
STUDENTS’ SPACE ASSOCIATION 

THE FACULTY OF POWER AND AERONAUTICAL ENGINEERING 

WARSAW UNIVERSITY OF TECHNOLOGY 

 
PRELIMINARY DESIGN REVIEW 

THERMAL CONTROL SYSTEM 

Phase B of PW-Sat2 student satellite project 

June 2015 

Issue 2 (November 2016 update) April 2017 



pw-sat.pl 

1 of 66 

Changes 

Date Changes Responsible 

2015-04-08 Draft version release Alan Budzyński 

2015-05-17 First release Alan Budzyński, ch. 1, 6, 7 

Anna Kozubal, ch. 3, 4 

Alicja Kasjanowicz, ch. 2 

2015-05-29 Editorial changes Dominik Roszkowski 

2016-11-27 New template, disclaimer Dominik Roszkowski 

 

 

 

Attention Phase B documentation may be outdated in many points. Please be 

aware of that and do not depend on Phase B or Phase A documents only. More 

recent documentation is available on project website. 

 

Published by 

Students’ Space Association 

Warsaw University of Technology, 2015 

This work is licensed on CC BY-NC 3.0 

Project logo by Krzysztof Karaś 

Artist’s impressions by Marcin Świetlik 

Quote as: PW-Sat2 Team, Phase B Documentation – Preliminary Design Review – Thermal Control 

System(Issue 2), Students’ Space Association, Warsaw University of Technology, pw-sat.pl 2015 



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

2 of 66 

Table of contents 

1 Introduction 7 

1.1 Scope ......................................................................................................................................................... 7 

1.2 Project documents ..................................................................................................................................... 7 

1.3 Reference Documents ............................................................................................................................... 7 

2 Model Configuration & Thermal Requirements 8 

2.1 Coordinate System .................................................................................................................................... 8 

2.2 Satellite Structure and Configuration ...................................................................................................... 10 

2.3 Material Properties .................................................................................................................................. 13 

2.4 Thermo-Optical Properties ...................................................................................................................... 16 

2.5 Temperature Limits ................................................................................................................................. 19 

2.6 Conductive Interfaces ............................................................................................................................. 21 

2.6.1 Thermal Couplings Between Spacers, Support Rods and PCB ....................................................... 21 

2.6.2 Thermal Coupling Between Solar Panels and Structure ................................................................. 24 

3 Environment Description & Orbit Definition 25 

3.1 Environment Setup .................................................................................................................................. 25 

3.2 Orbit Definition ....................................................................................................................................... 26 

3.3 Nominal Sun Pointing. ............................................................................................................................ 28 

3.4 Detumbling ............................................................................................................................................. 29 

3.5 Random Pointing .................................................................................................................................... 31 

4 Thermal Cases Definition 32 

4.1 Nominal hot case ..................................................................................................................................... 33 

4.2 Nominal cold case ................................................................................................................................... 34 

4.3 Absolute hot case .................................................................................................................................... 35 

4.4 Absolute cold case .................................................................................................................................. 36 

4.4.1 Idle PS ............................................................................................................................................. 36 

4.4.2 Random Pointing ............................................................................................................................. 37 

4.5 Detumbling ............................................................................................................................................. 38 

5 Thermal Design Description 39 



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

3 of 66 

6 Results 40 

6.1 Nominal hot case Results ........................................................................................................................ 40 

6.2 Nominal cold case Results ...................................................................................................................... 45 

6.3 Absolute hot case Results ....................................................................................................................... 50 

6.4 Absolute cold case Results – Idle PS ...................................................................................................... 54 

6.5 Random Pointing Results ........................................................................................................................ 58 

6.6 Detumbling Results ................................................................................................................................. 62 

7 Conclusions 66 

 



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

4 of 66 

List of figures 

Figure 2-1 Coordinate system .................................................................................................................................................... 8 

Figure 2-2 Coordinate system in ESATAN-TMS ...................................................................................................................... 9 

Figure 2-3 Front side ................................................................................................................................................................ 10 

Figure 2-4 Rare side ................................................................................................................................................................. 10 

Figure 2-5 Components inside .................................................................................................................................................. 11 

Figure 2-6 Sail Container simplification .................................................................................................................................. 11 

Figure 2-7 Antenna module simplification ............................................................................................................................... 12 

Figure 2-8 Bulk properties of components on the front side .................................................................................................... 15 

Figure 2-9 Bulk properties of components inside ..................................................................................................................... 15 

Figure 2-10 Thermo-optical properties of front side components ............................................................................................ 17 

Figure 2-11 Thermo-optical properties of components inside .................................................................................................. 17 

Figure 2-12 Thermo-optical properties of rear side components .............................................................................................. 18 

Figure 3-1 Environment setup .................................................................................................................................................. 25 

Figure 3-2 Orbit definition ....................................................................................................................................................... 26 

Figure 3-3 Orbit visualisation ................................................................................................................................................... 27 

Figure 3-4 Orbit visualisation, view from ................................................................................................................................ 27 

Figure 3-5 Sunpointing properties ............................................................................................................................................ 28 

Figure 3-6 Random pointing properties .................................................................................................................................... 31 

Figure 6-1 Nominal hot case temperature distribution in time (solar panel) ............................................................................ 41 

Figure 6-2 Nominal hot case temperature limit graph .............................................................................................................. 43 

Figure 6-3 Nominal hot case heat flux ..................................................................................................................................... 44 

Figure 6-4 Nominal hot case PCB stack heat flux .................................................................................................................... 44 

Figure 6-5 Nominal hot case back panel - deep space heat flux ............................................................................................... 45 

Figure 6-6 Nominal hot case front panel - deep space heat flux ............................................................................................... 45 

Figure 6-7 Nominal cold case temperature distribution in time (solar panel) ........................................................................... 46 

Figure 6-8 Nominal cold case temperature limit graph ............................................................................................................ 48 

Figure 6-9 Nominal cold case heat flux .................................................................................................................................... 49 

Figure 6-10 Nominal cold case PCB stack heat flux ................................................................................................................ 49 

Figure 6-11 Nominal cold case back panel - deep space heat flux ........................................................................................... 50 

Figure 6-12 Nominal cold case front panel - deep space heat flux ........................................................................................... 50 

Figure 6-13 Absolute hot case temperature distribution in time (solar panel) .......................................................................... 51 

Figure 6-14 Absolute hot case temperature limit graph ............................................................................................................ 53 

Figure 6-15 Idle PS case temperature distribution in time (solar panel) ................................................................................... 55 

