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Abstract: Laser bending forming techniques commonly utilize point lasers, which have a limited maxi-
mum bending angle of approximately 3° due to the temperature gradient mechanism. To increase the bend-
ing angle and improve the forming efficiency of point laser bending, this study explored the feasibility of ap-
plying the circular oscillation mode to enhance the bending angle in the bending process of stainless steel
304 sheets. Additionally, the dynamic response of the workpiece during circular oscillation laser bending
forming was measured using a three-dimensional vision sensor to investigate the bending deformation
mechanism from the perspective of thermal effect, variation in absorption, etc. The comparative experi-
mental results show that the circular oscillation mode significantly improves the bending angle of the work-
piece, with a growth rate of approximately 60% when the laser has a higher energy density. At the same
time, the measurement results from the three-dimensional vision sensor reveal the complex deformation
and angle changes of the workpiece during the forming process: plastic deformation occurs in both the

length and width directions of the workpiece, with the length-width deformation ratio is about 10: 1; the
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growth of the bending angle during a single scan exhibits different growth curves; and the distribution of

bending angles in multiple scans is uneven. In addition, the thickness of the plate also gradually increases,

and the micro-grains in the heat-affected zone are refined. These experimental findings provide support for

a better understanding of the process and mechanism of circular oscillation laser bending forming.
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Fig.1 Schematic diagram of a circularly oscillating laser beam bending forming test device
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Tab.1 Technical parameters of the Laser

Parameter Value

Pulse frequency f/Hz 1000
Pulse duty ratio 0.5

Laser power P/W 120,150,180,210

Scan speed v/(mmes ") 9,15
Spot diameter ¢/mm 0.28
Circular oscillation diameter D/mm 1.51
Laser swing frequency r/min 700

Defocus distance Z/mm 5

Scan number 1,10

Scanning interval ¢/s 5,120
Distance from free end L/mm 20

Measurement position X/mm 10,20,30
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Fig. 19 Plate bending angle distribution under different la-

ser power

&l 19 e om Y= TE AN A BOG T 3T i A25 it
A AT Ol o AT, 2S00 D) 3R R,
B E h B B AR B S B R L X R R
SR E R N X = R T O B S AT AN
BT %% B, B v T IO B AR R A
T T 22 A) I AR R T AR AR B S A 2
Ko AHZTE R —BOCT T & i o A AL 2
A — B AR AEAE S A R, O A M A
S RMEIE KRG AE G e it s e g s R =
KB P e T U R A AR B . BTN
B4 SCHR A R T 2L B < A 2 R RO
B v Bl A5 355 O By 1, B il AR
U/

F AT UL, AN 5 89 304 A A A [ R 35 WO R
Wk OE o A il R o A OO R R R AR E Y,
M2« 2 2 R 3G K s #8a TF 25 B e 2218 0l .
A AR AS X8 5 o A A K M 5 T 2 IO Vi E AR
TE W Fe e PE SR B, DR O 3 A 25 ot A o0 A IR Y
AP G H AR SC A LR LA Dy T R
AN AN 304 A AE I 4 37 WO R 22 S it UE B
it A o3 A i A8 AR < (a) A BRI 5 (b) W ik
5 () FRAFHE R 5 (d) JUAT RN 5 (e ) AR fii 4k 5 ()
T LH 2,

4.5.1 ##HAHEE

A% PN, S BT E TR E AR N AR
PR X 2 TR RS2 . HIE T T A A A
AT REA P RCR - — 2 R AR R Rl R R S A
Yo, AR A S S AR R R TR A S
f1% ik R M AR O 7 AR B BB (T 22 TGM
ZEAF Y ) AT A 25/l A sl /s o AR SO T — 4
X IR, A T W AR AN A 5 R T AR A S
FH) oA

5s
120's

Angle/(°)
i
]
]
]

(T

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

P20 AT 17 B BT 1) T Al £ 25 A o A
Fig. 20 Distribution of bending angle of plate under differ-

ent interval time
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ning and the distribution of bending angle
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Fig. 23  Section of plate after laser bending forming
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Fig. 27 Microscopic grain diagram after 1 scan

A AUHFTESRIE S ERYEL. 455K 27(0) S
27(d)AXER AR BRI 20~ A X ok
MECT BIX i W], H 2 B AR a5ty . X
e AR SE ST SO B IR 1 2T, i
B s TR R T R, BT LA XV A
B AR B R 5 R X SOR AR E R A0 R
B o R 20 T2 08 R A B0 75 L

P 28~181 29 73 5l 3 F1H LU s X

A

(QFEEIONE]

(2) B Z W E
(a) Macroscopic cross-section (b) Partial enlarged detail
diagram

(c) AX ML AL Rz &
(c) Region A

P28 48 TR B TROUL Aok ]

Fig. 28 Microscopic grain diagram after 5 scans
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