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Product disclaimer and limit of liability

The R-DAS unit isintended for use in model, high power rockets only. Do not use this device for any other purpose
than specified in this manual. Please read this manual carefully and make sure to understand all aspectsrelated to the
safe operation of the device. Never fly rockets overhead of people, building or other properties. Always useremotely
controlled SAFE/ARM devicesto inhibit pyrotechnic devices attached to R-DAS.

Because the use and application of the R-DAS unit is beyond our control, the purchaser or user agreesto hold harmless
AED from any and all claims, demands, actions, debts, liabilities, judgements, costs, and attorney fees arising out of,
claimed on account of, or in any manner predicated upon loss or damage to property of, or injuries to or the death of
any and all persons arising out of the use of this equipment. Due to the nature of electronic devices, the application and
environments for those devices, the possibility of failure can never be totally ruled out.

Life support applications

This product is not designed for use in life support appliances, devices, or systems where malfunction of this product
can reasonable be expected to result in personal injury. AED’ s customers using or selling these products for use in such
applications do so at their own risk and agree to fully indemnify AED for any damages resulting from such improper
useor sale.

Product warranty

AED warrantsthat the R-DAS unit is free of defects and that it will operate at a satisfactory level of performance for a
period of one year from the original date of purchase. If the unit fails to operate as specified, notify AED within the
warranty period. Modifications to the unit void all warranty.



Glossary

ADC: Analog to Digital Conversion. Process of converting analog sensor datato digital (integer) datawhich can be
processed and stored.

BOOTL OADER: Program that is executed when R-DAS is switched on. The bootloader automatically starts (boots)
the main R-DAS application if there is no intervention within four seconds after power-up. Other tasks it

performs are: memory check and upgrading of R-DAS firmware (the bootloader itself cannot be upgraded
without special software).

BREAKWIRE: Connection which is broken during lift-off. This can be an actual wire attached to the launch pad or
rail, but can also be aswitch. R-DAS also allows “inverting breakwire” configuration. In this case triggering
takes place when a contact is made, instead of broken.

CEP: Theradius of acircle, centered at the GPS antenna’ s true position, containing 50% of the fixes.

DOWNL OADING: The process of retrieving measured data from the R-DAS to the PC.

EEPROM: Electrically Erasable Programmable Read Only Memory

FIRMWARE: Application software embedded in R-DAS. Thisisthe program running on the microprocessor of
R-DAS. The firmware can be upgraded with the R-DAS windows interface. New versions of the firmware are

available on AED’ sweb site.

GPS: Global Positioning System. A space-based radio positioning system which provides accurate position, velocity,
and time data.

G-SWITCH: Triggering of R-DAS by means of an acceleration signal above a specified threshold (2.5 g for R-DAS).

HEX-FILE: Binary file according to the Intel HEX-format. R-DAS firmware upgrades are available as HEX -files
from AED’ sweb site.

MONITOR MODE: Special R-DAS mode. The monitor mode is entered when R-DAS receives commands via the
serial port. Thismodeisindicated by a single beep every three seconds. In the monitor mode R-DAS cannot
betriggered. In thisway the datais secure during the downloading process, and R-DAS cannot be accidentally
triggered. Never launch arocket when R-DASisin monitor mode, as no triggering will take place! To
|eave the monitor mode, switch R-DAS off and on (or use reset).

SMART RECOVERY': Term used for automatic deployment of parachutes. An integrating accelerometer is used to
detect apogee, and the main parachute is released at the specified altitude.

TRIGGERING: Detection of liftoff by R-DAS (either by G-switch or breakwire).

UPL OADING: Sending of anew R-DAS executable (firmware) to the R-DAS circuit board from the PC.

R-DAS Mailing List

Join the R-DAS mailing list to be informed about the latest developments, new software release, and participate in
discussions with other R-DAS users. For subscription and the mailing list archive visit http://rdas.listbot.com.
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1.

Introduction

The rocket data acquisition system, R-DAS, is used for measuring and storing analog and digital data
gathered during rocket flight. Furthermore it can be used to set off your drogue and main parachute
charges. There are two different versions of the R-DAS: The R-DAS classic (hardware version V2.x) and
the R-DAS compact (hardware version V3.x). The R-DAS systemis built on a small double-sided printed
circuit board (classic: 125 x 48 mn?, 4.92 x 1.89 inch?, compact: 90 x 36 mn¥, 3.54 x 1.42 inch?). Thisis
small enough to fit in amost any high-power or amateur rocket. The R-DAS compact was designed to fit
ina 38 mm rocket.

This chapter summarizes the features and specifications of R-DAS. New users should at |east read the
Chapters 1, 2 and 3 of thismanual. More details for advanced use are found in Chapters 4 and 5. A history
of the changes of the R-DAS main program and user interface software is found in Chapter 6. Expansion
optionsfor R-DAS are discussed in Chapter 7 and following.

1.1 Features

The R-DAS has the following features:

Easy to configure: Configure the R-DAS system with easy-to-use, free downloadable, Windows
software: G-switch and/or breaking launch detection, smart recovery (integrating accelerometer,
barometric main parachute) and/or timed recovery, barometric altitude for main chute release, extra
data-acquisition channels, sampling rate, etc.

Huge amount of data storage: e.g. when ambient pressure and accel eration are sampled 200 times per
second the measurement time is more than 8 minutes. At lower sampling rates the sampling timeis
proportionally longer.

Pre-flight data: the large RAM memory of R-DAS is continuously updated withthe last 2 seconds of
pre-flight data. After lift-off the unit starts storing the datain EEPROM, starting with the last 2
seconds before lift-off. In thisway also pre-flight datais available, e.g. for offset calibration, or drift
verification!

Extraanalog inputs; 6 analog input channels are available through a 14-pin boxed header for your
own experiments. This connector also provides your experimental board with electric power.

4 digital inputs: read and store the status from adigital indicator.

Program code can easy be upgraded by the user: simply download future versions of the program
code from the web, and upgrade your R-DAS system with the latest firmware in seconds.

Multiple rocket flights: Separate EEPROM's with boot code are available. This makes it possible to
fly several rockets with the same R-DAS without the need to download the dataimmediately after
each flight. Of course, each EEPROM may contain a different configuration! (R-DAS classic only)

I2C bus: The I/O connector features a serial 1°C-bus. This allows simple extension of the R-DAS with
e.g. expansion boards like L CD-screens, remote data-acquisition boards, or GPS. What extensions
will be available in the future will be determined by customer demands.

1.2 Main differences between R-DAS classic and R-DAS compact

R-DASclassic R-DAS compact
Size 125 x 48 mnt'/ 4.92 x 1.89 inch” 90 x 36 mnt / 3.54 x 1.42 inch”
On/off-switch yes no
Battery holder option yes no
Flash EEPROM removable soldered, not removable
Output stages current limited, from firing capacitor firing capacitor
Power supply 9-15V 9-106V




1.3 R-DAS Specifications

The specifications of R-DAS as summarized in Table 1.1.

