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Bonding strength calculation in multicomponent plastic processing 

technologies 

This study focuses on overmolding, a unique injection molding process. It 

enables a seamless combination of multiple materials into a single part. The 

bottleneck of overmolding is the interface strength between the paired elements. 

Interface strength depends on numerous factors, such as the interface topology, 

the physical and chemical properties of the paired materials, and the processing 

parameters of overmolding. These factors have a large number of possible 

combinations. This necessitates a modeling approach to predict the interface 

properties and find the optimal processing parameters of overmolding at an early 

design stage. Although injection molding is a well-known field for simulation, 

adhesion modeling between the substrate and overmolded elements is missing in 

all available simulation software. Our goal is to develop a simulation 

methodology that combines analytical models with simulation tools, to predict 

interface strength during overmolding. The principal novelty of the proposed 

methodology is that it considers the space-time dependency of the interface 

temperature—this has a significant influence on interface strength. We proved 

that the methodology we developed gives the most accurate results; it predicts the 

bonding strength of overmolded ABS, PC and PS parts with an error of less than 

7%. 
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Introduction 

Modern automobile structures have to satisfy several contradictory requirements, such 

as light weight, high strength and stiffness, low cost, and recyclability. Thermoplastic 

composite materials (TCMs) seem to be the perfect choice to meet these requirements.[1] 

However, despite their high potential, TCMs have only had a limited role in the 

automotive industry as decorative and non-structural elements, until very recently. This 

has now changed because the latest advances in TCM technologies have brought this 

class of materials to the forefront. Today, several automated TCM technologies exist. 

Some of them, such as injection molding, thermoforming and automated tape placement 
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(ATP) are already widely used in the automotive industry. Others, such as additive 

manufacturing[2,3] and thermoplastic resin transfer molding (T-RTM), have just started 

to become popular[4-7].  

Although thermoforming and injection molding are usually considered mature 

technologies with short cycle times (in the range of seconds), the parts produced are 

limited in geometry and mechanical performance. Therefore, a decade ago, the 

scientific and industrial community started to develop “hybrid” or “integrated” 

processes, which are a combination of two TCM technologies (Figure 1)[7-10]. In these 

hybrid methods, a rigid thermoplastic substrate is produced in the first step, and 

additional structural elements are built on the surface of the substrate in the second step. 

The name of the second step depends on the technology used, for example, 

“overmolding” or “overprinting”. The resulting TCM structures may include stiffness 

ribs, undercuts, inserts, and other sophisticated features, which improve the 

performance of the part. At the same time, structures produced via hybrid TCM 

processing methods can be 20–30% lighter compared to alternatives manufactured by 

conventional technologies[7,8]. Consequently, hybrid TCM methods are suitable for the 

production of semi-structural and even structural automotive parts (e.g. floors, door 

panels, crossbeams, airbag modules, and others).  

Despite all their advantages, hybrid TCM processes have drawbacks. Their weak 

point is the bonding between the coupled elements; bonding strength is usually much 

weaker than the strength of the material of the individual components. Therefore, one of 

the challenges is to achieve the level of material strength in the bond.  

Bonding between coupled thermoplastic parts in the case of all processing 

technologies is governed by fusion. It is the result of heat and pressure applied to the 

interface for a certain amount of time[11-15]. Therefore, the bonding strength (σ) between 



 

 

thermoplastic parts is generally a function of processing temperature (T), holding 

pressure (p), and processing time (t): σ = 𝑓 (𝑇, 𝑝, 𝑡). 
One of the most attractive hybrid TCM processes for automotive applications is 

the combination of the fastest techniques—thermoforming or injection molding as the 

first step and injection molding as the second step[16,17]. The bonding strength between 

the substrate and overmolded elements depends on the processing parameters of 

injection molding, such as melt and mold temperature (Tmelt and Tmold), holding pressure, 

and holding time (phold and thold). Candal et al.[18] demonstrated that an increase in melt 

temperature, and in some cases of mold temperature, strengthens the adhesion between 

a polypropylene (PP) substrate and the overmolded vulcanized thermoplastic elastomer 

Santoprene. In contrast, the effect of holding pressure and injection rate on bonding 

strength was almost negligible. Giusti and Lucchetta[19-21] also proved that increased 

melt temperature and holding pressure result in increased bonding strength in PP-based 

TCM. Their results showed that bonding strength decreases with increasing mold 

temperature. Interestingly, Macedo et al.[22] found that holding pressure is the main 

processing parameter that governs the bonding strength between PP-g-MA and an 

overmolded PA6 layer.  

