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Abstract: This paper deals with the possibility of simulation in ANSYS. Research is focused on 

the sensitive analysis of heat emitters. The first part is about basic properties of infrared heat emit-

ter. For soldering is necessary to use heat emitter with the homogenous thermal field. In this case 

was used two types of wire arrangement. Classics spiral and type with two winding for the better 

homogenous thermal field. Next part deals with steady-state thermal simulation and transient simu-

lation of heat emitter in ANSYS Workbench. 
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1. INTRODUCTION 

Reflow soldering is one of many methods of soldering [1]. For the reflow process is used heat emit-

ter with different shapes. In figure 1a can be seen the main shape of heat emitter. The most com-

monly used are square and rectangular shape. The materials used to the heater is ceramic and re-

sistance wire (compound of chrome, aluminium, iron, cobalt) but, in this case, was used the base 

from copper due to easier realisation. The heat emitter consists from the copper base, high-

temperature cement, resistance wire and copper cover, see Fig. 1b.  

   

 a) b) 

Figure 1: a) Types of heat emitter, b) internal layout of heat emitter 

The main requirement of heat emitter is a homogenous thermal field. Another requirement is the 

high coefficient of emissivity. The first it´s given by the arrangement and material of resistance 

wire. The second is given by the heat emitter and substrate surfaces, see Tab. 1. It can be seen that 

copper as the material is not a good choice for heat emitter but is potentiality way to modify the 

surface. The first way is perform oxidated. Classic oxidate with 0,78 coefficient of emissivity or 

black oxidated with 0,88 coefficient of emissivity. Another way to improve emissivity is coating. 

For example, the high-temperature black coating has 0,97 coefficient of emissivity [2]. 

Dimensions of emitter: Copper base (100 x 100 x 10) mm, the thickness of the copper base is 

2 mm, thickness of copper backplate is same 2 mm, the diameter of resistance wire is 1mm. 
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Dimensions of high temperature cement are (90 x 90 x 0,6) mm. The classic winding is 1070 mm 

long and new type of winding is two 73 cm long winding. 

Table 1: Table of emissivities 

Material Coefficient of emissivity  

Copper oxidated 0,78 

Copper black oxidated 0,88 

Copper polished 0,01 

Copper plated 0,03 

Alumina 96% 0,7 

Gold polished 0,02 

Black coating 0,97 

Black el. component 0,9 

2. SIMULATION OF HEAT EMITTER 

For the purposes of this paper was used ANSYS Workbench. Steady-state and transient thermal is 

classic FEM programme [3]. For simulation purpose was used 4 materials. Substrate material was 

Alumina 96%. For base and plate was used copper. Resistance wire is Kanthal A-1 [4]. For high-

temperature cement was selected OmegaBond 600 [5] shows table 2. 

The sensitive analysis contains five power loads: (600, 650, 700, 750, 800) W. Convection was set 

at 20 W/m
2
·C for all simulations. Internal heat generation depends on power load. Emissivity was 

set 0,97 for black coated copper base and 0,7 for Alumina substrate. These coefficients are for the 

best situation. 

Table 2: Materials and basic simulation settings 

Material Density [kg/m
-3

] T. Conductivity [W/m
-1
·C

-1
] Specific Heat [J/kg

-1
·C

-1
] 

Alumina 96% 3800 25 880 

Copper 8300 401 385 

Kanthal A-1 7100 20 (600 ⁰C) 750 (600 ⁰C) 

Omegabond600 2563 17,28 1550 

Simulation Convection [W/m
2
·C] Internal Heat Generation [W/mm

3
] Radiation Emitter / Alumina 

600 W 20 0,75 0,97 0,70 

650 W 20 0,8125 0,97 0,70 

700 W 20 0,875 0,97 0,70 

750 W 20 0,9375 0,97 0,70 

800 W 20 1 0,97 0,70 

Conventional solutions of heat emitter have the same pitch between wire. The figure 2a shows the 

classic arrangement of wire winding with improvements. It can be seen that pitch between wire is 

not same. It´s due to get more homogenous thermal field than classic heat emitter sees at figure 1a. 

Thermal energy is more accumulate in the center of heat emitter so it´s necessary to arrangement 

wire with the closer pitch at the edge of the emitter. 

The figure 2b shows another solution of wire arrangement. In this case is used two windings for 

higher heat flux and more homogenous field than classic heat emitter. The wire starts with a special 

bend in order to obtain more thermal energy in the corner than the center of the emitter. 
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 a) b) 

Figure 2: a) Classic winding, b) new type of winding 

From result can be seen that thermal field is different in this two types of winding. Figure 3a shows 

the thermal field of classic spiral winding. Distribution of thermal field is concentrated in the center 

of the emitter. Temperature different on the surface of the copper base is 7,67 ⁰C. The thermal field 

of the new type of winding shows better behavior than the first type. The thermal field is more ho-

mogenous and the temperature difference is lower. Different is 5,08 ⁰C. 

 

 a) b) 

Figure 3: a) Thermal field of classic winding, b) New type of winding 

For soldering purpose is a necessary temperature gradient. In Fig. 5a can be seen temperature gra-

dient for different power loads. The heat emitter with 600 W power load reaches the needed tem-

perature 250 ⁰C for 550s but with 800 W power load reach 250 ⁰C for 350s. In Fig 5b can be seen 

gradient temperature for all power loads. Gradient for 600 W is 0,608 ⁰C/s. Gradient for 800 W is 

1,04 ⁰C/s. 
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  a) b) 

Figure 4: a) New type of winding (substrate), b) Classic winding (substrate) 

In the figure, 4b can be seen a thermal field of the substrate with the classic winding. Temperature 

different is 14,18 ⁰C. The maximal temperature at the emitter is 710 ⁰C but the maximal tempera-

ture of the substrate is 432 ⁰C. A new type of winding shows better results than classic winding. 

The temperature at heat emitter is 716 ⁰C it´s only 6 ⁰C more than the classic emitter. But the 

maximal temperature of the substrate is 481 ⁰C and different between maximal and the minimal 

temperature is 12,94 ⁰C.  

 

 a) b) 

Figure 5: a) Maximal temperature depends on power load, b) Gradient of temperature (0-250 ⁰C) 

depends on power load 

3. CONCLUSION 

This paper deals with the sensitive analysis of IR heat emitter for soldering and utilization Ansys 

Workbench for this problem. The results show that is possible use transient thermal simulation for 

find the best solution for power load of the emitter. Simulation in ANSYS can find a better type of 

arrangement of wire winding for the more homogenous thermal field before construction start and 

is possible save time. These simulations show the way to better heat emitter with the more homog-

enous thermal field. But it´s necessary to confirm this result by real experiments. In this case, the 

experiment wasn´t done. 
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