Table 1.1: R-DAS Specifications

Classic | Compact
Pr ocessor
Type Philips 80C552
Clock frequency 11.0952 MHz
Memory
RAM 32 kB
Flash EEPROM 512 kB
Acceleration transducer
Type Analog Devices ADXL 150 JQC
Range -50to + 50 g
Resolution 0.1 g
Pressuretransducer
Type MotorolaMPXS4100A
Range 20to0 105 kPa
Resolution 0.09 kPa
Analog inputs
Nr. of channels 6
Input span 0t05.0 \%
Input impedance 10to 50 kw
Input capacitance max. 15 pF
Conversion time 50 s
Max. sampling rate per channel 200 samples/sec
Digital inputs
Nr. of inputs 4
Input specifications compatible with TTL/HCT drivers
Triggering
G-switch >2.5¢gfor 0.25 sec
Breakwire make or break contact
Igniter output stage
Nr. of output stages 2 (drogue and main)
Current Classic: user selectable
1. Current source, 1A
2. Current limited by circuit resistance
Compact: limited by supply, max. app. 2.5A
Igniter supply Classic: user selectable
1. Capacitor 2200nt
2. R-DAS power supply
3. External power supply
Compact:
1. Capacitor 2200
2. External power supply
Test current <1 mA
Power supply
Voltage 9to 15 91t010.6 \%
Current 60 - 80 70-90 mA
Physical
Dimensions 125x48 / 4.92x1.89 | 90x36 / 3.54x1.42 | mnt/inch?
Weight, without 9V & battery holder 65/2.3 32/1.1 gram/ oz.
Weight, with 9V battery holder 78/2.8 n.a gram/ oz.
Weight, with 9V battery and holder 114/4.0 n.a gram/ oz.




[ Temperature range | 0to 70 | 0to 70 | °C

1.4 R-DAS Electrical layout

Figure 1.1 shows ablock diagram of R-DAS. The computational heart of the unit consists of the
microprocessor (mP), together with its memory. The R-DAS has a volatile memory for data storage
(RAM), and anonvolatile FLASH EEPROM for permanent data storage. The system further consists of a
acceleration transducer, a pressure sensor, igniter stages, and a serial port. Power is supplied from the
power supply. The digital and analog power supplies are completely separated (R-DAS classic only). A
buzzer informs the user of the status (see section 2.3.2).

power | ¥ : : >
supply
\ 4 y
RAM FLASH

< —> Accelerometer

9..15V

Pressure transducer

A
v

< Analog/Digital 10

v

A

Figure 1.1: Block diagram of R-DAS.

The FLASH memory is organized in 64kB sectors, which can be erased independently. In the first sector
the bootloader code (BIOS) of R-DAS s stored. This program starts the main application stored in the
second sector. It also allows upgrade of the main program by uploading the main program binary code to
R-DAS. The other remaining six sectors are used for data storage. This data memory is not erased until
R-DAS detected aliftoff (by either the G-switch or the breakwire). This makes it possible to extract the
data after the R-DAS has been switched off, or when power has been down due to a depleted battery.

/ ™

> Sectors 2..6: 384 Kbytes
512 Kbytes <

Sector 1  : 64 Kbytes
Sector 0 : 64 Kbytes

\

Fig 1.2: Memory map of the FLASH memory.



2 R-DAS Operation

This chapter describes the normal operating procedure of R-DAS, including unit mounting, and program
flow.

2.1 R-DAS mounting

To reduce R-DAS circuit board size, the unit has components on both sides of the board. The figure below
shows the layout on the topside of the R-DAS circuit board. The processor, flash memory, on/off switch
and serial port connector are easily identified.

The R-DAS can be mounted using the four holes at the corners of the unit. Note the mounting direction
for flight asindicated in thisfigure. Attach R-DASto the panel by 4 bolts (R-DAS classic) or 2 bolts
using the supplied standoffs (R-DAS compact). The best way to mount R-DAS isto use standoffs. This
attaches R-DAS securely, and prevents vibrations of the PCB. Because all components and PCB wiring is
at least 1 mm of the edges, it is also possible to mount the circuit board in small slots.

|\/|OuntTi ng hole (2x) Serid port < O DO
= A
d) d Flash memory < ]
A I:I I
i Processor « ]
_ . |
[ Pressure transducer « @ — o
O I:I ............................. c
-~ | 8 q)
O . SefelArm : %
0
| . On/Off switch o Dli—ggl B : -% :
i o lIDE S Q
Drogue parachute —I | %
Main parachute @E in [m% e
()]
Mounting hole (4x)* elon

Figure 2.1: R-DASwith some of the most important components.
Left: R-DAScompact, right: R-DASclassic

Altitude is determined from static pressure measurements. It istherefore necessary that the pressure
transducer is able to measure the ambient pressure. To make sure that R-DA S measures the ambient
pressure, at least one vent hole should be made in the rocket casing. The size of the venting areais
determined by the payload volume. Typically several holes of afew millimeters are enough. These holes
can be used as access to the on/off switch of R-DAS (R-DAS classic). The most convenient way to switch
R-DASon and off isto use asmall screw driver through one of the vent holes. For the R-DAS classic, the
user hasto supply its own on/off-switch (or other alternative like twisting wires).

The user has the option to supply the R-DAS by different power supplies. Most simple option isto supply
the R-DAS by a9V battery placed in the battery holder on the backside of the R-DAS PCB (R-DAS



classiconly) . For small diameter rockets the battery holder might be too large and the battery can be
placed anywhere within the rocket, with wires leading to R-DAS. The power supply is not limited to 9V

batteries only. Any power supply between 9 and 15 V — capable of delivering the required current —
suffices.

NOTE: (Classic only) Because of the harsh environment in the rocket during the powered flight, it is

LY extremely important that there is a good mechanical contact between the 9V battery and the R-
DAS PCB. For rockets with large acceleration loads, it isadvised to use backup wires soldered
between the battery and the connection pins of the battery holder. It isalso strongly
recommended to secure the battery into its holder with atie-rap. The best way todo is, isto
run atie-rap around the battery, under the holder.

2.2 R-DAS Program flow

2.2.1 Bootloader

When R-DAS is switched on the bootloader application software is started. After two seconds the
bootloader automatically starts the main application (the actual R-DAS program). During booting thereis
a continuous beep from the buzzer, to indicate the booting process. The bootloader also tests the RAM
memory. In case of amemory failure, the bootloader responds with alow frequency beep from the buzzer.
The bootloader is aso used to upgrade the R-DAS main program (firmware).

2.2.2 Power-up checks

After the main program is started, the program first checks several transducer signals and breakwire
connection. The accelerometer signal hasto be within expected limits, and a self-test is carried out. If the
accelerometer signal isnot within the allowed range at power -up, the g-switch function is disabled.
This prevents accidental triggering of the unit in case of a malfunctioning accelerometer. The user is
warned by the buzzer (a continuous signal of 6 short buzzes, see buzzer section). Also the pressure signal
is checked, and compared with the allowed interval. In case the pressure is not within the expected range,
the user iswarned by the buzzer (5 short buzzes).

