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Manufacturing for Suppressing Crack Generation by Bayesian Optimization
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The laser metal deposition (LMD) is attracting attention as one of the methods to manufacture products that achieve the
required performance at a low cost and enable the formation of partially added metallic layers. When cemented carbide layers
are formed directly on an Fe-based material for reinforcing a partial part, cracks are often generated in the formed layers. In
this study, the compositions of the cemented carbide layers were graded to realize crack-free layers. WC ratios of respective
layers without cracks were investigated. AE sensors were used to evaluate the number of cracks. The compositionally graded
layers were formed on C45 carbon steel substrates. In order to form the four-layer graded compositions, the WC ratios of
10 mass%, 30 mass%, 50 mass%, 70 mass%, and 88 mass% were chosen for respective layers. The results showed that
cracks were not detected in the five compositional patterns with the WC ratio of 10 mass% in the third layer. The Bayesian
optimization package COMBO was used to derive a compositional pattern without cracks. The results showed that the
compositional patterns without cracks could be derived more efficiently than in the case of a random experiment.
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Materials
Laser Characteristic Value
C itionally Graded

nggr?ts;g%z;g};te;a ¢ Laser wavelength 975 nm

Carbide Layer 88mass%WC Beam diameter 280 wm
(10mass%WC ~ 3" layer . ! 5
88mass%WC ) , P AEiensor Energy density 1.95 x 10° W/em

% Laser power 120 W

% Scanning speed 10 mm/s

Fig. 1 Schematic illustration showing a multi-beam laser type Powder feed rate 45 mg/s

LMD system. Stacking Pitch 0.1 mm

Table 2 WC ratios of respective layers in each experimental number.
WC ratio  (mass%)
10 30 50 70 88
1st layer (bottom) 1~25 26~50 51~75 76~100 101~125
2nd layer (1~5)+25n  (6~10)+25n  (11~15)+25n (16~20)+25n (21~25)+25n
(n=0~4)
3rd layer 1+ 5n 2+ 5n 3+ 5n 4+ 5n 54 5n
(n=0~24)
4th layer (top) all
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Fig.2 Workflow of Bayesian optimization.
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Fig. 3 The number of cracks in forming the 4th layer for each
experimental number.
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Fig. 4 Sum of squared amplitudes in forming the 4th layer for each
experimental number.

Table 3 Compositional patterns without cracks.

Exzirrinrgz:tal ilit)?(})llif) 2nd layer  3rd layer 4t?t(l)z;})7er
No.16 10 70 10 88
No.21 10 88 10 88
No.36 30 50 10 88
No.61 50 50 10 88
No.91 70 70 10 88




154 SEfiEERSC WF, SFHL M, BE G B 0 A DRGEIC & B SRAEM R L 72 L — SR SRR & R ORLE

SNz EMH S EEITHT T WCEIE DA IS
LAY — IR E RO L 5T, 3EHICBI
% WC EIE 75 10 mass% DFFIC & EEY T & 7 DM S
= U REEONDRERE o/ HAIZWCEIAD
BINT 5 EHET No8 &, SOy v Mhr¥uLio
72 No.36 DEAFHH BB & 6 Fg oo Wi 4k o SEM {55

L OEEM M 2 & ERHR B A 4 FE 022 £ T 100 um
Z L @ SEM i {% % Fig. 512, EDX |2 & % 55047 % 45
MrFEIR 25 um*25 um (2B 5 FHHEE L OR LR %E
Fig. 6 |Z7R7.

No.8 @ 1J&H (10 mass%WC) IZHH243 % 100 pm i1 &
No.36 D 3 & H (10 mass%WC) (ZHH249 % 300 um fE DL
KRS % LIS 5 & WCHRLT- O ARSI G IC R &E &N D 5.
WC & Ni OFEIX, ZNEN158 glem® & 89 glem’ TH

(a)

= Compositionally

Graded Layers
f Cemented
Carbide P

Substrate

layers of cemented carbides, and magnified images taken at
several distances from the interface between the first layer
and substrate in the samples of the experimental numbers of
(a) 8 and (b) 36.

D&Y BT 10 mass%WC & 90 mass%Ni & L7-H4
DERELIX6:94THDLI L2 EETDHE, No8 DITH
T WCHRTAATHDHEVZ S, —F, No36 ik WC
BTDD %)L oAk L7ZIREETH S, LA L, No36 i,
100 um 7> 5 200 um (2221 T WC K. T 2598 A5 %625, &
NEY RIS &, WCHK T 74 3R 2 (288 UG
L7255 AIREETH . F72, No.8 D WC R F A El 41,
TRE» S BRI THRA ML T 2 EPRZIT S
nas.

B ARG TlE, No.8 B X UM No.36 1E, b5 1
JEIZIANTC W OB RIS A EINT 2Em & 2o TH
DEFHAERIL L TV A Z Db b. F72, No8 I~
No.36 &, W K DEMOEHEEWDIERLTHY, X
DEMEEEEILE o TV RVWEVR S,

No.36 AYEERSAE Y 0 WC KT oA g4 B L OS5
WEFRE B Lo BERIZOWTIX, BEKEIZBITS
TRENOEAREDS S TEBIKE ARSI IREEIC
Gol:l B LEEZOND,

L—HTHIMTL L7728, MIET—HR0Mmh %A 52
AP OF LRI EI L 72 & 2 OBUEFLICBIT

—_

(=3

S
.

o
(=}

D
S

B
S

5o}
S

Chemical Composition (mass%)

04

-100 0 100 200 300 400 500 600

Distance from the interface between
the substrate and the first layer (um)

(b)

T T T T T W
S 100¢ oo
[ —A—Ni
<
\E, 80 |- Fell
=1
o
Z 60 1
wn
Q
&
£ 40p 1
o
8 20t .
=)
[
=
T o1 |

1 1 1 1 1 1

-100 0 100 200 300 400 500 600

Distance from the interface between
the substrate and the first layer (um)

Fig. 6 EDX analysis results showing variations of elements in
the compositionally graded cemented carbides from the
substrate to the surface layer in the case of experimental
numbers of (a) 8 and (b) 36.
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