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High Functionalization Technology by Laser Cladding Method and Its Application

Yoshihiro TATSUMI*, Yoshihiko HAYASHI and Takayuki TSUCHIDA

Abstract

Surface modification technology is applied in various situations, and it is a method that can be made into a multi-material by

coating the material with different materials. For example, a tough metal can be coated with a high hardness material, or the

coating material itself can be combined to have multiple functions. Among them, wear-resistant coating used at high temperature

is an indispensable technique for extending the life of industrial members and requires multiple performances. One of the surface

modification methods Laser Metal Deposition (LMD) can control input energy precisely. Because of this, heat inputs reduced, and

show high functionality of coating.This report describes LMD technology and use cases.
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Fig. 1 Principle diagram of various surface modification technologies (a) Thermal spraying (b) PTA (c¢) LMD
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Fig. 8 Exterior of ball bearings (Hi#t © 3C#k 1))

Fig.9 Cladding image (Hiift @ 3k 1))
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Fig. 10 Image of ball-on-disk wear test (Hi#t @ CRk 1))
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Table 1 Ball-on-disk test parameters [t @ Sk 1))

Test Load Rad1u§ of  Sliding Times of test
temperature rotation speed
60cC 10N | mm 100mm/s o000

(18 mm) (106 rpm)
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NST-Nb + 40vol%CrsC-

°3888

0210.0 420.2 630.2 840.31050.41260.51470.51680.61890.72100.72310.92520.92731.C¢

NST-Nb + 40vol%TiC

ow

©210.2 420.4 630.5

Fig. 11 High temperature wear test results

(i 3k 1))

Wik$ 5 &, TiCHEMED CrCo HEMEL LD
b B AR ) TIC HAMETIE NST-Nb &
G HARIZ L REBEREEAH 45% 12 F THA L 72,
3.4 ENTYCITHR

NMNb &4 +40vol% TiC M2 FEE L 7 &

— VI LMD Jiti - L 7= N4 i % BT g O <P A
J:WJI]IL SisNyg K=& H—FKrt53Iv 7
28] F—FOMEETEMZT2RIEL 7 (Fig
12)V. Z# % Fig 13V 1R iz s 1 CaF
fliEBR % S50 L 7. sUBRSef 1, 600C K& 5%
AT, HBRE 10kef, MEREIE 50rpm & 7% 5.
Figure 14V 123 H %2R, BITHETSH 5
SUS440C #p9obis T #E s n /- FKdi2id, 233h
TEREEHELZICL Y REET v 7 L, ZOEER (L

Fig. 12 Prototype super heatresistant ball bearing
(a) Before assembly (b) After assembly
(L STRR 1))

Electric furnace
==
Thermocouple

Fig 13 Operation tester (Hi#i @ 3CHk 1))

233h
(Break)

]“O"*"r""l"'l‘-"

s, Inner
0.8+ ;o '.:race 4

Outer

or . race ]
Non-coated
04F bearing

) TiC/NST-Nb |
0.2r coated bearmg

Wear loss, d/¢mm
(=)
[=2)

| Inner/ Outer race | A
0 500 1000 1500 2'000
Time for operating test, ¢/h

Fig. 14 Result of operation tester test at 600 C
CHE g Sk 1))

O EFBLES) (Z/MH2F ¢0.6mm, W
WA $0.8mm THo7z. THITH L, B%E
RO E#hs21E 2000h THA L, Z O BEER T/
25 ¢0.05mm, WEi2S¢0.05mm, EEERHEEIE
ABRBAAG 25 2000h ZAEE LT 0.05 #HERE L
7.

LT ERE IS CGRREOMR L R 2 EAA,

FHLEZ BIRT FETH 5.

4 REREEHRERIL—FT 1RV
NDHE(RRBEHND)

41 TJL—XT A XAI9ANDOEXEXEICD
WwT
IR O AP ) BVERT OB T, BIH
DIFFEL T L —F 714 A7 O@AIIBRFI LD &
DOHDL. SHIZ, FREHE S TV B IEHE 400
km EfTIZBWTIE, Lw ) AT 1000C U<
A3 2700, ST RREROME) A

757

—

22/11/21 11:07 v4.00 (



W 68-01-Exp-04 Page 6

——

6 oA RTY AN

568 & 15 (2023)