After sensor testing, the system checks the breakwire. If breakwire triggering was selected, the R-DAS
unit checksif abreakwire is present. If no breakwireispresent, the breakwiretriggering isdisabled.
This prevents accidental triggering of the unit by e.g. a loose breakwire. The user iswarned by the
buzzer (4 short buzzes). In case of “inverted breakwire”, the R-DA S expects an open breskwire

connection at power-up. If thisis not the case, the triggering is disabled as well, and the user informed by
the buzzer.

2.2.3 Pre-flight phase

After theinitial checks, the R-DAS unit comesin the pre-flight phase. During this phase the
accelerometer and pressure transducer are continuously calibrated. R-DAS samples all configured
measurement channels. The measurement datais stored in acircular buffer (seefigure 2.2). In thisway
two seconds of pre-flight datais always in the memory. When the flight-phaseis entered, the R-DAS
stops overwriting in the circular buffer, and starts storing the data in the FLASH memory. During the pre-
flight phase the R-DAS buzzer beeps every second.

measurements

circular buffer
data storage

t=-2 t=0 ¢ flasherased
t=0.25 launch detection
Figure 2.2: Circular memory buffer of R-DAS. Measurements are continuously taking place at the set
sampl e frequency. Data storage begins when the flash has been erased, and starts at t=-2
seconds. The data storage then catches up with the measurements.
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2.2.4 Flight phase

Theflight phase is entered (triggering of R-DAS) when liftoff is detected. Triggering of R-DAS can be
accomplished by the breakwire, or by ag-switch. A valid g-switch trigger occurs when the accel erometer
measures an accel eration of more than 2.5 g for 0.25s. If one of the measurements shows alower value
than 2.5 g, the 0.25 second timer isreset again. This prevents accidental triggering in case of a shock.
Holding the unit upside down and then rotate it suddenly allows testing of the g-switch triggering. If the
R-DAS isslowly rotated, thereis no valid liftoff detection, because of the continuous calibration of the
accelerometer.

Note: be careful when handling arocket with R-DAS switched on. Suddenly rotating it, or tripping the
breakwire will start R-DAS, followed by activation of the parachute outputs.

After liftoff detection, the R-DAS starts erasing the FLASH memory. Thisis not done before the liftoff
detection, so the user can download old data until a new liftoff is detected. During the first three seconds
of the flight phase there is a dead-time, and none of the igniter outputs can be activated. The flight phase
can be distinguished from other phases by the double buzzer beeps.

During the flight, the accelerometer signal isintegrated. A zero acceleration integral defines the apogee of
the flight trajectory. If smart recovery is configured, the first parachute igniter output (drogue) is activated
when a zero acceleration integral isreached. If timed recovery is configured, the drogue output is
activated when the desired time is reached. In case of both smart recovery and timed recovery, both
conditions are checked fore, and if one of them is met, the drogue output is activated.

The main parachute output is activated when the configured time is reached (in case of timed recovery),
or when measurements show that the altitude is below the configured altitude for main parachute
deployment for more than 0.25 sec (in case of smart recovery). Again, when both smart recovery and
timed recovery are activated, the system monitors for any of the two events.

When the memory isfull the R-DAS unit stops data acquisition. After the main parachute is deployed, the
maximum obtained altitude is calculated and reported by beeping. The altitude isreported in feet. There
are up to five digitsin the number. First abuzz is generated, followed by the altitude. Because a zero
cannot be ‘beeped’ it isreported as along beep. For example 1023 feet isreported as:

..... buzz — beep — beeeeeep — beep beep — beep beep beep — pause — buzz etc.

2.3 User communication — /O
There are several waysin which the R-DAS unit “communicates’” with the outside world. For configuring
R-DAS, downloading the measured flight data, and upgrading the R-DAS firmware, R-DAS is equipped

with astandard RS-232 serial port. A buzzer informs the user about the status. Two LED’ s show the
continuity of the attached igniters. A third LED is used for status monitoring.

2.3.1 Serial Interface RS-232

This connector attaches the R-DAS to a PC with the supplied cable. The RS-232 port is used for
configuring R-DAS, downloading the measured flight data, and upgrading the R-DAS firmware.

11



2.3.2 Buzzer

Close to the processor aloud piezo buzzer is placed. This buzzer informs about the status of the R-DAS
by varying the acoustic signal. The table below describes the different cases.

Table 2.1: Summary of different acoustic signals.

BEEPS (high freguency)

long beep bootloader running (at start-up)
fast beeps (continuous) uploading firmware
short beep (every second) R-DAS standby, ready for launch

short beep (every three seconds) R-DAS in monitor mode (during
download and configuration)
two short beeps R-DAS detected lift-off, data
acquisition busy

BUZZES (low frequency
long buzz at start-up: memory error
one buzz drogue igniter discontinuity error
two buzzes main igniter discontinuity error
three buzzes breakwire error (breakwire
triggering disabl ed)
four buzzes external hardware error; hardware
that was configured is not found
--------------- five buzzes pressure transducer out of range at
power-up (offset)
------------------ six buzzes accel erometer out of range at

power-up (offset and/or self-
check), g-switch disabled

Asof V2.2 of R-DAS (s/n 004xx) the volume, and power consumption, can be reduced (classic only).
Thereisasmall solder jumper on the back of the R-DAS marked “loud buzzer”. By opening this jumper,
the volumeis decreased. The factory setting is aloud buzzer.

2.3.3 Continuity LED’s

Near the two igniter terminals are two red LED’s. These LED’ s are on when there is no continuity
between the terminal outputs.

2.3.4 Status LED

Near the processor thereisagreen LED. This LED informs about the status of R-DAS. For the moment
the LED has the same function as the buzzer.

2.4 Igniter connection
Alwaystest your igniters for compatibility with R-DAS before use for areal flight.

NOTE: To reduce power consumption of the R-DAS, shorten the igniter outputs by simple wires when
B not in use. (Each continuity LED uses approximately 7 mA). This also prevents unwanted
Q) warnings for igniter discontinuity (three buzzes from Table 2.1). If you are using high power
output (J1 or J2 shorted, or direct power selected by J3, see Chapter 4), then use a 1kOhm
resistor in stead of a short to prevent loss of supply power during igniter output.
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3 Userinterface

The main functions of the R-DAS user interface are:
1. Configure R-DAS
2. Download flight data (including GPS data with optional GPS unit)
3. Save, view and export the flight data
4. Upgradethe R-DAS program (firmware)

The main window of the user interface is shown in Fig. 3.1. Except for the “conventional” pull-down
menu items (file open, save, print etc) there are also specific menu’ s and buttons. The download button
starts the collection of measurement datafrom the R-DAS. The cursor selectors allow to change between
zoom and drag mode. In drag mode, the graph can be dragged within the program window, by holding the
left mouse button. In the zoom mode a rectangular window can be drawn by pressing the left mouse
button. After releasing, this areais zoomed in. Pressing control while selecting an area zooms out. The
view selectors above the graph determine which signal is plotted. Left of the graph are buttons which
manipul ate the graph.

View selectors

Cursor selectors

Download

Zoom buttons

i % #io| i-l-i
ity

Figure 3.1: R-DAS User interface.

