrate
ol ol ol v i : I}
0 s 6 4 2 0 3 3 i 3 ;
Distance (mm) Distance (mm)
(o) Line ¢ (d Line d

Fig. 4.31 Longitudinal hardness distribution of stellite 6 5th clad layer at 20 %

overlapping ratio
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SNCrW - LC-190, Multi-pass clad;
P:2kW, v:3.5mm/s, Re: 1rpm(5 ~ 6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Ty, : 300 C
Cross section
£ 00 ] ;E.#M%ﬂ‘%mﬁ m@;ﬂﬂ‘: £ 000 {Wﬁp‘w M—u f-nz
% roe ] Avg. 528 Hv ‘15 vos ] Avg. 582 HV
Line a
o] Aen o < voo ] I
S TR r"%"‘-’ﬂ'@-”%/’ﬁ%*’ ol ¥ Wﬁfr M%WJ m@»—
g 300: A’ 3 1 % 300 Avg 555Hv
£ 001 vg. 4995SHv =\
’ ’ 4Dlslancse 1mmai " " ’ ’ les(ar\CGe (mme) " "
Line b
(@) 10 % overlapping ratio \ (b) 20 % overlapping ratio

Fig. 4.32 Transverse hardness distribution of LC-190 1st clad layer with
overlapping ratio
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SNCrW - Stellite 6, Multi-pass clad;
P:4KkW, v:4mm/s, R;: 3rpm(19 ~ 20 g/min), Gs & Gc: 20 & 8 £/min(Ar)

700 7e0
LR L, O SRR AT e OB T i pren oo e T
L 2004 i i Z 4 1A 5 i i 4
§a0al: Avg. 484 Hv.. o AV SOSHV . o e o]
5 2504 & : : : ‘
N
U o 2 4 8 8 10 8 o 2 4 [ 8 10
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Line a
700 ‘ ‘ 200
800 4 : 5 o : = 2 . | 8060 - - SE =
g s B O, R e R R e e | o - P R RIS R
£ wved A ; I e A O e ]
é 200 - A"g. 490 Hv. E 3040 - g Avg. 490.Hv
$ 200 ; i § 200 ;
v Y S : ) gorl il
. a 2 4 ] 8 19 4 e 2 4 & 8 10
Distance (mm ) Distance (mm )

Line b

(@ 10 % overlapping ratio \ (b) 20 % overlapping ratio

Fig. 4.33 Transverse hardness distribution of stellite 6 1st clad layer with
overlapping ratio
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SNCrW - LC-190, Multi-pass clad;
P:2kW, v:3.5mm/s, Re: 1rpm(5 ~ 6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), T, : 300 C

Cross section
900 900 T T
800 4 1 800 4 4
1% e £ 2%l 3 . g o B
o] M e R R | e | R et
z ] Z ] - ]
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T 200 T 500 4
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Line b
(@ 10 % overlapping ratio \ (b) 20 % overlapping ratio

Fig. 4.34 Transverse hardness distribution of LC-190 3rd clad layer with
overlapping ratio

_86_

Collection @ kmou




o A

=

<3

2 4=

T

A

]

NI

7} \ A%

_50
ul

i

{
T

U
N

oH

i

K

Nfo

ol A 20 %

[——
o

1%t} Fig. 4.353} Fig.

&

2o} AARE @

<!

o

Wl

M
bl

e

ol

Y
i

o
.zﬁo

.-~

+ LC-190 HEl 5}

AR} Fig. 4.35

P
T

48

3

[S]

< 200Wle] WlgR i AS A-13 A-20] YERATh ofn)

o]

o]

)

O
,Z_O

= A

o4 ThAl ZolAth B

=
o

Ho] vepton,

_&o

B

ol

HdEE o AT Fig. 4.36

el A LC-1902+

Jo

—_
)A
oF

Hlo

mr

X3y

X Z M 27}

B2l

Hoh 7] =9

skof 2

°o]-&

o
=

glzlo]E 6

olEd SUE S& BHEsINoH, 1 AN

Fig. 4.37¢] vrehdith.

