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Effect of Laser Cutting on Stretch F langeability of High Strength
Hot Rolled Steel Sheets

Hidenori SHIRASAWA, Shunichi HASHIMOTO, Kazuhiro MIMURA and Kazuhiko KORIDA

Synopsis :

Effect of laser beam cutting on stretch flangeability of high strength hot rolled steel sheets having different
chemical compositions was investigated and the results were discussed from metallurgical point of view.

Hole notches with a diameter of 10 mm were pierced by either laser beam cutting or mechanical pun-
ching method for hole expansion test.

Laser beam cutting resulted in much higher stretch flangeability than mechanical punching because
the former cut surface was smooth, defect—free and had thin heat-affected layer in contrast with a rugged
punched surface containing a number of microvoids and thick work—hardened layer.

Change in hole expanding ratio of laser cut steel sheet was well explained by the hardness of the heat
affected layer. A carbon equivalent equation which agrees well with the variation in hardness was tenta-
tively proposed by modifing the WES Ceq.. Tt indicates that the steel sheet strengthened by the chemistry

leading to less quench hardenability shows higher stretch flangeability.
Increase in manganese sulfide inclusion markedly lowered stretch flangeability.
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Table 1. Chemical compositions and tensile strengths of steels.

Tensile strength

Steel C Si Mn P S Al Others (kgf/mm?)
c 1 0.08 0.05 1.37 0.012 0. 001 0. 036 — 57.6
C 2 0.15 0.05 1. 42 0.012 0. 001 0.037 — 67.8
SI 1 0.09 0. 65 1.31 0.012 0. 001 0.030 — 65,1
SI 2 0.09 1. 44 1.36 0.012 0. 001 0.036 — 73.2
M1 0.08 0.04 1.84 0.012 0. 001 0. 043 — 68.0
S 1 0.09 0.04 1.30 0,013 0, 007 0. 034 — 56, 7
S 2 0.08 0.03 1.25 0, 013 0, 016 0.032 —_ 55. 3
N 1 0.08 0.05 1.28 0.012 0. 001 0.039 Nb 0.036 62.9
v 1 0.09 0,06 1. 31 0.012 0. 001 0.043 vV 0.097 68. 8
L 50 0.12 0,04 1.25 0. 007 0.001 0.048 — Ca 53.0
L 55 0.15 0.08 1.32 0. 009 0. 001 0.047 — Ca 58. 6
L 60 0.07 0.94 1.21 0.011 0. 002 0.033 Cr 0.69 Ca 62,7
N 50 0.05 0.04 1.19 0.016 0.003 0.036 Nb 0. 025 Ca 52.0
N 55 0.08 0.04 1. 45 0.013 0. 004 0. 046 Cr 0.20 Nb 0.029 Ca 57.8
Table 2. Laser cutting conditions.
Production of steel Typ(ec:rfngg:;]:))ment Power Beam diameter Cutting speed Assist gas
ML—1000PE ;
Laboratory (Mitsubishi electric Co.) 400 W 0.2mm 0.5 m/min O,
Mill TC 180LW 200 W 0.1mm 0.3 m/min 0,
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a) Steel C1 (Laser cut)
b) Steel L55 (Laser cut)
c) Steel L55 (Punched)

Appearances of laser cut and
punched surfaces.
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a) Steel CI b) Steel 02 c) Steel Ml d) Steel NI e) Steel L55 f) Steel L55
(Punched specimen)

Photo. 2 - Microstructures under laser cut surfaces.
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Photo. 3. Hole expanded surfaces of a) laser cut and b) punched specimens.
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Fig. 2. Stretch flangeability of a) laser cut and
b) punched steel sheets produced in the mill.

Tensile strength

TAVNI WIS THD. SEOMALMKOMO7 7 v
CHAETIELZERILGbRTVS. V¥ —14]
WS, BV FITHEMRCHER T OFERKRE .

THAEEHCOWLTORINFRERRY Fig. 2 R
3. FHEBERI & ARRFRE OBRIIERZERM O
Ba LA TH BN, Ry FITHMIKE v —v — IR
& ORIEFROMETI THEEMTI D KEW.

L —F — G O NI REBR R 0 E RO RMEE H v
FITHERIR D% & H#E LT Photo. 3 \Rd. v—+
— GIWTRIR T Ao FRA v - — R (RS2
BOBE, NEFRvFRETHH) v REL, BK
BT e b FRXBRCT LA LANERFRCH E D R
BLRVOCHL, &Y FITHN CRRET RO S
ML oL bEGEE L SRS AN E ERFIROK
FAHEY X0 EARLEARRCEBRBEL, Thbrw
FTRLBEEBTC > TRELMEEL TS, X

MITHER X5 EAURE - EZRO A LOMERVTH
oM R TCLEERTH .
3-3 L—Y—{JWiRE Ky FITHRMBOBT IS
SMOHEEIEDONWT

HWEROMY 7 5 v oW OBEERRE &
BoHs o LNHEIRTVEY. KRR TOY/UIN T
FEIT X 5 F7EH A E O AR B RTE OB X OBl
BETO: 7 ef@fkThs. Steel SI2 o v —- —H)Hf
B L OE Y FITHERORILF KRB CHMT L - E o REA
BETr EEHNEFEMEC T HBZE LK. #HF% Photo.
4R, v - — PR Ci v — v - PIETETE T
FA PRI LR BH, FORIPEELHEE LTkl
V. RV F TR TR X W SRR VR FITHK
Wil L O FDE TIRED bhvs. K v FITEER T
FRMTEC X bD TAELBEREREL > T Tk, &
BHILR S OB EIRIC IS E D § 7 m AL VDT
254 EEIHEDERCTTRAELTWS. Thb
NRETREOBRTREL, BHTHERS L THEC
BBEDTHSD. I 7wHM FORER X OEBIEIN
L MER AU TWB 2 &A%, Photo. 3b) XD HEIh
5. THER LT LY —v — YRR Cii B BT L o5
fLixh bbb oD, FIRMICEL TB®ERE 510 T\
feuntedd, NIBFERE T RS MM L, # A
NAAE B ECOERNE Y FHERROBE XV /"D
ChIhbs e, 1L, v—¥—HE#R T
GIARMEE TO 7 e @S0 EBEHOETh ERIRD D,
WU H OO 7 5 v oY T 5856, RIETK
L Lo TER Lo A FORERER I OEEERR T
Fho: 7 T ED L SR DR LNCT
HURELRDD.

U—F — i TR v HITHNEE FO~ 7 rE
» h — A XELDO—F% Fig. 3 Rd. v—+F—4]
WSRO S 2B ARG CREER /R L, VKX D

— 118 —



HREBEREOMY 7 5 v Sl K LIEF V- — W OB

1953

Cut surface

Cr,
y, Ok

2
beotid@p t})
On

Punched surface

v26um

C
Tac et

. dept
derCtioQ h

Photo. 4. SEM analysis under cracked faces of a) laser cut and b) punched specimens.
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Fig. 5. Relationships between C,,.* and a) hard-
ness of laser cut surface, b) stretch flangeability.
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