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1 REFERENCES 

1.1 Normative references 

CubeSat Design Specification. Revision 10, Cal Poly, August 2006 

2 TERMS, DEFINITIONS AND ABBREVIATED TERMS 

2.1 Abbreviated terms 

ADCS   Attitude Determination and Control System 

ADS   Antenna Deployment System 

CDMS   Command and Data Monitoring System 

CDS   CubeSat Design Specifications document 

C.o.M.   Center of Mass 

COTS   Commercial off The Shelf 

CTE   Coefficient of thermal Expansion 

EPS   Electrical Power System 

EQM   Engineering Qualification Model 

FEA   Finite Element Analysis 

FM   Flight Model 

ICD   Interface Control Document 

LV   Launch Vehicle 

NA   Not applicable 

P-POD  Poly Picosatellite Orbital Deployer 

PCB   Printed Circuit Board 

RF   Radio Frequency 

STM   Structural and Thermal Model 

TBC   To be confirmed 

TBD   To be defined 

 

2.2 Language 

The word shall is used to indicate mandatory requirements strictly to be followed in order to 
conform to the standard and from which no deviation is permitted (shall equals is required to). 
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The word should is used to indicate that among several possibilities one is recommended as 
particularly suitable, without mentioning or excluding others; or that a certain course of action is 
preferred but not necessarily required (should equals is recommended that).  

The word may is used to indicate a course of action permissible within the limits of the standard 
(may equals is permitted to). 

The word can is used for statements of possibility and capability, whether material, physical, or causal 
(can equals is able to). 

The word will indicates a statement of fact or intention. 

 

2.3 Definitions 
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3 INTRODUCTION 

This document describes the mechanical interfaces of the Swisscube subsystems with the Swisscube 
main frame. It is intended to document the interfaces so that subsystem components can be 
designed and fabricated based on clear, understood values for their interfaces to the rest of the 
SwissCube satellite. 

 

Figure 1 shows the configuration of the different subsystems and parts composing the SwissCube 
satellite. 

 

Figure 1 Exploded view of the SwissCube satellite. 

 

 

The mechanical interfaces comprise: 

• SwissCube to P-POD 

• Structural components to main structure 
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• PCBs to main structure 

• External panels to main structure 

• Antenna deployment system to main structure 

• Payload to main structure 

• Batteries to main structure 

• Solar cells to external panels 

• MT to external panels 

 

 

 

 

 

4 UNITS 

Units and dimensions shall be quoted in metric units. All values will be quoted to the following 
number of decimal places: 

• Mass (g): .x 

• Dimension (mm): .x 

 

The accuracy shall be (unless otherwise noted): 

• ± 0.5 gram for the mass 

• ±0.1mm for dimensions 

 

In case of English units, the following conversion factors shall be used: 

• 1 lb = 453.59g 

• 1 in = 25.4 mm 
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5 COORDINATE SYSTEM 

The satellite reference frame (SRF) is provided in Figure 2. In this right handed frame the payload 
aperture shall be oriented towards +X. The Z axis shall be parallel to the structure rails with the 
motherboard perpendicular to +Z, and the antenna deployment system shall be located in -Y. The 
satellite reference point (SRP) shall be in the geometrical center of the "cube". 

 

Figure 2 : Satellite reference frame (SRF). 
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6 SWISSCUBE TO P-POD INTERFACES 

The Poly Picosatellite Orbital Deployer (P-POD) is Cal Poly’s standardized CubeSat deployment 
system. It is capable of carrying three standard CubeSats and serves as the interface between the 
CubeSats and launch vehicule. The P-POD is an aluminum, rectangular box with a door and a 
spring mechanism, see Figure 3. CubeSats slide along a series of rails during ejection into orbit. 
CubeSats must be compatible with the P-POD to ensure safety and success of the mission, by 
meeting the requirements outlined in the CubeSat Design Specification (CDS) document. 

 

Figure 3 : Cross section of the P-POD. 

 

6.1 Physical properties 

CubeSats are cube shaped picosatellites with a nominal length of 100 mm per side. Dimensions and 
features are outlined in the CubeSat Specification Drawing, see Figure 4. Most important features of 
all CubeSats are that a single CubeSat shall not exceed 1 kg mass, that the center of mass shall be 
within 2 cm of its geometric center and that components on the side panels shall not extend more 
than 6.5 mm normal to the surface of the rails. 
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Figure 4 : CubeSat Specification Drawing. 

 

6.2 Material 

The structure of the SwissCube shall be strong enough to survive maximum loading defined in the 
launch environment document. The SwissCube structure shall be compatible with the P-POD. For 
this reason, the use of Aluminum 7075 or 6061-T6 is suggested for the main structure. If other 
materials are used, the thermal expansion must be similar to that of Aluminum 7075-T73 (P-POD 
material). The selected aluminum alloy is the so-called Certal®. The characteristics of this material 
are described in Appendix B. 