=
=

THA = ojw e &

zt

wo} o}

M

=
A

ZO

N

~

N

o

of
.z_o

ul
i

_Z_O
N
%

e

_&0
b
i

_&O
—

_87_

Collection @ kmou



I 22 554 B W f2 dETolEVy HAHA AT Rl o

SNCrW - LC-190, Multi-pass clad;
P:2KW, v:35mm/s, Re: 11pm(5 ~6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Oy r : 20 %, Toren - 300 T

Cross. section

(b) Near interface

Fig. 4.35 Microstructure of LC-190 1st clad layer at 20 % overlapping ratio
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SNCrW - Stellite 6, Multi-pass clad ;
P:AkKW, v:4mm/s, Ry: 3rpm(19 ~20 g/min), Gs & Ge: 20 & 8 ¢/mIin(Ar), Oy, : 20 %

Cross section
OM image(x 50) OM image(x 100) OM image(x 200)

(b) Near interface

Fig. 4.36 Microstructure of stellite 6 1st clad layer at 20 % overlapping ratio
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW,v:4mm/s, Re: 3rpm(19 ~ 20 g/min), Gs & Gc: 20 & 8 ¢/min(Ar), Opypr: 20 %

OM image(x 50)

N7/

OM image(x 200)

(a) Overlapped area between 1st layer and 2nd layer of No. 3 clad
B-1588 150 i B P 7

(b) Overlapped area between 1st layer and 2nd layer of No. 4 clad
C-18

(c) Upper area of No. 5 clad

Fig. 4.37 Microstructure of stellite 6 2nd clad layer at 20 % overlapping ratio
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SNCrW - LC-190, Multi-pass clad;
P:2KW, v:35mm/s, Ry: 1rpm(5 ~6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Oty « : 20 %, Tpren, : 300 C

Cross section
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Fig. 4.38 EDS line analysis results along the cross section of LC-190 1st clad layer
at 20 % overlapping ratio
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SNCrW - LC-190, Multi-pass clad;

P:2KW, v:35mms, Re: 1rpm(G ~6 g/min), Gs & Ge: 20 & 8 L/Mn(AD), Orap 20 %, T, - 300 C

Cross section
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Fig. 4.39 EDS line analysis results along the cross section of LC-190 3rd clad layer
at 20 % overlapping ratio
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SNCrW - LC-190, Multi-pass clad;
P:2KW, v:35mmys, Re: 1rpmG ~6 gimin), Gs & Ge: 20 & 8 ¢/min(Ar), Oy« : 20 %, Toren, = 300 C
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Fig. 4.40 EDS line analysis results along the cross section of LC-190 6th clad layer
at 20 % overlapping ratio
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SNCrW - LC-190, Multi-pass clad;
P:2KW, v:35mm/s, Ry: 1rpm(5 ~6 g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Ovap. « : 20 %, Tpren, : 300 C

Ni W ' C

(b) Overlapped area between 3rd clad and 4th clad
Fig. 4.41 EPMA results on cross section of LC-190 1st clad layer at 20 % overlapping ratio
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NI W C

C

(d) Interface area between 3rd clad layer and substrate
Fig. 4.41 To be continued
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SNCrW - LC-190, Multi-pass clad;
P:2KW, v:35mm/s, Re: 1rpm(5 ~6g/min), Gs & Ge: 20 & 8 ¢/min(Ar), Oy, r: 20 %, Tpran, - 300 °C

N
(b) Overlapped area between 2nd clad and 1st clad
Fig. 4.42 EPMA results on cross section of LC-190 3rd clad layer at 20 % overlapping ratio
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Fig. 4.43 Laser cladding method of exhaust valve face
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===

(a) 1st layer

(b) 2nd layer

B

(c) 3rd layer

(d) 4th layer

Fig. 4.44 Schematic illustration of Ist to 4th laser cladding on exhaust valve

face

i i

(a) 1st pass (b) 2nd pass (c) 3rd pass

Fig. 4.45 Schematic illustration of laser cladding method on exhaust valve face
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Table 4.1 Experimental conditions for simulated exhaust valve

(a) 1Ist
FEIEIERE Angle of Overlappin
— ge ot Apping @ (mm) Use time (s) Remarks
turntable jig () ratio (%)
Pass no.
1 40 0 229.138 179.964
2 30 30 236.373 185.647 Non-preheating
3 20 30 251.400 197.450
(b) 2nd
LS Angle Overlappin
— & o . ppIng @ (mm) Use time (s) Remarks
of turntable jig () ratio (%)
Pass no.
1 40 0 229.138 179.964
2 30 30 236.373 185.647
Non-preheating
3 30 30 243.647 191.360
4 25 30 250.922 197.074
(©) 3rd
I Angle Overlappin
— ot . e @ (mm) Use time (s) Remarks
of turntable jig () ratio (%)
Pass no.
1 35 0 229.11 179.943
2 30 30 236.373 185.647
3 30 30 243.647 191.360 Non-preheating
4 30 30 250.922 197.074
5 25 30 258.196 202.787
(d) 4th
PEEEiET Angle Overlappin
— E N o @ (mm) Use time (s) Remarks
of turntable jig () ratio (%)
Pass no.
1 35 0 229.11 179.943
2 30 20 237.412 186.463
3 30 20 245.726 192.993 Non-preheating
4 30 20 254.040 199.522
5 30 20 262.353 206.052
- 104 -
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(a) Surface