Figure 6-16 Idle PS case temperature limit graph .................................................................................................................... 57 

Figure 6-17 Random pointing case temperature distribution in time (solar panel) ................................................................... 59 

Figure 6-18 Random pointing case temperature limit graph .................................................................................................... 61 

Figure 6-19 Detumbling case temperature distribution in time (solar panel) ........................................................................... 63 

Figure 6-20 Detumbling case temperature limit graph ............................................................................................................. 65 

 

List of tables 



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

5 of 66 

Table 2-1 Material properties of components ........................................................................................................................... 13 

Table 2-2 Optical properties of components ............................................................................................................................ 16 

Table 2-3 Temperature limits of components ........................................................................................................................... 19 

Table 2-4 Total GL values ........................................................................................................................................................ 24 

Table 4-1 Thermal cases ........................................................................................................................................................... 32 

Table 4-2 Nominal hot case - heat generation .......................................................................................................................... 33 

Table 4-3 Nominal cold case - heat generation ........................................................................................................................ 34 

Table 4-4 Imaging - heat generation ......................................................................................................................................... 35 

Table 4-5 Idle PS - heat generation .......................................................................................................................................... 36 

Table 4-6 Random Pointing PS - heat generation ..................................................................................................................... 37 

Table 4-7 Detumbling - heat generation ................................................................................................................................... 38 

Table 6-1 Nominal hot case average temperature..................................................................................................................... 40 

Table 6-2 Nominal hot case temperature limit ......................................................................................................................... 42 

Table 6-3 Nominal cold case average temperature ................................................................................................................... 45 

Table 6-4 Nominal cold case temperature limit ........................................................................................................................ 47 

Table 6-5 Absolute hot case average temperature .................................................................................................................... 50 

Table 6-6 Nominal cold case temperature limit ........................................................................................................................ 52 

Table 6-7 Idle PS average temperature ..................................................................................................................................... 54 

Table 6-8 Idle PS case temperature limit .................................................................................................................................. 56 

Table 6-9 Random pointing case average temperature ............................................................................................................. 58 

Table 6-10 Random pointing case temperature limit ................................................................................................................ 60 

Table 6-11 Detumbling case average temperature.................................................................................................................... 62 

Table 6-12 Detumbling case temperature limit ........................................................................................................................ 64 

 



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

6 of 66 

Abbreviated terms 

ADCS – Attitude Determination and Control System 

BW – Back Wall 

CAM - Cameras 

COMM – Communication System 

EPS – Electrical Power System 

DT – Deployment Team  

FW – Front Wall 

MA – Mission Analysis 

MCS – Model Coordinate System 

MLI – Multi Layer Insulation 

OBC – On-board Computer 

PCB – Printed Circuit Board 

PS – Power Shortage 
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TBC – To Be Conducted 
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1 INTRODUCTION 

1.1 SCOPE 

This document describes the thermal analysis modelling and presents results that were performed for PW-Sat2 

project, using ESATAN-TMS software. Its main objective is to show, whether the design does meet the thermal 

requirements and to present the proper thermal design, if required. 

Attention Phase B documentation may be outdated in many places. Please be 

aware of that and do not depend on Phase B or Phase A documents only. More 

recent documentation is available on project website. 

 

1.2 PROJECT DOCUMENTS 

Ref. Title Doc No. Issue Date 

[PD.1] Datasheet_TCS_v2.0 - - 2015-05-06 

[PD.2] PW-Sat2 – Preliminary Requirements Review 

– Thermal Control System 

   

 

1.3 REFERENCE DOCUMENTS 

Ref. Title Doc No. Issue Date 

[RD.1] The Estimation of Temperature Distribution in 

Cylindrical Battery Cells Under Unknown 

Cooling Conditions 

- - 2014-06-16 

[RD.2] Heat Transfer - A Practical Approach - 2 2003 
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2 MODEL CONFIGURATION & THERMAL REQUIREMENTS 

2.1 COORDINATE SYSTEM 

The coordinate system used in ESATAN-TMS is shown at the Figure 2-2. The ‘p’ (plus) and ‘m’ (minus) notation 

was used to describe the position of the component relative to the coordinate system origin. 

 

 

Figure 2-1 Coordinate system 
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Figure 2-2 Coordinate system in ESATAN-TMS 
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2.2 SATELLITE STRUCTURE AND CONFIGURATION 

A general view of the configuration, with exposed internal structure and named components is shown below. 

 

Figure 2-3 Front side 

 

Figure 2-4 Rare side 
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Figure 2-5 Components inside 

Due to the complexity of the geometry, some elements had to be simplified in order to easily implement the 

geometry in ESATAN-TMS environment.  

The front wall of the satellite have been divided into two parts where the upper is Front Panel and the lower in its 

entirety is Solar Cell FW. Similarly it has been done on the rear panel – Back Panel and Solar Cell BW. 

It was assumed that the Sail Container is empty and radiation inactive due to the sail insulation properties. For 

simplicity, it was assumed that the Container Main is the square with the hole cut in the middle. The shape of 

Container Wall Base was determined as the square.  

 

Figure 2-6 Sail Container simplification 
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Sun sensors were implemented parallel to the Front Wall, not tilted by 45deg as in CAD model (Figure 2-3), due 

to small influence of this change and simplicity of the geometric model. 

Due to the very complex geometry od the antenna module, it was assumed as effective flat plate. Antenna straps 

were not included in the geometry. 

 

Figure 2-7 Antenna module simplification 

In order to simplify the geometry and due to the slight radiative impact, spacers have been not included in 

geometrical model. 
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2.3 MATERIAL PROPERTIES 

Thermal data of material properties used for every component. 

Table 2-1 Material properties of components 

Component Quantity Material 
Density 

[kg/m^3] 

Specific heat 

[J/kg/K] 

Conductivity 

[W/m/K] 

Front panel 1 Aluminum 6061 2710 896 167 

Rear panel 1 Aluminum 6061 2710 896 167 

Frame 1 Aluminum 6061 2710 896 167 

Sail Container 1 Aluminum 6061 2710 896 167 

Support Rod 4 Stainless Steel 8080 510 20 

Spacer 24 Aluminum 6061 2710 896 167 

Solar panel 2 FR-4 1850 1100 0.2 

OBC PCB 1 FR-4 1850 1100 0.2 

ADCS PCB 1 FR-4 1850 1100 0.2 

Actuator1 2 Ferrite/Copper 5000 498 280 

Sun Sensor 1 Aluminum 6061 2710 896 167 

CAM1 1 FR4/PET/Glass TBD TBD TBD 

CAM2 1 FR4/PET/Glass TBD TBD TBD 

PAYLOAD PCB 1 FR-4 1850 1100 0.2 

EPS PCB 1 FR-4 1850 1100 0.2 

Solar Cell2 20 GaAs 572 310 59 

Batteries3 4 Li-ion 1824 825 0.49 

Antenna4 1 Aluminum/FR-4 2400/1850 1030 57 

COMM PCB 1 FR-4 1850 1100 0.2 

Sail 1 TBD TBD TBD TBD 

Connector5 6 

Polyester/Phosphor 

Bronze 180 839 14.5 
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Radiator 1 FEP/Aluminum 0.333 - - 

MLI 3 Aluminum/PET 0.071 1300 0.3 

The following properties were calculated manually, those calculations are included below.  