 

6.3 Surface characteristics 

At least 75% of the rail must be in contact with the P-POD rails. All rails shall be hard anodized to 
prevent cold-welding, reduce wear, and provide electrical isolation between the SwissCube and the 
P-POD. 

After the Titanox (Ematal 78) treatment, the surface characteristics of the both external sides and 
extremities of the rails are: 

• thickness of the layer  10-12 µm 

• Roughness   TBD Ra 
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• Vickers hardness  500 Vickers 

• Heat capacity    TBD J·mol−1·K−1 

• Emissivity   ε = TBD 

• Absorptivity coefficient α = TBD 

• Thermal conductivity   TBD W·m−1·K−1 

• Breakdown voltage  35-50 V/m 

 

The contact area between the P-POD and the SwissCube consists of the four rails (sides and 
extremities). The total area is 6000mm2. 

 

The rest of the monobloc frame will undergo a chromating treatment named Alodine 1200 S, the 
surface characteristics are: 

• thickness of the layer  2-3 µm 

• Roughness   TBD Ra 

• Vickers hardness  TBD Vickers 

• Heat capacity    TBD J·mol−1·K−1 

• Emissivity   ε = TBD 

• Absorptivity coefficient α = TBD 

• Thermal conductivity   TBD W·m−1·K−1 

• Breakdown voltage  TBD V/m 

 

 

6.4 Connectors location 

The access port allows communicating with the SwissCube when inserted inside the P-POD. It may 
be located at the designated area in Figure 4. 
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7 INTERNAL ELECTRONIC BOARDS 

This section describes the mechanical interfaces between the internal PCB and the monobloc frame 
of the SwissCube. The internal electronics boards shall be composed of five standard PCBs, a 
payload headboard, a motherboard a connection board and a battery board. 

The five standard PCBs, named ADCS, BEACON, CDMS, COM and EPS, are separated in two 
PCB stacks, one of three PCBs, the other of two PCBs. The payload headboard is located at the end 
of the payload assembly. The battery board is fastened onto the +X side of the battery box. The 
connection board is attached to the motherboard and both are located on the top (+Z) of the 
SwissCube. For more details, see Figure 1. 

 

7.1 Physical properties 

The dimensions of the standard PCB shall be 89.0 x 85.0 x 0.8 mm (height x width x thickness). 

The dimensions of the motherboard shall be 99.0 x 97.3 x 0.8 mm (height x width x thickness). 

The dimensions of the connection board shall be 86.0 x 40.0 x 0.8 mm (height x width x thickness). 

The dimensions of the payload headboard shall be 80.0 x 35.0 x 0.8 mm (height x width x 
thickness). 

The dimensions of the battery board shall be 46.0 x 40.5 x 0.8 mm (height x width x thickness). 

 

The standard PCB will have a mass of no more than 13 grams without electronics. The mass of the 
copper layers will be no more than 7 grams. 

The motherboard will have a mass of no more than 15 grams without electronics. The mass of the 
copper layers will be no more than 9 grams. 

The connection board will have a mass of no more than 6 grams without electronics. The mass of 
the copper layers will be no more than 3.5 grams. 

The payload headboard will have a mass of no more than 4.5 grams without electronics. The mass 
of the copper layers will be no more than 2.5 grams. 

The battery board will have a mass of no more than 3.5 grams without electronics. The mass of the 
copper layers will be no more than 2 grams. 

 

7.2 Material 

The datasheet of the PCB substrate is in Appendix A. All internal PCBs shall be six layers printed 
circuit boards. For more info about that stacking sequence, see the electrical Fabrication Plan. 

 

The main physical properties of the PCB substrate are: 
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• Density   2.0 g·cm−3 

• CTE (in plane/out-of-plane) 14 / 40 ppm K−1 

• Thermal conductivity   0.62 W·m−1·K−1 

• Specific heat   950 J kg−1·K−1 

 

7.3 Surface characteristics 

Some area of the PCBs will be covered with conformal coating. For more info see the Fabrication 
Plan – Electrical parts document. 

 

The contact area between the standard PCB and the spacers is 222 mm2. 

The contact area between the motherboard and the monobloc frame is 1320 mm2. 

The contact area between the connection board and the connection board spacers is 100 mm2. 

The contact area between the payload headboard and the payload frame is 165 mm2. 

The contact area between the battery board and the battery box is 92 mm2. 

 

 

7.4 Overall layout 

This section and the following figures describe the layout of each internal board, the position of the 
various connection zone and the restrictions concerning some areas. 

For each side of an electronic board the maximal height of components is cited. The denomination 
of the side corresponds to the SRF. The gray colored surfaces may be used for electronic 
components. Red areas shall be served as margins in case of slight design changes or are restricted 
areas. I/O pins shall be situated in the blue zones, stress relief shall also included in these areas. 
Yellow areas concern the programming connector (not applicable for every board). Finally the black 
areas symbolize the mechanical ground or pins of each board. For the function of each pin, please 
refer to the last version of the electrical block diagram document. 