Simulations in process design require a strong mathematical background for 

each phenomenon that occurs during the studied process. On the one hand, injection 

molding is a well-known field for simulation[23-25], and several CAE packages are 

available for modeling injection molding. On the other hand, the simulation of the 

bonding strength between the substrate and overmolded elements is missing in all 

available simulation software. 



 

 

The theoretical background of the fusion bonding of thermoplastics can be found 

in the literature. It involves two phenomena: intimate contact and healing. During 

overmolding, molten material is injected or deposited on a substrate under pressure; this 

ensures intimate contact. Healing (or autohesion) is the interdiffusion of polymer 

molecules across the bonding interface. Healing commences when the temperature rises 

above the glass transition temperature (Tg) in amorphous thermoplastics or the melt 

temperature (Tm) in semi-crystalline thermoplastics. Le Maoult et al.[26] proved that the 

temperature of the interface between fused glass fiber reinforced polycarbonate (PC) 

and PC filled with carbon black should be well above the Tg of PC for good cohesion 

and perfect chain entanglement.  

The theory that describes the healing process of thermoplastics was introduced 

by de Gennes in the 1970s[27]. It is called “reptation theory.” The reptation model 

represents the location and movement of macromolecules in amorphous polymers[28]. 

Macromolecules (with a chain length of L) are considered to be surrounded by a tube, 

which is a steric border between them and other molecules. When the temperature of a 

polymer rises above a certain level (Tg or Tm), the molecule chain starts to leave the 

tube. First, the end of the molecule chain (l), called the “minor chain”, escapes from the 

tube. Then more and more of the chain leaves the tube. The time in which the whole 

molecule chain escapes from the tube (l = L), is called reptation time (Figure 2). To 

some extent, reptation time characterizes the transition of a polymer chain from one 

equilibrium state into another. Wool et al.[13] reported that relaxation time, which is 

derived from viscosity measurements, can be used as reptation time.   

The reptation model was successfully used in evaluating bonding strength in the 

following cases: weld lines during injection molding[29], the welding of polymer 

films[30], the fusion bonding of polymers[31], and bonding between the layers of TPC 



 

 

manufactured by Automated Fiber Placement (AFP) and Automated Tape Placement 

(ATP) process[32].  

Researchers have proposed several analytical models to describe the bonding 

between two thermoplastic components. All these models use the degree of healing 

(Dh): 

𝐷ℎ = σσ∞, 

where σ is the actual bonding strength, and σ∞ is the strength of a single-piece part. 

Bastien and Gillespie were the first to propose two mathematical models for 

bonding strength for the non-isothermal fusion bonding of amorphous polymers. In the 

first model (hereafter “Model 1”), they derived the expression of the degree of healing 

starting from the incremental growth of the minor chain length (Eq. 1): 

𝐷ℎ = 𝜎𝜎∞ = (𝑙𝐿)1/2 = [∑ 𝑡𝑖+11/2−𝑡𝑖1/2𝑡𝑟𝑒𝑝(𝑇)1/2𝑛𝑖=0 ]1/2
, (1) 

In their second model (hereafter “Model 2”), they started from the bonding 

strength increment (Eq. 2). The experimental results in their study demonstrated that 

Model 2 was more accurate [32]:  

𝐷ℎ = 𝜎𝜎∞ = ∑ 𝑡𝑖+11/4−𝑡𝑖1/4𝑡𝑟𝑒𝑝(𝑇)1/4𝑛𝑖=0 ,  (2) 

where ti is the time in the current time step, and trep is the reptation time at the current 

temperature T. 