(b) cross section

Fig. 4.46 Clad layer shape of simulated exhaust valve

(b) Cracks in the clad layer

Fig. 4.47 Weld defects in clad layer of simulated exhaust valve
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mm/s, Re: 3rpm(19 ~ 20 g/min), Gs & Ge: 70 & 8 ¢/min(Ar)

(a) Surface (b) Cross section

Fig. 4.48 Clad layer shape of exhaust valve with non-preheating
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Table 4.2 Experimental conditions for preheated exhaust valve
(a) 1st

FemraeieTs Angle of Overlappin
— ge ot /apping @ (mm) Use time (s) Remarks
turntable jig (°) ratio (%)
Pass no.
1 40 0 229.138 179.964
Preheating temp.:
2 30 30 236.373 185.647 .
300~350 °C
3 20 30 251.400 197.450
(b) 2nd
PRI Angle of Overlappin
— ge o 'apping @ (mm) Use time (s) Remarks
turntable jig () ratio (%)
Pass no.
1 40 0 229.138 179.964
2 30 30 236.373 185.647
Non-preheating
3 30 30 243.647 191.360
4 25 30 250.922 197.074
(c) 3rd
PerrErneieTs Angle of Overlappin
— ge o' 4 i @ (mm) Use time (s) Remarks
turntable jig () ratio (%)
Pass no.
1 35 0 229.11 179.943
2 30 30 236.373 185.647
3 30 30 243.647 191.360 Non-preheating
4 30 30 250.922 197.074
5 25 30 258.196 202.787
(d) 4th
Parameters Angle of Overlappin
— ge ot erapping @ (mm) Use time (s) Remarks
turntable jig () ratio (%)
Pass no.
1 35 0 229.11 179.943
2 30 20 237.412 186.463
3 30 20 245.726 192.993
Non-preheating
4 30 20 254.040 199.522
5 30 20 262.353 206.052
6 30 20 270.666 212.582
- 108 -

Collection @ kmou



Table 4.3 Experimental conditions for preheated exhaust valve at 4 rpm

(a) 1Ist
FemraeieTs Angle of Overlappin
— ge ob /apping @ (mm) Use time (s) Remarks
turntable jig (°) ratio (%)
Pass no.
1 40 0 229.138 179.964 Preheating temp.:
300~350 °C,
2 30 30 236.373 185.647
Powder feed rate:
3 20 30 251.400 197.450 Arpm(26~27 g/min)
(b) 2nd
PRI Angle of Overlappin
— ge o 'apping @ (mm) Use time (s) Remarks
turntable jig () ratio (%)
Pass no.
1 40 0 229.138 179.964
2 30 30 236.373 185.647 | Non-preheating,
Powder feed rate:
3 30 30 243.647 191.360 4 rpm(26~27 g/min)
4 25 30 250.922 197.074
(c) 3rd
PerrErneieTs Angle of Overlappin
— ge o' 4 i @ (mm) Use time (s) Remarks
turntable jig () ratio (%)
Pass no.
1 35 0 229.11 179.943
2 30 30 236.373 185.647 | Non-preheating
3 30 30 243.647 191.360 Powder feed rate:
4 30 30 250.922 197.074 | 4TPm(26~27 g/min)
5 25 30 258.196 202.787
(d) 4th
Parameters Angle of Overlappin
— ge ot erapping @ (mm) Use time (s) Remarks
turntable jig () ratio (%)
Pass no.
1 35 0 229.11 179.943
2 30 20 237.412 186.463
3 30 20 245.726 192.993 Non-preheating,
Powder feed rate:
4 30 20 254.040 199522 | 4 10n26-27 g/min)
5 30 20 262.353 206.052
6 30 20 270.666 212.582
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SNCrW - Stellite 6, Multi-pass clad;

P:AKW, v:4mms, Re: 3rpm(19 ~20 g/min), Gs & Ge: 70 & 8 ¢/min(Ar), Tpre, : 300 °C ~350C

