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1 KEMBREE

1.1 SEH#

S FEARCR T 304 AEEW, ST . KL
Tt 17 8 S AL S R AT S, Ak 27 U3 B i
1R,

R1IMAAFERNNUERIRESE RENH,
wt.%)
Tab.1 Chemical compositions and content of 304 stain-

less steel (mass fraction, wt.%)

Composition C Mn P S Si Cr Ni N Fe

Content  0.072.00 0.05 0.03 0.08 17.50-19.50 8.00-10.50 0.10 Bal.

TIE AR T Fe314 4@ By A, #y A K JE Sy 50~
119 pum, HALZA RS B H S m g 2 FiR .

R2FBUEEMANUFERTRESE (RES
#, wt.%)
Tab.2 Chemical compositions and content of Fe314

alloy powder(mass fraction, wt.%)

Composition C Si Ni Cr B Fe

Content 0.1 1.0 1.0 15.0 1.0 Bal.

1.2 KigE

LI R 8 E GTV A A 19 GTV PF2/2 i 3% K
ar . P IR N R A A Sk | SR RFL-C6000W
WOERE, 12 3% B N i KUKA AU TR AR e
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Hr, 2z BN R B Sk o e 3 RPN, H
JEERATPE 1 TR, SR 15 5 A0 BRI ) T A S0l
FHAL Iy h s BB GO, 260 48 00 TR BTk (I 2)
T2k I, SROCHR IR, R g T,
B WEE AR L R AR RN T 8 ) %
¥ AR TURLIZ BI04 50, e ' PR 08 A O G Ak
HA RS R, U "GRG HER G . R, 41
e TARGE R GAME B, SN IR B AR & TR

IR HL T 52 B 25 (A A B A B, RE A 2 S
HA SIS0 A AR TR BE 2 D B AR E OB R

Laser beam

. Scanning direction
Tapered mirror

Ring mirror Support beam

Powder feeding Powder pipe

nozzle Shielding gas

Cladding layer

1 RO G AR R SR A

Fig.1 Principle diagram of hollow ring power feeding in laser

P2 ek B R Ik S

Fig.2 Physical drawing of powder feeding cladding nozzle in laser
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P 3 S LSRR  (a) it 15 (b) StiTETHHL 7R BT () R (d) TR T

Fig.3 Geometric model of frame member. (a) Axonometric drawing; (b) Schematic diagram of end face torsion; (c) Bottom end face; (d) Top end face
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(a) Laser head posture (b)

Laser beam

Formed parts

I 4 KRR RBOCEITBURER . (2) KFAMZmRER; (b) B 2R

Fig.4 Schematic diagram of laser melting deposition with different ways. (a) Diagram of horizontal layers; (b) Diagram of normal layers

Cladding pat

Direction vector

Eoiy

Kl s SHrEZ ke (a) BESH0ERI IR ar; (b) SRRV A JZ; (o) BB T

Fig.5 Method of layering frame members. (a) The structural member is divided into two parts; (b) Getting slice layer; (c) Discreting sedimentary unit
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BT AR, RABESK OB BE PO s e, S TR
HeBR R Cp, HWIUR 2 Bl S B AL RS R 09 2 5
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Fig.6 Transformation process of base coordinate system and tool

coordinate system
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Fig.7 Schematic diagram of curve motion path fitting of nozzle
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Fig.8 Schematic diagram of nozzle spot position before compensation. (a) Completing the deposition of the nth layer; (b) Attitude change base point

offset
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Ay =2Ad -sin(8/2) - cos (a +3/2) (4)
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FESERE n RWTTRG , ER)T his 7 A2 @),

(5) X I 1) A5 £k, K 512 B 325 25 A b 3 o5 1) o7 O R &

O, &b, QI 9(b) Fr 7, RIVAT A 25 b, S BT s Sk 22 2574
PRI A 1AM, SR SR R

9 AMETERTER. (a) BRI R LR (b) #M2EBEOLIEA R A

Fig.9 Schematic diagram of compensation adjustment. (a) Geometric schematic diagram of variable attitude base point offset; (b) Schematic diagram of

nozzle spot position after compensation
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F T S5 0 400 R 14 75 8T 5 25 4 1 A K A
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Mo anf& 10(a) iR, Ly ik 5 O BSR4,
IR AL, B o>0>a, HILRE R T E E>Ep>E,, TE

(b)

Laser beam

10 TR AR EERORER . () TIREA KSR, (b) 72826 nt1 JZUH

Fig.10 Schematic diagram of spatial variable angle growth of sedimentary layer. (a) Growth process of sedimentary layer; (b) Completing the deposition

of layer n+1
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MEEOR, TRIEAWT B, B T Tt IR, AT
BOE R L.

