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ABSTRACT 

The electronic package comprises of four PCBs accommodated in structurally qualified housing using 

sufficient interfaces and is been used in spacecraft applications. A few segments like resistors, capacitors, level 

pack segments will be mounted on the PCBs in light of electrical prerequisites. It is crucial to perform warm 

investigations to get the temperature conveyance of the components, the PCB and to check the effectiveness of heat 

transfer path from the components to the base of the package. The present warm examinations are performed to 

gauge enduring state temperatures of the segments and to check the anticipated qualities are inside the satisfactory 

temperature limits determined. This present work includes warm plan and investigation of parts. 
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1. INTRODUCTION 

Warm building is one of the controls required in the configuration and assembling of electronic bundling 

frameworks. Satisfactory and fitting warm outline has gotten to be one of the empowering elements for the 

acknowledgment of high power thickness electronic hardware. It is fundamental to keep the disappointments that 

may come about because of high temperatures of thermally basic segments mounted on PCBs (Printed Circuit 

Boards). Microelectronic gadgets, for example, transistors, capacitors, inductors, transformers and resistors are the 

fundamental building pieces of all electronic hardware. For such gadgets to work, a section of electric current is 

required. The force or warmth dispersal is corresponding to their electrical resistance and is acquired by Joule's 

law; P=I2R. Electronic gadget producers determine a most extreme suitable working temperature for their gadget. 

They do not guarantee its intended performance and its expected life time if it operates beyond its maximum 

allowable operating temperature. Therefore, it is important to cool the electronic devices such that their operating 

temperatures remain below the maximum value. The electrical performance will be better and also the life of the 

electronic package will increase if these systems are maintained within the specified acceptance temperature limits. 

2. INPUTS 

The electronic package will be accommodated on the mounting platform onboard a low earth orbit (LEO) 

spacecraft. It comprises of four distinctive PCBs stacked together.  

PCB-1 comprises of twelve layers and there are 48 noteworthy scattering segments mounted on it. The in-

plane warm conductivity of the PCB card is assessed as 25.0W/m-K (Richard Culham, 1998) with a specific end 

goal to represent instabilities of copper appropriation in the card. PCB-2 comprises of ten layers and there are 43 

noteworthy dispersing parts mounted on it. The in-plane warm conductivity of the PCB card is evaluated as 

32.0W/m-K (Lemczyket, 1991). PCB-3 comprises of ten layers and there are 30 noteworthy disseminating parts 

mounted on it. The in-plane warm conductivity of the PCB card is evaluated as 24.0W/m-K. PCB-4 comprises of 

six layers and there are no parts displayed on it as the warmth dispersal is pitiful, it is circulated consistently over 

the whole PCB card. The in-plane warm conductivity of the PCB card is assessed as 20.0W/m-K (Lemczyket, 

1991). viz., PCB-1, PCB-2, PCB-3 and PCB-4. The PCB details are shown schematically in the following Fig.2 

and Fig.3. Total continuous power dissipation for all three PCBs put together is 15.7 W. PCB card is multi-layered 

structures, wherein high thermal conductivity copper layers (k=385 W/m-K) are added to low thermal conductivity 

polyclad laminate. PCB base material is Polyclad Laminate/Prepreg Grade PCL-FR-370/PCL-FRP-30 with thermal 

conductivity of 0.35 W/m-K. Table-1 describes the details of all the PCB cards mounted in this package.  

 
Fig.1. 3D Model of the package 
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Table.1. Details of PCB cards in the electronic package 

Pcb name Card size Power Dissipation (w) 

PCB-1 308.4mm×308.4mm 1.9 

PCB-2 " 3.6 

PCB-3 " 9.8 

PCB-4 " 0.4 

Table.2 summarizes the thermo-physical and thermo-optical properties of the materials used in this 

package. 

Table.2. Thermal properties of materials 

Material Thermal Conductivity (W/m-K) IR Emittance (εir) 

Al-6061 150 0.8 

Ceramic components - 0.9 

Gold coated components - 0.1 

Kovar 17.3 - 

Alloy42 11 - 

PCB (Conformal coating) 0.36 0.8 

It comprises of four distinctive PCBs stacked together. PCB-1 comprises of twelve layers and there are 48 

noteworthy scattering segments mounted on it. The in-plane warm conductivity of the PCB card is assessed as 

25.0W/m-K (Richard Culham, 1998) with a specific end goal to represent instabilities of copper appropriation in 

the card. PCB-2 comprises of ten layers and there are 43 noteworthy dispersing parts mounted on it. The in-plane 

warm conductivity of the PCB card is evaluated as 32.0W/m-K (Lemczyket, 1991).  PCB-3 comprises of ten layers 

and there are 30 noteworthy disseminating parts mounted on it. The in-plane warm conductivity of the PCB card is 

evaluated as 24.0W/m-K. PCB-4 comprises of six layers and there are no parts displayed on it as the warmth 

dispersal is pitiful, it is circulated consistently over the whole PCB card. The in-plane warm conductivity of the 

PCB card is assessed as 20.0W/m-K (Lemczyket, 1991).  

