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Abstract  Hybrid molding is the combining molding process of stamping and injection moldings for Fiber Reinforced 

Thermoplastics (FRTP), therefore composite structural materials with many members or rib structure behind molding 

products can be fabricated at one time by using this process. However, molding conditions effects on the interfacial properties 

between pre-heated part and injected resin have not been investigated before. In this study, three types of heating system such 

as far-infrared heater with ceramic heating element, middle-infrared heater with metal heating element, and middle-infrared 

heater with carbon heating element were used to examine heating time, temperature distribution, and amount of electric 

power for the efficiency of prepreg heating by hybrid molding. Also, prepreg was preheated by using these heating systems. 

By including the fact from mechanical properties of hybrid products, the most efficient heating method for hybrid molding 

was investigated. From these results show that most efficient heater system was metal heater with middle infrared ray for 

preheating of CF/PA6 thermoplastics composite in hybrid molding. 
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1. Introduction 

As global environmental conservation grows 

significantly around the world, automobile makers are 

paying a lot of effort on working to make cars lighter to 

reduce fuel using and CO2 emissions [1, 2]. Composite 

materials such as carbon fiber reinforced plastics have been 

adopted in automotive parts. Among them, Fiber 

Reinforced Thermoplastics (FRTP) which has advantages 

such as recycling, high cycle time forming and secondary 

workability have been focused on. [3-5] Hybrid molding is 

one of the molding method to fabricate FRTP [6-9]. It 

combines injection molding with short fibers containing 

molten resin and press forming with preheated continuous 

fiber prepreg, which is typical in several hybrid molding 

methods [10, 11]. This method is able to combine the 

injected resin and preheated prepreg at one time, and it has 

advantages without requiring post-process such as drilling, 

trim, bonding and so on. In the molding of FRTP, various 

factors like thermal condition, transfer method, forming 

condition have effect on mechanical properties of molding   
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product [12-18]. Therefore, optimization and understanding 

of molding conditions are very important for quality 

improvement of the molding product in hybrid molding. 

However, there are no previous studies about molding 

conditions effect on quality of molding product especially 

interfacial properties between prepreg and injected part. 

Hybrid molding has preheat process to be softened prepreg 

by heater. It is necessary to heat prepreg to uniform 

temperature distribution in shorter time for stable quality 

with high production efficiency [19-22]. In this study, the 

effect of using different heating system for preheating 

prepreg, such as middle and far infrared heater on 

temperature history of hearting and temperature distribution 

of prepreg surface after heating were investigated. 

Moreover, interfacial strength between prepreg and injected 

resinof products preheated by different heating system was 

compared. 

2. Explanation of Hybrid Molding 

Fig. 1 shows hybrid molding process and example of 

hybrid molding products. As shown in Fig. 1 (a), firstly, 

prepreg sheet is put on the sheet feeding machine. Then sheet 

feeding machine transports prepreg sheet to a heater or an 

oven for preheating to soften it. After preheating under the 

predetermined temperature for some time, prepreg sheet will 



2 Masaki Ohishi et al.:  Effect of Heater System on Heating Efficiency and Interfacial  

Properties between Prepreg and Injected Part in Hybrid Molding 

 

be transported to the press machine and set on the mold. In 

this process, prepreg is shaped under press which is given by 

press machine and at the same time molten resin injects to 

make rib structure or attach portion by injection machine. 

Injected resin as well as prepreg is consolidated at one time. 

In the end, after ejection process final products are obtained. 
Hybrid molding has several advantages. For example, it is 

high cycle molding method which is similar to injection 

molding and it can manufacture complicated product such as 

rib structure or products with mounting members, which 

reduce the cost without using prepreg material for whole 

structure. 

3. Experiment and Discussion  

3.1. Comparison Test of Heater Systems 

Table 1 shows specifications of heater system. Heater A 

has far infrared heater of ceramic heater element of which the 

highest heat generated temperature was 600°C. Heater B has 

middle infrared heater of metal heater element of which the 

highest heat generated temperature was 850°C. Heater C has 

middle infrared heater of carbon heater element in the quartz 

tube of which the highest heat generation temperature was 

1000°C. Temperature of Heater A was controlled by 

thermocouple in the heater element. Temperature of Heater 

A was set to 340°C. Output power of Heater B and Heater C 

were adjusted automatically by measuring surface 

temperature of prepreg using radiation thermometer.  

