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ABSTRACT 
 
Hypersonic test vehicles require extensive data acquisition in order to accurately determine and refine 
engine performance. The increasing speed of scramjet engines places new constraints on data 
manipulation and system control.  
A compact modular flight computer has been developed that has high speed analog data acquisition, a 
programmable high data rate PCM (Pulse Code Modulation) encoder, compact data storage, and high 
speed I/O (Input/Output) capabilities. Principle to the design is the thermal management required for 
space environments. A functional overview is presented together with a summary of the analog 
performance. The integration of future capability requirements is also discussed. 
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INTRODUCTION 
 
The Centre for Hypersonics conducts Scramjet (Super Combustion RAM Jet) engine experiments at the 
Woomera test range in South Australia. The purpose of the experiments is to further the development of 
scramjet engines and to gain a greater understanding of hypersonic flight and the associated control 
philosophies. 
 
The experiments are conducted using sounding rockets to propel the payloads to apogee’s between 350 
and 500km altitude. The experimental engine is aligned with the re-entry trajectory needed via a 
controlled attitude adjustment manoeuvre when the vehicle is above 100km. As the engine re-enters the 
earth’s atmosphere, and conditions become suitable for scramjet combustion, the engine is turned on. 
Telemetry is transmitted for the entire duration of the flight. Telemetry relays pressure, temperature, 
accelerometers, magnetometers, attitude, GPS, and real time calculated information. 
 



The requirements for current experiments include large volume data acquisition (256 analog channels 
sampled at 500Hz to an accuracy of 12 bits), configurable flight control (thrusters, solenoids, 
electronics, power management) and high data rate PCM encoding (<5MBit). A modular system that can 
be readily reconfigured to meet these requirements has been developed. This paper discusses the major 
design issues for the system and indicates future developments. 
 
 
DESIGN OVERVIEW 
 
The design criteria for the flight computer provided by the Centre for Hypersonics called for a compact 
telemetry system that also possessed flight control capabilities. Figure 1.1 presents a system overview of 
the functionality of the flight computer. 
 
Figure 1.1. System Overview 

 
 
 
The heart of the system is a Texas Instruments C2000 DSP. This processor has several advantages that 
are applicable to the design. These include a 32 bit fixed point processor, fast instruction cycle times 
(<7ns) and high performance hardware interfaces. 
 
The system BIOS defines the complete operating system and allows a flight software engineer to 
incorporate proven flight control algorithms at a high level abstraction layer. Proven algorithms can thus 
be incorporated into the system without the risk of undermining system reliability. 
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The requirement for a high channel count was a challenging task in terms of providing adequate 
protection to the system and the physical space available.  
 
Systems with moderate (<32) channel counts allow for dedicated ADC’s (analog-digital converters) to 
be used for each channel. This approach allows the use of digital filters, digital offsetting and over 
sampling techniques. This reduces component counts, reduces PCB space and inherently provides a 
more accurate system. 
 
The implementation of a dedicated ADC solution in this design would have been too costly and 
incompatible with available space. An accurate multiplexed solution was required in order to meet the 
design specification. The disadvantages of a multiplexed system are inherent crosstalk and increased 
analog components leading to greater non linearities and ultimately a lower system resolution. The 
design uses a two stage multiplexing system. Each analog channel has its own input protection amplifier 
affording the system a high level of common mode protection. An analog card has 64 input channels and 
two temperature sensors. These signals are multiplexed down to five separate channels. The five 
channels are common among all analog cards that are plugged into the system. A second stage 
multiplexer is located on the Data Processing Card.  
 
The system has a 16 bit delta-sigma ADC that can operate at 1MSPS. Each analog input was required to 
meet the 12 bit accuracy requirement across the for a variety of sensors ranging from thermocouples thru 
to bridge pressure transducers, resistive transducers and amplified signal devices (etc magnetometers, 
accelerometers). This meant that an external analog variable gain stage was required. The stage has four 
selectable gains allowing 12 bit resolution across the spectrum analog sensors typically used. 
 
A level of fault tolerance within the telemetry system has been designed into the system that allows for 
data retrieval post flight. A cyclic flash buffer capable of storing ~30 seconds of telemetry data was 
incorporated. 
 
Each scramjet engine has unique control requirements. Accurate control of thrusters, solenoids and servo 
motors are common control requirements. These can typically be controlled by discrete DIO or CAN 
structures. Two external interfaces provide discrete high speed DIO, CAN and SPI structures. The 
interfaces have been designed to provide adequate protection to the system whilst maintaining a high 
speed interface. The discrete DIO is achieved through PWM controlled programmable logic. The CAN 
and SPI interfaces are directly controlled by the DSP. 
 
Event timing during a flight is a critical function of successful flight. All tasks that the flight computer is 
required to perform can be prioritised. This priority is used to schedule tasks for the CPU. If a higher 
priority task is called while a lower priority task is being executed the lower priority task is put on hold 
while the higher priority is run. This allows for effective and timely execution of required tasks.  
 
The system has a configurable memory pipe structure for allocating memory to specific tasks. Pipes can 
be readily configured and discarded upon completion. The most commonly used pipe is for the 
generation of telemetry output. 
 
Scramjet engine experimental flights typically involve a collaborative effort between universities, 
government agencies, and civilian organisations. The format of the telemetry will commonly be defined 



by the capabilities of the receivers available for the flight. The IRIG standard has been adopted for 
existing flights. The data rate and word size can be readily changed to meet the requirements of any 
particular experiment. The maximum data rate is dependant on the processor load of the DSP. Typically 
this is 2Mbit. 
 