3.1 Configuring R-DAS

R-DAS can be configured by selecting “ Configure RDAS” from the “Configure menu”. Select the COM
port to which R-DAS is connected. The current settings can be retrieved from R-DAS by the
“Get Config” button. The R-DAS is programmed with the selected settings by the “ Store Config” button.

3.1.1 Trigger settings

The trigger settings determine the trigger, i.e. start of acquisition, of R-DAS. Selecting G-switch triggers
R-DA S when an acceleration of 2.5 g is sensed for more than 0.25 seconds. It is also possible to trigger
R-DAS by making or breaking a contact. Thisis called “breakwire” triggering. Normal breakwire
triggering triggers the R-DAS when a contact is broken. Inverted breakwire triggers the R-DAS when
contact is made. It is possible to select both G-switch or breakwire triggering. Note that at |east one type
of triggering isrequired.

3.1.2 Recovery settings

The recovery settings determine the method to determine the drogue and main parachute igniter
activation. The timed recovery setting fires the igniters at the desired time after lift-off. The maximum
time of the timersis 255 seconds, the resolution is 1 second. “ Smart recovery” uses an integrating
accelerometer algorithm to determine apogee, and activate the drogue parachute output. The main
parachute is deployed at a user selectable height above theinitial launch altitude. It is possible to select
both methods, e.g. to use the timing asback-up for smart recovery.
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NOTE: Theinterface software automatically rounds the deployment altitude to the resolution of R-DAS.
- This might be observed by change of the last digit of the entered value.

3.1.3 Sampling settings

The channelsto be sampled are selected by the sampling settings. Pressure and acceleration are always
sampled and stored. The channels ADC 0 to ADC 5 refer to the analog channels on the expansion port.
Thedigital input stores the value of the 4 digital inputs on the expansion port. Thisinformation is stored
asasingle byte. The remaining 4 bits of this byte are used to store the flight status, i.e. before liftoff,
flight phase, drogue parachute phase, and main parachute phase. This gives information about the igniter
output stage activation time, which is otherwise unknown in case of “smart recovery”.

TIP: After retrieval of astored datafile (.rd), the configuration settings show the settings used for that
flight.

3.2 Downloading data

After the rocket flight, the accumulated datais retrieved from the R-DAS by “ downloading”. The
download procedure is started by the download button, or from the “File® Download” pull-down menu.
During the downloading procedure the number of seconds of retrieved flight datais shown on the screen.
The “stop download” button interrupts the downloading process. The datais sent by the R-DAS in
1-second blocks with a checksum. If thereis a checksum or connection error the interface software
request the dataagain (retry). The number of retriesis shown on the screen (if there has been at least one
retry). The download procedureis stopped when there are more than 25 retries. If thisisthe case, check
the cable connection.

3.3 View and export data

After downloading the datait can be viewed (do not forget to save your important flights!). Each of the
measured channels can be switched on or off by the view selectors above the graph of data. The first view
selector selects whether the flight phases are shown. In this case each flight phase (pre-flight, ascent, pilot
parachute and drogue parachute phase) is marked by avertical red line.

& NOTE: Flight phase information is only available when the digital I/O was selected for measurement, as
the flight phase information is stored as part of the digital 1/O byte.

&

Furthermore there is the sel ection of the acceleration and altitude data. The other 5 buttons select the user
analog input channels (0to 5 V).

The measured data can also be exported as an ASClI-file. There are two different possibilities. Either
export the raw data (use “ File® Export raw data’), or export datathat has been converted using the
calibration values (use “File® Export interpreted data’). The files can be used for further processingin
e.g. aspreadsheet program. The header of the file contains a summary of the measurement configuration.
The raw datais written as measured ADC-values. Each ADC-value corresponds to 5V/1024 steps =
4.883mV. Usethe calibration values for conversion to real-world data.

Apart from ASCII exporting, it isalso possible to export the graph as shown in the window as a bitmap
(.bmp-file or gif-file). Use the “File® Export Image” option. The datais written as measured ADC-
values. Each ADC-value corresponds to 5V/1024 steps = 4.888 mV. Use the calibration values for
conversion to real-world data.

3.4 Upgrade R-DAS firmware

The R-DAS software is continuously being updated when new expansion hardware becomes available
and to improve the algorithms. This makes it necessary to be able to upgrade the main program
(firmware). The R-DAS user interface allows easy upgrading the firmware. First download a recent
version of therdas.hex file from AED’ s web page. Then select “ Upload executable” from the
“Configure” menu, and follow the instructions on the screen. Within afew seconds the R-DAS software is
upgraded. After upgrading, an automatic reset of R-DAS s carried out (note the beep of the bootloader).
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3.5 Calibration

The calibration values of the pressure sensor and accelerometer can be modified using the

“Configure® Calibration values’ dialog. This window also defines the accel eration before liftoff (usually
1 g, from the earth’ s acceleration).

3.6 Scale settings

Following the “ Configure® Scale settings’ allowsto change the scal e settings of the plot. In thisdialog
the altitude before liftoff can also be set. If the launch altitudeis different from sealevel, this option can
be used to determine the actual altitude obtained, rather than the absolute value of the altitude (whichis
measured with the pressure transducer).

3.7 Windows CE user interface

The R-DAS user interface is also available for the Windows CE platform. This version has the same
features as the Windows interface, although some of the dialogues have a different layout. R-DAS s
connected to the CE device viaits docking station, or a separate serial cable (available for most devices).

An additional null-modem is needed to connect the CE cable to that of R-DAS, because both devices have
afemale connector (both were intended to be attached to a PC).A null-modem cable can be obtained from
most computer suppliers. It is also easy to solder your null-modem. Using two male DB-9 plugs, connect
the following pins:

Plug 1 Plug 2
DCD pinl to not connected -
RxD pin2 to pin3 needed
TxD pin3 to pin2 needed
DTR pin4 to pin6 optional
GND pin5 to pin5 needed
DSR pin6 to pin4 optional
RTS pin7 to pin8 optional
CTS pin8 to pin7 optional
RI pin9 to not connected

3.8 Palm user interface

Rob Nee wrote a Palm user interface for the R-DAS that can be downloaded from
http://www.robnee.com/rdas. For use of the R-DAS with thisinterface also anull modem is needed. See
paragraph 3.7 for more detail.
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4  Connector description

In this chapter each of the connectors of R-DAS will be discussed. The figure below shows the external
connections of R-DAS.

/ J10 seria port <

O[

O O

|

/

ol J5 expansion port
4 i / J6 reset <=1
E OlE
o |B ,J13 safe/arm
OJ J3 power select <+ [ ]

o D:E*- » J11 main parachute

\ 0] [] > J2main current

\Jg drogue parachute > J9 drogue parachute
J11 main parachute OQ LDJ e

> J1 drogue current
J12 power connector

— JA breakwire

0 02 C( )

Figure 4.1: Connector description of R-DAS.