 

Figure 5 shows the footprint of the programming connector, the ribbon cable and Omnetics 
connector. 
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Figure 5 : Footprints of the programming connector, ribbon cable and Omnetics connector. 

 

7.4.1 Standard PCBs 

 

Figure 6 : ADCS layout. 
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Figure 7 : BEACON layout. 

 

 

Figure 8 : CDMS layout. 
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Figure 9 : COM layout. 

 

 

Figure 10 : EPS layout. 
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7.4.2 Motherboard 

 

Figure 11 : Motherboard layout. 

7.4.3 Connection board 

 

Figure 12 : Connection board layout. 
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7.4.4 Payload headboard 

 

Figure 13 : Payload headboard layout. 

7.4.1 Battery board 

 

Figure 14 : Battery board (BB) layout. 
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7.5 Fixation and mounting techniques 

This section describes the techniques of attachment for the various electronic boards of the 
SwissCube. 

7.5.1 Standard PCBs 

The five standard PCBs form two stacks of two and three boards. These boards are separated using 
aluminum spacers. The diameter of the spacers is 6 mm, the length depends of the case. The role of 
the spacers is to connect the different PCBs between each other and at the same time to fix the 
PCB’s stack and battery subassembly to the main frame. Additionally, the spacers serve as a thermal 
path between the PCBs and the aluminum frame. For this reason, those that are in contact with the 
battery box are in POM in order to isolate the battery subassembly. The others are in aluminum in 
order to guarantee a good thermal path. 

The PCB stacks and the battery box shall be fixed with special screws made of titanium, for more 
details, see §16.2. 

 

 

Figure 15 : Fixation of standard PCBs. 

 

7.5.2 Motherboard 

The motherboard shall be fixed with eight M2 screws to the crossbars on top of the satellite (+Z 
side), parallel to the XY-Plane. These eight M2 screws serve also to attach the +Z panel 
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subassembly. MB spacers are required to separate this subassembly and the motherboard, see Figure 
16. 

 

Figure 16 : Fixation of the Motherboard. 

 

7.5.1 Connection board 

The connection board shall be directly attach with four M1.4 screws to the monobloc frame, see 
Figure 17. 

 

Figure 17 : Fixation of the Connection board. 
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7.5.2 Payload headboard 

The payload headboard shall be attached at the bottom of the payload frame using four M2 screws. 

 

Figure 18 : Fixation of the payload headboard. 

 

7.5.3 Battery board 

The battery board shall be attached at the +X side of the battery box using four M2 screws, see 
Figure 19. 

 

Figure 19 : Fixation of the battery board. 
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7.6 Miscellaneous 

7.6.1 Electrical grounding 

Each internal electronic board has some electrical grounding areas. Every interface between 
electronic board and spacers, screws or stress reliefs is connected to the ground. In Figure 6 to 
Figure 14 every black area that is not a programming connector, ribbon cable or Omnetics 
connector footprints is an electrical grounding area. 
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8 EXTERNAL PANELS 

There are five standard external panels. The sixth face of the satellite is closed by the Antenna 
deployment system. This interface is discussed in §14. 

These five panels shall be separated in two categories : top panels (+Z and –Z) and side panels (+X, 
-X and +Y). 

8.1 Physical properties 

The dimensions of the top panels (+Z and –Z) shall be 99.0x 97.3 x 0.8 mm (height x width x 
thickness). 

The dimensions of the –X and +Y panels shall be 106.0 x 81.0 x 0.8 mm (height x width x 
thickness). 

The dimensions of the +X panel shall be 107.0 x 81.0 x 0.8 mm (height x width x thickness). 

 

The top panels shall have a mass of no more than 15 grams without components (solar cell, sun 
sensor, connector). The mass of the copper layers shall be no more than 12.5 grams. 

The –X and +Y panels shall have a mass of no more than 13.5 grams without components (solar 
cell, sun sensor, connector). The mass of the copper layers shall be no more than 11 grams. 

The +X panel shall have a mass of no more than 13.5 grams without components (solar cell, sun 
sensor, connector). The mass of the copper layers shall be no more than 11 grams. 

 

8.2 Material 

The external panels shall be made of the same material as the internal electronic boards. The 
datasheet of the PCB substrate is in Appendix A. All PCBs shall be six layers PCBs. For more info 
about that stacking sequence, see the electrical Fabrication Plan document. 

 

The main physical properties of the PCB substrate are: 

• Density   2.0 g·cm−3 

• CTE (in plane/out-of-plane) 14 / 40 ppm K−1 

• Thermal conductivity   0.62 W·m−1·K−1 

• Specific heat   950 J kg−1·K−1 
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8.3 Surface characteristics 

The PCBs will be covered with conformal coating. For more info see the Fabrication Plan – Electrical 
parts document. 