 
THERMAL MANAGEMENT 
 
The system specification required a compact (170 * 120 * 70mm) unit that could be integrated within a 
scramjet engine. Figure 1.2 shows the placement of the flight computer within an existing payload. The 
unit must be physically close to the sensors to minimise the effect of long analog runs. The unit must be 
able to perform under the high levels of vibration that the payload experiences during launch and re-
entry. 
 
Figure 1.2. Flight Computer integration within a scramjet engine 

 
 
A design that used a completely sealed structure was not viable due to the large number of signal IO 
required. The limiting factor on such a system is the size and cost of connectors that maintain the sealed 
nature of the product. The designed unit therefore had to be an unsealed assembly that made use of 
connectors with a high IO count and relatively easy to integrate into engine designs. 
 
The DSP produces ~6W of thermal power. While this power budget is relatively low in comparison with 
many high powered processors, the power is a major issue when there is no convection based cooling. 
Typical junction to ambient thermal impedance characteristics of components is generally characterised 
by natural airflow over the component. While junction to pin impedances are lower than the former there 



is only limited scope to dissipate heat within the grounds planes on the PCB. The challenge was to 
achieve a situation where the thermal impedance was at least equivalent to natural airflow using 
conduction methods. This can partly be achieved by using heat transfer materials on the top of the 
component, however due to thermal insulative properties of typical FR4 material, minimal heat can be 
transferred thru the bottom of the component. The solution was to place multiple vias directly under the 
component. During manufacturing a 0.05mm thick piece of organic phase change material is placed 
between the component and the PCB. The vias are then hot filled with solder. This creates a low 
impedance thermal path directly to the main aluminium structure. Thermal modelling was performed 
during the design stage to determine the effectiveness of this approach. The results of the modelling 
indicated a maximum thermal resistance of 2 degrees Celsius between the component package and the 
main thermal mass of the engine for expected power loads. Extensive atmospheric chamber testing of 
production units has proven successful. No component failures or performance drift due to temperature 
and pressure cycling have been induced. Figure 1.3 shows a cutaway view of the flight computer 
 
Figure 1.3. Cutaway view of flight computer. 

 
 
 
 
ANALOG PERFORMANCE 
 
The analog performance of the prototype flight computer had various failings in the design. The level of 
performance of the prototype did not meet the initial specification. There were several contributors to 
the overall noise in the system. Three major failings of the initial design were identified. These were 
grounding, crosstalk, and input voltage range. 
 
The use of multiple stage multiplexing is by no means optimum but a necessary evil in this design. The 
use of multiple PCB’s with shared ground plane structures is also not optimum but once again a 
necessary evil. The philosophy behind the grounding techniques used for the prototype unit was to keep 



separate power and signal grounds on each board and star point them close to the main ADC section on 
the main card. The technique worked well on individual analog input cards but the existence of a 
separate grounding structure in the main ADC region proved to be a major issue. This resulted in an 
apparent floating ground to the ADC. After extensive investigation into the issue, the decision was made 
to use a joint power-signal ground within the ADC region of the main board while maintaining separate 
ground structures on the analog input cards. All grounds would be star pointed on the common bus 
structure that exists between the individual cards. 
 
The initial specification for the unit included the ability to connect any type of sensor to an analog input 
and maintain the overall 12 bit accuracy. Additionally a high level of input and system protection was 
also required. This meant that if an individual sensor or banks of sensors malfunctioned they would not 
impair the rest of the system leading to a complete telemetry failure. Initially a differential amplifier was 
selected that has an extremely high common mode operating range (+/- 270v). Initially a system input 
voltage range of +/- 5v range was selected. This gave a 2.4mV resolution for a 12 bit accurate system.  
 
The variable gain stage has an inherent failing in that the noise flaw of the system increases as a function 
of the gain selected. The situation suggested that any amplification that was going to be done needed to 
be performed at the input of the system. This led to the selection of a new amplifier for channels that 
would require high levels of amplification. It also meant that units would have to be custom made for a 
particular application or that there would be preset configurations that the end user could choose from. 
Given the typical integration process of this system into an end users platform the impact of this 
restriction was acceptable. 
 
The specification of the new front end amplifier were; selectable gain through a single resistor, high 
input impedance, SO-8 package or smaller, and the performance characteristics required for a 14 bit 
system. An instrumentation amplifier that makes use a FET input was selected. 
 
The production units have exceeded the system specification by at least a factor of 10. The noise flaw of 
the system is currently 2-3 counts of the 16 bit ADC. For the low range inputs this represents a noise 
flaw of 25uV. This noise flaw is stable across required temperature and atmospheric profiles. 
 
 
FUTURE WORK AND IMPROVEMENTS 
 
The future requirements of the flight computer have been analysed in order to guide future design work. 
The requirements have been based upon the possible deployment of the system into other flight test 
platforms including small missiles, conventional aircraft and even land based systems. 
 
While the existing package has been optimized for scramjet engines, the development of a system with a 
smaller form factor that could be employed in smaller missiles is currently being investigated. The 
performance principles of the original design will be maintained with this development 
 
While the ultimate accuracy of the system is probably satisfactory for most test flights there is a future 
need for more channels with higher data rates per channel. The system has been designed to allow the 
integration of new higher performance ADC’s as they become available. 
 



CONCLUSION 
 
The paper has highlighted the design challenges that were faced by the design team during the 
development of the system. Critical to the development was the successful analysis of the initial analog 
performance. The solutions that came from the analysis led to the system exceeding the requirements of 
the design. 
 
The Australian Flight Computer System has met the instrumentation requirements of the current 
experiments being conducted by the Centre for Hypersonics. The system will provide the required data 
acquisition for the upcoming Hyshot campaign. Current and future work will ensure that the system will 
be able to meet the requirements as a result of the increasing speed of scramjet engines. 
 
 