4.1 J1and J2 Igniter current selectors (classic only)

The jumpers J1 and J2 determine the current through the igniters of the parachute pyro-systems. When
open (no jumper) aregulated current of 1A flows through the igniters. A regulated current prevents burn-
through of the igniter bridgewire, without ignition of the surrounding pyrotechnic mixture. When using
igniters that require more than 1A to set of, shorten J1 and J2 by placing jumpers. The current flow isthen
determined by the resistance of theigniter and ignition circuit only. For more details see section 5.2.

4.2 J3lIgnition power select (classic only)

With terminal J3 the power source for theignitersis selected. When J3 is not connected to an external
power source, or shortened by jumpers, the ignition current is supplied from the large capacitor, just
above J3. This capacitor holds enough charge for a 1A current flow for at least 10ms. Thisis more than
enough for Davey Fire type igniters. When using the capacitor, the R-DAS power supply (eg. 9V battery)
feels no peak loads, as the capacitor is charged with a charging time of about 5 seconds. When the igniter
leads are shortened after firing, the current islimited by the charging current of the capacitor.

Shortening pins 1 and 2 of J3 by ajumper directly connects the power supply of R-DASto theigniter
output stages. This allows prolonged igniter current supply. However, if the power supply of R-DAS
cannot supply enough current, there is the possibility that the computer circuit of R-DAS resets. When
largeignition currents are needed, it is suggested to use the third option of J3, i.e. an external power
supply for the igniters. This external power supply can be connected to pins 2 (positive) and 3 (ground).
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The maximum voltage of this external power supply is 15 Volt (like R-DAS). For more details see
section 5.2,

4.3 J4 Breakwire

Except for G-switch arming, R-DAS can also be triggered with a breakwire, which is attached to
connector J4. Thisfeature also allows the user to test the R-DAS system on the ground, and for other
data-acquisition purposes. The breakwire can be configured make or break contact for triggering viathe
user interface.

4.4 J5 Expansion port

4.5

4.6

4.7

4.8

The expansion port J5 accepts analog and digital signals from user-supplied measurement systems (e.g.
roll sensor, temperature sensor, etc). J5 also supplies the additional circuit with power from the R-DAS
power supply. The table below d each of the individual pins of J5. Pin# 1 is marked by asmall triangle,
on the side of the slit of the connector.

Table 4.1: Pin layout of R-DAS expansion port.

Pin# | Description Specifications

1,2 +V's: Power supply Power supply for external experiments, app. R-DAS power supply
voltage —0.6V (due to protection diode on R-DAS PCB)

3 |O3: Digital input 3 Normal TTL specifications

4 |02: Digital input 2 Normal TTL specifications

5 |O1: Digital input 1 Normal TTL specifications, internal pull-up 10kwW

6 100: Digital input 0 Normal TTL specifications, internal pull-up 10kW

7 ADCO: Analoginput 0 | Analog inputs:

8 ADC1: Analoginput 1 Nominal input 0..+5 \%

9 ADC2: Analog input 2 Maximum input -02...+52 |V

10 ADC3: Analog input 3 Input impedance 10 ... 50 kw

11 ADC4: Analoginput4 | Input capacitance ‘ max. 15 ‘ pF

12 ADCS5: Analog input 5

13,14 | GND Analog/ digital ground

Note: Open drain outputs can be directly connected toinputs |00 and 101, because of the internal pull-up
of theseinput ports.

J6 Reset (classic only)

Shortening the two pins of J6 resets R-DAS.

J9 and J11 Igniter terminals
Theigniter wires of the drogue and main parachute igniters are attached to J9 and J11 respectively. Close

to the terminals are continuity LED’s, which are switched on if there isa continuity problem (large igniter
resistance).

J10 Serial port

The serial port J10 is used to connect the R-DAS to a PC, to configure R-DAS, download the data, or
upgrade the R-DAS application software. Only use the supplied cable to connect R-DASto aPC.

J12 Power connector (compact only)

Power input connector for R-DAS compact. Connect power to switch unit on.
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4.9 J13 Safe/arrm connector (compact only)

The safe/arm connector of the J13 allowsto switch off the power supply to the igniters. The following
diagram shows the operation of the safe/arm connector.

D R +J13
igniter
power supply c 1 output
(J12) stage
[ 1

Figure 4.2: Safe/Arm connector J13.

The power supply fillsthe firing capacitor C through diode D and resistor R. For normal operation J13 is
closed (seered linein Fig. 4.2, thisis the small jumper that is factory-installed). If an external safe/arm
deviceisdesirable, the jumper can be replaced by e.g. an external switch that is connected to jumper
block J13. Note that power isonly supplied to the igniters when J13 is closed. The dotted blue line
indicates another way of operation. An external wire can be connected from the power supply (+)
connector block J12 to J13 in case the capacity of the firing capacitor C is not enough to fire the ematch.
Also other alternatives are possible. E.g. by connecting a second power-source to the lower pin of J13,
and to the ground (-) of J12 it is possible to connect a second power supply. Figure 4.3 shows the wiring
in case of an external safe/arm switch and separate power supply.

igniter supply

Figure 4.3: Wiring of safe/arm connector J13 for an external safe/arm switch (left), or external igniter

power supply (right). In both cases remove the factory-installed jumper. Of courseit isalso
possible to combine a remote safe/arm switch with an external power supply.
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5 Technical information

5.1 Mechanical outline of R-DAS

The figure below shows the mechanical outline of R-DAS, including component space. Left: R-DAS
without 9V battery holder, right: R-DAS with 9V battery holder (component space is hatched).

0 o al o) o) 7'7

Figure 5.1: Mechanical outline of R-DASclassic (sizesin millimeters).

5.2 Igniter output stages (classic only)

=

The figure below shows (one of the) igniter output stages of R-DAS. The TR1 signal comes from the
microprocessor of R-DAS and activates the output stage. A low TR1 signal activates the igniter output, by
opening FET T3. Transistor T1 and resistors R2 and R17 (both 1.5W) act as a current source, and limit the
igniter current to 1 A. By shortening J1 the current source is bypassed, and the igniter current is
determined by theinline resistance. The VOK signal isfor safety reasons. It is activated once the
processor is running. During power-down, it disables the output stage (within 10nsec) before the
processor goes down (app. 10ms).

Also shownin Fig. 5.2 is the power supply circuitry for the igniter stages. If J3 is unconnected, the igniter
outputs are supplied from capacitor C4. When pins 1 and 2 are shortened using ajumper, the R-DAS
power supply isdirectly connected to the output stage of R-DAS. When an external ignition sourceis
supplied between pins 2 (+) and 3 (-), the external battery directly powers the output stage, without
drainage from the R-DAS power supply.

NOTE: When using C4 for igniter power supply, make sure that there is at |east 5 seconds between
activation of the two igniter outputs, so thereis enough time for recharging of C4.
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Figure5.2; Igniter output stage.

The output current to theignitersis determined by the setting of J1 and J2 (igniter current selectors) and
J3 (Ignition power select). Using the current source ensures reliable ignition of the electric match,
preventing melting of the fine igniter wire without ignition of the surrounding pyrotechnic composition
(J1 and J2 open). If C4 is selected as power source (J3 open) the ignition current descreases as soon as the
charged voltage of C4 becomestoo small (app. after 10 msec). Using the R-DAS battery or an external
power supply holds the current constant, as long as the outputs are activated (1 second). Shortening J1
and/or J2 bypasses the current source, and the current is then limited by the total resistance of igniter and
igniter output stage.