Sonmez and Hahn proposed a mathematical model in an integral form to 

describe non-isothermal healing (hereafter “Model 3”, Eq. 3) [33]: 



 

 

𝐷ℎ = 𝜎𝜎∞ = [∫ 𝑑𝜏2√𝜏∙𝑡𝑟𝑒𝑝(𝜏)𝑡𝑜 ]1/2, (3) 

where τ is the time interval. 

However, later Yang and Pitchumani[34] proved that  Model 1, Model 2, and 

Model 3 adequately describes the behavior of polymers only under isothermal 

conditions. Moreover, the above-mentioned models are only valid for low molecular 

weight polymers—traditional engineering thermoplastics typically have a high 

molecular weight (Mw). Yang and Pitchumani stated that materials with a high Mw need 

less time than the reptation time to achieve maximum bonding strength. They 

formulated a model (hereafter “Model 4”) that describes the non-isothermal healing of 

high Mw amorphous thermoplastics: 

𝐷ℎ = 𝜎𝜎∞ = [∫ 1𝑡𝑤(𝑇) 𝑑𝑡𝑡𝑜 ]1/4, (4) 

where tw is the welding time (Figure 2). 

There are several mathematical models in the literature for the calculation of the 

bonding strength between two amorphous thermoplastics. However, processing 

simulation software packages do not contain any of these models. Therefore, they 

cannot predict bonding strength for injection overmolding. Another problem is that 

none of the above-mentioned analytical models considers the unique parameters and 

boundary conditions of overmolding. The models assume that the temperature is the 

same on the whole interface. However, during overmolding, the temperature 

distribution on the interface is uneven. Moreover, the temperature of the base plate and 

that of the overmolded part are also different. Several studies [21, 25] proposed a method 

that combines diffusion theory with the 1D temperature field simulation to assess 

adhesion at the welding interface. However, none of them provides a relationship 



 

 

between the processing parameters and bonding strength. The above-mentioned studies 

do not consider the unevenness of the temperature distribution at the interface, either. 

The latest study of Akkerman et al.[35] combined an analytical model of the degree of 

healing with the Moldflow simulation software, taking into account the unevenness of 

the temperature distribution on the interface. However, this study focused on semi-

crystalline polymers, which require completely different analytical models to describe 

healing. The authors did not calculate strength, only the degree of healing.  

Therefore, the goal of our study is to create a method that predicts the bonding 

strength between the high Mw amorphous polymer substrate and the overmolded 

element using the above-mentioned mathematical models. Our model considers the 

uneven temperature distribution along and across the bonding surface as well. The 

modeling results will be verified with experiments. Our novel method can also be 

incorporated into existing injection molding simulation software. 

Materials and methods  

Materials 

Three different amorphous polymers were used in the tests (Table 1). We did the main 

part of the research with ABS (Styrolution Terluran GP35), and the control experiments 

with PC (Makrolon 2805) and PS (Versalis Edistir n3910). All the materials were dried 

according to their requirements (Table 1). 

Testing 

Processing conditions and test samples 

We designed a new geometry for the test specimen, a so-called “rib-on-plate geometry” 

(Figure 3), to characterize the overmolding process. This test specimen consists of an 



 

 

80 mm × 80 mm × 2 mm base plate, which we manufactured separately by conventional 

injection molding with a melt temperature of 260 °C and a mold temperature of 60 °C. 

The other part of the test specimen is a 70 mm × 63 mm × 2 mm overmolded rib 

produced by direct injection. After removing the sprue from the part, we investigated 

the interface that formed between the two components. 

For manufacturing the overmolded elements, we developed a mold (Figure 4), 

which is equipped with a mechanically operated slider to accommodate the base plate. 

This mold can be used without the base plate; hence we can also produce single-piece 

specimens with it. This way, the base plate and the rib can be injection molded as one 

single part for reference. We mounted two pressure sensors (Cavity eye, RC15) and 

three IR temperature sensors (Futaba EPSSZL-4x30) into the mold. These sensors 

provided important data about the process and helped us set switchover. 

