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Requirements and Design

2.2.7 Structure and thermal subsystem requirements

Table 2.2-7 Structure and thermal requirements

Verification
ID Requirement Origin method
SCTO01  |SCT shall survive launch environment stresses. SYS07 Design, Test
SCT should insulate the electronics from LEO
SCT02 |atmosphere. SYS07 Design
SCTO03 [Thermal control shall not use heaters. Proposal Design
2.3 System block diagrams
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Figure 2.3-1 System block diagram

The topology of the satellite system is illustrated in Figure 2.3-1. This satellite uses a star
topology in both the data and power networks. This topology grows from the hardware
interfaces, which lend themselves to the star topology while making a ring topology
significantly more complicated. Figure 2.3-2 shows the corresponding hardware block
diagram of the satellite system. The method of interface for each connection is detailed
where applicable. The electrical subsystems only interface passively with the structure and

thermal system of the satellite; hence these systems are omitted for clarity.
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Requirements and Design

Table 2.5-4 Best and worst case link budgets

Overhead @ 400km height

Edge of window @ 800km height

TX power 27 dBm [TX power 27 dBm
Frequency 2450 MHz [Frequency 2450 MHz
Range 400000 m Range 2784000 m
Satellite antenna gain 5dBm [Satellite antenna gain 0dBm
Equivalent Radiated Power 32 dBm [Equivalent Radiated Power 27 dBm
In watts 1584.89 mW in watts 501.19 mW
ispace loss -152dB  [space loss -169 dB
ground antenna gain 30dBi |ground antenna gain 30 dBi
Ground LNA gain 16 dB  [Ground LNA gain 16 dB
Received Signal Strength -74.27 dBm |[Received Signal Strength -96.13 dBm
RSS in Watts 37x10™"" W | RSSin Watts 24x107™"° w
Bit energy (Eb) 1.5x107* J Bit energy (Eb) 1x107'° J
System temperature 100000 K System temperature 100000 K

No

1.38x107™"* W/Hz |No

1.38x107"® W/Hz

Eb/No

40dB  [Eb/No

18 dB

To achieve a 1% bit error rate using FSK demodulation, the required ratio of bit energy to

noise spectral density is 9 dB. Assuming a 25.3 dB system noise figure, the receiver

sensitivity for various bitrates at 1% bit error rate is calculated in Table 2.5-5.

Table 2.5-5 Minimum Required signal strength for various bitrates

Noise Datasheet
Data rate (BPS)| density | Required Eb (J) | RSS (dBm) RSS (dBm)
(WI/Hz)
2400 1.38x107"®| 1.09572x107" -105.8 -103
10000 1.38x107"*| 1.09572x107" -99.6 -98
250000/ 1.38x107"*| 1.09572x107" -85.6 -90
500000] 1.38x107%| 1.09572x107" 82,6 -82
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Requirements and Design

2.7 Power subsystem

Hardware utilized:

CC2510 microprocessor

Battery

LM2852 synchronous power converter

LM3814 current sensors

Sun-side Solar array

Earth-side solar array

P OWE e
Sun-side LM3814
\'_‘{> solar array —>> U eahear =P MPPT converter
§7 B LM3814
Seten) Current sensor
Earth-side LM3814 |, |
Solar array =P curentsensor T P>| MPPT converter v
PWM ———Analog LM2852 3.0 volt
‘ A ‘ 3 . ) synchronous
| | | P —1"®| power converter
| PWM s |
! 1 }
| .
L PWM
‘ v 1
| |
| IR |
PWM —
L >

Cc2510 microprocessor

Figure 2.7-1 Power subsystem hardware block diagram

The electrical power subsystem is responsible for providing regulated power from the battery

to the electrical loads of the satellite, and extracting the maximum amount of power from the

solar arrays. Battery charging must also be controlled to maximize battery lifetime. The

power converters are located inside the Z-axis magnetic torque coil to take advantage of the

EMI shielding the windings offer, and the otherwise unusable space bounded by the torquer.
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Fabrication and Testing

4.2.1 Power subsystem

Beginning with a bare femtosatellite PCB, assemble the following power components in the

order listed.

Table 4.2-1 Components for assembly in step 1

Schematic name |Manufacturer PN Description Solder method
REG LM2852YMXA-3.0 3.0V regulator REFLOW
Lout b82462-g4223-M 22uH inductor IRON
Cout TPSC107K006R0150 100uf capacitor IRON
Css generic 0402 ceramic 2.7nf slow start cap  |IRON

Cf generic 0402 ceramic 1uf filter IRON

Rf generic 0402 thick film  |10ohm filter IRON
DEP_SW JSMO08022SAQNL deploy switch NC IRON
CSB LM3814M-1.0 battery current sense (IRON
C1,C2 generic 0402 ceramic 0.1uf capacitor IRON

R3 generic 0402 thick film  |10kohm pullup IRON

After assembly there are enough components placed to test the most basic function of the
power subsystem. Please refer to “power subsystem initial test” test procedure before
continuing. Component damage can occur if the power subsystem is not tested at this

point.

Continuing the power subsystem assembly, place the following components in the order

listed in Table 4.2-2.

