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Introduction: In-mold electronics (IME) enable the integration of electronic functions directly into injection molded polymer
components [1]. By combining conductive structures and electronic components with polymer films, complex electronic func-
tionality can be integrated into three-dimensional plastic parts [2]. This technology offers significant potential for the develop-
ment of lightweight and multifunctional components with a high degree of design freedom and is particularly attractive for ap-
plications such as human-machine interfaces [3].

Despite these advantages, the manufacturing of IME components remains challenging. During the injection overmolding pro-
cess, the film stack and the integrated electronic components are exposed to high thermal and mechanical loads caused by
the hot polymer melt, injection pressure, and melt flow. [4] These loads can result in deformation or displacement of the film
and may also cause detachment, damage or failure of the integrated electronic components [5]. A better understanding of the
relationship between the injection molding process and the resulting loads on the integrated electronics is therefore required
to improve process reliability and enable the robust design of IME components [6]. The objective of this work is to investigate
the influence of injection molding process parameters and the positioning of electronic components on the loads acting on
film-based electronics during overmolding. In particular, the influence of melt temperature and the position of electronic com-
ponents relative to the injection gate is analyzed. The resulting thermal and mechanical process loads are evaluated using
numerical injection molding simulations and compared with the experimentally observed film deformation and component be-
havior. The study is based on the hypothesis that the local position of an electronic component within the mold significantly
affects the thermal and mechanical loads acting on the component even when only small changes in its distance from the in-
jection gate are introduced [7]. Furthermore, it is hypothesized that experimentally observed changes in film deformation and
component behavior can be correlated with the local process conditions predicted by numerical simulation [8].

Film design: The investigated IME structure consisted of a multilayer polymer film stack with integrated conductive tracks and
mounted electronic components. As shown in

Figure 1 the outer layers of the film stack were made of polycarbonate Lexan 8010 film (Saudi Basic Industries Corporation,
Riyadh, Saudi Arabia) with a thickness of 125um. On this film a graphical layer made of using the non-conductive ink NOR-
IPHAN® HTR N 990/010 NC—Tiefschwarz (Proell GmbH, Weissenburg, Germany) as well as conductive tracks using LOC-
TITE® ECI 1010 E&C (Henkel AG & Co. KGaA, Dusseldorf, Germany) silver ink were printed. LEDs (LW Y1SG-BFOO-
EKFM-1, ams OSRAM AG, Premstétten, Austria) were mounted on the film with a conductive glue LOCTITE® ABLESTIK
2030SC (Henkel AG & Co. KGaA, Disseldorf, Germany) prior to overmolding.
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Figure 1:Film stack schematic

Experimental setup: The prepared film stacks were placed in the injection mold on a fully electric Arburg Allrounder 470 A
Alldrive (Arburg GmbH + Co KG, LoRRburg, Germany) injection molding machine equipped with a 25 mm screw. A Wittmann
Tempro plus D 160 (WITTMANN Technology GmbH, Wien, Austria) temperature-control unit was utilized to regulate the mold
temperature. The mold temperature was set to 100°C, the injection speed was set to 70 cm?3/s, the packing pressure 400 bar
for 15 s and the residual cooling time to 50 s. The melt temperature was 300 °C for the first and 340 °C for the second run
(Table 1). For overmolding a polycarbonate PC Lexan 0OQ1028 (Sabic, Riyadh, Saudi Arabia) was dried for 5 hours at 120 °C
before overmolding. The film stacks were overmolded in a rectangular plate mold with a wall thickness of 3 mm and a film
gate with a cold runner. The films were fixed in the mold using temperature-resistant adhesive tape on the film edge facing the
flow front. A small part of the lower area of the film was covered during overmolding to keep the contacts free from the poly-
mer.



Table 1. Temperature profile for different melt temperatures

Nozzle [°C] Zone 4 [°C] Zone 3[°C] Zone4 [°C] Hopper [°C]
300 290 280 270 30
340 330 320 310 30

Injection molding simulation: For the numerical injection molding simulation, the commercial injection molding simulation
software Autodesk Moldflow Insight 2026 (AMI) was used. The numerical model reproduced the geometry of the film stack,
the electronic component locations, and the injection molding cavity used in the experimental investigations. The same mate-
rial combinations and process conditions as in the experiments were applied to enable a direct comparison between numeri-
cal and experimental results. The material data was taken from the AMI material database. The global edge length was set to
1.14 mm with a minimum number of 10 elements through the thickness for the injection-molded part. The film and the LEDs
were modelled as part inserts. The simulation results were evaluated locally at the positions of the integrated electronic com-
ponents. Particular attention was paid to the temperature history and the resulting thermal exposure of the components. In
addition, the flow-front progression and local pressure were analyzed to characterize the mechanical and flow-induced loading
during overmolding. For the simulation of the influence of the component position a different mold geometry was used.