Mechanical testing 

For the tensile tests, we used a Zwick Z020 universal tensile testing machine (Zwick 

Roell AG, Germany). For the rib-on-plate test specimen, we developed a grip (Figure 

4)[9]. The upper holder plate of the grip has a 3 mm wide slot in the middle, where we 

placed the rib of the specimen. The rib was clamped with the conventional grip at the 

bottom. Testing speed was 5 mm/min, and we tested 5 specimens for each set of 

processing parameter combination. 

Rheological characterization 

We ran a frequency sweep test on the samples using a parallel plate rotational rheometer 

(AR2000, TA Instruments) to find the angular frequency at which G’ equals G”. The 

relaxation time of the material for each temperature was measured in different 

frequency ranges (Hiba! A hivatkozási forrás nem található.). The shear strain 



 

 

applied was 0.5 %, the diameter of the plates was 25 mm, and their thickness was 

1.2 mm. These samples were manufactured on an Arburg Allrounder 270S 

(ARBURG GmbH) injection molding machine. 

Overmolding processing parameters 

The average cycle time for overmolding was slightly above 50 seconds. Before 

injection, the base plate was kept in the closed mold for 20 seconds. This ensured that 

the temperature of the base plate reached Tmold, which was either 40 °C or 80 °C. We 

produced sample parts at different melt temperatures: 220 °C, 240 °C, 260 °C, 280 °C, 

and 300 °C. We set up a flow rate of 40 cm3/s for the injection phase. The switchover 

position was controlled through an internal pressure transducer placed close to the end 

of the cavity. We used 75 MPa for 2 seconds for the holding phase. The parts were 

ejected after a residual cooling time of 22 seconds. The parts were kept at room 

temperature for 6 hours before the tensile tests.  

Numerical modeling of overmolding 

The temperature of the interface is necessary for the calculation of bonding strength. To 

the best of our knowledge, none of the studies considered the 2D temperature 

distribution in the interface. All the studies focused on the 1D temperature distribution 

in the interface of the coupled materials [20, 21]. The novelty of the current study is that 

it combines analytical and numerical approaches to estimate bonding strength and 

consider the spatial and temporal unevenness of temperature distribution in the 

interface. We obtained the temperature field history from the simulation in Moldflow 

(Moldflow Insight 2019, Autodesk Inc.) and created a 3D model of the specimen and 

the simplified mold with the cooling channels (Figure 5). 



 

 

We used tetrahedral elements to mesh the model. The average mesh size was 

1.2 mm for the components of the specimen, while we reduced the mesh element size to 

0.3 mm in the contact surface area and the surrounding area to increase the accuracy of 

the simulation. 

For the mold, we used a structured mesh. On the area where the part is in contact 

with the mold, we used the same mesh size as for the part, while further away from this 

region, a larger mesh element size was used. In the regions with the cooling channels, 

the mesh was smoother to make the calculation of heat transfer more accurate. The 

mesh for the mold and the cooling channels contained 2.7 million elements, while the 

part had 2.5 million elements. For the contact surface, we used a precise mesh—there 

were 4750 nodes on the base plate and the same amount of identically positioned nodes 

on the rib. 

We ran the simulations with the same process parameters as the parameters used 

during manufacturing. For example, the initial mold temperature was set to 40 °C or 

80 °C. To model cooling, we used a transient cooling mode, in which the mold 

temperature changes during the cycles. To compensate for part ejection time and the 

time required to insert the base plate, we set 5 seconds for “open mold time” in the 

simulation. After 5 seconds, the mold closed, and the base plate was kept in the mold 

for 20 seconds before injection started. This way, the base plate reached the temperature 

of the mold. The injection molding sequence was set as close to the real-life sequence as 

possible. The flow rate for the injection phase was 40 cm3/s, followed by the holding 

phase with 75 MPa for 2 seconds. The time for filling, holding, and cooling together 

was set to 25 seconds. The simulation yielded the temperature distribution along the 

interface as a function of time on both the base plate and the rib (Figure 6). 



