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Eccentric Ring Structure

Abstract

Laser Cladding Forming and Closed-Loop Control of Thickness-Variable
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'School of Mechanical and Electric Engineering , Soochow University, Suzhou, Jiangsu 215021, China ;

2School o f Mechanical Engineering, Xi'an Jiaotong University, Xi'an, Shannzi 710049, China

Key words

Basded on the hollow laser beam internal powder feeding technology, the thickness-variable eccentric ring
grain size is comparable.

structure is fabricated by laser cladding forming. The scanning paths for forming the thickness-variable eccentric

the desired one of each segment is relatively small and the overall height is relatively flat, which shows the forming
OCIS codes

ring structures are planned. The layer-height control software based on machine vision is used to obtain the actual
accuracy is high. At positions with different wall thicknesses of forming parts, the grain structure is uniform and
control; proportional plus integral controller

height for the each forming layer, which is compared with the desired height. The speed-correction model based on
the proportion-integration (PI) controller is established. The forming eccentric ring structure has the minimum wall
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thickness of 2.14 mm and the maximum wall thickness of 6.38 mm. The error of actual total height with respect to
e
140.3390; 160.3900; 350.3850

laser technique; laser cladding forming; thickness-variable structure; eccentric ring; closed-loop
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Fig. 1 Closed-loop control system of forming of eccentric ring structure
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Fig. 3 Thickness-variable ring. (a) Physical model; (b) light spots at different widths
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Table 1 Initial parameter matching table
Segment number 1 2 3 4 5 6 7 8 9 10
Defocusing D /mm —38 —7 —6 —5 —4 —4 —5 —6 —7 —38
Laser power P /W 1200 1050 920 780 650 650 780 920 1050 1200
Expected width /mm 6.25 5.95 4.65 3.50 2.50 2.50 3.50 4.65 5.55 6.25
Scanning speed v /(mmes ') 4 5 6 11 13 13 11 6 5 !
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(a) Top view; (b) front view
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Table 2 Parameters of each segment

Scanning speed v /
Segment No.

Actual height /

Reference height Total deposited

(mmes™ ) mm h,/mm height error /mm
1 3.61680 29.1009 29.90 —0.7991
2 4.44240 29.5128 29.90 —0.3872
3 6.29560 29.9076 29.90 0.0076
4 11.76250 29.9621 29.90 0.0621
B 16.97500 29.1515 29.90 —0.7485
6 13.91860 28.9230 29.90 —0.9770
7 9.37676 29.1553 29.90 —0.7447
8 5.58236 29.8236 29.90 —0.0764
9 4.26298 29.8743 29.90 —0.0257
10 4.00730 29.6005 29.90 —0.2995

52 EETW

LT 11 A5 R JEE Al [5] AS £5- BB 52 o i 5 T B 5
JEWCA D 25, WL 3, XF T 52504 4 2 4 o8 4 AR TR
() PR B, e 28 A5 10 41 4 8 32 0 9 A BT S [+
TE X L A3 B A B L 33X fR T S 6 KR MR R T WA AN

R A E AR T ANTE . 7R R AR TS DT
PR kg B i e Hp A S I R A5 R BE Y CCD A% i Al
PT45 4 5 . OE R G0 2 & — 2 (19 [ 18 0 Pk A7 5
P T LR 9K BE WG BE JR A8 Ak | g B — B30 i O B 26
L5 SARPE I 10 BTR

F 3 o B PR A BT R

Table 3 Width of each segment of eccentric ring

Segment number 1 2 3 4 5 6 7 8 9 10

Expected width /mm  6.25 5.55 4.65 3.50 2.50 2.50 3.50 4.65 5.55 6.25

Actual width /mm 6.28 5.52 4.72 3.84 3.18 2.14 2.96 4.02 5.58 6.10
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Fig. 11 SEM images at different positions marked in Fig.10. (a) @; (b) @; (¢) ®
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