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Tensile Shear Strength of Laser Lap Joints
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Abstract

Tensile shear test were carried out for laser lap joints and dependency of fracture portion and maxi-
mum load on weld length and weld width were specified. And also, a mechanical model was discussed,
which corresponds to tensile shear test. Joints with weld length over 60% of specimen width and weld
width of 2 times of sheet thickness show the strength proportional to tensile strength of steel. A mechani-
cal model consider a lap joint as three parts of base metal, portion R and weld metal. And it deal with a
uni-axis tension for base metal, a stretch-bending stress for portion R and tensile shear stress for weld
metal, respectively. This mechanical model successfully describes behavior of lap joints of mild steel

sheet in tensile shear test.
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Mechanical properties of steels used

Steel | Thickness| YP TS | Elongation
(mm) | (MPa) | (MPa) (%)
A 1 142 301 49
B 1 339 472 34
C 1 392 629 33
D 1 435 794 24
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Schematic diagram of laser lap joint for tensile shear test
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Welding conditions for tensile test specimens

2kW Nd-YAG laser
1.6

Beam source

Laser power at work (kW)

Focal position Surface of upper sheet

Beam waist diameter (mm) 0.5

Welding speed (m/min) 0.7, 1.6
Weld width on sheets interface W, (mm) 2,0.85
Weld length L, (mm) 30, 50
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(a) Fracture in base metal (BM)

(b) Fracture near weld bead (Portion R)

(c) Fracture at weld metal (WM)
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Fracture mode of laser lap joint in tensile shear test
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Dependency of laser lap joint strength on tensile strength of steel
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(a) Deformation under tensile shear load

Fracture at portion R

After fracture

(b) Configuration of joint after fracture
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Deformation of lap joint under tensile shear load and configuration

after fracture, through cross-section of joint

Weld metal

—~——
Base metal (WM)
\(BM)@ R

(R, +£)sin9
b= 2
R, +=)cos@
(R, 2)
- A Y4 Ri : Curvature radius
c= 2 2] of inner surface
R+t —/ | Wb : Weld width
I t : Sheet thickness
a+c=>h 0 : Tilt angle of weld
| W,
(R, +=)sinf+—= X
i= 2 2 ol
t
(R, +§)c039 (R +1) Coordinate system
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Simplified model of joint and geometric demand for configuration
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T : Tensile load

o(r) : Stress at curvature radius r
i : Curvature radius of inner surface
Re : Curvature radius of neutral plane

: Curvature radius of center plane

r : Curvature radius of plane under consideration
a : Distance from neutral plane to center plane
n : Distance from neutral plane to a plane

under consideration

Rm

Weld
metal
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Definition of parameters at portion R
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T : Tensile load

s : Stress in base metal

o(r) = Stress at portion R

T : Shear stress at weld metal
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Stress state at each part of joint
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Relationship between curvature radius A, and tilt angle 6 in tensile
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Regression analysis of specimen tilt angle in tensile shear test
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Estimation procedure for fracture portion and maximum load
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Effect of weld length and weld width on fracture portion and joint
strength in tensile shear test
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