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Laser Cladding Forming of Cantilevered Thin-Walled Part Based on

Hollow-Laser Beam Inside Powder Feeding Technology
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Abstract Combining hollow laser beam inside powder feeding technology and 6—axis robot, a cantilevered thin—
walled metal part is deposited layer by layer by means of continuously varying the attitude of laser cladding nozzle
along the tangential direction of the thin wall. The modeling of force and displacement of the molten pool on an
inclined surface is carried out. The shifting and flow of the molten pool are restrained by optimizing the laser
cladding parameters in this model. The experimental results indicate that the forming of the cantilevered part with
a changing incline angle from 0° to 81° is achieved without support. And, the surface of this part is flat and smooth,
and the “step effect” is completely eliminated. The cladding layers are nearly symmetry along the central axis of
the part, and the shifts of the layers influenced by gravity are not apparent. The microstructures of the part at
different incline angles have no significant differences, and all achieve small grain size and compact texture.
Key words laser technique; laser cladding forming; hollow—laser beam inside powder feeding; variable attitude
forming; cantilevered thin—-walled part
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Fig.3 Comparison of two laser cladding deposition methods of curving metal thin-walled part. (a) Deposition by horizontal slices and
displacement between adjacent layers; (b) deposition by normal direction slices without adjacent layers
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Fig.5 Comparison of design size and formed part size. (a) Design size of profile; (b) measured size of formed part profile
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Table.1 Composition of Fe313 (mass fraction, %)

Composition c Si Cr B Fe
mass fraction /% ~0.1 2.5-35 13~17 0.5~1.5 Bal.
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Fig.6 Part in deposition process
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Table 2 Size error of formed part

Features in Fig.6 Design size Absolute error Relative error
Bottom height 20 mm 0 mm 0 %
Arc height 49.38 mm -0.08 mm -0.16%
Arc width 42.18 mm 1.72 mm 4.08 %
Initial radius 50 mm 0 mm 0%
End radius 50 mm -0.09 mm -0.18 %
Incline angle 81° 2° 2.47 %

P& S A 2 TN, BB AFAME RSE 20158 25 1 B0TE 42,18 mm 9S8 A 8 1At . X F2 2 T
578 2 = RO R R b I B S B sl 20 B AR R R R AR T R R T AR T 1.7 mm. SEPR RBUR T —
s /DVR L 1.7 mm, XL 2R BB, S HOBUE B B R TR HE

WA 5(a) BT, BT REIE A 2.5 mmo 1817 SR WO BE SRV &5 B2 7 1] 22 A K] o 76 S JIG R Y B BE 0~5 mm
Ab A BEJRE LA 2,16 mmo 32 BT ROGTR —FF AR HE R 600 W, 78 FEMR L I 44 B I, SR A =R, = R
T AE SR 1, B A ARG R TR AL 8 AR, AL IO 2R = AL A AL P 2o P SO Tt TR W AIC, e IR

1003003-5



L S
A0, J b T R G /0N, B A A V8 B /N T T B o Bl T RE AN W A R, Tt ) T BE A 3R T O AL
A& P BE VRS, f Tt IR B T, R i AR O BE R B Wi AR R 2.5 mm A2 A o TR T AR BE TR B R4 X iR 25 R
2.16 mm-2.5 mm=-0.34 mm , 5 KX 1% 22 H-0.34/2.5=-13.6%
2.6

o oo
o

N
w

¢

S

Thickness of thin wall /mm

=
=0

@%4
EN
3

10 20 30 40 50 60 70 80

©
%
Z

Cladding angle /(°)
T SO P B S0 2 B K S B 7 1] (22 £k
Fig.7 Thickness variation of formed thin wall part along direction of height and angle
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Fig.11 Detail with enlarged view of the 4 areas marked in Fig.10. (a) Low side; (b) around 30°; (¢) around 65°; (d) around 75°

(2)58 \* U (DB SR 35S ‘ - (DS

15.0Rv-42 Emm 1.

50,

P12 110 bz B 41 Jo) 3 205 #4006 L 7 S o IR
Fig.12 SEM analysis of 4 areas marked in Fig.10
4 T R A A L I [0 4K, , P IR (R 68 B o AR AR PR AV HV R R v B, BRI B R AR A /N o
P 12(a) o T 30 BE (R I, AL 2N S B0% , — Mok AR b i A B R 0 A KT T, OB ELARE 2~10 pm Z [H] &
12(b)~(dy i O X i bR 20 B 5 & 12(a) A3, EAR T AR fb . B 12(b)~ (d) A9 @ DX 1 Sl L B B BE 40/ o 3 &
FAZXER bR IE)E Z A S5 G X, B R B T SR 0 IR 2ok 8 B T R PR 32 DX AR B SR A /N . AT
YL B 12(d) H QX1 B HE I X, A & BT — S A0 /NFLIR o 3 J2 pl 100 R BT 10 19 d &b 7 Sk il # 2
F2 I 80° , ML AT T B AR K, F ) 0 b 1B g A P el G A PR B Y [ R A i, DA T X 2 0O B
ARG T AL EARAE 1 wm, B RS EE B AR AU, DRt X 20 231 B S A I A 52 il o
4.2.3 R B 5 M

S T O MHS B GORE RE T o P13 T S O A A A TR e R BE A RE R AR A i 2. i AT 13
800

750%%74
700 /

60071
550’
0§§ &&0 10 20 30 40 50 60 70 80
REEN Cladding angle /(%)

13 R Rl v 3 R o R 1) 1Y) AR £k

Fig.13 Hardness variation of formed thin wall part along direction of height and angle
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