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Laser Cladding Forming of Arc-Section Inclined Thin-Walled

Parts with Variable Z-Increments
Wang Xuyue Jiang Hao
Abstract

Xu Wenji
(School of Mechanical Engineering . Dalian University of Technology, Dalian , Liaoning 116024, China)
variable Z-increments

Guo Dongming

The matching of Z-increment and single cladding layer height is a key factor for improving cladding
quality of thin-walled parts, so arc-section inclined thin-walled parts are formed by laser cladding forming with

Under three-axis and open-loop control. the relationship curve between offset and Z-
increment is obtained by laser cladding vertical and inclined thin parts. The result shows that Z-increment decreases
gradually with offset increasing and when the offset AX is between 0.06 and 0.08 mm, the Z-increment AZ reaches
its maximum decreasing rate. The biggest slope angle of deposited inclined thin parts is 36. 6

through Matlab program. Using the arrays of offsets and Z-increments obtained. arc-section inclined thin-walled
the method of variable Z-increments
Key words

laser technique

increments at the quinquesection points calculated by the relationship curve compose two-dimensional arrays
parts with 136 layers are formed, and the dimension error of cladding height is under 0. 78 mm, which is in
OCIS codes

The offsets and Z-

i . The

agreement with the simulation and demonstrates the feasibility of forming arc-section inclined thin-walled parts with
path planning; geometrical precision

optimized cross-section path is simulated by filtering and combining the arrays in accordance with the arc shape
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Fig. 1 Diagram of horizontal offset
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Fig. 2 Arc cross section of thin-walled parts
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Table 1 Cladding height of vertical thin walls with

different Z-increments AZ

(a) (b) (o) (d (e)

Z-increment -
AZ /mm 0. 20 0.17 0.16 0.15 0.14

Total

Zincrement /mm 00 91 48 45 42

Total wall 4.1~ 4.6~ 4.5~ 4.4~ 4.2~
height /mm 4.7 4.9 4.8 4.8 4.4

BRI ARAF BEAR R R 7 AR
FFEH XA

BT TR 338 15 B 48 8 0T e RE 1T B R Z
BhE 2R TR 0. 14 mm, PR OO B 00 AR T RE 4
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Fig. 3 Photos of laser cladding forming of vertical thin

parts with different Z-increments AZ
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Table 2 Relationship between offset AX and

Z-increment AZ

(a) (o) (e) (g)

Offset

AX /mm 0. 04 0. 06 0.08 0.09
Z-increment 0.13  0.12  0.105 0.1

AZ /mm : : : :
Total offset 1.1 1.6 2.1 2.3
distance /mm

Total wall 3.8~ 3.5~ 3.1~ 3~
height /mm 4.1 3.8 3.3 3.3

Theoretical slope 17 1 96 56 373 49
angle /(°)
Experimental slope 16.5 24 34.1 36.6

angle /(*)

10 mm
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Fig. 4 Photos of laser cladding forming of inclined thin parts with different offsets AX
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Table 3 Offsets AX and Z-increments AZ at the

quinquesection points of the arc

a /) 0 8.4 16. 8 25.2 33.6 42

AX /mm 0 0.02 0.0393 0.0573 0.0731 0.09
AZ /mm 0.14 0.136 0.1302 0.1218 0.11 0.1

T E AL A R IR S IR TR ORI KA
[vi) B 248 43 50 S B 338 i 4 B0 2 A 0, D) T it s A5 41
F1e TER] S A A6 A B A1 P T T DROR B
4.2 TZHHEA=XRAEEIE

T B UEAE 7l B T O R 18] 9K
TR T 100k TR BE 1 1 A R R AT T I AR T A )
R 0 SO B A 86 . 350 R 5 i v A [ A
TS EA A 35 0 B R0 A5 2 0 25 )2 I B8 o F
PETH AL A A B LA 1/ 4 [ 04 [ Oy o 2 45 4 i A2
PIHERR 136 )2 . AR 050 20 56 75 5 3 ol 7 vp o0 AR
D6y R A R R A K/ . 1/4 [R5 R
M2 FIAR R R AE R 2 s, AR Bob T %
e BT A5 O U R e R L Dy kAR B BB SRR
B 11 RSB OS8R B RN 5 1 2 0 i RS
Bl 1/4 R84 3. B 10 J2 U O 280, 1/l 50
JZ BT I BN #5 h B YOG ) R B AR A
r“i*ﬂn,%éiﬁﬁﬂ,ﬁ@?ﬁ & T, b6 B R R Y
R IR 2 96 B AR A8 X B 5 Y 8 KOs )
N W EE B Fﬂé%ﬁﬂ*ﬁiﬁfj

1003007-5



H | # g

8 First 30 layers 10 First 60 layers First 90 layers % All 136 layers
S A e ' 3 T S S . Y I SR
S gl Lo : ‘ o
(5} 1 | ] I I I
e | b EEEEEEEEES posssssoat i 10F----—---a----1-- =
%o 2r---r--- [ | ] S R el ST ! ! !
= S S Eooaboomibemd : ! 5F---- B et R
g ! | | | ‘
(&) 0 1 I L 0 L 0 1 I 0 I I |
20 22 24 15 20 25 15 20 5 15 25
Offset direction /mm Offset direction /mm Offset direction /mm Offset direction /mm
95 12nd to 17th layer 45th to 50th layer 66th to 71st layer 117th to 122nd layer
E : 6.8 "
0 , 9.2 5 .
£ 20 H 6.4 L 15.0 I_‘
. H 6. 14.8 Bee
- (0,0.14 H - (0.02,0.136 : 81 .. 1 O
E —E0.02,0.)136) |_ 6.0 —g0.0393,o.1%02) L 88 _§8;82$§;8; ig% L — ES:SS%‘,'{’)'“) l—
© 15 . 8.6 14.6
24.4 24.8 25.2 23.8 24.2 246 22.8 23.2 23.6 19.6 20.0 20.4
Offset direction /mm Offset direction /mm Offset direction /mm Offset direction /mm

1 6 Matlab 154001 91 308 B 72
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Fig. 7 Laser cladding forming of arc-section inclined thin-walled parts
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