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v “Laser Welded Tailored Blank l] A}
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Shearing

@ Conventional Shear vs Fine Shear

Conventional Fine
Blade Angle 1-3 degree <1 degree?
Clearance 10-15% t 0.3-1.5%t

Blank Hold Blank Holder Blank Holder

C/B Force None Exist
Shearing | Shear+Fracture Shear
Mechnism (1/3 shear face) (more than 80%
shear face)

* Masao Murakawa et al : J. of Mat. Processing Tech. Vol66,(1997),pp232-239
* T.C. Lee et al:J.of Mat. Prcessing Tech, Vo0l48,(1995),pp105-111

\. W n=rigens

_46_



JIEE- N

Shearing Process

4 Down - Cut - Shear type Shearing Machine

| W ns71=0m01/
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M EHEE (Shearing Quality)

& g7l S 4FE FE AT EZR
& A3 o] W P4 (sheared contour)
& A Z X (straightness) : Rt
€ = 3’3 (contour shape) : Ca
& A3 AH| FA (shear plane geometry)
€ £24 (roll over) : R
¢ A HZ (shear plane angle) : As
€ AT (ratio of shear face) : Rs
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Shearing Quality
@ Sheared Contours in general
Camber
@ Sheared Contours in Clamped Sheets ?
- &% ﬁ@?;%»semz@%;)

ADAE N

MEEZ! (Shearing Quality)

Vg o g4
(Shear Plane Geometry)
@ Roll Over
@ Shear Face
@ Fracture Face
€ Burr
@ Shear Plane Angle
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Laser Butt-Welding Quality

@ Internal Defects : Porosity
Impurity
Crack

& Shape Defects : Incomplete Penetration
Lack of Fusion
Linear Mismatch
Undercut
Convexity/Concavity

A .

Porosity Impurity ” Crack
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Shape Deffects in Welding

Incomplete Penetration

Undercut (Angle > 90°)
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Concavity Convexity Linear Mismatch
alt =< 0.1t
bt =< 0.1t
(atb)/t << 0.1t |« GM Eng. Standard 4485M
wo =LI0t 4150 13919-1:1996
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Experiments
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Experiment on Shearing

@ Target: find the optimal shearing condition

@ Sheet: Material : SPCEN (0.006wt%C)
Thickness : 0.9mm
Length :1000mm

@ Taguchi’s Experimental Design
@ Measure x- and y- coordinates by CMM
® Calculate Straightness(Rt), Average, Butt-Joint Gap
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Experiment on Shearing
& o7R AdAE (LY, 33| HHy)
factors
Shear Clearance idle Width
Angle of cut
column no.
trial no. 1 2 3 4
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Experiment on Shearing
@ Down-Cut-Shear type Shearing Machine
@ Specifications
Shear Capacity Max 3.2t
Shear Length 2,550mm
Working Pressure | 140kg/cm?
Shear Angle Adjustable
Clearance Adjustable
Stroke Length 110mm
Stroke Speed 70mm/s
8 nEnimeram/
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Results on Straightness, Rt

@ S/N ratio of Rt at level i = -10 log(( Rt + Rt 5+ Rt )/3)

@ Optimal shearing condition : shear angle at level 1
clearance at level 3
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Gap Geometry & Average

Average >0
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Effect of Rt, A on Max. Gap
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Shear Plane Angle

—e—0.25 mm from bottom
—+—0.45 mm frcm bottom

20+ —+_0.70 mm from bottom

Measured Value, microm
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Optimal shearing vs. Milling

@ Sheared Contours @ Cross Section
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Experiments on Welding

@ Target1:

@ Target2:

compare the welding quality of milled sheets
with one of optimal sheared sheets

find the effects of gap on welding quality
according to 4 gap sizes given by gap gauges
@ Sheet : Material : SPCEN (0.006wt%C)

Thickness : 0.9mm
Length

: 1000mm

4 Experimental Design

@ Calculate “gap effect”

@ Observe the optical microstructure of weld beads

ALAE}-

Experimental Design

€ Experimental Design for Welding

A= FE W&
AGED | 25F | DI 9A, FAADHA
AAAE=A | 35F | 0.0,0.05,0.10,0.15 (Z9] : mm)

@ Laser Welding Condition

Laser power

Speed

Shield gas

Flow rate

Focal length|

4kW

6m/min

Ar

30 liter/min

250mm
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Gap with gap gauge

Gap Gauge

—
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Gap without gap gauge Gap with gap gauge

- W ns71=0mm

Optical Microstructure

€ weld bead according to gap sizes by gap gauge

0.10 mm 0.150 mm

0.0 mm 0.05 mm
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Gap effect by optimal shearing
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Optimal Shearing vs. Milling
@ Ultimate Tensile Strength @ Uniform Elongation
360 o 3
[ [ Tensile Direction 1. Weld Line °. | [] Tensite Direction 4 Weld Line
aso| [] Tensie Direction // Weld Line 5 ] Tensile Direction # Weld Line
S o Mean o Max & Min s 30F g Mean o Max & Min
= 320f g
) * 5 2 2s¢ E%ﬂ =
= 300f =45 & £
: - 3 i @ *
280 = 20
» =)
260 ' : : ) 15 . : : :
Mill Shear Mill Shear Mill Shear Mill Shear
. W ns7Imema

_58._



TR} .

Conclusions
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