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Effect of Scanning Methods on the Cracking of the DZ125L
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Abstract The effect of scanning methods on stress distribution and cracking of the DZ125L superalloy thin-wall
structures is investigated numerically and experimentally. The results demonstrat that the stress distribution is not
uniform in single-direction scanning method, which leads to warping in both sides of the structures and cracking in
the middle regions. However, in back-and-forth scanning method, the stress distribution is relatively uniform, and
the fabricated parts have smooth surface without any warping or cracking.
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Table 1 Parameters of the DZ1251 superalloy powder

) Coefficient of ) Thermal Thermal ,
Elastic ) Density / Poisson's
Temperature / C thermal expansion / ] conductivity / capacity / )
modulus /(10 Pa) i (kg/m*) ) ) ratio
1077/ C) [W/(m-C)] [J/tkg+ O]

20 211 1.48 8230 8. 00 350 0.33
200 197 1.52 8230 9.67 385 0. 33
400 188 1.56 8230 13. 44 456 0. 33
600 176 1.62 8230 16.79 498 0. 33
800 157 1.69 8230 19.63 506 0. 34

1000 120 1.75 8230 19.43 473 0.35
1100 118 1. 80 8230 19. 00 443 0. 35
2 3161 ARG A S 0
Table 2 Parameters of the 3161 stainless substrate
) Coefficient of ) Thermal Thermal ,
Elastic Density / Poisson's
Temperature / C thermal expansion / X conductivity / capacity / )
modulus /(10 Pa) o (kg/m*) ) ) ratio
1077/ C) [W/(m-CTJ [J/tkg+ O]

20 195.1 1.524 7966 13.31 470 0.267
200 185.7 1.643 7893 16. 33 508 0. 290
400 172.6 1.744 7814 19. 47 550 0.322
600 155.0 1. 821 7724 22.38 592 0. 296
800 131.4 1. 883 7630 25.07 634 0.262
900 116. 8 1.911 7583 26. 33 655 0. 24

1000 100. 1 1.938 7535 27.53 676 0.229
1100 81.1 1. 966 7486 28.67 698 0.223
1200 59.5 1. 995 7436 29.76 719 0.223
1420 2.0 2.070 7320 31.95 765 0.223

F3 LEB3H

Table 3 Process parameters

Laser power /W Table feeding rate /(mm/s)

Powder mass flow rate /(g/min)

Laser beam diameter /mm

230 10

2.6 0.5
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Fig. 1 Schematic presentation of model and laser scanning method. (a) Model;

(b) single direction scanning; (c¢) back-and-forth scanning
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Fig. 2 Finite element model of the substrate and cladding layer

6] Z J7 ) 34 5, 73 0& 0] 3] 5 s SR 05 A JT I .3 4 R —
J2 S SRR BT — J2 1 E A R BT A R
T BB B TR A 48 7 30 L MO Rl e — )=
5 1 s P10 Z 05 o 3G AR5 SE 2 T — )= L Hi—
JZ 9V HV I 1] 47 2 S B0 B 1 B B/ S IR RO A
2 TR HE AR 114 2580 SR I e 0 3l JBE B B

2.2 RERFN NG
2.2.1 BAMBEY

Bl 3 Dy A b 1 7 3T S EE O 52 AR 10 SR
Us JiBER 3 At o . IR 3 W& Y P RR 4 46 7
T A BB B AN A T i 1 43 4 07 SR
A B A T ST L BOER e — )2 4 1 s i

104.643

287.508

3 AR T BB MR A . (B 314 (D EE
Fig. 3 Temperature distribution of the cladding layer after the last deposition step.

(a) Single direction of scanning; (b) back-and-forth scanning
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Fig. 4 Stress distributions of (a) X, (b) Y and (¢) Z direction under single direction scanning
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Fig. 5 Stress distributions of (a) X, (b) Y and (¢) Z direction under back-and-forth scanning

3) PR T3 T 9 RE 1R AN ] 07 B 5k R B )
RN A

Bl 6 g A [ 31 At 5 3T RE I 10 2 8808 ) o) A
TEOL . 6 Cad Dy B i) 14 7 3T I8 )2 1) 45 A0
J1or A P L& 6. (b) Dy B e 3 4 05 30T B9 5% AR L )
A i AT IPE o] R L B 1 0 B G A
R SR ER) L F7 53 A BR) 52 ) EE AR B e 7 S £ B ) A
1500~ 1700 MPa % 35 H; £ i 09 N S 2 1200 ~
1600 MPalfJ3 [ s 2 F H &8 19 W J1 i 400~600 MPa