 

 

In the case of injection overmolding, the temperature history of the interface is 

different for each node. Therefore, we exported the temperature history data for each 

node from the simulation results (Figure 7).  

Results and discussion 

The calculation of temperature history  

The original models of bonding strength (Eq. 1-4) assume that the two components and 

the whole contact surface have the same temperature. However, during overmolding, 

the two surfaces have slightly different temperatures due to the imperfect heat transfer 

between the components. Besides that, the temperature distribution is uneven along the 

interface. Due to these reasons, the current models (Eq. 1-4) cannot accurately predict 

the bonding strength of the interface between the substrate and the overmolded rib.  

The interface was modeled as described earlier, thus we have coincident nodes 

on the base plate and the rib. The temperature histories of the coincident nodes are 

different. Therefore, we determined the average temperature of those pairs of nodes and 

named them Tnode(t). Only those regions are used for the calculations where both 

temperatures are above Tg (Figure 8). When the overmolded polymer melt meets with 

the base plate, it has a maximum temperature and then starts to cool down rapidly until 

it reaches a temperature close to the average temperature of the interface. By contrast, 

the temperature of the base plate starts to increase until it reaches a temperature close to 

the average temperature of the interface.  

The calculation of bonding strength  

The reptation time at given temperatures is needed for the calculation of bonding 

strength. As discussed in the Introduction, it can be assumed that the reptation time is 



 

 

equal to the relaxation time of the polymer at a given temperature. The relaxation time 

at a specific temperature is the time after which the elastic modulus (G’) of the polymer 

is equal to its storage modulus (G”). We obtained the relaxation time of ABS GP-35 at 

different temperatures from the viscosity curves. We ran a frequency sweep test on the 

samples using a parallel plate rotational rheometer (AR2000, TA Instruments) to find 

the angular frequency at which G’ equals G” (Figure 9). At the reference temperature of 

170 °C, the coefficient of variation of the repeated tests did not exceed 4%—we 

repeated each test five times (Figure 9). 

Above the glass transition temperature, the reptation time was determined as a 

function of temperature; the reptation time is necessary for the calculation of bonding 

strength. We fitted the Williams-Landel-Ferry (WLF) equation (Eq. 5) to the measured 

reptation time values to obtain a continuous function (Figure 10). 

log 𝑎𝑇 = 𝑙𝑜𝑔 𝑡𝑟𝑒𝑝𝑡𝑟𝑒𝑝(𝑇𝑟𝑒𝑓) (5) 

where aT is the shift factor, 𝑡𝑟𝑒𝑝 is the reptation time at temperature T, 𝑇𝑟𝑒𝑓 is the 

reference temperature, and 𝐶1 and 𝐶2 are constants. 210 °C was used as the reference 

temperature because it was in the middle of the tested range. For this temperature, the 

calculated reptation time was 0.4635 s. 

As mentioned before, the reptation time is infinite if the temperature is lower 

than Tg. The graph of the WLF equation has a discontinuity with a vertical asymptote, 

which depends on C2:  

lim𝑇→𝑇𝑟𝑒𝑓−𝐶2 ( 𝑡𝑟𝑒𝑝𝑡𝑟𝑒𝑝(𝑇𝑟𝑒𝑓)) → ∞ 

The WLF equation has a discontinuity, whose position depends on C2. At this point, the 

value of the function is infinite: 



 

 

𝑡𝑟𝑒𝑝(𝑇) = ∞, 𝑖𝑓  𝑇 = 𝑇𝑟 –  𝐶2 

With the previous equations, C2 is equal to: 

𝐶2 = 𝑇𝑟 − 𝑇𝑔 = 210 °𝐶 − 103 °𝐶 = 107 °𝐶 

We calculated the other constant, C1, at every measured point, then averaged those 

values: 

𝐶1 = 2.23 

The reptation time (Figure 11) was calculated for every pair of nodes from 

Tnode(t) with the WLF equation. For any given moment, if Tnode(t) is below Tg, diffusion 

will not take place at the given pair of nodes, and local bonding strength will not 

increase between them. 