I [A]

Maximum current, external power

Current source, external power

Current source, power from C4
» t[msec]

10

Figure5.3: Igniter output current for several configurations.

The settings of R-DAS (and the output stages) can be tested by attaching LED’ sto the igniter outputs. A
resistor of 470W in series with the LED limits the currents through the LED’s. The LED’ s have to be
connected with the right polarity. When holding the R-DAS in the flight directions, the upper connections
of J9 and J11 are positive.
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5.3 Hints and tips

5.3.1 Calibration of the acceleration transducer

With asimple procedureit is possible to calibrate the accel eration transducer:

Ok wNE

~

Configure R-DAS to measure with a high sampling rate, e.g. 200 Hz, and inverting breakwire.

Use ajumper (or other conducting material) to trigger R-DAS by shortening the breakwire pins.
Hold R-DAS upright for afew seconds.

Hold R-DAS upside down for afew seconds.

Download the data of this*experiment”.

Export the data as an ASCI| file and determine the average value of the acceleration signal in both
positions, ADCy, and ADCyown (Use e.9. aspreadsheet program to determine the averages).

The difference between both positionsis 2g. The voltage of each ADC valueis 5/1024=4.883mV, so

the sensor sensitivity is found from the following: S=4.883(ADC,,, - ADC,,,,)/2 mvig.

down

NOTE: It isalso possible to measure the output voltage of the sensors directly in both positions, using an

o

accurate digital voltmeter, and enter this value as the calibration value.

5.3.2 Testing of the G-switch

The G-switch can easily be tested by holding the R-DAS upside down, and then suddenly rotating it. This
isfelt as adifference of 2g by the acceleration sensor, and triggers R-DAS.

NOTE: The acceleration transducer measures the force on a sample weight inside the sensor. Before

=

liftoff an acceleration of 1g is sensed, because of the gravity acting on the sasmple weight. A total
acceleration of 2.5 g means a difference of 1.5g compared to the calibration (power-up) value. As
the acceleration calibration is continuously updated during the pre-flight phase the unit must be
rotated suddenly.

5.3.3 Wiring harness

It is advised to make awiring harness in your rocket. This wiring harness should contain safe/arm-
connectors for the igniter outputs. Especially when using pyrotechnic recovery devices, such as
pyrotechnic bolts, agood safe/arm plug is essential for safe operation of the rocket.

NOTE: Although R-DAS's electronic circuits have been designed to prevent accidental activation of the

igniter outputs, always bear in mind that pyrotechnic devices can be set off when R-DASis
switched on (and operating). Safe operation of R-DAS isonly possible in combination with
safe/larm devices, which inhibit the pyrotechnic devices (e.g. by shortening the ignition wires or
proper use of J13).

5.3.4 Testing igniter outputs

The following procedure allows testing of the functionality of theigniter output:

1
2.
3.

© oo N A

Connect ematches to R-DAS igniter outputs (J9, and J11). (or use small bulbs)

Switch on R-DAS.

Configure R-DAS for ‘timed recovery only’, no ‘ smart recovery’. Set recovery timesto e.g. 5 and 10
seconds.

Switch off R-DAS.

Hold R-DAS unit upside down.

Switch on R-DAS.

Wait till the bootloader is finished and the normal application is running (single beep every second).

Suddenly rotate R-DAS in the flight direction (‘UP’ arrow pointing upwards) to trigger the g-switch.
In case of agood ‘lift-off” two continuous beeps are heard, otherwise restart from 4.

10 After 5 and 10 seconds the outputs fire the ematches
11. Re-configure R-DAS according to your wishes (e.g. smart recovery only).
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6 Software history

This section summarizes the different versions of the R-DAS firmware and the R-DAS interface program.
The following convention is followed. Version numbers are denoted asVx.yz. A change of x indicates a
major change of functionality. Program changes of minor importance, small functional changes, and bug
fixes are recognized by a change of z

6.1 Firmware

6.1.1 V1x
Software for R-DAS V1.0 hardware. This unit had alimited distribution in the Netherlands.
6.1.2 V20

Software for new R-DAS design. This specific version was for the prototype of new hardware.

6.1.3 V2.1x
- Va1

First public release of R-DAS firmware. Fully functional and stable version.

V211

Removed bug when using both timed and smart recovery (V2.1 firmware only used barometric

information for main parachute deployment).

6.1.4 V2.2
- Support for igniter expansion board.
New download procedure (especially for handhelds) with CRC error checking.
Improved hardware checking.
Buzzes added for serious errors, beeps for general statusinformation.
Additional information in digital outputs: bit 3 is set when timed recovery was used; for smart
recovery bit 3iscleared.
Bug fix when testing R-DAS on the ground (drogue output stage remained open, when main
parachute was gjected immediately after drogue parachute).
Cleanup of source code.
6.1.5 V23
Altitude is reported by beeping
Igniter discontinuity problem isreported by buzzes: 1 buzz: drogue parachute igniter problem, 2
buzzes: main parachute igniter problem.
6.1.6 V24
- Improved calibration at power-up. Pre-flight acceleration is now running average of measured values
before liftoff.
Improved acceleration integral resolution. Limitation (before variable overflow): maximum motor
burn time is 500 seconds.
6.1.7 V3.0
- Added GPSfunctionality
6.1.8 V3.1l

Added telemetry functionality

6.2 User interface

6.21 V21
First public release of R-DAS user interface. Specifically designed to work with R-DAS V2.1 hardware
and firmware.

6.2.2 V2.2

Support for igniter expansion board added.
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6.2.3

6.2.4

6.2.5

6.2.6

V221

V2.2.2

V3.0

V3.1

After configuration change or software upgrade, the user interface now bypasses the bootloader for
quicker boot process.

Clip function added to reduce datafile size, or select specific measurement channels.

New download protocol with improved error checking (used for firmware V2.2 and up).

Export image: thicker linesinhigh resolution images.

Moregrid linesin display.

Export data now possible as raw data, or export of interpreted data.

Scale settings moved to the ‘view' menu.

On CE-devices: firsfast drawing of graph, after this more accurate update of the graph.

Removed minimum altitude for main parachute deployment. When low altitudes are selected, the
user iswarned with a dialog window.

Removed bug when retrieving configuration, and storing the configuration. In this case one of the
additional igniter outputs was sometimes selected.

Added GPS functionality: configure, download and export data, clear GPS memory.
Now . r d (R-DAS Data File) contains both R-DAS and GPS (if applicable) data.
User interface compresses data during save to minimize datafile size.

New default values for sensors.

Export image support GIF export.

Scroll mouse can be used to zoom infout in graphs.

Added telemetry functionality: configure telemetry system. Receive, save and view data like normal
R-DASfiles

Export data now also supported on WinCE.
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7 Igniter output board (option)

This section of the manual describes the igniter output board for R-DAS. The igniter output board is an
extension for R-DAS. The board adds two additional pyro outputs to the system. Up to four of these
boards can be added to asingle R-DAS system.