 

The contact area between the top panel +Z and the motherboard spacers is 198 mm2. 

The contact area between the top panel -Z and the monobloc frame is 960 mm2. 

The contact area between the side panel +X and the monobloc frame is 1180 mm2. 

The contact area between the side panel -X and the monobloc frame is 386 mm2. 

The contact area between the side panel +Y and the monobloc frame is 510 mm2. 

 

8.4 Fixation and mounting techniques 

This section and the following figures describe the layout of each external panel, the position of the 
various components and the dimensions. 

The external panels shall be screwed to the satellite. Depending on the face, six to eight screws (see 
§16.1) are used for this matter. 

 

 

Figure 20 : +Z : Panel dimensions, fixation and layout. 
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Figure 21 : -Z : Panel dimensions, fixation and layout. 

 

 

Figure 22 : Side Panel -X dimensions, fixation and layout. 
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Figure 23 : Side Panel +Y dimensions and fixation. 

 

 

Figure 24 : Payload Panel (+X) dimensions, fixation and layout. 
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8.5 Connectors location 

For solar cells, sun sensors and thermal sensors, an electrical connector is used to link the external 
panel with internal electronic boards. This Omnectics connector is attached on the inner side of the 
panel and its reserved area is in red in the previous figures (see §8.4). For more info about its 
footprint, see Figure 5. 

Access port and add before flight pin are located on the motherboard (see Figure 11). Therefore a 
cut out shall be foreseen at top of the –X plate (see Figure 22). 

 

8.6 Miscellaneous 

8.6.1 Venting holes 

Venting holes should be added to the external panels, in order to depressurize the inner of the 
SwissCube during the launch. The precise location of these venting holes will be established when 
the electrical layout will be made. 

 

8.6.2 Electrical grounding 

Each external panel has some electrical grounding areas. Every interface between external electronic 
board and SwissCube frame, screws or Omnetics connector is connected to the ground. In Figure 
20 to Figure 24 every black area that is not an Omnetics connector footprint is an electrical 
grounding area. 
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9 SHIELDING PLATES 

In order to protect the internal PCBs from space radiation, shielding plates will be located just 
behind external panels, more precisely + Z, -Z, +Y and –Y panels. 

According to a publication1, an optimal shield consists of multiple layers of different shield 
materials, a high-Z layer sandwiched between the two low-Z layers. 

 

9.1 Physical properties 

The dimensions of the top shielding plates (+Z and –Z) shall be 99.0x 97.3 x (0.1 or 0.5) mm 
(height x width x thickness). 

The dimensions of the side shielding plates (+Y and -Y) shall be 106.0 x 81.0 x (0.1 or 0.5) mm 
(height x width x thickness). 

 

The top shielding plates shall have a mass of no more than 12 grams and 15 grams for Aluminum 
and Tantalum plates respectively. 

The side shielding plates shall have a mass of no more than 10.5 grams and 13 grams for Aluminum 
and Tantalum plates respectively. 

 

9.2 Material 

Two various materials are used; a 0.1 mm Tantalum foil for high-Z layer material and a 0.5 mm 
Aluminum foil for low-Z layer material. The datasheet of these materials are provided in Appendix 
C and Appendix B respectively. 

 

9.3 Surface characteristics 

The contact area between the top shielding plates and the monobloc frame is 340 mm2. 

The contact area between the side shielding plates and the monobloc frame is 270 mm2. 

 

 

                                                 
1 Wesley C. Fan, Clifton R. Drumm, Stanley B. Roeske and Gary J. Scrivner, Shielding Considerations for Satellite 
Microelectronics, IEEE Transactions on nuclear science, vol 43, n°6, December 1996. 
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9.4 Fixation and mounting techniques 

This section and the following figures describe the layout of each shielding plate, the position of the 
various holes and the dimensions. 

The shielding plates shall be located just between external panels and the satellite structure. . 
Depending on the face, six to eight screws (see §16.1) are used to attached the external panel-
shielding plate sandwich. 
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9.5 Connectors location 

For solar cells, sun sensors and thermal sensors, an electrical connector is used to link the external 
panel with internal electronic boards. This Omnectics connector is attached on the inner side of the 
panel and thus an hole shall be made in the shielding plates.  

 

 

9.6 Miscellaneous 

9.6.1 Venting holes 

Venting holes should be added to the shielding plates, in order to depressurize the inner of the 
SwissCube during the launch. 

9.6.2 Electrical grounding 

Every shielding plate shall be thermally and electrically conductive since they will be located just 
between external panels and the satellite structure. 
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10 PAYLOAD SUBSYSTEM 

The payload consists of two main elements: 

• An opto-mechanical system which projects the image of the airglow on a detector 

• An electronic circuit (including a detector) to detect incoming photons and to interface with 
the other SwissCube subsystems. This part is detailed in §7. 