Lb5ZEns, Bl 7L —F7 1 A7 B
VIHTH D, ZO0, BN HET A4
WA BT R B T 4 A 7 O L @ ) BIHE I
DHIFEST B EHNTELHEL LT, PTA
WCEDAET L —F 714 A7 OE®{To7. L
L, ABDKELLBEAAEDLZ VD, B
BERDFEEL, WELIWERYEDLDODHET
Hotz. PTAICRD A EiE R BEHAKEE L
T, LMD O# M 4T\, #Hich T L —F7
1 A7 DRI EAT o 12FB E N T 5.
42 BRREEAMBICOVT

FEO~< M) v 7 ZAFEMIZIE NI ZEEEDNA
74 C% (Ni, Cr, Mo, W, Fe, C, Mn, Si)
AW CoRMITEEMEYZLTBY, &
HIERE CHMEREZ A L Wit o, $7-,
Y TGRS T 4 A 7 B L 13ITR S
THEBEEE FUE) B2 e, 74 A7 %%
& LEEOBISINR KT B BT & AR 2 50
BPWFRETE L2 O TEMICERAL. 914
ST BB Lw OB L, BRGBEEARE 2T
b EREMICIE NI 2864 & RIBEBOSRLT SR
(W, Mo, Nb, Ta) $i&H# % 72, HEHE
DENNI L DT 4 A7 EMA~OBGZE LM 5
272, BT ORI PTA & LMD % Z41
FIUTV, BEMROBISE 2 To72. 72721, F
BUREE1E 250C, 350C o 2 ff4H, LMD 13 T 1
J&, ERE2BE L, PTAIZTE2E LFE2EO
W% % KR CfT > 72, Figure 15Y12v 4 7 1
Yy — 2 &%, Fig 167127 #

- PTA(250C)
-~ LMD (350 C)

->-PTA (250 C)
-O-LMD (350 C)

500
4004
300
200

Hardness, Hv 10 kg

1001

0 T T T T T T
0 2 4 6 8 10 12 14

Distance from the surface, mm

Fig. 15 Hardness distribution comparison ({4 : 3k 3) )

NTVEDORDLDS.
4.3 LMD THEEFERLABEOEEEE

RS DA S X 5 i BREE T C O R SR
* ER L7 mESME, EilA~S 1200CF T
& L7z, Figure 172125 BRR & B X O OMIED
HREZTRT. WINOWE D BB TEICL 2@
RO NG rotz. AT 4 A7 ML,
600C fi e THIMRER S 5% L KT 5 2 #84%}
BEOWEERLDOIH L, iEEOE W NI
HEEEFHCTAEM CIIBREN S R D100
TIFEEIZA S EHY, 1200C ORIz B W
TOEVREZ MR L2 MOTEDOR R TIE,
T A A7 FEA DT 600C AL TH LM A U C
W5, REMTIEIRE IR, BRESEL &
BLAZONTMUODA T M EER L7

EHET —E N AT OBSEHERNS, TL—Fip
DT A4 A7 EELw ) B O KR IREIZHN

1 BE 250°C fiti T ity O W ThI R 4% O L

PTA LMD

R, TEEHIE O R E A D LI
M OBGERE (Heat Affected Zone :
HAZ) \E VR 5 OMEEDS, PTA
T4mm, LMD T2mm CTH 5 Z &
230, LMD O BT 4 R 7 ¥k

Macro observation

l Overlaying

M5 2 5 BGEEMECHZ 6N T
WL EDDNE. T4 A MEHE
BraHhbLE, LMD LEHo~ Y
v 7 AN\ T A SR L 7oA
H s & 5, LMD O3t i 28

Metallographic
cross section

1L PTA (2R THEWHEEIZRE
ENTHEY, BEENNSLIIZS

Fig. 16 Metallographic cross section comparison (preheat : 250 C)

(et 32k 3))

_6_

—T

22/11/21 11:07 v4.00 (



W 68-01-Exp-04 Page 7

——

RE - bk - 2l L=y 5y Ty 7 EIC K DR BT s 7
(a) 100 (b) 1200
oPTA  ,°© 0 PTA
404 OLMD 1000 P 0 LMD
>
g O Substrate < @0 oo O Substrate
g 5 800 5
S 601 g
< @ 600 o g
2 401 7 g 8
2 = 5 4001 2
& o
P B
Moeee = B 2001 =
o
8 8
0 = 0

400 800 1200
Temperature, C

0 400 800 1200
Temperature, C

Fig. 17 High temperature tensile test (a) Tensile strength, (b) Tensile elongation({H# : 3Cfk 3)]
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Fig. 20 Test material after endurance test (a) Disk

(b) Lining (Mg SCHk 3))

Inner edge New disk 73th 39th Outer edge

Depth direction, mm

70 90 110

50
Radial direction, mm
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