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Influence of scanning order on residual stress and deformation

in laser direct manufacturing of TC4
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Abstract: In order to reduce the substrate deformation and residual stress during laser direct
manufacturing of TC4 components, the influence of different scanning orders on the deformation and
residual stress of the parts formed by subarea scanning strategy were studied. The newly-defined outside-
in and inside-out scanning orders, and a randomized scanning order were applied and compared. The
deformation was measured by the surface structure light measurement system and the residual stress was
measured by the X —ray diffraction method. The results show that different scanning orders have
significant effects on the deformation and residual stress. The maximum substrate deformation is reduced
by 60% by the outside-in scanning order compared with that by the randomized scanning order, while

larger residual stress is introduced, which is even up to 392 MPa. Oppositely, the randomized scanning
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order makes a more uniform residual stress distribution and the maximum residual stress is only 93 MPa.

Therefore, it is beneficial to balance the substrate deformation and residual stress of large TC4 forming

parts by applying the outside-in and randomized scanning orders in the front and back forming period

respectively.
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Tab.1 Composition of TC4 powders

Element Wt
Aluminum 5.5%-6.75%
Vanadium 3.5%-4.5%

Iron <0.25%

Carbon <0.08%

Oxygen 0.12%-0.16%
Nitrogen <0.01%
Hydrogen <0.01%
Titanium Balance
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Fig.1 Schematic of subarea scanning strategy
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Fig.2 Schematic of subarea scanning orders
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Fig.3 Schematic of residual stress measuring points distribution
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subarea scanning orders

22 MRBEERRNA

AT 3 XL TR 22 26 1 0% A% 17 0 A1 B A
KA FEAS T DL RRUZ e KR AR I Sy ) e n 1l 7 B
IR AL DUR ) 3 E Y o B AR sk 4y R T, HL
AN TR) 3 XL T U2 AR A 0 T 22 Ak R A
H AT PR ER PR 20 DX R, 02 326 T 3 1A
BRI SR, I KBRS o A B T
392 MPa Fll 252 MPa,, 1fij Fifi HIL & [X I DT R 2 5% 4%
VAR & & NN i T S E = B N - S VA R 4
93 MPa, I AT 73 SR BRREE XY, BbAk , 24 5% H
H AT P 26 DX s, TR 2 5% 43 I g 2 3 el i
G L R HTIE R B TR Hh P AR 32 DX
FE s, DUBRZ B A 0 W ER 3 G A O B/ | X
T 3ot 11 e 38 Uk 1 A 5 B AL G X % A g g 4
MM RRES

DL ESESER AN P 3 DX B8R AT LR

0242002-4



9Nk TAE

5 2 M

www.irla.cn

% 48 %

/N SR AR T, Rk R HAE DUBUZ 7 A T HR
FIBRARNL TS, B RERAR I I 29 0 BEALE DX B
418, P, 2 SR IR DX 58 iR BB U |
FEAERIE ARG AR BYERA N J7, AT BT
PEVERE ™ LR R I, B 24 A B T EOUIRUZ TR,

600
500F
400+
300F
200F
100
ob !
-100F
%0 40 20 0 20 40 60
Position along the longitudinal direction/mm

—=—Randomized- » - Outside-in—4- Inside-out

Longitudinal siress o,,/MPa

(a) BRAKL 153 1

(a) Residual stress distribution

s0o} + 3

Max residual stress/MPa

Qut-in.1
Out-in.2

In-out.1
In-out.2

0 Rm:'ldo;n,l
Random.2
(b) FRERARL IR
(b) Comparison of maximum residual stress
Pl 7 ANTR] 3 DX T AR BRAR L T
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Fig.8 Thermal history curves diagram of the central node

on the substrate
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