Fig. 2 shows two comparison test methods of the heating 

systems. Test A investigated the heating time until surface 

and center portion temperature of prepreg reach the target 

temperature. Two prepreg sheets with dimension of      

200 x 150 x 1.5 mm constructed continuous glass fiber 

impregnated with PA6 nylon (TEPEX dynalite 102, Bond 

Laminates), were piled up. Center portion temperature was 

measured by thermocouple between two sheets. When 

measuring, products heated by Heater A with thermocouple 

placed on the upper surface of prepreg, while counterparts 

heated by Heater B and Heater C, temperature was measured 

by radiation thermometer with heating system. In Test B, 

temperature distribution of prepreg was measured just after 

heating (after 0 sec) and after 10 sec lapse when heating 

finished by using thermography camera. After 10 sec lapse 

measuring is because that the applicable time duration for 

measuring is from prepreg preheating end to resin injection 

start in hybrid molding. Target temperature of prepreg by 

hearting was 290°C. This temperature was decided in 

reference to data sheet of resin (Durethan BKV30 H2.0 

LANXESS) to use for hybrid molding. 

 

(a) Process of Hybrid molding method 

 

(b) Example of products 

Figure 1.  Process of Hybrid molding method and example of products 

  

Front side (Prepreg surface) 

Back side 

Trim less 

Rib with injection resin 

  
  

Prepreg Transport Preheating 

Product Molding (inj. + comp.) Eject 



 Journal of Mechanical Engineering and Automation 2017, 7(1): 1-7 3 

 

 

Table 1.  Specification of heaters 

 Heater A Heater B Heater C 

Section Far infrared Middle infrared Middle infrared 

Heat source Ceramic Metal Carbon 

Wavelength [ µm ] 3 – 7 2.5 2.2 

Element temperature [°C] 600 max. 340 set temp. 850 1000 

Heating area [ mm ] 1650 x 1330 1000 x 1000 500 x 500 

Watt density [ kW/m2 ] 38 70 160 

 

 

Figure 2.  Measuring method of heating test 

Fig. 3 shows temperature history of surface and center 

temperature of prepreg during heating. Heater C took the 

least time to reach target temperature. Heating time of Heater 

A was the longest, and it took about 2 and 2.5 times of 

heating time than the case of Heater B and Heater C. Heater 

temperature for Heater A was lower than other heaters, it was 

considered that in that case long heating time was needed. As 

a result, to prevent uneven heating the temperature setting of 

heating system with far infrared heater (Heater A) was 

normally 50°C higher than target temperature (set as 340°C) 

and temperature was raised by atmosphere heating in furnace. 

It was found that when temperature was around 290°C. 

Upper surface temperature of Heater B went up faster than 

Heater A and Heater B reached stable temperature time, 

which can be named as temperature reached time, was 

180sec earlier than Heater A. However, in Heater B case 

center temperature reached time was required for additional 

60 sec, while time of Heater A almost same with its upper 

surface. Heating control system of Heater B was controlled 

automatically by measuring prepreg surface temperature. 

When surface temperature reached 290°C, heater output 

would reduce and heat capacity decrease to guarantee 

surface temperature stable despite of low temperature in the 

center portion. Temperature rise trend of Heater C was 

similar to Heater B. However, Heater C had higher heat 

capacity than Heater B, and Heater C temperature reached 

time was faster than Heater B. 

 

 

Figure 3. Relationships between heating time and temperature under 

Heater A, Heater B and Heater C 

Heater A 

Heater B 

Heater C 

(A) 

(B) 
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Fig. 4 shows relationship between wavelength and 

monochromatic radiation of each heater, it was calculated 

by Plank’s law. Area surrounded by X-axis and curved line 

shows radiation energy. Radiation energy of Heater C was 

largest and Heater A was smallest. Therefore Harter C had 

short heating time by large radiation energy and Heater A 

had long heating time by small radiation energy. 

 

Figure 4.  Relationship between wavelength and monochromatic radiation 

Fig. 5 shows power consumption and heating time of three 

heater systems. Heater A took the longest heating time and 

consumed lowest electric power. On the contrary, Heater C 

took the shortest heating time and consumed highest electric 

power consumption. Heater B had similar power 

consumption of Heater A, however relatively short heating 

time. It can be considered that the most efficient heating 

system is Heater B.  

 

Figure 5.  Power consumption and heating time 

Figure 6 shows schematic diagram of the structure for 

each heater. Heat loss of Heater A was very small, because 

all side of heater was covered with insulation material. 

However, heating time was longer due to the lower radiation 

energy. Heater B had insulation material only at the upper 

and lower side. Both right and left sides were covered with 

steel plate. Heat loss was small and radiant heating with high 

efficiency was achieved. Heater C hadn’t insulation material. 

Therefor heat loss of Heater C was larger. 

Fig. 7 to 9 shows prepreg surface temperature profile of 

each heating system just after heating and after the lapse of 

10 seconds. In Heater A system, prepreg had nearest 290°C 

(setting temperature) and uniformed heating distribution. 

