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laser beam (\,P) clamping device

V: feed rate

G IS PEEnR. pio s 7k Wavelength P: laser power

« laser radiation mainly transmitted by upper polymer and absorbed
in lower one

« high feed rate (v > 0,5 m/s) causes nearly simultaneous melting of
entire weld contour

« melt continuously squeezed out of joining zone
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A radiation
lo] _ intensity

negligibly small deformations of
polymers —thermal simulation model

Z position in mm
[ ]

« 2D geometry

standardized volumetric heat

« temperature dependent specific heat
and thermal conductivity

y position in mm

« material;: PA 6
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3 mm

joining zone
lower joining

partner

2 mm
e B

clamping

? pressure ?

Stand. volumetric heat
0.5

« thermo-mechanical
simulation model

« element formulation: plane
strain EFG

« 2D contact between joining
partners; allowing gaps

« thermo-elasto-viscoplastic
material model

— parametrized using
tensile tests from 20 °C
to 140 °C

— parametrization
beyond 140 °C based
on assumptions
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Analytical equation [1]:

8-a;, P (—qz-8Loa. 1 [tp (_p D)2
Ql(y’Z) — —lz. e( arz 8d2 (047} tu) L .j e( 8 a2 )dt
T-d tp Jo

Q;: heat input in lower polymer; d: beam diameter; P: laser power; v: feed rate;
t,: thickness of upper polymer; «a;, a,: absorption coefficient; tp: duration of scan repetition

Implementation in LS-DYNA: calculation of element’s heat input according to centroid
coordinates

analytically calculated volumetric heat calculated by
volumetric heat » y humerical approximation

’
element’s centroid '

)

standardized vol. heh\\# :

T —
1

volumetric heat calculated »
at element‘s centroid

continuum’s
discretization as
elements
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Numerically calculated energy input:

Zu Yu
Enum =Ye,z=12) = j j Q(y =y,z=2z)dydz

21 YY1

Analytically calculated energy input: Eanaiytic(y, z) = Jzu jyqu(y, z)dy dz
Z] Vi

Deviation of energy input calculation in one element: Dev(y,z) = E“"“lybfic ~ Enum

num

oo | Soener, | veam dameter | ST S | evatr

wZl2u A min (Dev(y, z))

[wt. %] [mm™] [mm] [%]

0.3 20 1.0

0.5 43 4.5 0.025 4.9

1.0 94 24.6
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---. computed isotherm at melt temperature 228 °C
— experimentally measured weld seam

relatively small deviations between weld seam dimensions in experiment and

simulation

temperature field is calculated accurately

Johannes Kasbauer

Technology Day 2020



OTH [ SRS 5. T-Joint Configuration
|_|\/]|:) LASER MATERIAL PROCESSING V'V EE Z a. Recent Issues

symmetry line

gap between
joining partners

schematic progression
of Q(y=0, z)

..............

section without
heat input

standardized temperature

Z position

\/

w_area of heat input in lower
joining partner

« calculation of heat input with respect to global coordinate system

« vertical movement of joining zone could not be taken into account in heat input
calculation

« loss of heat input in lower joining partner
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« calculation of heat input in multiple
subsections

« definition of reference nodes for
each subsection

R e « calculation of heat input according
to reference node‘s coordinates

reference node

subsections for
heat input in lower
joining partner

I+ symmetryline

temperature in °C
|| ~
20 290
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Conclusion:

« Deviations of heat input calculation are strongly dependent on polymer‘s absorption
properties and element size.

« Recent issues concerning the deviations of heat input calculation as a consequence
of deformations are bypassed using the new reference node feature.

Outlook:
« application for other thermoplastics

« implementation of scattering phenomena in heat input calculation
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