(a) Surface

(b) Cross section

Fig. 4.49 Clad layer shape of exhaust valve with preheating

SNCrW - Stellite 6, Multi-pass clad;

P:4kW, v:4mm/s, R: 4pm(26 ~ 27 g/min), Gs & Ge: 70 & 8 €/min(Ar), Tpe, : 300 °C ~350C

Smm

(a) Surface

(b) Cross section

Fig. 4.50 Clad layer shape of exhaust valve with preheating at 4 rpm
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Fig. 4.51 Exhaust valve in slow cooling kiln

SNCrW - Stellite 6, Multi-pass clad; Slow cooling
P:4kW, v:4mm/s, Rs: 4rpm(26 27 gimin), Gs & Ge: 70 & 8 ¢/min(Ar), Tpr, : 300 C ~350C

i |

Smm

(a) Surface (b) Cross section

Fig. 4.52 Clad layer shape of exhaust valve according to the slow cooling rate
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mm/s, R: 3rpm(19 ~ 20 g/min), Gs & Ge: 70 & 8 ¢/min(Ar), Tp, : 300 C ~350C

: EhN ~ 5mm
Cross section
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- - gl
I I
3 3
3 o
5 ; Lot 5 =P ;
Sub. 1 - - Clad layer;- G_ladjlayer : Sub: -
I S B | R
O 3% o T2 75 78 21 24 27 30 33 0 36 9 72 15 16 21 24 27 30
Distance (mm) Distance (mm)
(a) Line a (b) Line b
800 800 — . : — T
700 700l - Ave.544 Hv -
. 600 __6oot : R
i 500 i sool -"J’"y“‘.rﬂ.-w ?1&
2 400 £ s00f - -
= ; 5
% 300 : : : 5 i~ | g S00[- -ﬂt\'-! .n‘.-i-
200 Sub.-! :Cladvlayer - -Sub: | 200 = - Clad layer ; - - Sub
100} 5 wp o o oy i . frelllfy o ook 100.5” I I . : g
1 1 i 1
obi i 4i 1 0 .
03 6 9 A2 15 16 21 24 27 0 3 6 9 12
Distance (mm) Distance (mm)
(o) Line ¢ (d Line d

Fig. 4.53 Hardness distribution of exhaust valve with preheating temperature
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mmfs, Re: 4rpm(26 ~ 27 g/min), Gs & Ge: 70 & 8 ¢/min(Ar), Tpe, : 300 °C ~350°C
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Fig. 4.54 Hardness distribution of exhaust valve with preheating temperature at 4 rpm
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SNCrW - Stellite 6, Multi-pass clad; Slow cooling

P:4kW, v:4mmfs, Re: 4rpm(26 ~ 27 g/min), Gs & Ge: 70 & 8 ¢/min(Ar), Tpe, : 300 °C ~350°C
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Fig. 4.55 Hardness distribution of exhaust valve according to the slow cooling rate
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mmy/s, Re: 3rpm(19 ~ 20 g/min), Gs & Gc: 70 & 8 ¢/min(Ar),
TPreh. . 300 oC ~ 350 OC

E B!
Cross section

OM image(x 100)

OM image(x 200

=)

Fig. 4.56 Microstructure of exhaust valve with preheating temperature
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SNCrW - Stellite 6, Multi-pass clad;
P:4KkW, v:4mm/s, Re: 4rpm(26 ~ 27 g/min), Gs & Gc: 70 & 8 £/min(Ar),
TPreh. . 300 oC ~ 350 OC

cross section

OM image(x 25) | OM image(x 100) | OM image(x 200)
. : _ ; e
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SNCrW - Stellite 6, Multi-pass clad; Slow cooling
P:4KW, v:4mm/s, Re:4rpm(26 ~ 27 g/min),
Gs & Gc: 70& 8 E/mln(AI‘), Tpmh' :300C ~350C

Cross section
OM image(x 100)

o/ 4

7

‘?&5

l’mi .ﬁ'zsﬁ &l : ﬂgﬁ@gﬁf}%ﬁ}g& J

e of exhaust valve according to the slow cooling rate
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SNCrW - Stellite 6, Multi-pass clad;

P 4kW, v:4mm/s, R: 3rpm(19 ~ 20 g/min), Gs & Gc: 70 & 8 ¢/min(Ar),
Toren, - 300 °C ~ 350 °C

OM image(x 200)

SEM image(x 1,000) | SEM image(x 3,000)