1Actuators are made of ferrite and copper parts. Based on the CAD model, it was determined that 70% of the total 

volume is copper and 30% is ferrite. According to Table 2-1, copper parameters are: CCu = 390 
𝐽

𝑘𝑔×𝐾
, λCu = 400 

𝑊

𝑚×𝐾
 and ferrite parameters are: CF = 750 

𝐽

𝑘𝑔×𝐾
, λF = 0.003  

𝑊

𝑚×𝐾
 . On that basis the specific heat and conductivity 

of actuators were calculated as: C =  
CCu×70%+CF×30%

100%
= 498 

𝐽

𝑘𝑔×𝐾
; λ = 

λCu×70%+λF×30%

100
= 280 

𝑊

𝑚×𝐾
. 

2It was assumed that the solar cells are only made from Gallium arsenide.  

3Specific heat and conductivity were determined based on data from [RD.1]. 

4The antenna module is made of aluminum 6061 and FR-4 parts. Based on the CAD model, the aluminum parts 

occupy approximately 34% and Fr-4 parts 66% of the total volume. Module was simplified to the effective flat 

plate and effective specific heat and conductivity were calculated as:  

C = 
𝐶𝐴𝑙×34%+𝐶𝐹𝑅−4×66%

100%
= 1030 

𝐽

𝑘𝑔×𝐾
; λ = 

𝜆𝐴𝑙×34%+𝜆𝐹𝑅−4×66%

100%
= 57 

𝑊

𝑚×𝐾
. 

5Due to the lack of data, it was assumed that black glass filled polyester accounts for 50% and phosphor bronze 

for 50% of total volume. Polyester properties are as following: CP = 1300 
𝐽

𝑘𝑔×𝐾
, λP = 0.05 

𝑊

𝑚×𝐾
; phosphor bronze 

properties: CB = 377 
𝐽

𝑘𝑔×𝐾
, λB = 28.9 

𝑊

𝑚×𝐾
. Effective specific heat and thermal conductivity ware calculated as: C =

CP×50%+CB×50%

100%
= 839 

𝐽

𝑘𝑔×𝐾
; 𝜆 =

λP×50%+λB×50%

100%
= 14.5 

𝑊

𝑚×𝐾
. 

The bulk material properties that were used in ESATAN-TMS are shown below in the Figure 2-7 and Figure 2-8. 
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Figure 2-8 Bulk properties of components on the front side 

 

Figure 2-9 Bulk properties of components inside  
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2.4 THERMO-OPTICAL PROPERTIES 

Table 2-2 Optical properties of components 

Geometry name Optical Coating Emissivity Absorptivity 

Solar panels FR-4 0.808 0.879 

Front panel Aluminium 6061 0.07 0.13 

Back panel Aluminium 6061 0.07 0.07 

Container Cover Aluminium 6061 0.07 0.07 

Structure Pillar Aluminium 6061 0.07 0.07 

Antenna Cover Base Aluminium 6061 0.07 0.07 

Solar Cell (FW, BW) GaAs 0.85 0.91 

MLI surface (pY, mY) MLI 0.035 0.14 

To simplify the calculations, the arrays were treated as a mix of solar cells and FR-4. The effective emissivity and 

absorptivity of arrays surface have been calculated manually. Based on the CAD model it was measured that 72% 

of array surface occupy solar panels and the rest is occupied by FR-4 parts. According to data, the optical 

parameters of solar cells are: εSC = 0.85; αSC=0.91, and the optical parameters of FR-4 are: εFR-4 = 0.7; αFR-4=0.8. 

The effective emissivity and absorptivity was calculated as following: ε = 
εSC×72%+ε(FR−4)×28%

100%
 = 0.808; α = 

αSC×72%+α(FR−4)×28%

100%
 = 0.879. 

The optical properties for each component are shown in the Figure 2-9, Figure 2-10, Figure 2-11. 
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Figure 2-10 Thermo-optical properties of front side components 

 

 

Figure 2-11 Thermo-optical properties of components inside 
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Figure 2-12 Thermo-optical properties of rear side components 
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2.5 TEMPERATURE LIMITS 

Applied temperature safety range +/- 5°C (Acceptance limit). Table containing max and min qualification (design) 

limit and acceptance limit for each component. 

Table 2-3 Temperature limits of components 

Component Min qualification 

limit (°C) 

Min acceptance 

limit (°C) 

Max acceptance 

limit (°C) 

Max qualification 

limit (°C) 

Front panel -90 -85 105 110 

Rear panel -90 -85 105 110 

Frame -90 -85 105 110 

Sail Container -90 -85 105 110 

Support Rod -100 -95 995 1000 

Spacer -90 -85 105 110 

Solar panel -150 -145 105 110 

OBC PCB -40 -35 80 85 

ADCS PCB -40 -35 65 70 

Actuator -35 -30 70 75 

Sun Sensor -50 -45 75 80 

CAM1 -20 -15 65 70 

CAM2 -20 -15 65 70 

PAYLOAD PCB -30 -25 55 60 

EPS PCB -30 -25 55 60 

Solar Cell -40 -35 115 120 

Battery 0 5 35 40 

Antenna -30 -25 65 70 

COMM PCB -30 -25 55 60 

Connector -65 -60 120 125 

Radiator -60 -55 115 120 
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MLI -250 -245 115 120 
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2.6 CONDUCTIVE INTERFACES 

Due to assumptions  made in the geometric model, thermal couplings between simplified elements of  satellite had 

to be calculated manually.  

A conductance was calculated by assuming that the heat flows one-dimensionally from one section to the next 

parallel to a line between the nodes. With this assumption, a conductance - called GL - is given by the formula  

𝐺𝐿 =
𝑘𝐴

𝑥
 

where k is thermal conductivity of the material, A is cross-sectional area of the node and x the distance between  

nodes.  