7.1 Features
Features of the igniter expansion board:
2 additional output stages per board

A maximum of four igniter boards can be added to asingle R-DAS unit, resulting in atotal of 10
output stages (including R-DAS outputs)

Configurable power supply: from capacitor discharge, or separate battery
Configurable current: 1 A using current regulator (perfect for Davey Fire), or maximum current

High power FET output stages with very low internal "ON" resistance (<0.03 Ohm) for high current
igniters

Continuity check with LED's

Output stage status LED's

Timing can be configured from within the R-DAS windows user interface

Automatic detection of igniter boardsby R-DAS

Small board size: only 48 x 48 mm (1.89 x 1.89 inch)

Theigniter expansion board is attached to the R-DAS via the expansion port. A simple flatcable
connects the units. The maximum flatcable length is 1 meter. This makesiit possible to place the
igniter expansion board where it is needed.

Possible use of theigniter expansion board:

Multi-stage rockets
Air starts

Smoke generators
Pyrotechnic air brakes
Back-up charges

Etc.
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7.2 R-DAS igniter board specifications

The specifications of R-DAS igniter expansion as summarized in Table 7.1.

Table 7.1: R-DASigniter expansion board specifications

Nr. of output stages 2

Current User selectable:

1. Current source, 1A

2. Current limited by circuit resistance
Igniter supply User selectable:

4. Capacitor 2200

5. External power supply

Test current <1 mA
Power supply
Voltage 9to 15 (from R-DAYS) \%
Current 15 mA
Physical
Dimensions 48 x 48/ 1.89 x 1.89 mnt/ inch?
Weight 23/0.8 gram/ oz.
Temperature range 0to70 °C

7.3 Operation

To reduce R-DAS circuit board size, the unit has components on both sides of the board. The figure below
shows the layout on the topside of the igniter circuit board. Theigniter board can be mounted using the
four holes at the corners of the unit. The distance between the holes at the cornersis the same as that of
R-DAS. Because all components and PCB wiring is at least 1 mm of the edges, it is also possible to
mount the circuit board in small slots.

O

External power «__

O
Future expansion port «—— =T D
O @ » Output 2
R-DAS expansion port « [ ] [] . Current 2
. L —T = 1
Pull-up jumpers «—|_l=o ( >D&B£\ Output
Current 1
Address jumpers — O O

Figure 7.1: R-DASigniter board with the most i mportant components.

The whole output stage isvery similar to that of R-DAS. It istherefore advised, also to consult the
Chapters 4 and 5 of this manual. The output connector terminals are easily recognized. Next to these
terminals are two jumpers. By shortening these jumpers the current source of 1A is bypassed, and the
maximum current is controlled by the total circuit resistance (>5 A in a 1W load). Each output has its own
continuity check. If there is no continuity between the terminal outputs, thered LED ison. Two green
LED’s show the current output status (one for each output). This simplifiestesting of a programmed
configuration. In the normal operation, the expansion board uses the large capacitor as a power source. It
is also possible to supply the board with an external power supply. This external supply can be attached to
thetwo 1.3 mm PCB pinsshown in Fig. 7.1.
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If thisisthefirst expansion board attached to R-DAS, shorten the pull-up jumpers with a small amount of

solder. Only in one of the expansion boards (e.g. the first) attached to R-DA'S these two jumpers should

be closed.

The other two jumpers set the address of the output board. Each board attached to R-DAS should have a

different address. Table 7.2 shows the relation between the jumper settings, and the output stage numbers

as configured in the R-DAS user interface software.

Table 7.2: R-DASigniter expansion board jumper settings

J7 J8 Board
closed closed Expansion board 1
closed open Expansion board 2

open closed Expansion board 3
open open Expansion board 4
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8 2-Axis accelerometer and temperature expansion board (option)

This Chapter describes the optional 2-axis accelerometer and temperature expansion board, shortly
ADXL 250-board.

8.1 Features
Features of the ADXL 250 board:
2-axis acceleration measurement
Selectable range from: +/- 50 g, +/- 25 g, +/- 10 g and +/- 5 g. Each axis can have a different range.
Temperature measurement
EEPROM for future expansions

8.2 Specification
The specifications of the ADXL250 board are determined by the two transducers that are used. For the
acceleration an Analog Devices ADXL 250JQC accelerometer is used. The temperature isregistered by an

Analog Devices AD22100AR temperature transducer. The accelerometer is centered at the top of the
printed circuit board. The temperature transducer is mounted on the bottom of the board.

Table 8.1: R-DASaccelerometer expansion board specifications

Accelerometer
Type ADXL250JQC
Number of axis 2
Range +/- 5, +/- 10, +/- 25, +/- 50 g
Sensitivity 380, 211, 67.9, 38.0 mV/g
Resolution respectively 0.01, 0.02, 0.05, 0.1 g
Uncalibrated accuracy +/- 20 %
Connected to ADCO/ADC1
Temperaturetransducer
Type AD22100AR
Range -40...+85/-40...+185 °C/°F
Sensitivity 225/125 mV/°C/ mV/°F
Resolution 0.217/0.391 °C /°F
Uncalibrated accuracy (full range) 20/29 °C | °F
Connected to ADC2
EEPROM
Type 24C02
Memory 2 kBit
Power supply
Voltage 9to 15 (from R-DAYS) \%
Current 9 mA
Physical
Dimensions 48 x 48/ 1.89 x 1.89 mn?/ inch?
Weight 18/0.6 gram/ oz.
Temperature range 0to70 °C

8.3 Operation
The ADXL250 expansion board is connected to the R-DAS by means of a 14 wire ribbon cable. If only
one expansion board is attached a simple cable with two crimps connectors is sufficient. These cables are
available from AED. If more expansion boards are used in asingle flight, additional crimp connectors
have to be press-mounted to the wire cable (crimp connectors are available from AED or your local
electronics shop). Make sure that all connectors on the ribbon cable are connected the same way. Thisis

easily verified by looking at the small triangles at the connector, and make sure they are all on the same
side of theribbon cable.
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The user can select the range of the accel eration measurement by setting 2 jumpers. The rangeis printed
next to the jumper rows. Each axis can have a different jumper setting. The positive directions of the
measurement axis are indicated by the arrows on the printed circuit board. The temperature sensor range
isfixed, and cannot be altered by the user. On the bottom of the PCB there are two small solder jumpers

for 1°C pull-up. From factory these are closed. If you have several 1°C boards connected to R-DAS, these
jumpers can be opened to reduce power consumption, and increase the maximum expansion cable length.

The mounting of the board can bein all kind of directions. If the R-DAS accelerometer has to be
complemented with the two other axes, the board is mounted perpendicular to the R-DAS board. Of
courseit is also possible mount the ADXL 250 board with one of the axisin the same direction as the
R-DAS accelerometer, to improve the resolution of the measurements. Note that for determination of
apogee R-DAS only usesits own onboard accel erometer.

