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A novel and comprehensive method for laser forming of cylindrical surfaces
with arbitrary radius of curvature
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Laser forming is a flexible forming process that needs no hard tooling or external forces. In this paper,
Received 24 June 2015 laser forming of cylindrical surfaces with arbitrary radius of curvature is investigated analytically and
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experimentally. As the laser forming process is a die-less forming process, production of a desired
Available Online 11 November 2015 P y gp gp v P

shape from initial blank is very difficult with this process. Because in the laser forming process, there

Keywords: are some variable parameters such as laser power, laser beam diameter, laser scanning speed and
Laser Forming dimensions of initial blank that directly affect the final shape of the produced part. Also, in addition to
Cylindrical surface the above mentioned parameters, in the laser forming process of a cylindrical surface, a new parameter
Theoretical and Experimental Investigation says the number of irradiating lines is added to variable parameters. Therefore complexity of laser

forming of a cylindrical surface will be more than a simple laser bending. In this paper, an analytical
method for laser forming of cylindrical surfaces with arbitrary radius of curvature is proposed. In the
proposed method, with the aim of technical determining limitations of laser machine such as laser
power, laser beam diameter and laser scanning speed, the number of irradiating lines and the distance
between neighboring lines are proposed for production of cylindrical surfaces with arbitrary radius of
curvature. Also, using experimental tests the performance and accuracy of the proposed method are
investigated and verified. Analytical and experimental results show that with the proposed analytical
method, cylindrical surfaces with any arbitrary radius of curvature can be produced with very good
accuracy.
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1- Defocused laser beam

2- Temperature gradient mechanism (TGM)
3- Buckling mechanism (BM)

4- Upsetting mechanism (UM)
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between adjacent irradiating lines

Lot s flomo alols (6.5 o5l g o0l 550 o St 4 JSCi
sgbme (23 b

First pass-=>+—- 2 =

- - -—€=--Second pass

Fig. 5 Irradiating pattern used to produce cylindrical surface
&l lginl maw adg cqa ooliiwl 0,90 28 il 5o D S

12 o jlesis 15 093 1394 siawl (o3 Sl wadye

S BB oplail i 5y0 4 63955 S Lo a5 wed Sl 5,5k
3 A5 o Ol 4 e o cudiy ol Kbl S5 i ol
o S5 s ashad 4 oad o)ls il )L wll i i oSl e
5 L i) Sl 5 5 Ol sl bl 3g0oma Allie () 55 353
2,5 oo ),8 oolatil 5,50 9 00l dewlxe (3,9 pdaw [0 Led (6.5 ojlail 4
s Ol Sy B ojlail 4y dsad 4y 0uls 0 )ly > (Ll AT 90
15 mly e3gazme ;0 39 whaw slos oo (B)b jl g 00g SO S

Ol Jeli 5 sla eyl Slre 0dgame (sl 5 (o) n Hobiie &
9 chw Gled Vsl &5 ()50 4 )5 55 n SR8 g )5 Sl Ce )3
@ (63955 ol L Ll g il ge 093 sles 51 5 by edgaze (o
sl iolel ol Sl JSo s ol gz S5 ojlail 4 5,
ol g i b 3,9 SO o ioley] ol jo iaias bl alie oy50
Lgtalesl o 50 285 8 5l (oes (il o (Lol gle (39wl
lod p o] Sll g ol ools judd pgws yalil el )b g ils a5 ol
I8 emp Sy90 Gig 0 e obml Saldy ISS sl 5 859 haw
s S a5 e o eogaste s (gl e g0 Wlae pl 0288
Al oo (12,5 o5 0V g8 conlatul 550 Lo 5,9 iz Sl 4 ax g Lol
sl oKl a>,0 800 51 s wls G P SN PRIPONEL S PRRY
9 4 o)y il )L PBlas oad Gl osliinl 3550 Jlae Grizeen
o 68 0355 sd g0 s b Seidly S it sl g
il 4,0 1wl )il 65 Jloel 5l g G 0 o slml Les 445
ssbiie 4208 (rend Ll 51 S5 s sl sl edguste i 5 inn
@ JM) 6o BT 905 olfiws G5l eas Ll b o Les (605 ol
o3l ile S 5l 55 e 4l 65 o3l sl 5 (810 o 6T !
20,5 ooliiwl (565 oo )l sl ol Jo) (silaises (5,5

