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Estimation of In-Plane Strain in Laser Formed Thin Bowl Plate*

by AKIYAMA Tetsuya**, TERASAKI Toshio** and KITAMURA Takanori**

To form curved surface, in-plane strain is introduced into a plate by line heating, press working or laser heating in shipbuilding or sheet
metal working like nose shape forming for bullet trains. Laser forming could be a potential useful method for sheet metal forming as well as

press working.

When forming a curved surface with thin plate in some steps, it is thought to be useful to measure in-plane strain distribution before the
forming is finished, to know whereabouts and amount of shortage of in-plane strain. The process to measure in-plane strain in an actual curved

surface seems still not to be reported.

In this report, in-plane strain distributions existing bowl shape thin plate made by laser heating is investigated with geodesic lines drawn
numerically on the surface. The in-plane strain is calculated with distance change of two geodesic lines. This in-plane strain distribution agrees
with a strain distribution measured by shrinkage of the plate when the plate length is long. When plate length is short, these strains do not agree
with each other. In this case, existence of some elongations cancelling effective in-plane strains appears in width change of the plate. In a result,
in-plane strain measured with geodesic lines is useful to indicate performance of curved surface forming process.
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Table 1 Chemical compositions and mechanical properties of material
used.

Component C Si Mn P S Ni Cr
mass% <0.08 <10 <20 <0045 <0.03 8.0~10.5 18.0~20.0

Mechanical YS(MPa) TS(MPa) LI(%)
properties 221 705 69

YS : yield strength. TS: tensile strength. El: elongation
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Fig.1 Specimen size, heating direction and measuring points.
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Fig.2 Division of heating path into five parts with different travel
speeds.
Table 2 Laser heating conditions.
Praer a d Vi V2 V3 Vs Vs
(W) (mm) (mm) (mm/min)
1500 47  +48 2104 1108 682 462 333

P\ : heat input into the specimen,
a : Gaussian radius of laser spot on the plate surface
d : defocus length, v : travel speed
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Fig. 3 Shrinkage distributions caused by Laser heating.
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Fig. 4 Shrinkage distributions of specimens with different length.

JERE DA &, F/N R THOEE KD R, & LT Fig.
S5IIRT. F/2, x HEIZ 4.7mm BB CTRIZE L-ERLD
KD EE R E LT Fig. 512RF. O&Ald, Mg
IR E R R WES M E O T TH 5 5%, HHI%RICE
BIHLTWAZ bbb, WMELEDOGAIIIER DT
HHNDLY, FRENOMEDOEYMEZ K ICBETRT.
CofiiE, MLHEBRE MR b—F R LARRLEHED
N ADREEICH .

4. & =
4.1 HEARFICESERVTHOHETE

ARWEFETiL, P2 oMz g3 5 & &b s HN
FTARERD L HITHEE Lz, A BRI 2 B3 2 %6
EENCE DAFWIT S, Fig. 6 (a) 13, Fig. 6 (b) (289 AR
DR E ROFREZ FLIZHE ) b7 MTF 2R3, K (b)
IR T RWERES AB 2 RAMICKEEICH Y EbEL. 20
L&, GHMERIIERICHLAB THEL T 5. MMM Eo AB
BOED N IFELL v, RIS, B CD B LU EF %
RICAE D &bt 35 L, Bl Lo DFHOBED Y &
A > DF B OMEED R 2720, M (@) IRT LIS
WIPHELLZIEIIRD. VG DbELREKETHLCD B
JUOEFHOELSREILLEZVDIDET L. ZOF V%

2500
~ 2000 &
E RL:Rgo=100
\E/ - e
& 1500 [
5
< ‘%
g 1000 F R=1079 s
2
=

Ro:Rag=400 -

2 500 | Reikeo Rg=390
g Re=109 Rp:Rpo=100
S

-50 -40 -30 -20-10 0 10 20 30 40 50

Distance from center line , x ory (mm)

Fig. 5 Radius distributions along x and y axes.
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Fig. 6 Relation between geodesic line and in-plane strain.
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Fig.7 Consecutive strait lines on a curved surface,
(a) lines passing point B; (b) lines passing point A; (c) lines used in this report.
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Fig.8 Comparison between in-pane strain from geodesic line and
theoretical equation.
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Fig. 10 Schematic diagram of forming curved surface,
(a) with gaps of -V; (b) with gaps chanseled each other;
(c) with uniform shrinkage.
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Fig. 14 Effect of width change on estimated in-plane strain.
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