Surface temperature of prepreg after the lapse of 10 sec was 

lowered to 255°C. And it temperature only in prepreg center 

decreased 10°C in comparison with other part. The low 

temperature part of prepreg surface had delamination and 

swelling. Therefore it part had decreased heat transfer from 

inside of prepreg, and falling temperature of it part was 

increased.  

 

Figure 6.  Schematic diagram of heater structure 

 

Figure 7.  Temperature profile of Heater A 

Prepreg just after heating by using Heater B was 

confirmed that it had lower temperature range in center. 

Center of Heater B had a hole in heating system, which was 

used for measuring prepreg temperature by using radiation 

thermometer from outside. Around the hole area there was 

no heating element, and it was difficult to heat near the hole. 

0 sec. 10 sec. 

Quartz glass 

Heater A Heater B 

Heater C 

Metal cover Insulation material 

Heat source 

Radiation 

http://ejje.weblio.jp/content/schematic+diagram
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Temperature measured by radiation thermometer was low 

near the hole, while other part showed higher temperature 

than setting temperature.  

 

Figure 8.  Temperature profile of Heater B 

Heater C had hole for temperature measuring. As shown in 

circle of Fig. 8, temperature of this part was low the same as 

Heater B. Low temperature range of Heater C was smaller 

than Heater B, because Heater C had small diameter hole as 

compared to Heater B. Radiation thermometer of Heater C 

was measured at low temperature range with the hole. 

Surface temperature except near the hole was overheated, 

because low temperature part was adjusted to setting 

temperature. Due to cover was no equipment for taking out 

sheet, left side of sheet temperature was low influence of 

outside air. 

 

Figure 9.  Temperature profile of Heater C 

Table 2 shows sample variance calculated for 

temperature distribution of prepreg surface after heating. 

Sample variance just after heating with Heater A was 

smallest, and it with Heater B was biggest. Sample variance 

after laps of 10 sec with Heater B was biggest. It with 

Heater A was increased to almost same as Heater C. As a 

result, it was found that disturbance and swelling caused 

high temperature variance. 

Table 2.  Sample variance of temperature difference after heated 

Sample Variance Heater A Heater B Heater C 

0sec. 3.8 8.6 7.4 

10sec. 6.4 7.5 6.0 

3.2. Interfacial Strength 

Hybrid molding was performed by using preheated 

prepreg sheet with three heater systems and interfacial 

strength between prepreg and injected resin rib was 

examined by tensile test. Fig. 10 shows Hybrid molding 

machine (VPM10H04E, manufactured Satoh Machinery) 

used in this study and the specifications. This machine had 

press machine of vertical type with maximum clamping 

force of 980kN and injection machine of horizontal type with 

injection capacity of 400cc. 

 

Figure 10.  Hybrid molding machine 

Fig. 11 shows molding product and size of specimen. 

Specimens were cut from gray parts of molding product. 

Tensile test was performed after mounting jig. Fig. 12 shows 

result of rib tensile test. Specimen heated under Heater B had 

the best interfacial strength, however it had high deviation. 

Surface temperature of prepreg after the lapse of 10 sec had 

wide range more than 40°C. It is consider that difference in 

prepreg sheet temperature resulted difference in interfacial 

strength. Interfacial strength of specimen heated under 

Heater A had no deviation. The reason was that prepreg 

Specifications 

Model   ：VPM10H04E 

Manufacture  ：SATOH 

Clamping force  ：980kN 

Die size   ：500x500mm 

Clamping speed  ：30mm/sec 

Injection volume  ：400cc 

0 sec. 10 sec. 

0 sec. 10 sec. 



6 Masaki Ohishi et al.:  Effect of Heater System on Heating Efficiency and Interfacial  

Properties between Prepreg and Injected Part in Hybrid Molding 

 

heated under Heater A was near 290°C and had smaller 

temperature deviation after preheating. Lower interfacial 

strength was found in specimen heated under Heater C. 

Prepreg surface temperature just after heated by using Heater 

C shows over 300°C. Heat deterioration of matrix resin in 

prepreg was occurred excessive heating. Therefore specimen 

heated under Heater A had the lowest interfacial strength. 

 

Figure 11.  Molding product and tensile test jig 

 

Figure 12.  Tensile strength of ribs 

4. Conclusions 

The result shows that required performance of the heater 

system that can be efficiently heated. It was necessary to be 

equipped with low watt density and wave length in the 

vicinity of 2.5µm. The most efficient heater device was 

Heater B in this study. Uniform heating and preventing 

excessive heating were required for stability, in which way 

interfacial strength between prepreg and resin in hybrid 

molding can increase. 
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