S S0um ||

Fig. 4.59 Microstructure of observed by SEM in Fig. 4.58
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mm/s, Re: 3rpm(19 ~ 20 g/min), Gs & Gc: 70 & 8 ¢/min(Ar), T, : 300 T ~ 350 C

Cross section
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Fig. 4.60 EDS line analysis results of exhaust valve with optimum conditions
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SNCrW - Stellite 6, Multi-pass clad;
P:4kW, v:4mm/s, Re: 3rpm(19 ~20 g/min), Gs & Gc: 70 & 8 ¢/min(Ar), Ty : 300 C ~350 C

el L P

Cross section

e Iy

Ni —— 200 um Aave

Ni

(a) Overlapped area between 4th and substrate

Fig. 4.61 EPMA results of exhaust valve with optimum conditions
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Fig. 4.61 To be continued
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Co —— 200 um Ave

— 200 um ave 254 5 B - ¢

(d) Overlapped area between 1st layer and substrate

Fig. 4.61 To be continued
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Fig. 4.62 Liquid penetrant examination of exhaust valve
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I N D T REPORT OF LIQUID PENETRANT EXAMINATION };eg;(—);s ul;;_ EP- T 0aT 501
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Form No. INDT-PT-01A Rev 1 INTERNATIONAL NONDESTRUCTIVE TESTING CO, LTD

Fig. 4.63 Report of liquid penetrant examination in exhaust valve face before machining
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Fig. 4.64 Report of liquid penetrant examination in exhaust valve face after machining
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Fig. 4.65 Surface machining of exhaust valve

- 130 -

Collection @ kmou



Z

&

e
..

i‘\,
\

i

7

)

{
.

I N D T REPORT OF ULTRASONIC EXAMINATION Rﬁe?g:ﬁ ‘?r;'oi TR BT
mormmpacy) = o T E A AR LA i
FaAgeA FAT &?v‘«}ﬂ‘ﬂ’?‘i 100 / Tel : 051-831-5757 / Fax : 051-831-5662 Pa g e 1 OF 1
#100. NOKSANSANEOPJUNG-RO, GANGSED-GU, BUSAN, KOREA 3 o] A
Customer &5 Project Name 34} Project No. ZAPHE
P8 ol 2L / JONGHAP POLESTAR ENG' CO.,LTD - -
Item Name |39 Material #|% Joint Config. &2 %
Spindle STELLITE cladding
Sur face Condition 3 H%e) Code 7% / Acceptance Criteria @2 7]%F | Dwg.No. EHR®Z
BAs M/C [JAs ROUGH M/C EN602U, EN602R TYPE : 50MC
Testing Equip. 7 A}%H] Transducer &% &} (Type,Size,S/No.) Cable #Heo]&
Model : USM Go S/NO : 10090114 MSEB-4E, 3.5 x 10, 57462-53820 W MPKLL [ PKLL
Linearity 244 Test Angle 18725 / Frequency T34~ Calibration Angle W& Zt%
WL L Sl el WO (J45° (160" (170" / 4 Nhz o' 045" C60° O70°
Equip. Due Date AH|ZH WA FH LA Coulplant 7 ZFuoj & CalibrationBlock 74 8%
16-Jan-2018 ] CMC W 0il 715 R/B (©0.5 SDH)
Test Temp. Al@2% Method Z AR Std. Sensity ¥ & / Scan Sensity B4 E
| | Apbiént A& [ Elev. 2 M Contact & [ Immerse 3 R/B (©0.5 SDH) / +14dB
Q'TY [accr|res'| “LOCATION | LENGTH WIDTH Depth DAC
ldent .No el (masx) Remarks (®] 1)
+3 | #| 2 214 2ol E3 2ol 2AFA
Spindle 1EA |V
~BLANK®S=

* U.T : Welded Part

B Sketch on dot line.

If necessary or

[ Attached.

Fan dagre] 2AA £=E AV

Examined by
-

Y. J. Jang” 2773,

A

A

A LEVEL IT

Approved by

Ql

A &

&=
3

3
U. T. Kim %77%/\ LEVEL 11

Date of Examination @AMA:

15-Mar-2017 Maker QA Manager

[J Witnessed by

[] Reviewed by

Form No INDT-UT-01A Rev.1

INTERNATIONAL NONDESTRUCTIVE TESTING €O, LTD

Fig. 4.66 Report of ultrasonic examination in exhaust valve face after machining
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Fig. 4.67 Comparison of machining allowance of PTA and laser cladding
for exhaust valve face
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Fig. 4.69 50MC exhaust valve process for marine engine
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