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Abstract: Aming at integrated forming demand for aviation cooling thin-walled honeycomb components, the thin-
walled honeycomb structure with a minimum wall thickness of ~100 pm was fabricated by LPBF ultrafine spot and
optimized process parameters. Effects of laser beam size on the morphology and width of deposited single pass were
investigated. The influence of process parameters (laser power and scanning spacing) with ultrafine laser beam on the
density, molten pool morphology and dimensional accuracy of formed 3161 components was analyzed. A mesoscale
multiphase physical model of LPBF was established based on the finite volume method to reveal the influence law of
laser scanning spacing on the temperature field, velocity field, residual pores, and surface quality of non-equilibrium
molten pool in LPBF formed 3161 alloy. The action mechanisms of temperature field, melt wetting and spreading,
melt thermal capillary flow on fluctuation of free surface of molten pool and densification of overlap zone were clarified.
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Fig.4 Surface morphologies, velocity field and overlapping region quality of LPBFed 3161 parts

44



WOEH AR PR Bl 3161 W BESS K T2 A0k 5 6 i 34 8l ) 2 ik 2

WL AF

Tt Bk A T W A B ORESAR I LR ol T T B T 4
Tt B E ST P M HE AR B AT R L A 4h) 5
T e b R K T S R X A AR O 3 I B A
5 TR T T 1 3 B B B A AR O B T R R
SEFE IR T AR AR UL 4D o P, 3T 0 B $5
oz JOU e b T R BE R 43 A, A TR FE B
JEBE T SR 80 e 14 451 4 18] #E W 3R A5 A3 R DT RS 18 &
JE T DR UE 5 422 0 6
24 HAEMKRKIBRIICLERELEMERTHE

K5 M AER AL T 2280 O6BE H A2 D=30 pm, $1
i 8] BE A=80 pm, BWOL YR P=160 W, £ # i v=
1100 mm/s, J2 & /=30 pm) O H A K 4 Gl LPBF %,
T 3161 v B e 53 45 44 5 RO RS B2 o R LPBF T 200
JE T B A% 100 mm 5z /NBE RS 100 pm 1) 38 BE 25 1

\ ¥
(d) HEEELE K B A5 SEM (e) WEEELE I £

(UL 5a) 5 W 55 45 44 iy 5 T W RE 7S 18 4 B CIL I 5b)
LPBF 1 #2 J8% 1) 5 BE 25 44 oK & 2 1 B AR T | i 3k A5 11
JHERE ZE H BEJE 2908 105 um UL IR 5e) o ik — 2 Xof i e 4%
A 0 R A AT LA 2 B, B 235 A 00 77 7 50 B 0 Rt A
MG RE AT BU% H 35 (UL IR 5dD , 2% BH 3 3 i 48
LPBF LB B2 FIE T2 S50, /T DLk A3 i /N T
150 pm MY BEJRE o 23 BT 7 308 e ffy AT LA & B, AH 208 v B2
e fl R 1197, 3 W BE 45 0y ¢ £ AT 4 AR E 1Y 7S 3L E
GERL CUL I 5e) 5 30F — 25 Xof e £ b T % 45 40 4R Tl K R AE
AT DL R BEL v R 455 4 % 1T S0 L) BE TG B S ORS Ry
BN CUL L S0, 2 B 2R /N ROSH R BE 3K 45 1) fE B R
£ TP YOG TR AE B AT R0 L 3161 B4 R I 24 TR AL it
st ok R M 40O BE LPBF B 4% — 1K BUIE BE R /N T
110 pm B 7 BE 25 #4 R4 T HAR &R .

37

(F) HBE S Fh 45 ) i 5 SEM

A5 A T AB T O KRG Rk 3161 4 B 25 # 55 7§ B R

Fig.5 Thin-walled structures and dimension of LPBFed 316L parts under optimized process parameters
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