Only a small fraction of the nominal surface area is actually in contact because of the curvatures and roughness of 

the contacting surfaces. This limited contact area causes a thermal contact resistance R. Thermal contact 

conductance  ℎ =
1

𝑅
 is taken into consideration, while calculating parallel thermal couplings between nodes, 

according to the formula 

1

𝐺𝐿
=  

1

𝐺𝐿𝑐𝑜𝑛𝑡𝑎𝑐𝑡

+
1

𝐺𝐿1

 

where 𝐺𝐿𝑐𝑜𝑛𝑡𝑎𝑐𝑡 = ℎ𝐴 

2.6.1 THERMAL COUPLINGS BETWEEN SPACERS, SUPPORT RODS AND PCB 

The PLD_PCB, OBC_PCB, ADCS_PCB, EPS_PCB, ACCU_PCB, COMM_PCB and frame are connected by 4 

support rods and 24 spacers symmetrically in pXpY, pXmY, mXpY and mXmY corners (Figure 2-5). 

Each PCB is connected with a set of four spacers, where each one is thermally divided into half – due to the thermal 

modelling philosophy – resulting in 8 GLs between every PCB. Spacer conductivity is 167 W/m2/K for each 

element and the connection area per node is 2.31221E-05 m2. Distance between nodes from PLD_PCB to frame 

vary depending on the distance between PCBs and are: 0.008, 0.008, 0.00595, 0.00595, 0.0115, 0.0115, 0.0024, 

0.0024, 0.015, 0.015, 0.0051, 0.0051m respectively.  

Thermal couplings were calculated as following: 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟1
 1 =

167 ∗ 2.31221 ∗ 10−5

0.008
= 0.482674295

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟1 2 =
167 ∗ 2.31221 ∗ 10−5

0.008
= 0.482674295

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟2
 1 =

167 ∗ 2.31221 ∗ 10−5

0.00595
= 0.655721893

𝑊

𝐾
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𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟2
 2 =

167 ∗ 2.31221 ∗ 10−5

0.00595
= 0.655721893

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟3
 1 =

167 ∗ 2.31221 ∗ 10−5

0.0115
=  0.341108203

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟3
 2 =

167 ∗ 2.31221 ∗ 10−5

0.0115
=  0.341108203

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟4  1 =
167 ∗ 2.31221 ∗ 10−5

0.0024
= 1.617039126

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟4
  2 =

167 ∗ 2.31221 ∗ 10−5

0.0024
= 1.617039126

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟5
  1 =

167 ∗ 2.31221 ∗ 10−5

0.015
= 0.26213868

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟5
  2 =

167 ∗ 2.31221 ∗ 10−5

0.015
= 0.26213868

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟6
  1 =

167 ∗ 2.31221 ∗ 10−5

0.0051
= 0.764169566

𝑊

𝐾
 

𝐺𝐿𝑠𝑝𝑎𝑐𝑒𝑟6
  2 =

167 ∗ 2.31221 ∗ 10−5

0.0051
= 0.764169566

𝑊

𝐾
 

Support rod conductivity is 20 W/m2/K and the cross-sectional area is equal to 7.06858E-06m2. Distance between 

nodes from PLD_PCB to frame are: 0.008, 0.008, 0.00595, 0.00595, 0.0115, 0.0115, 0.0024, 0.0024, 0.015, 0.015, 

0.0051, 0.0051m respectively.  

Conductance through support rod is calculated: 

𝐺𝐿𝑟𝑜𝑑11 =
20 ∗ 7.06858 ∗ 10−6

0.008
= 0.017671459

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑12 =
20 ∗ 7.06858 ∗ 10−6

0.008
= 0.017671459

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑21 
=

20 ∗ 7.06858 ∗ 10−6

0.00595
= 0.023759944

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑22 =
20 ∗ 7.06858 ∗ 10−6

0.00595
= 0.023759944

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑31 
=

20 ∗ 7.06858 ∗ 10−6

0.0115
=  0.012293189

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑32 =
20 ∗ 7.06858 ∗ 10−6

0.0115
=  0.012293189

𝑊

𝐾
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𝐺𝐿𝑟𝑜𝑑41  
=

20 ∗ 7.06858 ∗ 10−6

0.0024
= 0.058904862

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑42  
=

20 ∗ 7.06858 ∗ 10−6

0.0024
= 0.058904862

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑51  
=

20 ∗ 7.06858 ∗ 10−6

0.015
= 0.009424778

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑52  
=

20 ∗ 7.06858 ∗ 10−6

0.015
= 0.009424778

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑61  
=

20 ∗ 7.06858 ∗ 10−6

0.0051
= 0.027719935

𝑊

𝐾
 

𝐺𝐿𝑟𝑜𝑑62  
=

20 ∗ 7.06858 ∗ 10−6

0.0051
= 0.027719935

𝑊

𝐾
 

Thermal contact conductance between stainless steel and aluminium 6061 was assumed to be 1000 W/m2/K 

[RD.2]. Area of contact is 9.42478E-06m2. 

Thermal contact conductance was calculated: 

𝐺𝐿𝑐𝑜𝑛𝑡𝑎𝑐𝑡 =  1000 ∗ 9.42478 ∗ 10−6 = 9.42478 ∗ 10−3
𝑊

𝐾
 

Thermal couplings were calculated for given formula: 

𝐺𝐿𝑐𝑜𝑛𝑡 = ( 
1

𝐺𝐿𝑟𝑜𝑑

+
1

𝐺𝐿𝑐𝑜𝑛𝑡𝑎𝑐𝑡1

 )
−1

 

 Thermal couplings between support rods and spacers are given by formula: 

𝐺𝐿𝑟𝑜𝑑_𝑠𝑝𝑎𝑐𝑒𝑟 = 𝐺𝐿𝑐𝑜𝑛𝑡 + 𝐺𝐿𝑟𝑜𝑑 

Thermal contact conductance between PCBs and support rod is assumed to be 1000 W/m2/K, according to RD-2. 

Area of contact is equal to 2.31221E-05m^2. 