AR TR FEL» 0 4 1O g A A 2 2 50 0 i AR 4 A T 1)
CNZEENAT) B AR B 0 6T 1) B ARG . 1 5 0 B )2 s
(Z J5 180D B A B A0 1) 38 K. DR A% g ) 4 P 7
T RE P P A s R S 1) 22 3 B R e M T Y
BRAR I TR

Bl 6 (o) o 1 52 314 7 30T 6 B2 09 2 2800 )
oA L 1B 6 (D o FE S 44 7 2T 1 3R AR I g 73 A
fh £ 1] DA JEl o RT S BE 1 £ O i A S 0 19 g
SR AT AR S X5 e S BV ) Ol 350 ~ 450 MPa f{E

1003002-4



Doan Tatkhoa 4. 14 J5 U 0L & 8 B MY DZ125L # i & 4 W RE 1F T 802w

.768E+09 115E+10

675593 .384E+09
193 960E+09

E+09 S76E+09

154E+10 0 L . : : !
134E+10 .173E+10 0 10 20 30 40 50

675535 243E+09

. 486E+09 729E+09
122E+09

356E+09 GOSE<09

972E+09
.8S0E+09 .109E+10

1500,

—— layerl
—=— layer2
layer4
layerb

- —— layer8

1000 —e— layer9

5001 L

Residual stress /MPa

Distance /mm

—— layerl
—=— layer2
layer4
layerb
—+— layer8
—e— layer9

Residual stress /MPa

0 10 20 30 40 50
Distance /mm

P 6 AN [l 43 4y 2T B T2 A S5 2800 11 20 AT R AT Z B . () » (b) BRI 4145 (o) » (D AR SR AT 4

Fig. 6 Residual stress distributions under different scanning methods on X-ray of each layers.

(a), (b) Single direction scanning; (¢)., (d) back-and-forth scanning
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Fig. 7 Laser direct metal forming system schematic
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Table 4 Process parameters

Table Powder Laser

(I)ﬁ;(;r/ feeding  mass flow beam Cé?ﬁggf:/
p rate / rate / diameter / 1074‘
(mm/s) (g/min) mm
230 10 2.6 0.5 <1.5
# 5 WERBAR T
Table 5 Sample types and dimensions
Scanning Cladding layer
Sample Dimension /mm’
method number
Single
No.1 = 40X0.5% 10 100
direction
Back-and-
No. 2 40X0.5X10 100
forth

2) SRH =48 X B4 W 2 H ik & (YXLON
) BEAH AN [5) 7 BE (4R 24 250 i T8 50 R0 HE B4
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Fig. 8 Thin-wall parts under different laser scanning method. (a) Sample No. 1 single-direction scanning;

(b) sample No. 2 back-and-forth scanning
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Fig. 9 Measurement of stress location map
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Table 6 Measurement results of X direction stress
MPa

Distance /mm 2 11 20 29 38
Layer10 223 246 359 325 385

No. 1 Layer50 235 185 398 380 385
Layer90 290 220 425 430 418
Layerl0 286 293 305 418 425
No. 2 Layer50 312 355 324 425 430

Layer90 334 410 468 460 510
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HEE L2 TR B TR 5 I g 0 1 3 L 35 10 J2 A R )
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Fig. 10 X direction stress distribution under single direction scanning. (a) Measurement results;

(b) simulation results
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Fig. 11 X direction stress distribution at back-and-forth scanning. (a) Measurement results; (b) simulation results
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Fig. 12 3DCT thin-wall parts under different laser scanning methods. (a) Sample No. 1 single-direction scanning;

(b) sample No. 2 back-and-forth scanning
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Table 7 Cracking of parameters

Minimum length
of crack /mm

Maximum length

Crack numbers of crack /mm

Maximum width
of crack /mm

Average length

of crack /mm Oblique angle /(*)

31 3 1

1.5 0. 07 10
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Fig. 13 SEM photograph of (a) crack morphology and (b) fracture
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