Influence of melt temperature on part integrity: The influence of melt temperature on the integrity of the film-electronics
assembly was investigated using 44 samples for the overmolding at the lower melt temperature (300°C) and 31 samples at
the higher melt temperature (340°C). The only parameter changed was the temperature profile of the plasticizing unit as
shown in table 1. At the lower melt temperature, damage of the film stack and detachment of the integrated LEDs were ob-
served in the majority of specimens, whereas a smaller fraction remained intact. In contrast, all of the specimens produced at
the higher melt temperature remained intact. Table 2 shows that at the lower melt temperature, 36 of 44 specimens were
damaged, corresponding to a damage rate of 82%, while none of the specimens where damaged at the higher melt tempera-
ture.

Characterization of the observed damage: Figure 2 shows representative specimens for the two process conditions. At the
lower melt temperature, the observed damage included severe deformation and distortion of the film as well as detachment of
the LEDs from the film surface. At the higher melt temperature, no visible film failure or LED detachment was observed.

Figure 2: a) Film distortion, b) LED detachment, c) intact specimen

Table 2. Experimental damage distribution of overmolded specimens
Melt temperature [°C]  Total specimens Damaged Intact Damage factor [%)]
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300 44 36 8 82
340 31 0 31 0

Numerical analysis of the investigated process conditions: To further investigate the different component behavior ob-
served experimentally, numerical injection molding simulations were performed for the two investigated melt temperatures.
The simulations were carried out using the same mold geometry, material combination, gate position and component arrange-
ment as in the corresponding experiments. The local process conditions in the vicinity of the integrated electronic components
were evaluated to identify differences between the two process conditions. Particular attention was paid to the temperature
history at the position of the LED. The maximum simulated temperature reached at the LED was 210°C at the lower melt tem-
perature and 230°C at the higher melt temperature. The simulated flow behavior and local pressure conditions were addition-
ally evaluated to assess whether changes in the melt flow contribute to the different experimental results. Depending on the
investigated melt temperature, differences in the local process condition at the electronic component were observed. Figure 3
shows the different pressure loads the LEDs experience at the different melt temperatures. These results indicate that the
thermal and mechanical loading of the integrated components is governed by the local flow and heat transfer conditions dur-
ing overmolding rather than by the nominal melt temperature alone. The numerical results were compared with the experi-
mental observations. Under the lower melt temperature, a high proportion of the specimens exhibited film deformation and
LED detachment, whereas no failures were observed at the higher melt temperature. The simulation results provide an indica-
tion of the different local process conditions associated with these two experimental outcomes.
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Figure 3.Pressure over time at 300°C and 340°C melt temperature

Influence of component position on thermal loading: In addition to the influence of the melt temperature, the effect of the
local positioning of the electronic components within the mold cavity was investigated numerically. For this purpose, three
LEDs in two different arrangements as shown in Figure 4, that also changed the distance to the injection gate were consid-
ered while keeping the melt temperature, mold geometry, material combination and other process parameters constant. The
component positions were rotated around the center point of the triangle they form to keep the area illuminated by the LEDs
the same. The simulated temperature histories at the two LED positions are shown inFehler! Verweisquelle konnte nicht
gefunden werden. Figure 5.
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Figure 4: LED Positions: P1 and P2

Despite identical nominal process conditions, a distinct difference in the temperature evolution was observed. The LEDs lo-
cated at position P1 reached a maximum temperature of approximately 238°C, whereas the LEDs at position P2 reached
215°C in the numerical simulation. This behavior can be attributed to local flow and heat transfer conditions during the filling
process. The position of the electronic component relative to the injection gate determines the time at which the polymer melt
reaches the component as well as the local melt temperature and flow conditions experienced by the component. Conse-
guently, components subjected to the same nominal processing conditions may experience substantially different thermal his-
tories depending on their position within the cavity. The observed positional dependence is particularly relevant for the design
of reliable IME components. Small changes in the location of an electronic component relative to the injection gate can result
in significant variations in the local process conditions.
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Figure 5:Temperature over time at LED position P1 and P2

Conclusions and Outlook: The results demonstrate that both melt temperature and electronic component position influence
the behavior of film-based electronics during overmolding. The local position of the components relative to the injection gate
can result in significantly different thermal histories even under identical nominal process conditions. Therefore, process pa-
rameters and component positioning should be considered as coupled influence factors when assessing the reliability of IME
parts. The numerical simulations show potential for identifying critical component positions and process conditions prior to
manufacturing. Future work will focus on correlating simulated process loads with experimentally observed damage and ex-
tending the investigation to additional components and process conditions.
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