Thermal contact conductance was calculated: 

𝐺𝐿𝑐𝑜𝑛𝑡𝑎𝑐𝑡2 = 1000 ∗ 2.31221 ∗ 10−5 = 0.0231221
𝑊

𝐾
 

Finally, thermal coupling between PCB and support rod is calculated by formula: 

𝐺𝐿 = ( 
1

𝐺𝐿𝑟𝑜𝑑_𝑠𝑝𝑎𝑐𝑒𝑟

+
1

𝐺𝐿𝑐𝑜𝑛𝑡𝑎𝑐𝑡2

 )

−1

 

Results of final thermal couplings between each PCB and their respective support rod are presented in Table 2-4.  
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Table 2-4 Total GL values 

From To Total GL value [W/K] 

per rod 

PLD_PCB Spacer1 0.022077802 

Spacer1 OBC_PCB 0.022077802 

OBC_PCB Spacer2 0.022334559 

Spacer2 ADCS_PCB 0.022334559 

ADCS_PCB Spacer3 0.02165428 

Spacer3 EPS_PCB 0.02165428 

EPS_PCB Spacer4 0.022796159 

Spacer4 ACCU_PCB 0.022796159 

ACCU_PCB Spacer5 0.021247933 

Spacer5 COMM_PCB 0.021247933 

COMM_PCB Spacer6 0.022443044 

Spacer6 frame 0.022443044 

2.6.2 THERMAL COUPLING BETWEEN SOLAR PANELS AND STRUCTURE 

Heat exchange between solar panels and the structure takes place through 4 hinges. Due to the very low contact 

area, long thermal distance between panel and the structure and no metal-to-metal contact, thermal couplings are 

considered negligible.  
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3 ENVIRONMENT DESCRIPTION & ORBIT DEFINITION 

This chapter defines environment setup used for analysis and the most probable Sun-Synchronous orbit. For the 

initial case (ejection from the rocket until nominal sun pointing) orbit properties are the same, but different 

behaviour of the satellite. 

3.1 ENVIRONMENT SETUP 

Environment Setup is defined by standard parameters generated by ESATAN. Data are presented in a figure below. 

 

Figure 3-1 Environment setup 

  



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

26 of 66 

3.2 ORBIT DEFINITION 

All of the cases are defined on Sun-Synchronous orbit, with altitude of apogee 700 km and perigee 600 km. 

Inclination is set to 97.8 degrees. For full orbit definition refer to Figure 3-2.  

 

Figure 3-2 Orbit definition 
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Figure 3-3 Orbit visualisation 

 

Figure 3-4 Orbit visualisation, view from  
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3.3 NOMINAL SUN POINTING. 

In Nominal Sun Pointing case, front wall faces the Sun over the entire orbit. This case is realised by setting model's 

Primary Pointing Vector to be aligned to direction of the Sun. The Primary Pointing Vector is set to the +X axis 

of the Model Coordinate System and the Pointing Direction to TRUE_SUN with General Direction set to the +X 

axis of the Inertial Coordinate System. The Secondary Pointing Vector is set to the +Y axis and the Secondary 

Pointing Direction to the VELOCITY to define the orientation of the spacecraft on its orbit.  Omega rotation rate 

determines rotation about the Z axis of the MCS and its value is set as terminal value occurring in detumbling . 

Parameters are shown in Figure 3-4. 

 

Figure 3-5 Sunpointing properties 
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3.4 DETUMBLING 

Detumbling is the process of stabilizing the rotation of the satellite after orbital insertion. In order to simplify 

analyses in ESATAN, this case is defined as combination of two radiative cases - named Detumbling and 

Sunpointing - where first determines rotation after orbital insertion and second the process of facing the Front Wall 

to the Sun. The two cases define chained radiative case, where the results from the last orbital position of the first 

arc is used for the initial point of the second arcs. Parameters of Detumbling and Sunpointing radiative cases are 

determined by yaw, pitch and roll angles. Rotation rates are shown in graphs. 

Graph 3-1 Detumbling, first 2580 seconds 

Graph 3-2 Detumbling, from 2580.2 to 11608 second 
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Graph 3-3 Sunpointing, first 2000 seconds 

Graph 3-4 Sunpointing, from 2001 to 11608 second 
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3.5 RANDOM POINTING 

Random Pointing is the radiative case of ADCS failure, causing the inability to slow down satellite rotation and 

start  Sun pointing process. As the case occurs right after orbital insertion, initial rotation and angular velocities 

are set as initial values of Detumbling radiative case.  

 

Figure 3-6 Random pointing properties 
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4 THERMAL CASES DEFINITION 

Multiple thermal analyses were performed to find global hot and cold cases.  Mission analysis allowed to 

distinguish four specific modes, which were likely to be exposed to extreme temperatures, differing in the amount 

of heat generated, duration and location on orbit. Analysis were also conducted for two most common cases: 

Nominal cold case and Nominal hot case. 

Table 4-1 Thermal cases 

Analysis case  Radiative case 

Nominal hot case Nominal Sun Pointing 

Imaging Nominal Sun Pointing 

Nominal cold case Nominal Sun Pointing 

Random Pointing Random Pointing 

Idle  Nominal Sun Pointing 

Detumbling Detumbling 
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4.1 NOMINAL HOT CASE 

Nominal hot case defines thermal case in which the satellite is in the Sun Pointing position. Most of instruments 

are working, generating 3.375W of heat. This is the most probable and longest case, therefore it is considered in 

this paper. 

Table 4-2 Nominal hot case - heat generation 

Nominal hot case 

Radiative case: nominal_sunpointing 

System / 

Instrument 
Unit Quantity 

Total heat 

generation  [W] 

OBC PCB 1 0.5 

ADCS 

PCB 1 0.1 

Actuators 2 0.1 

PAYLOAD 

SunS 2 0.25 

CAM1 1 0 

CAM2 1 0 

PCB 1 0.5 

EPS 

PCB 1 1.5 

Batteries 4 0.025 

COMM PCB 1 0.35 

SUM: All 15 3.375 

MAX duration: [s] - 1800 
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4.2 NOMINAL COLD CASE 

Nominal Cold Case is a case where the satellite is in Earth eclipse. Heat is generated, but due to lack of power 

supply, it is smaller than normal. Position of satellite on the orbit is defined by Nominal Sun Pointing radiative 

case. 

Table 4-3 Nominal cold case - heat generation 

Nominal cold case 

Radiative case: nominal_sunpointing 

System / 

Instrument 
Unit Quantity 

Total heat 

generation  [W] 

OBC 
PCB 1 1 

ADCS 

PCB 1 0.1 

Actuators 2 0.1 

PAYLOAD 

SunS 2 0 

CAM1 1 0 

CAM2 1 0 

PCB 1 0.3 

EPS 

PCB 1 0.5 

Batteries 4 0.025 

COMM PCB 1 0.35 

SUM: All 15 2.375 

MAX duration: [s] - 1800 
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4.3 ABSOLUTE HOT CASE 

Due to the greatest heat generation from all modes possible [PD.1], Imaging mode is considered to be the absolute 

hot case. Despite its higher heat dissipation, it last for a very short time and is unique and so might not qualify as 

an absolute hot case. Position of satellite on the orbit is defined by Nominal Sun Pointing radiative case. Initial 

temperature of each node is set as temperature of the last time step of Nominal Sun Pointing thermal case. 