With the reptation time curves, we determined the degree of healing with the four 

mathematical models that are currently available in the literature. Model 1 and Model 2 

operate with discrete time intervals for the reptation time, while Model 3 and Model 4 

use continuous functions for the calculations.  

With all four analytical models, the degree of healing (Dh) can be calculated at 

all nodes separately. The degree of healing shows the ratio between the evolved and the 

maximum bonding strength that can be achieved; thus, Dh has to be between 0 and 1 (0 

≤ Dh ≤ 1). To compare the modeling and experimental results, we determined Dh for the 

whole contact surface with the equations from the literature for each process parameter 

set, e.g. different mold and melt temperatures. The calculations with all the four models 

were as follows: 



 

 

(1) 𝐷ℎ𝑖  was determined for each pair of nodes (where i is the number of the pair of 

nodes in the mesh), 

(2) we calculated the average overall 𝐷ℎ𝑎𝑣 for the whole contact surface by 

averaging the individual 𝐷ℎ𝑖  values.  

We determined the minimum and maximum theoretical borders for the degree of 

healing (𝐷ℎ𝑚𝑖𝑛, 𝐷ℎ𝑚𝑎𝑥) by simply choosing the minimum and maximum values from 𝐷ℎ𝑖 , 

unless there were any nodes under Tg in the entire cycle because then it changes 𝐷ℎ𝑚𝑖𝑛 to 

zero (Figure 12). 

Mesh distribution affects the accuracy of the calculation of 𝐷ℎ𝑎𝑣. Since an even 

mesh distribution was used, the calculation was precise with the above-mentioned 

method.  

From the four different models, we chose Model 4 to present the Dh results 

(Figure 10). Bonding strength was calculated (Eq. 6) with all four models and their 

accuracy was compared to the measured strength.   

𝜎𝑐𝑎𝑙𝑐 = 𝜎∞ ∙ 𝐷ℎ𝑎𝑣, (6) 

where 𝜎𝑐𝑎𝑙𝑐 is the calculated bonding strength, 𝜎∞ is the maximum bonding strength 

(the tensile strength of single-piece specimens, and 𝐷ℎ𝑎𝑣 is the average degree of healing 

calculated with the selected model. 

Experimental results and modeling 

The base plates were manufactured separately by conventional injection molding. Melt 

temperature was 260 °C, and mold temperature was 60 °C. In the overmolding phase, 

the temperature of the melt was 220 °C, 240 °C, 260 °C, 280 °C, and 300 °C, while 

mold temperature was 40 °C and 80 °C. Bonding strength was tested with ten samples 



 

 

for each set of parameters. We manufactured single-piece specimens with all the 

different mold and melt temperatures. The tensile strength in each case was almost the 

same. The average tensile strength (33.7 MPa) was used as maximum bonding strength 

(𝜎∞). 

After we calculated bonding strength (Eq. 5) with each model (Eq. 1-4), we 

verified these results with the measured bonding strengths (Figure 13).  

Bonding strength values yielded by three out of the four analytical models are in 

good agreement with the measured bonding strengths. Model 1 produced the best 

correlation with the experimental data, with an error of 7 %. Models 3 and 4 gave 

similar results with an error of 11.0 % and 11.2 %, respectively. Model 2 exhibited 

worse results with the largest error of more than 200 %, which is the opposite of Bastien 

and Gillespie’s results [31]. 

We found that bonding strength increases with melt temperature and mold 

temperature. Bonding strength is a saturation curve as a function of melt temperature. 

With different mold temperatures, these curves are shifted. Thus, different segments of 

a saturation curve can be seen in Figure 13.  

We tried our calculation method on other amorphous polymers (PC and PS) as 

well. In both cases, melt temperature was chosen based on the material datasheet of the 

polymer. We used Model 4 for our calculation. The results are in good agreement with 

the measured bonding strength (Figure 14). The good agreement between the simulation 

and experimental results proves the validity of the proposed simulation method and 

proves that our calculation method can be used for a range of amorphous polymers in 

cases where bonding process is temperature-dependent. Therefore, this calculation 

method justifies its implementation in numerical simulation software. However, the 

proposed simulation method still requires some modifications to improve its accuracy. 