Table 4.2-2 Components for assembly in step 2

Schematic name |Manufacturer PN Description Solder method
CSA1 LM3814M-1.0 battery current sense (IRON
C3,C4 generic 0402 ceramic 0.1uf capacitor IRON
R2 generic 0402 thick film  |10kohm pullup IRON
CSA2 LM3814M-1.0 battery current sense [IRON
C5,C6 generic 0402 ceramic 0.1uf capacitor IRON
R1 generic 0402 thick film  [10kohm pullup IRON
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Fabrication and Testing

4.2.3 Communication

Continue assembly on a PCB populated with the power and command and data handling
systems, which have been verified for Power and C&DH “initial test” functionality.

Assemble the following components in order listed.

Table 4.2-4 Components for assembly in step 4

Schematic name |Manufacturer PN Description Solder method
AMP T7026 RF frontend REFLOW
SW1,SW2 UPG2015 RF switch REFLOW
C231,C241 RF grade 0402 ceramic |100pf REFLOW
C232,C242 RF grade 0402 ceramic |1.0pf REFLOW
C233 RF grade 0402 ceramic |1.8pf REFLOW
C234 RF grade 0402 ceramic |1.5pf REFLOW
L231,L232,L241 |RF grade 0402 1.2nH REFLOW
CSW1,CSW2 RF grade 0402 ceramic |56pf REFLOW
Camp1,Camp5 RF grade 0402 ceramic |2.7pf REFLOW
Camp2 RF grade 0402 ceramic (2.2pf REFLOW
Camp3,Camp4 RF grade 0402 ceramic (2.0pf REFLOW
Lamp1 RF grade 0402 3.9nH REFLOW
Lamp2 RF grade 0402 15nH REFLOW
C9 RF grade 0402 ceramic |1.8pf REFLOW
C10 RF grade 0402 ceramic (3.9pf REFLOW
C7 generic 0402 ceramic Auf REFLOW
C8 RF grade 0402 ceramic |100pf REFLOW
C11 RF grade 0402 ceramic |1pf REFLOW
RS generic 0402 thick film {10k REFLOW
R6 generic 0402 thick film |12k REFLOW
R7 generic 0402 thick film |2k REFLOW
C30 generic 0402 ceramic Auf IRON
C31 generic 0402 ceramic Auf IRON
c17 RF grade 0402 ceramic |56pf IRON
ANT Custom Antenna IRON
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Fabrication and Testing

amateur radio operator shall be present at all times during testing to act as the control

operator of the station

This test will be performed with a bench power supply of fixed voltage of 3.7 V as a
replacement for the battery. The current limit for this test shall be set to 750 mA at the
supply. Perform the following steps to prepare the DUT for this trial:

i.  Using IAR embedded workbench load the C&DH with the “communication initial
test” codebase. The C&DH should program flawlessly and the test code should
execute after programming has completed.

ii.  Using IAR embedded workbench load the SmartRF04 USB key evaluation module
with the “Communication-USB” codebase.

iii. A terminal program shall be used on the host computer, configured to use the
SmartRF04 USB key comport with settings 9600 8-N-1

iv.  To prevent damage to the SmartRF04 USB key have 5 meters of space between the
femtosatellite and the USB key.

v.  The following parameters should be observed to verify code execution

Table 4.3-3 Communication system test parameters

Parameter |Value Conditions

Loopback [functional

Current  |<100 mA during reception
>400 mA during transmission
\Vramp 1.5V during transmission
RSSI >-30dBm at USB key, during transmission, 5m range

4.3.4 Attitude Determination and Control initial test

The ADAC subsystem is checked in this section for proper operation. “F”, “R”, “S” and “H”
commands are issued through a terminal program on the host computer to evaluate various

test parameters. The satellite test code will interpret these commands autonomously.
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Fabrication and Testing

duration of 831 seconds to simulate launch vehicle flight. This test will be conducted with the

deploy switch in the off (not deployed) state.

At the conclusion of the test the femtosatellite shall be fully functional with no apparent

mechanical damage.

Space environment testing:

The femtosatellite shall be subjected to vacuum testing while undergoing thermal cycling
similar to the thermal extremes it is expected to experience in orbit. This test will be
conducted with the satellite fully operational and telemetering health data at full RF power.
At the conclusion of the test the femtosatellite shall be fully functional with no evidence of

performance degradation.

4.4 Results
4.4.1 Power subsystem initial test

Voltage was measured at the cc2510 reset pullup resistor Rpu using a LeCroy WaveSurfer

24xs digital oscilloscope.

Table 4.4-1 Power subsystem test results

Parameter [Value IConditions Measurement |Result

Voltage 3.0£.010 V 3.2 V @ input, no load @ output [3.0£0.006 PASS
3.0+£.010 V 4.2 V @ input, no load @ output 13.0£0.006 PASS
3.0£.010 V 3.2 V@ input, 100mA load @ output  [3.0+0.006 PASS
3.0+£.010 V 4.2 V @ input, 100mA load @ output  [3.0+0.006 PASS
3.0+.100 V 3.2 V @ input, 750mA load @ output  {3.0+0.006 PASS
3.0£.100 V 4.2 V @ input, 750mA load @ output  [3.0£0.006 PASS
ov DEP_SW held open 0.006 PASS

The measured output ripple voltage includes the noise in the oscilloscopes measurements. It

should be noted that the oscilloscope shows 6mv of noise when and input is disconnected
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Fabrication and Testing
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Figure 4.4-5 Hardware in the loop simulated Euler angles for one orbit
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Figure 4.4-6 Hardware in the loop applied dipole moments for one orbit

90










































	Ryerson University
	Digital Commons @ Ryerson
	1-1-2009

	Design And Development Of Ryerson Femtosatellite
	Bryan Stuurman
	Recommended Citation