The opto-mechanical system is divided in two parts: 

• The lens assembly which is used to focus the image on the detector 

• The baffle tube used to attenuate the stray light 

 

10.1 Physical properties 

The dimensions of the payload assembly (without headboard) shall be 30.0x 30.0 x 45.3 mm (height 
x width x depth). 

Payload assembly shall have a mass of 31.5 grams without the headboard (electronic board). 

 

 

Figure 25 : Payload assembly. 
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10.2 Material 

The Payload frame, Spacer Filter-Lens1, Spacer Lens1-2, Spacer Lens2-3 and Spacer Lens3-End (see 
Figure 25) shall be made of Titanium Grade 5. The datasheet of this material is in Appendix D. 

The five vanes shall be made of stainless steel 1.4310. The characteristics of this kind of steel can be 
found in Appendix E. 

The closing cap and the four spacers between the vanes shall be made of aluminum Certal©. Its 
datasheet is in Appendix B. 

 

10.3 Surface characteristics 

The inner parts of the payload assembly (vanes, spacers between vanes and spacers between lens) 
should undergo a treatment in order to reduce the reflecting factor. This treatment will consist of a 
sanding and blackening of these parts. The suppliers of these treatments are stated in the Fabrication 
plan. 

The contact area between the closing cap and the monobloc frame is 570 mm2. 

 

10.4 Fixation and mounting techniques 

The interface between payload and monobloc frame is a planar surface as showed in Figure 26. The 
payload is attached with four M2 screws on the middle of the +X face of the SwissCube. For more 
info about the screws, see §16.1. 

 

Figure 26 : Fixation of the payload assembly. 
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10.5 Connectors location 

The electrical connection of the payload assembly is defined in §7.4.4. 

 

10.6 Miscellaneous 

The space system shall have a payload with a FOV as specified in requirement 2_PR_24_10. 
 

alignment? TBD 
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11 RAIL ELEMENTS 

Some components shall be located in the rails of the monobloc frame. These parts are four kill 
switches and four caps for the rails. 

These four kill-switches are used to turn off all power of the SwissCube when compressed, so when 
stacked in the P-POD. The kill switches act also as separation springs which allow giving a relative 
velocity after deployment from P-POD to separate from the other CubeSats. 

The passing holes of the four rails shall be closed by a cap to give a support to the springs of the 
other CubeSats. 

 

11.1 Physical properties 

The dimensions of a kill-switch shall be 6.0 x 17.1 mm (diameter x height). 

The dimensions of a cap shall be 7.9 x 5.0 mm (diameter x height). 

 

The kill-switch shall have a mass of no more than 0.65 grams. 

The cap shall have a mass of no more than 0.67 grams. 

 

11.2 Material 

The nut of the kill-switch shall be made of aluminum Certal©. Its datasheet is in Appendix B. The 
spring is made of stainless steel. The contact parts are made of copper-beryllium, its datasheet is 
provided in Appendix H. The other parts are made of POM, its datasheet is in Appendix I. 

The caps of the rails shall be made of aluminum Certal©. Its datasheet is in Appendix B. 

 

11.3 Surface characteristics 

The caps and threaded parts of the kill-switch shall be hard anodized to prevent cold-welding, 
reduce wear, and provide electrical isolation between the SwissCube and the P-POD. 

After the Titanox (Ematal 78) treatment, the surface characteristics of the both external sides and 
extremities of the rails are: 

• thickness of the layer  10-12 µm 

• Roughness   TBD Ra 

• Vickers hardness  500 Vickers 
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• Heat capacity    TBD J·mol−1·K−1 

• Emissivity   ε = TBD 

• Absorptivity coefficient α = TBD 

• Thermal conductivity   TBD W·m−1·K−1 

• Breakdown voltage  35-50 V/m 

 

The contact area between the kill-switch nut and the monobloc frame is 75 mm2. 

The contact area between a cap and the monobloc frame is 124 mm2. 

 

11.4 Fixation and mounting techniques 

This section describes the techniques of attachment on the monobloc frame for kill-switches and 
caps. 

11.4.1 Kill-switch 

The kill-switches should be located at the four +Z extremities of the rails (see Figure 2). The kill-
switch subassembly should be inserted in the monobloc frame as specified in Figure 27. Afterwards, 
the threaded aluminum part (on the top of the kill switch in the following Figure) shall be used in 
order to loch the kill switch inside the satellite frame. 

 

Figure 27 : Interface of the kill-switch. 
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11.4.2 Cap 

Four cap should be used to close the -Z side of the rails. The dimensions of this part are shown in 
Figure 28. Epoxy should be used to bond these parts on the monobloc frame. The kind of epoxy 
will be EPO-TEK 920 or 3M EC2216. 

 

 

Figure 28 : Interface of the cap. 

 

11.5 Miscellaneous 
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12 ADCS ACTUATORS 

Three magnetotorquers are the main actuators and the only active actuators of the SwissCube. The 
mounting technique is the following: coils of around 250 spires should be glued to the interior face 
of the side plate or on the shielding plate. 

