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For increase of micromechanical adhesion between polymer and metal in direct joining realised by
overmolding, metal surface structuring is often most desired. The purpose of this study was to evaluate the
infiltration efficiency of the microstructure of laser-engraved steel by molten polymer material as a
function of melt flow length on structured metallic surface. Polymer-metal joints were made from
austenitic steel (316) and polyamide 6 GF30.
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The main experimental procedure focused on the sample preparation. Surfaces of metal inserts were
microstructured by laser engraving by use of a low power (60 W) pulsed (nanosecond) fiber laser device.
Four different microstructures were produced on steel plates. The process of injection molding
(overmolding) of 316 steel inserts was carried out with use of surface preheating by an external infrared
radiator, attached to a gripper of an installed manipulator, therefore radiator moved in relation to inserts.

Metallic inserts: austenitic steel 316   2mm of thickness

Thermoplastic: polyamide 6 with 30% of glass fibers (MVR 45 cm³/10min) 
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Laser working parameters: 

- Diode power – 60 [W]

- Pulse Energy – 2 [mj]

- Pulse width – 100 [ns]

- Frequency – 40 – 120 [kHz]

- Scanning speed – 800 [mm/s]
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Beam intensity Frequency Pulse width Repetitions Scanning speed

Series A 75 [%] 40 [kHz] 100 [ns] 10 800 [mm/s]

Series B 100 [%] 40 [kHz] 100[ns] 10 800 [mm/s]

Series D 75 [%] 80 [kHz] 100 [ns] 10 800 [mm/s]

Series F 75 [%] 40 [kHz] 200 [ns] 10 800 [mm/s]
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Roughness distribution on flow length of polymer part
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Injection overmolding steps
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3D scans of metal and polymer parts; cold and preheated inserts compared.

Note: Preheated inserts retained same surface properties in all sections, at full flow length

Injection Holding
Injection speed (maximal) 130 mm/s Holding pressure 60 bar

Injection speed (real) 90 mm/s Holding pressure time Z4 5 s
Injection pressure 100 bar Cooling time 25 s

Plasticizing Temperature set up 
Screw rotation speed 75 rpm Nozzle (first zone) 275 oC

Screw back(feed) position 57 mm Barrel (second zone) 260 oC
Plastification pressure 1.0 bar Barrel (third zone) 260 oC

Plasticizing time 14 s Barrel (fourth zone) 250 oC
Screw diameter 25 mm Mold 80 oC
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