Dl 0>y Codgiote ju (2ol bl olaw aSlas aise; o
&S Caniy] (20 Ll bl slass b alaly 0 g0ldS g ppe s 4S5
bl | SO 2 a5 wll glojlal 4 jalxe 20 il bas g0 0 alold
S5 008 S ank loi S ekt Jie 50 4 503 A
JY O S LR PSRRI VA [ SN [P JCIP S SN R AP
ol b SO olaal jo 658 5,9 (20 by &S Cewl aseie ol
3 0290 Syl Culas bl 4 555 4 0al o)ly Ol atrin 20
&S Ggo y b ol 0 0ed oo JRie 20 il ks Blbl 4y 55,
5 b Oyl Sl o a5 8,8 13 ol alols o jebne me il b
OIS oo aalid olop JK& i 2 &S ) wal ol (e b L
50 odd adgl Ol g Cannd B0g> 40 odd ddgl Ol 5l Lol et
Slass 1 cwy o cpl ol 85T T 0 55 Jsl 2o Uil b
ST 9 00 Sl Bys (28 UKD St p (0 G bslas
oS jphilen JSie cul 0,5 Byb 5o 41058 o iy o a]8
Sk yole (20 Ll las g0y alold a5 cl 0¥ Wl o )Ll 55 LS
RUUTISY-SONENRVIRTIN < It JIK SR RRCHN JEROR | RSP S SR BT
b 9o G slre alols 5 ead plnil GlslS 025 slo Cud eyl
Dgd (0 et Halome (2O G

alols (6,8 o5l g ooliiwl 890 oy Sliges 4 IS o

1- PSIP 310

12



C3 L FCR

olgls lizil glaibs b slaslgiml Zolouw 54 SoF &3 SBIYSH S 2ol 9 (299 YP9) 2

{ o————— - S —

Fig. 6 Schematic of the relationship between final bending angle of
plate, bending angle in each irradiating line and also the number of
heating lines in the pattern with parallel irradiating lines
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Fig. 7 Schematic of created curvature in the plate as a circular sector
after irradiating with parallel heating lines
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Fig. 8 Allowable distance between adjacent irradiating lines, a-
Schematic of various positions of the thermocouple from irradiating
line, b- The diagram of transferred heat to adjacent points with different
displacements related to irradiating line
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Table 1 Changes in surface temperature and bending angle of the sheet
in accordance with the change of laser power

(Degrees) Lios agl; (°C) Lo (Watts) )lgs
0.82 300 60
1.24 530 80
1.93 680 100
2.34 799 120
2.74 930 140

Ol 8y 5t |y caniliio 355 (oo Ayl g s slod Dy 2 Jgur
Table 2 Changes in surface temperature and bending angle of the sheet
in accordance with the change of scanning speed

(Degrees) oz a4l; (°C) Lo (mmmin™) Sl ce
3.42 1210 50
2.81 987 100
2.34 802 150
1.63 580 200
0.92 355 250

F A8 i b cenliie 9 Sied a3l 5l sled Sy 3 Jour
Table 3 Changes in surface temperature and bending angle of the sheet
in accordance with the change of beam diameter

(Degrees) oz as4l; (°C) Lo (mm) g5 5, ka3
251 882 0.5
2.33 801 1
1.82 640 15
0.96 400 2
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Fig. 9 Some of produced cylindrical surfaces in table 5
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Table 4 The results of measurement of bending angle in each
irradiating line and total bending angle of the sheet after each
irradiation

o By 5 el b e 0 s au bghas- olass
(Degrees) a5 b ,» 51 (Degrees) oo il B il
1.17 2.34 1
2.34 2.34 2
3.51 2.34 3
4.68 2.34 3
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Table 5 Investigation and comparison of the results of proposed
method and experimental work
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9.78 133 20 20.42 120
3.73 241 10 9.80 250
5.44 349 7 7.43 330
3.61 415 6 6.13 400
2.24 491 5 5.11 480
3.22 589 4 4.30 570
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