Mathematical Modeling: 

 All components are modeled as lumped masses using solid elements. 

 All 3D solid elements are surface coated using thin shell with null thickness to simulate radiative heat 

exchange. 

 All PCBs are discretized using thin shell elements of appropriate thickness and thermo optical properties. 

 Entire tray is meshed using thin shell elements of appropriate thickness. 

 All leads are simulated using thermal conductive couplings. 

 Heat transfer by radiation is simulated using enclosure type of view factor calculation method. 

 Reverse side elements are created wherever radiative heat transfer occurs from both sides, viz., in PCB and 

tray/housing. 

Thermal Boundary Conditions: The package is mounted on the Base Plate which is imposed at 400C and it is 

radiating to the ambient that is at 400C. This is shown schematically in Fig.2. 

 
Figure.2. Schematic showing the conduction and radiation heat transfer modes 

Computational Model: The thermal mathematical model was developed using UG NX 7.5 software and analyzed 

using TMG 12. 

 
Figure.3. Computational Model 
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3. ANALYSIS RESULTS & DISCUSSION 

Steady-state thermal analyses are carried out for the electronic package with three different configurations 

of PCB stacking; these configurations are shown schematically in the following figures. 

Configuration-1:  

1st Card from Base Plate:  PCB-1 (1.9W) 

2nd Card from Base Plate: PCB-2 (3.6W) 

3rd Card from Base Plate: PCB-3(9.8W) 

4th Card from Base Plate: PCB-4 (0.4W) 

Configuration-2   

1st Card from Base Plate: PCB-3 (9.8W) 

2nd Card from Base Plate: PCB-1 (1.9W) 

3rd Card from Base Plate: PCB-2(3.6W) 

4th Card from Base Plate: PCB-4 (0.4W) 

Configuration-3   

1st Card from Base Plate: PCB-2 (3.6W) 

2nd Card from Base Plate: PCB-1 (1.9W) 

3rd Card from Base Plate: PCB-4(0.4W) 

4th Card from Base Plate: PCB-3 (9.8W) 

 

 

  
Figure.4. Temperature Distribution of components on      

PCB-1 

Figure.5. Temperature Distribution of     

PCB-1 

 

  
Figure.6. Temperature Distribution of components on 

PCB-2 

Figure.7. Temperature Distribution of PCB-2 
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Figure.8. Temperature Distribution of components on 

PCB-3 

Figure.9. Temperature Distribution of PCB-3 

 
Figure.10. Temperature Distribution of PCB-4 

In the scope of 450C to 510C and that of PCB-2 changes in the scope of 490C to 600C. Correspondingly, the 

temperature of PCB-3 shifts in the scope of 550C to 670C and that of PCB-4 changes in the scope of 460C to 480C.  

The temperatures of the segments mounted on the PCB-1 changes in the scope of 480C to 530C while the 

temperatures of the segments mounted on the PCB-2 fluctuates in the scope of 570C to 630C and the temperatures 

of the parts mounted on the PCB-3 differs in the scope of 590C to 810C which are inside as far as possible. The 

temperature circulations on various PCB cards are as appeared in Fig.5, Fig.7, Fig.9 and Fig.10. The temperature of 

the PCB-1 fluctuates 

Table.3. Summary of Temperatures (0C) with Base Plate at 400C 

PCB 
CASE-1 CASE-2 CASE-3 

C* PCB C* PCB C* PCB 

PCB-1 48 to 53 45 to 51 51 to 58 48 to 56 51 to 56 47 to 54 

PCB-2 57 to 63 49 to 60 53 to 58 46 to 55 50 to 56 43 to 52 

PCB-3 59 to 81 55 to 67 55 to 76 52 to 61 55 to 77 52 to 62 

PCB-4 - 46 to 48 - 43 to 45 - 50 to 53 

*: Temperatures of the components 

4. CONCLUSIONS 

 Thermal analyses are carried out for the electronics package under steady state conditions.  

 Temperature distribution plots for components and PCBs are presented in this work. 

 Maximum component temperature of 81oC is predicted for the component on PCB-3. 

 It is observed that the PCB temperatures for all PCBs are well within the specified acceptance temperature 

limits. 
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