Table 4-4 Imaging - heat generation 

Imaging 

Radiative case: nominal_sunpointing 

System / 

Instrument 
Unit Quantity 

Total heat 

generation  [W] 

OBC PCB 1 2 

ADCS 

PCB 1 0.1 

Actuators 2 0.1 

PAYLOAD 

SunS 2 0 

CAM1 1 0.4 

CAM2 1 0.4 

PCB 1 0 

EPS 

PCB 1 0.8 

Batteries 4 0.025 

COMM PCB 1 0.35 

SUM: All 15 4.175 

MAX duration: [s] - 300 
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4.4 ABSOLUTE COLD CASE 

4.4.1 IDLE PS 

In Idle Power Shortage mode, where only three elements are functioning. As a result heat generation is the lowest 

among all considered cases [PD.1]. Position of satellite on the orbit is defined by Nominal Sun Pointing radiative 

case (Chapter 3.3).  

Table 4-5 Idle PS - heat generation 

Idle PS 

Radiative case: nominal_sunpointing 

System / 

Instrument 
Unit Quantity 

Total heat 

generation  [W] 

OBC PCB 1 0.3 

ADCS 

PCB 1 0 

Actuators 2 0 

PAYLOAD 

SunS 2 0 

CAM1 1 0 

CAM2 1 0 

PCB 1 0.3 

EPS 

PCB 1 0.5 

Batteries 4 0.025 

COMM PCB 1 0.35 

SUM: All 15 0.625 

MAX duration: [s] - 10800 
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4.4.2 RANDOM POINTING  

Random Pointing case position of satellite on the orbit is defined by Random Pointing radiative case. Onboard 

instruments operation is limited, causing low heat generation.  

Table 4-6 Random Pointing PS - heat generation 

Random Pointing PS 

Radiative case: Random_Pointing 

System / 

Instrument 
Unit Quantity 

Total heat 

generation  [W] 

OBC PCB 1 0.3 

ADCS 

PCB 1 0 

Actuators 2 0 

PAYLOAD 

SunS 2 0 

CAM1 1 0 

CAM2 1 0 

PCB 1 0.3 

EPS 

PCB 1 0 

Batteries 4 0.025 

COMM PCB 1 0.175 

SUM: All 15 0.8 

MAX duration: [s] - 10800 
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4.5 DETUMBLING 

Due to the satellite rotation in detumbling case, it is possible that either hot or cold case may occur. Analysis is 

conducted for only one cycle on the orbit with initial temperature at 20°C on all of components, which is assumed 

to be the temperature after orbital insertion. 

Table 4-7 Detumbling - heat generation 

Detumbling 

Chained Radiative Case: Detumbling + Sun pointing  

System / 

Instrument 
Unit Quantity 

Total heat 

generation  [W] 

OBC PCB 1 0.5 

ADCS 

PCB 1 1 

Actuators 2 0.1 

PAYLOAD 

SunS 2 0 

CAM1 1 0 

CAM2 1 0 

PCB 1 0.3 

EPS 

PCB 1 0.8 

Batteries 4 0.025 

COMM PCB 1 0 

SUM: All 15 2.425 

MAX duration: [s] - 10800 
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5 THERMAL DESIGN DESCRIPTION 

TBC 
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6 RESULTS 

The following chapter presents the results of thermal analysis of the satellite, performed using ESATAN-TMS 

software. Each set of results is divided into six cases, described in chapter 4. For each case, the following set of 

results is presented: average temperature at each component during the orbit time, graph of temperature 

fluctuations over the orbit at solar panels, maximal and minimal temperature obtained at components and their 

limits, conductive and radiative heat flux between the most significant  parts of the satellite. 

6.1 NOMINAL HOT CASE RESULTS 

This subchapter contains results of a nominal hot case (see chapter 4.1), which is the most probable case that will 

result. Results of the sunshine phase shall be of importance, due to the eclipse phase not being considered as a hot 

case. 

Average temperatures over the orbit are presented below as initial reference:  

Table 6-1 Nominal hot case average temperature 

Element Temperature [°C] 

ACCU_PCB 110.1 

ADCS_PCB 118.2 

Actuators:Actuator_X 119.4 

Actuators:Actuator_Y 119.6 

Batteries:Battery1 118.2 

Batteries:Battery2 115.7 

Batteries:Battery3 115.6 

Batteries:Battery4 118.1 

COMM_PCB 95.46 

EPS_PCB 120.3 

OBC_PCB 117.5 

PLD_PCB 114.1 

SunSensor:SunS_h 92.6 

SunSensor:SunS_v 91.28 
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Temperatures distribution in time over the orbit at solar panels are presented below to show the time of eclipse 

phase. 

 

Figure 6-1 Nominal hot case temperature distribution in time (solar panel) 

Maximal and minimal temperature results and their limits at the most crucial components were presented in the 

table below. 
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Table 6-2 Nominal hot case temperature limit 

ID LoLo Lo Min 

uncertainty 

Min Max Max 

uncertainty 

Hi HiHi 

ACCU_PCB 0.000 10.000 103.6 108.6 111.7 116.7 30.00 40.00 

ADCS_PCB -40.00 -30.00 112.7 117.7 118.9 123.9 60.00 70.00 

Actuators -35.00 -25.00 114.2 119.2 120.1 125.1 65.00 75.00 

Batteries 0.000 10.000 110.3 115.3 118.4 123.4 30.00 40.00 

COMM_PCB -30.00 -20.00 87.56 92.56 98.37 103.4 50.00 60.00 

EPS_PCB -30.00 -20.00 113.8 118.8 121.4 126.4 50.00 60.00 

OBC_PCB -40.00 -30.00 111.7 116.7 118.2 123.2 75.00 85.00 

PLD_PCB -30.00 -20.00 108.2 113.2 115.1 120.1 50.00 60.00 

SunSensor -50.00 -40.00 72.80 77.80 103.1 108.1 70.00 80.00 
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Figure 6-2 Nominal hot case temperature limit graph 
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Heat flux between front panel – satellite structure and back panel – satellite structure are presented below. 