The user can select any of the channelsthat need to be measured during flight from within the R-DAS
user interface program. The x-axis of acceleration is connected to ADCO, the y-axisto ADC1, and the

temperature measurement output to ADC2. For example, if only the temperature needs to be registered
during flight, only check the ADC2 box. Because the ADCO, ADC1, and ADC2 signals are connected,
make sure that no signals from your own experiments are connected to any of these signals.

After flight, the data can be viewed with the user interface program. However, no scaling is applied to the
signal, only volts are shown. For further processing the R-DAS plot program, or e.g. a spreadsheet
program can be used. The R-DAS plot program converts all the data automatically, assuming zero-g

before lift-off. When a spreadsheet is used, the measured ADC-values need to be converted into
temperature and acceleration. The transfer function for the temperatureis:

T[°C] =0.217x ADC2-61.1, or
T [°F] =0.391 x ADC2 - 78.0.

For the accelerometer asimilar procedure is followed, using the theoretical sensitivity values from
Table 8.1., e.g. for a+/-25 g range

a [g] = 5/1024 / (67.9 x 0.001) x (ADC1 — offset).
The offset is determined from the average value of ADC1 before the liftoff.

Because the sensitivity of the accelerometer has alarge spread, the user may want to calibrate the
transducer. This can be done by selecting the range in which the board will be operated, and then holding
the board in several directions, e.g. x-axis up and down. The difference between these two positionsis
2g’s. If the average value with the board up isAVG1 (in ADC counts), and the average value with the
board down is AV G2, then the resolution is determined from: resolution = 2/(AVG1-AVG2). Values

AV G1 and AV G2 can be determined by connecting the board to R-DAS, and run adummy flight during
which the board isfirst hold up and then down. This datais then exported to a spreadsheet for accurate
determination of AVG1 and AVG2.
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9 GPS expansion board (option)

This Chapter describes the optional Global Position System expansion board, shortly GPS-board.

9.1 Features

Features of the GPS board:

- data-logging of: x, y, z, velocity, number of satellites, flight phase, UTC time
logging capacity about 25 hours
multiple flight storage (up to 32)
own FLASH memory, no loss of R-DAS memory capacity
audible signal for GPS lock for ease of usein the field
prepared for telemetry unit (when available)
high gain active antenna
easy to use viafamiliar R-DAS windows interface

9.2 Specification
The specifications of the GPS-board are summarized in table 9.1.

Table 9.1: R-DAS GPSexpansion board specifications

GPSunit
Manufacturer mBlox A.G.
Type GPS-MSI1E
Max update rate 1 Hz
Accuracy (CEP) 5 m
Acquisition (cold start) typical 60 S
Operational limits Altitude <60000ft and velocity <1000knots.
Either limit may be exceeded but not both.
(COCOM restrictions)
Antenna
Manufacturer Macom
Model no. ANPC-135
Type active antenna
Gain 30 daB
Antenna power supply 5 \%
Connector SMA
Power supply
Voltage 9to 15 (from R-DAYS) \%
Current 200 mA
Physical
Dimensions 48 x 48/ 1.89 x 1.89 mnt/inch?
Weight A gram/ oz.
Temperature range 0to 70 °C

9.3 Operation

The GPS unit has its own internal nonvolatile FLASH memory. In this memory the rocket’ s trgjectory is
stored together with some information about the quality of the solution to obtain the position and the
velocity. The FLASH memory is sufficiently large to contain several flights. The user has to make sure
that there is enough memory available for anew flight. So, it is recommended to regularly clear the
FLASH memory of the GPS unit viathe PC user interface software. Aslogged flight paths can be
downloaded and saved to the hard disk thereis no real need to save old flightsin the memory, except e.g.
for flights that were done the same day.

The user has to configure R-DAS for GPS viathe user interface. Logging will always take place, but there
will not be apower-up test to see if the GPS board is present, nor will the transmitter (if present) send the
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position. Each time when alogging session, an entrance is made in an internal EEPROM table on the GPS
board. There are 32 entrances in thistable. When the tableif full, there is awrap around. From the table
the PC user interface software knows exactly where to start reading in the FLASH memory of the GPS
unit to obtain a certain flight. When the FLASH memory is cleared also the EEPROM tableiscleared. To
make life easy, the table is presented by the user interface, along with the time and date of the particular
flight. This allows easy selection of old flights.

When the R-DAS with GPS unit attached is switched on, the red LED of the GPS unit will be on for five
seconds. Then the GPS will unit will try to obtain a position fix. As soon as a position fix has been
obtained the LED is switched on again. The R-DAS will beep-out a 3-tone tune to indicate that a position
fix was obtained. At this time the logging starts, and an entrance is made in the EEPROM table. Usually it
takes about one minute to obtain a position fix from a cold start. During that period no logging takes
place. This allowsthe user to switch on the R-DAS for a system check, e.g. to seeif the igniters have been
attached correctly. If the unit is switched off before alock was obtained no entrance will be will be
generated in the table.

A summary to setup R-DAS for use with GPS, and test the unit:

1) Attach the GPS antennato the GPS-board (golden SMA connector).

2) Connect the GPS-board to R-DAS via the 14-pin expansion connector.

3) Make sureyou havethe latest version of the R-DAS user interface (V2.3 or later).

4) Upgrade R-DAS with the firmware V2.5 or later.

5) Configure R-DAS. Make sure to switch on GPS-support (Configure® Configure R-DAS, switch GPS
onin the GPS tab dialog).

6) Press“capacity” to check to seeif everything is connected properly. It should report something like
the following text: "The GPS unit has enough free flash memory to hold at |east 454 minutes of
logging data."

7) After power-up, the GPS-unit will initialize for five seconds (the red LED is on).

8) Now the satellites are being tracked. When avalid fix has been obtained, the LED will be switched
on and two times three tones are beeped by the R-DAS. During areal flight, thisindicates that the
GPS has obtained avalid fix, and that the rocket can be launched.

9 Now, trigger R-DAS to perform a dummy-start. Either by break-wire or acceleration (holding up-
side-down for awhile and then up again).

10) Walk around abit during the "flight" to get different GPS-coordinates.

11) Download the dataas usual (File® Download).

12) Also download GPS-data (File® Download GPS). Click "index" and wait. A list of the latest flights
isgiven. Note that thetime is GPStime, i.e. UTC time.

13) Click theflight that belongs to the downloaded data and press "download”.

14) Save.rdf file (thiswill now also contain the downloaded GPS-data).

15) Export GPS datato a.txt file (File® Export GPS data), and read the generated text file manually (all
Sl units) Alternatively the R-DAS plotting program (to be released soon) can be used to plot the
flight trajectory.

NOTE: Because the GPS unit consumes about 200mA, it is recommended to use several 9V batteriesin
parallel to obtain auseable battery life. A single 9V battery is not sufficient, and has often problem
delivering the total current of more than 250mA for R-DAS and GPS. Another option isto use a
small (NiCd) battery pack of 9-12V.

NOTE: The SMA antennainput of the GPS units also powers the antennawith 5V. Make sure that the
center pin is not shortened against the outer shield. It is possible to use a passive antenna, by opening a

solder-jumper on top of the unit. Please contact AED if you plan to use your own antenna.
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