12.1 Physical properties 

The outer dimensions of a magnetotorquer shall be 80.0x 70.0 x 5.0 mm (height x width x 
thickness). 

 

The mass of a magnetotorquer shall be no more than 29 grams. 

 

12.2 Material 

The magnetotorquer shall be composed of a copper wire a diameter of 150μm. To ensure the 
mechanical solidity, precise outer dimension, acceptable outgassing properties and to protect the 
coil, the whole magnetotorquer shall be moulded with a space-qualified epoxy resin named EPO-
TEK 920. Its datasheet is provided in Appendix G. 

 

12.3 Surface characteristics 

The contact area between a magnetotorquer and the external panel or shielding plate is 1660 mm2. 

 

12.4 Fixation and mounting techniques 

The magnetotorquers shall be placed on the following sides of the cube: -X, +Y and -Z (Figure 29). 
Magnetotorquers +Y and +Z shall be directly glued to the inner face of the corresponding shielding 
plates. Magnetotorquer -X shall be directly glued to the inner face of the -X plate. The kind of epoxy 
will be EPO-TEK 920 or 3M EC2216. 
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Figure 29 : Locations of the three magnetotorquers. 

 

12.5 Connectors location 

The electrical connection of the magnetotorquer to the corresponding external plate is defined in 
the previous Figure and in more details in Figure 21, Figure 22 and Figure 23. 

 

12.6 Miscellaneous 

Alignment? TBD 

 



 

 Date : 12/03/2008 
Issue : 1 Rev : 5 
Page : 42 of 62 

 

Ref.: S3-C-1-5-Mechanical&Thermal ICD.doc 

 

13 ADCS SENSORS 

The sensors used for the ADCS system are:  

• A 3-axis magnetometer (MM) AK8970N from Asahi Kasei. to measure the Earth’s magnetic 
field (EMF) intensity and direction. These magnetometers are located on the ADCS board. 
The precise location will be defined during the routing of this PCB. 

• Three 1-axis gyroscopes ADX RS614 from Analog Device measure the spinning rate for 
each axis. As the gyro electronic chip can measure only on axis, three chips are used by the 
ADCS. The first one is directly mounted on the ADCS PCB. The two remaining are 
mounted on a bracket that is screwed on the ADCS PCB. 

• 6 Sun sensors (SS) provided by DTU to find the direction of the sun. These sensors are 
located on each external panels of the SwissCube. 

 

13.1 Physical properties 

The dimensions of a sun sensor shall be 8.1 x 8.1 x 1.0 mm (height x width x thickness). 

 

The mass of a sun sensor shall be no more than 1 gram (TBC). 

 

13.2 Material 

NA 

 

13.3 Surface characteristics 

NA 

 

13.4 Fixation and mounting techniques 

13.4.1 Sun sensor 

The sun sensor chip shall be glued on the external panel. The kind of glue needs to be defined. One 
sun sensor stands on each face of the satellite (six at all). The precise location of each sun senor is 
defined in Figure 20 to Figure 24 and in Figure 33. 
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13.4.2 Gyroscope 

The first one is directly mounted on the ADCS PCB. The two remaining (X and Z) are mounted on 
a small PCB named gyro PCB, and then fixed on a bracket that is screwed on the ADCS PCB. For 
more detail see Figure 30. 

 

Figure 30 : Fixation and location of the X and Z gyroscopes. 

13.5 Connectors location 

13.5.1 Sun sensor 

The sun sensors shall be glued on the side plate and electrically connected by wire bonding. Some 
glue will be used to protect these thin wires. The sun sensor footprint is provided in Figure 20. 

The electronics for this detector shall be integrated directly on to the side panel which is a PCB. The 
reserved areas for this electronics are in yellow in Figure 20 to Figure 24. 

13.5.1 Gyroscope 

The connections between the both Gyro PCB and the ADCS PCB will be made via Kapton wires, 
directly welded on the both extremities. The connection areas are defined in Figure 30. 
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13.6 Miscellaneous 

Alignment? TBD 

Field of view? TBD 
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14 ANTENNA DEPLOYMENT SYSTEM 

There are two antennas on the satellite. The first for downlink data is a 180 mm long UHF 
monopole antenna of 437.5 MHz frequency. The second one for uplink is a 610 mm long VHF 
monopole antenna using a frequency of 145.8 MHz. 

As the antennas are longer than the satellite, they should be wrapped around an outside face of the 
satellite. They shall remain winded up during launch by a polymer fibre (dyneema) attached to the 
structure. After launching, this fiber shall be melted to deploy the antennas. The heat required for 
melting the fiber should be created by a current passing through a nichrome wire wrapped around 
the fiber. 

 

14.1 Physical properties 

The maximal outer dimensions of the antenna deployment system (ADS) shall be 106.0 x 81.0 x 
10.5 mm (height x width x thickness (with the PCB solar cell and Omnetics connector). 