 

Figure 6-3 Nominal hot case heat flux 

 

 

Figure 6-4 Nominal hot case PCB stack heat flux 
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Figure 6-5 Nominal hot case back panel - deep space heat flux 

 

Figure 6-6 Nominal hot case front panel - deep space heat flux 

6.2 NOMINAL COLD CASE RESULTS 

This subchapter contains results of a nominal cold case (see chapter 4.2), which is the most probable case that will 

result. Results of the eclipse phase shall be of importance, due to the sunshine phase not being considered as a cold 

case. 

Average temperatures over the orbit are presented below as initial reference:  

Table 6-3 Nominal cold case average temperature 

Element Temperature [°C] 

ACCU_PCB 94.17 

ADCS_PCB 104.6 

Actuators:Actuator_X 106 

Actuators:Actuator_Y 106.1 

Batteries:Battery1 103.3 

Batteries:Battery2 100.1 

Batteries:Battery3 100.1 

Batteries:Battery4 103.2 

COMM_PCB 84.07 

EPS_PCB 100.8 

OBC_PCB 108.2 

PLD_PCB 102.8 
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SunSensor:SunS_h 66.42 

SunSensor:SunS_v 66.9 

Temperatures distribution in time over the orbit at solar panels are presented below to show the time of eclipse 

phase. 

 

Figure 6-7 Nominal cold case temperature distribution in time (solar panel) 

Maximal and minimal temperature results and their limits at the most crucial components were presented in the 

table below. 
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Table 6-4 Nominal cold case temperature limit 

ID LoLo Lo Min 

uncertainty 

Min Max Max 

uncertainty 

Hi HiHi 

ACCU_PCB 0.000 10.000 87.46 92.46 94.99 99.99 30.00 40.00 

ADCS_PCB -40.00 -30.00 98.72 103.7 105.2 110.2 60.00 70.00 

Actuators -35.00 -25.00 100.4 105.4 106.3 111.3 65.00 75.00 

Batteries 0.000 10.000 94.67 99.67 103.6 108.6 30.00 40.00 

COMM_PCB -30.00 -20.00 75.76 80.76 86.38 91.38 50.00 60.00 

EPS_PCB -30.00 -20.00 94.77 99.77 101.2 106.2 50.00 60.00 

OBC_PCB -40.00 -30.00 101.7 106.7 109.2 114.2 75.00 85.00 

PLD_PCB -30.00 -20.00 97.43 102.4 104.4 109.4 50.00 60.00 

SunSensor -50.00 -40.00 61.01 66.01 87.44 92.44 70.00 80.00 
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Figure 6-8 Nominal cold case temperature limit graph 
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Heat flux between front panel – satellite structure and back panel – satellite structure are presented below. 

 

Figure 6-9 Nominal cold case heat flux 

 

 

Figure 6-10 Nominal cold case PCB stack heat flux 
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Figure 6-11 Nominal cold case back panel - deep space heat flux 

 

Figure 6-12 Nominal cold case front panel - deep space heat flux 

 

6.3 ABSOLUTE HOT CASE RESULTS 

This subchapter contains results of an absolute hot case (Imaging - see chapter 4.3), which is considered to be the 

hottest case that will result. This case is NOT a full orbit but an arc of about 18° remaining 300 sec. 

Average temperatures over the arc are presented below as initial reference:  

Table 6-5 Absolute hot case average temperature 

Element Temperature [°C] 

ACCU_PCB 109.9 

ADCS_PCB 118.9 

Actuators:Actuator_X 119.7 

Actuators:Actuator_Y 119.8 

Batteries:Battery1 118.2 

Batteries:Battery2 115.7 

Batteries:Battery3 115.6 

Batteries:Battery4 118.1 

COMM_PCB 95.86 

EPS_PCB 118.5 
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OBC_PCB 123.3 

PLD_PCB 116.7 

SunSensor:SunS_h 86.52 

SunSensor:SunS_v 86.11 

Temperatures distribution in time over the orbit at solar panels are presented below to show the time of eclipse 

phase. 

 

Figure 6-13 Absolute hot case temperature distribution in time (solar panel) 

Maximal and minimal temperature results and their limits at the most crucial components were presented in the 

table below. 
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Table 6-6 Nominal cold case temperature limit 

ID LoLo Lo Min 

uncertainty 

Min Max Max 

uncertainty 

Hi HiHi 

ACCU_PCB 0.000 10.000 103.5 108.5 110.6 115.6 30.00 40.00 

ADCS_PCB -40.00 -30.00 112.8 117.8 119.2 124.2 60.00 70.00 

Actuators -35.00 -25.00 114.3 119.3 119.9 124.9 65.00 75.00 

Batteries 0.000 10.000 110.5 115.5 118.4 123.4 30.00 40.00 

COMM_PCB -30.00 -20.00 88.33 93.33 96.35 101.4 50.00 60.00 

EPS_PCB -30.00 -20.00 112.5 117.5 120.8 125.8 50.00 60.00 

OBC_PCB -40.00 -30.00 112 117 123.8 128.8 75.00 85.00 

PLD_PCB -30.00 -20.00 108.9 113.9 117.3 122.3 50.00 60.00 

SunSensor -50.00 -40.00 80.27 85.27 94.78 99.78 70.00 80.00 



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

53 of 66 

 

Figure 6-14 Absolute hot case temperature limit graph 
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6.4 ABSOLUTE COLD CASE RESULTS – IDLE PS 

This subchapter contains results of an absolute cold case – Idle PS (see chapter 4.4.1), which is considered to be 

one of the coldest case that will result. During this case, only the most crucial instruments will be operational, 

resulting in a very low heat dissipation. 

Average temperatures over the orbit are presented below as initial reference:  

Table 6-7 Idle PS average temperature 

Element Temperature [°C] 

ACCU_PCB 62.25 

ADCS_PCB 63.9 

Actuators:Actuator_X 64 

Actuators:Actuator_Y 63.98 

Batteries:Battery1 73.7 

Batteries:Battery2 69.37 

Batteries:Battery3 69.37 

Batteries:Battery4 73.62 

COMM_PCB 57.39 

EPS_PCB 64.64 

OBC_PCB 64.66 

PLD_PCB 61.78 

SunSensor:SunS_h 56.69 

SunSensor:SunS_v 57.08 

Temperatures distribution in time over the orbit at solar panels are presented below to show the time of eclipse 

phase. 
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Figure 6-15 Idle PS case temperature distribution in time (solar panel) 

Maximal and minimal temperature results and their limits at the most crucial components were presented in the 

table below. 