 

 

Conclusions  

We developed an original calculation method to predict the bonding strength between a 

base plate and an overmolded element. The novelty of the method is a combination of 

analytical and numerical approaches to estimate bonding strength and consider the 

spatial and temporal unevenness of temperature distribution in the interface.  We 

simulated the overmolding process to obtain the temperature history of the contact 

surface and used four mathematical models to calculate the degree of healing. The 

modeling results were verified through the mechanical testing of injection overmolded 

samples. We verified the simulation results with two different mold temperatures and 

five different melt temperatures. The results obtained with the proposed simulation 

method are in good agreement with the test results. We proved that our simulation-

based method predicts the bonding strength of overmolded elements with an error of 

7%.  

In the case of ABS, the maximum bonding strength between an overmolded 

element and a substrate is 25 MPa, while the theoretical maximum of bonding strength 

is 33.7 MPa. We found that the bonding strength of overmolded specimens increased 

with melt temperature and mold temperature. 
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Figure 1. Conceptual scheme of a hybrid TCM process (AFP – automated fiber 

placement)

 

Figure 2. Reptation movement of a linear polymer chain, and reptation time, in which 

the whole chain escapes from the original tube [9] 

 

Figure 3. Rib-on-plate test specimen: 1 – injection 

point, 2 – sprue, 3 – rib (component 2), 4 – base plate (component 1), 5 – interface 

(contact surface) 



 

 

 

Figure 4. Overmolding mold and tensile test setup: 1 – injection point, 2 – cavity 

insert, 3 – core insert, 4 – slider, 5 – pressure and IR temperature sensors, 6 – ejection 

system, 7 – tensile machine, 8 – vise, 9 – gripper plate 

 

Figure 5. 3D tetrahedral finite element mesh of the mold (the grey areas are the parts of 

the mold and inserts): 1 – sprue, 2 – rib, 3 – interface (contact surface), 4 – base plate, 

5 – cooling channels 



 

 

 

Figure 6. Temperature distributions at different times on the contact surfaces on the rib 

and the base plate side 

 

Figure 7. The components and the interface with the nodes (Tn(t) – the temperature of 

an arbitrary node as a function of time, T(x,y) – the temperature distribution along a 

certain cross-section at a particular moment) 

 

Figure 8. The typical temperature history of one pair of nodes on the rib/plate interface 



 

 

 

Figure 9. The frequency sweep test to obtain relaxation time 

 

Figure 10. The temperature dependence of reptation time with the fitted WLF curve  

 

Figure 11. The reptation time as a function of time for an individual pair of nodes 



 

 

 

Figure 12. The minimum, maximum and average degree of healing calculated with 

Yang’s model at a mold temperature of a) 40 °C and b) 80 °C as a function of melt 

temperature. 

 

Figure 13. Experimental and calculated overall bonding strength with a mold 

temperature of a) 40 °C and b) 80 °C. Maximum stands for the strength of the single-

piece specimens and Experimental data are the measured bonding strengths 

 

Figure 14. Experimental and calculated overall bonding strength with PC and PS 

 



 

 

Table 1. Properties of the examined materials 

Material Styrolution 

Terluran GP-35 

ABS 

Convestro 

Makrolon 2805 PC 

Versalis Edistir 

n3910 PS 

Drying temperature 

and time 

80 °C for 4 hours 120 °C for 4 hours Not required 

Recommended melt 

temperature range 

220–280 °C 280–320 C 200–250 °C 

Mold temperature 40 °C and 80 °C 80 °C 30 °C 
 

Table 2. Test temperatures and the corresponding frequency ranges 

Temperature [°C] Frequency range [rad/s] 

130 0.01 – 1 

150 0.01 – 100 

170 0.1 – 100 

190 0.1 – 100 

210 1 – 100 

230 1 – 100 

250 1 – 628.3 

270 1 – 628.3 

290 10 – 628.3 

310 10 – 628.3 

 