The ADS shall have a mass of no more than 76 grams with Omnetics connector and both PCBs. 

 

14.2 Material 

The following Table summarizes the various materials and masses used for the ADS. For the 
denomination, see Figure 31. The various properties of these materials are stated in Appendices. 

Table 1 : Components of the ADS and their material. 

NAME QUANTITY MATERIAL WEIGHT (GRAMS) 
PER PIECE 

TOTAL 
WEIGHT 

ADS PCB 1 FR4 24 24 

Lower guide 1 POM 4.58 4.60 

Upper guide 1 POM 2.607 2.60 

Tensor 2 FR4 0.82 1.65 

Resistor 2 - 0.2 (not confirmed) 0.4 

Nichrome wire 2 Nichrome -------- -------- 

Dyneema wire 1 Dyneema -------- -------- 

Electrical cable (for  heater) - -------- 0.10 

Long antenna (with Kapton) 1 Copper-Brryllium 4.83 4.85 

Small antenna (with Kapton) 1 Copper-Brryllium 1.426 1.45 

Lock pin 4 Steel 0.05 0.2 
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Solar cells PCB 1 FR4 20.5 20.5 

Solar cell 2 GaAs 2.45 4.90 

Sun sensor 1 Si 1 (not confirmed) 1 

Coax. Cable with RF connector 2 - 0.462 0.90 

Spacer 4 Aluminum 0.1643 0.65 

Omnetics connector 1 - 5 5 

Screw M2x10 low head 4 Stainless Steel 0.23 0.90 

Screw M2x5 low head 8 Stainless Steel 0.15 1.2 

Nut M2 8 Stainless Steel 0.114 0.90 

TOTAL   75.8 

 

 

Figure 31 : ADS assembly. 

 

14.3 Surface characteristics 

The both PCBs will be covered with conformal coating. For more info see the Fabrication Plan – 
Electrical parts document. 
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The contact area between the ADS PCB and the monobloc frame is 940 mm2. 

 

14.4 Fixation and mounting techniques 

The antenna deployment system shall be fixed to the -Y face of the SwissCube in the same way as 
the side plates (with 8 screws). The crossbars on the -Y face present an offset of 2.7 mm in direction 
of the center of the satellite. Therefore the thickness of the whole ADS shall be equal or lower than 
10.5 mm including solar panels. 

 

The both following figures describe the layout of the two PCBs, the position of the various 
connection zone and the restrictions concerning some areas. 

 

 

Figure 32 : ADS PCB layout. 
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Figure 33 : Solar cells PCB layout. 

 

14.5 Connectors location 

RF cables will be soldered directly at the extremities of the both antennas. The other extremity of 
the RF cable will have a RF connector, in order to be connected to the COM board. 

 

14.6 Miscellaneous 

The antenna shall not point in +X direction in order to not disturb the FOV of the camera. 

 

14.6.1 Electrical grounding 

Both ADS PCBs have some electrical grounding areas. Every mechanical interface is connected to 
the ground. In Figure 32 and Figure 33 every black area that is not an Omnetics connector footprint 
is an electrical grounding area. 
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15 BATTERY SUBASSEMBLY 

Under high vacuum, the battery block can undergo a physical expansion. To counteract this effect 
on SwissCube, it is enclosed in a milled aluminum box. Beside the need to protect the cell from the 
harsh environment, this is also a solution to provide mechanical interface between the battery cell 
and the satellite structure. 

According to the results of thermal simulations and tests, the batteries will be insulated from the 
aluminum box with something like Kapton tape. An active thermal control of the battery 
subassembly will avoid extremely cold temperature for the both batteries. A dissipation system will 
be located onto a copper foil, itself between the both batteries. For more info about this active 
thermal control, see the electrical fabrication plan document. 

 

15.1 Physical properties 

The outer dimension of the box shall be 89.0 x 40.8 x 17.5 mm (height x width x thickness). The 
inner dimensions of the box shall be 66.0 x 39.0 x 11.7mm, (height x width x thickness) enough 
space for two batteries and a copper-beryllium foil (for the active thermal control). 

 

The mass of the battery box shall be no more than 18.5 grams. 

 

15.2 Material 

The battery box should be made of aluminum Certal© (see Appendix B). 

 

The main physical properties of this aluminum alloy are: 

• Density   2.76 g·cm−3 

• CTE     23.6 ppm K−1 

• Thermal conductivity   120-150 W·m−1·K−1 

• Electrical conductivity  18-22 MS m−1 

 

15.3 Surface characteristics 

The battery box will undergo a chromating surface treatment named Alodine 1200 S. The surface 
characteristics are: 
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• thickness of the layer  2-3 µm 

• Roughness   TBD Ra 

• Vickers hardness  TBD Vickers 

• Heat capacity    TBD J·mol−1·K−1 

• Emissivity   ε = TBD 

• Absorptivity coefficient α = TBD 

• Thermal conductivity   TBD W·m−1·K−1 

• Breakdown voltage  TBD V/m 

 

The contact area between the battery box and the monobloc frame and PCB spacers is 190 mm2. 