  



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

56 of 66 

Table 6-8 Idle PS case temperature limit 

ID LoLo Lo Min 

uncertainty 

Min Max Max 

uncertainty 

Hi HiHi 

ACCU_PCB 0.000 10.000 55.82 60.82 63.02 68.02 30.00 40.00 

ADCS_PCB -40.00 -30.00 58.49 63.49 64.4 69.4 60.00 70.00 

Actuators -35.00 -25.00 58.48 63.48 64.19 69.19 65.00 75.00 

Batteries 0.000 10.000 63.93 68.93 74.03 79.03 30.00 40.00 

COMM_PCB -30.00 -20.00 50.33 55.33 60.35 65.35 50.00 60.00 

EPS_PCB -30.00 -20.00 58.61 63.61 65.01 70.01 50.00 60.00 

OBC_PCB -40.00 -30.00 58.87 63.87 65.53 70.53 75.00 85.00 

PLD_PCB -30.00 -20.00 56.45 61.45 63.43 68.43 50.00 60.00 

SunSensor -50.00 -40.00 51.31 56.31 79.37 84.37 70.00 80.00 
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Figure 6-16 Idle PS case temperature limit graph 
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6.5 RANDOM POINTING RESULTS 

This subchapter contains results of an absolute cold case – Random Pointing (see chapter 4.4.2), which is 

considered to be one of the coldest case that will result. During this case, failure of ADCS is considered, resulting 

in a very low heat dissipation and constant, unrestrained rotation of a satellite. 

Average temperatures over the orbit are presented below as initial reference:  

Table 6-9 Random pointing case average temperature 

Element Temperature [°C] 

ACCU_PCB 45.08 

ADCS_PCB 50.72 

Actuators:Actuator_X 51.01 

Actuators:Actuator_Y 51.01 

Batteries:Battery1 59.21 

Batteries:Battery2 54.01 

Batteries:Battery3 53.81 

Batteries:Battery4 58.54 

COMM_PCB 38.63 

EPS_PCB 47.6 

OBC_PCB 53.82 

PLD_PCB 53.34 

SunSensor:SunS_h 18.11 

SunSensor:SunS_v 18.41 

Temperatures distribution in time over the orbit at solar panels are presented below to show the time of eclipse 

phase. 
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Figure 6-17 Random pointing case temperature distribution in time (solar panel) 

Maximal and minimal temperature results and their limits at the most crucial components were presented in the 

table below. 

  



 

PW-Sat2 Preliminary Design Review 

 

2016-11-27 
Thermal Control System 

Phase B 

 

pw-sat.pl 

60 of 66 

Table 6-10 Random pointing case temperature limit 

ID LoLo Lo Min 

uncertainty 

Min Max Max 

uncertainty 

Hi HiHi 

ACCU_PCB 0.000 10.000 38.63 43.63 47.87 52.87 30.00 40.00 

ADCS_PCB -40.00 -30.00 45.26 50.26 52.77 57.77 60.00 70.00 

Actuators -35.00 -25.00 45.57 50.57 52.46 57.46 65.00 75.00 

Batteries 0.000 10.000 48.31 53.31 60.57 65.57 30.00 40.00 

COMM_PCB -30.00 -20.00 31.42 36.42 45.22 50.22 50.00 60.00 

EPS_PCB -30.00 -20.00 42.11 47.11 49.66 54.66 50.00 60.00 

OBC_PCB -40.00 -30.00 48.05 53.05 57.01 62.01 75.00 85.00 

PLD_PCB -30.00 -20.00 48.27 53.27 58.13 63.13 50.00 60.00 

SunSensor -50.00 -40.00 11.75 16.75 40.3 45.3 70.00 80.00 
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Figure 6-18 Random pointing case temperature limit graph 
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6.6 DETUMBLING RESULTS 

This subchapter contains results of a potential hot or cold case (see chapter 4.5), which may result due to the high 

heat generation, and rapid rotation of the satellite. 

Average temperatures over the orbit are presented below as initial reference:  

Table 6-11 Detumbling case average temperature 

Element Temperature [°C] 

ACCU_PCB 81.56 

ADCS_PCB 101.1 

Actuators:Actuator_X 102.2 

Actuators:Actuator_Y 101.2 

Batteries:Battery1 89.24 

Batteries:Battery2 86.73 

Batteries:Battery3 86.73 

Batteries:Battery4 89.62 

COMM_PCB 61.87 

EPS_PCB 93.76 

OBC_PCB 97.93 

PLD_PCB 91.91 

SunSensor:SunS_h 30.73 

SunSensor:SunS_v 30.99 

Temperatures distribution in time over the orbit at solar panels are presented below to show the time of eclipse 

phase. 
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Figure 6-19 Detumbling case temperature distribution in time (solar panel) 

Maximal and minimal temperature results and their limits at the most crucial components were presented in the 

table below. 
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Table 6-12 Detumbling case temperature limit 

ID LoLo Lo Min 

uncertainty 

Min Max Max 

uncertainty 

Hi HiHi 

ACCU_PCB 0.000 10.000 73.67 78.67 83.58 88.58 30.00 40.00 

ADCS_PCB -40.00 -30.00 91.92 96.92 101.6 106.6 60.00 70.00 

Actuators -35.00 -25.00 94.36 99.36 102.5 107.5 65.00 75.00 

Batteries 0.000 10.000 80.85 85.85 90.9 95.9 30.00 40.00 

COMM_PCB -30.00 -20.00 53.54 58.54 67.13 72.13 50.00 60.00 

EPS_PCB -30.00 -20.00 86.27 91.27 94.5 99.5 50.00 60.00 

OBC_PCB -40.00 -30.00 88.49 93.49 98.21 103.2 75.00 85.00 

PLD_PCB -30.00 -20.00 80.85 85.85 92.79 97.79 50.00 60.00 

SunSensor -50.00 -40.00 21.06 26.06 34.37 39.37 70.00 80.00 
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Figure 6-20 Detumbling case temperature limit graph 
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7 CONCLUSIONS 

According to results in chapter 6, it was estimated, that the absolute hot case occurs during Imaging mode, but due 

to the very short time (300 seconds) it does not increase significantly with respect to the nominal hot case – at the 

level of about +5°C. The final temperatures are in a range of 110 to 120 °C which are 20 to 80 °C above the 

qualification limit for different elements. Such results are not acceptable and the current configuration requires 

further design and optimization in order to decrease the overall temperatures to the desirable level. Moreover the 

current configuration shall be tested thermally to confirm the results. 

Lower limit was not reached in any possible mode, with a huge reserve of about 50°C. This should lead to the 

possibility of implementing radiator at the Back Panel as an additional heat sink and possibly enhance heat transfer 

from PCBs stack. 
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