B B (@) G (b) MU A5 A (o) MUB R IEARIE; (d) BUE i R mpE

Fig.11 Forming process. (a) "Laser leakage"; (b) Panorama of forming process; (c¢) Front view of forming process; (d) Side view of forming process
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WL L 5% E M IMN afER n0.15° L, E1L
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M2k, mian & 13(b) s, il #ME B AR BUE 9 25
P 1 R 5 2 BH R 02D, e ) 58 s T 465 44 4 11
B

Zead M, Gl 14 frs, UURBOE A5 3 1) 25 44 1F
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B 6/,=30.58°, I T i I AH XS HHL 5 F 0,=60.68°, 5k 1T
RSFAYIR 22735108 1.93% F1 1.13%. Hien] WL, 145
F PSR O R 530 RSF A xR 22388/, BUE
TE ST, H 210 T3 0 I 1B AL a e Z b o
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Fig.12 Physical drawing of formed structural parts

P13 Z8 (AR A RIS A ME BRI LU IR (2) REET; (b) B

i
Fig.13 Comparison diagram of space variable attitude base point offset

compensation technology. (a) Not used; (b) Used
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()
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5.8

63 r

62 r

6.1

6.0

59 r

,=30.25 mm

b=17.92 mm

I 14 ZEH PSRRI R R

Fig.14 Schematic diagram of actual dimensions of structural members
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TEORE A, JF 2 [CRE B R th 25 51 . 25 SR &l
FIE7R, = AHURE B Y AR 2 HIAE 270.3~280.2 HV
269~282.2 HV ., 272~280.2 HV 2 [a], 7] WL i% &5 #4) 124 1y
R ) R B AR R R, M IR A

(b)
d
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¥ ‘ma
.
® v 2 ."_ ]
. o e « 8
A m s L]
$ A
A A
u
l v -
[ v
v
-

12 3 4 5 6 7 8 9 10

Number of measuring points

K15 SEHPFSEprBEELllE . () i RN R (b) AN IR B IBURE Y BE 5

Fig.15 Actual wall thickness measurement of structural members. (a) Sampling diagram of measuring points; (b) Wall thickness sampled at different

locations
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Research on laser melting deposition forming process and accuracy of

thin-walled hollow bending and torsion structural

parts with variable cross-section

Cai Jiaxuan', Shi Tuo®’, Shi Shihong', Zhang Rongwei', Liu Guang', Wang Yu', Zhuang Rui'

(1. Institute of Laser Manufacturing Technology, School of Mechanical and Electrical Engineering,

Suzhou University, Suzhou 215021, China;

2. School of Optoelectronic Science and Engineering, Soochow University, Suzhou 215006, China)

Abstract:

Objective Variable cross-section thin-walled hollow bending and torsion structural parts have been widely used

in aerospace, machinery, shipbuilding and other fields, such as propeller structure, hollow blades in steam
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turbines, etc. These parts generally have the characteristics of twisting and overhanging, free change of section,
etc. Its profile is a variable cross-section for bending and torsion, belonging to a relatively complex free surface,
which requires high geometric accuracy in production and application. Traditionally, CNC milling, precision
casting, special machining and other processing methods are mainly used, but these processing methods have
problems of low material utilization, long production cycle and high processing costs, and in some cases can not
meet the actual use requirements. Laser melting deposition (LMD) technology is a new rapid prototyping
technology, which has the advantages of complex structure of forming parts, near net forming without mold, and
simple process. Based on the technology of laser melting deposition (LMD), the laser melting deposition of thin-
walled hollow bending and torsion structure with variable cross-section is studied in this paper.

Methods Variable cross-section thin-walled hollow bending and twisting structural parts are three-dimensionally
twisted in space, with the characteristics of twisting, overhanging and free change of cross-section. Based on the
technology of laser melting deposition (LMD) with optical powder feeding, this paper proposes the discrete
layered method of space trajectory element to complete the forming trajectory planning (Fig.5), and proposes the
compensation technology of base point offset of space variable attitude to compensate the position offset of the
actual attitude change base point (Fig.10). Finally, the laser melting deposition forming of the bending and
twisting structural parts with variable cross-section was realized and the dimensional error was effectively
controlled.

Results and Discussions In view of the difficulties of forming trajectory planning of such complex structural
parts, the discrete layered method of space trajectory element is proposed to layer the structural parts and generate
discrete deposition units, and each discrete deposition unit is deposited according to the designed path. In view of
the error caused by the smooth curve movement of the manipulator using line segment element fitting in the
actual forming process, the space variable attitude base point offset compensation technology is proposed to
compensate the position offset of the actual attitude change base point in the forming process, so as to realize the
effective control of the size error (Fig.13).

Conclusions Through the above methods, the forming dimensional error is effectively controlled, the forming
accuracy is improved, and finally the laser melting deposition forming of thin-walled hollow bending and torsion
structural parts with variable cross-section is realized. The dimensional accuracy of the formed structural parts is
relatively high, the shape dimensional error is between —0.44% and 1.83%, the average thickness of the structural
parts is between 5.9 and 6.19 mm, the microhardness of the structural parts is between 269 and 282.2 HV, and the

surface and interior of the structural parts are dense and uniform, without obvious pores, cracks and other defects.

Key words: laser melting deposition;  variable cross-section bending torsion structure;  discrete layering;

base point offset compensation,  dimensional accuracy
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