 

15.4 Fixation and mounting techniques 

The box shall be attached to the structure at the -X side by the PCB-Screws as showed in Figure 29. 
Spacers in POM will be used in order to thermally isolate the battery box from the satellite structure. 

 

Figure 34 : Battery box dimensions and fixation technique. 
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15.5 Connectors location 

The electrical connection of the battery assembly is defined in §7.4.1. 

 

15.6 Miscellaneous 
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16 SCREWS 

This section describes the various screws used in the SwissCube satellite. 

16.1 M2 screws ISO 7380 

To fix the side plates lens head screws (ISO 7380) made of stainless steel A4 shall be used (see 
Figure 35 and Appendix F). The Connection Board shall be attached to the Motherboard using this 
kind of screw.  

 

Figure 35 : Dimensions of lens head M2-screws (ISO 7380). 

 

These parts are distributed by BOSSARD. All of these screws have a length of 5 mm except the 
ones for the top plate (+Z-face) which have to be 10 mm length. The other dimensions of these 
screws are listed in Table 2. 

Table 2 : Parameters of M2 screws ISO 7380. 

L d1 d2 b k s t 

5 M2 3.5 - 1.3 1.3 0.6 

10 M2 3.5 - 1.3 1.3 0.6 

 

16.2 PCB screws 

The PCB stacks and the battery box shall be fixed with special screws. The dimensions are showed 
in Figure 36. The material is stainless steel for the STM, and shall be Titanium (see Appendix D) for 
the EQM as well as FM. 



 

 Date : 12/03/2008 
Issue : 1 Rev : 5 
Page : 53 of 62 

 

Ref.: S3-C-1-5-Mechanical&Thermal ICD.doc 

 

Figure 36 : Dimension and location of PCB-Screws. 
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Appendix A PCB substrate 
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Appendix B Aluminum Certal 
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Appendix C Tantalum foil 
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Appendix D Titanium Grade 5 
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Appendix E Stainless Steel 1.4310 

MatWeb Data Sheet 

AISI Type 301 Stainless Steel (1.4310) 

Material Notes: 

Type 301  is a high  strength grade of  steel.  Its  resistance  to atmosphere 
corrosion and its bright, attractive surface make it an excellent choice for 
decorative structural applications. 

Component  Value  Min  Max 
Carbon, C  0.15
Chromium, Cr  16  18
Iron, Fe  70.7  78
Manganese, Mn  2
Nitrogen, N  0.1
Nickel, Ni  6  8
Phosphorous, P  0.045
Sulfur, S  0.03
Silicon, Si  1
 
 

Properties  Value 
Physical 
Density, g/cc  8.03 

Mechanical 
Hardness, Brinell  217 
Tensile Strength, Ultimate, MPa  515 
Tensile Strength, Yield, MPa  205 
Elongation at Break, %  40 
Modulus of Elasticity, GPa  212 

Electrical 
Electrical Resistivity, ohm‐cm  7.20E‐05 
Magnetic Permeability  max 1.02 

Thermal 
CTE, linear 20°C, µm/m‐°C  16.6 
Specific Heat Capacity, J/g‐°C  0.5 
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Appendix F Stainless Steel 316 

AISI Type 316 Stainless Steel 
 
Material Notes: 
Molybdenum  content  increases  resistance  to  marine 
environments.  High  creep  strength  at  elevated 
temperatures and good heat resistance. Biocompatible. 
Fabrication  characteristics  similar  to  Types  302  and 
304. 

Component  Value  Min Max 
Carbon, C  0.08
Chromium, Cr  18 
Iron, Fe  62
Manganese, Mn  2
Molybdenum, Mo  3 
Nickel, Ni  14 
Phosphorous, P  0.045
Sulfur, S  0.03
Silicon, Si  1

Properties  Value  Comments 
Physical 
Density, g/cc  8

Mechanical 
Hardness, Rockwell B  79
Tensile Strength, Ultimate, MPa  580
Tensile Strength, Yield, MPa  290
Elongation at Break, %  50 in 50 mm 
Modulus of Elasticity, GPa  193 in tension 

Electrical 
Electrical Resistivity, ohm‐cm  7.40E‐05 at 20ºC 
Magnetic Permeability  1.008 at RT 

Thermal 
CTE, linear 20°C, µm/m‐°C  16 0 ‐ 100ºC 
Specific Heat Capacity, J/g‐°C  0.5 from 0‐100°C (32‐212°F) 
Thermal Conductivity at Elevated Temperature, W/m‐K  16.3 100ºC 
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Appendix G EPO-TEK 920 
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Appendix H Berylco 
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Appendix I Polyoxyméthylènes (POM) 

 


