Cork Electronics Industry Association

CanSat 2014 Users Manual

October 2013 — Eamon Connolly CEIA

esgro

EUROPEAN SPACE EDUCATION RESOURCE OFFICE
An education project of the European Space Agency

] _»
cela.  —
m

cork electronics industry association



Cork Electronics Industry Association - CanSat 2014 - Users Manual

Table of Contents

Acknowledgements

1. CanSat Overview

2. Arduino UNO for temperature and pressure measurements
2.1 Temperature measurement using a Thermistor

2.1.1 COM port selection

2.1.2 Explanation of ReadAnalogVoltage program

2.1.3 Uploading the ReadAnalogVoltage program to the Arduino UNO
2.2 Pressure measurement using the MPX4115 pressure sensor
2.2.1 Writing an Arduino program to measure pressure

2.2.2 Calculating altitude from pressure

3. Radio Communications

3.1 Transmitting data using the APC220 module

3.2 Receiving data using the APC220 module

33 Changing the APC220 operating frequency

4, AAU CanSat sensor board

5. CanSat construction

5.1 CanSat frame and housing

5.2 CanSat antenna

6. Parachute design

7. Testing & Calibration of sensors

8. Data analysis & presentation

9. Outreach & Communications

10. Arduino & CanSat resources

11. Secondary Mission ideas

Appendices

Appendix 1 — Arduino UNO Set-up

Appendix 2 — Thermistor data sheet

Appendix 3 — Solderless breadboard

Appendix 4 — MPX4115 Pressure sensor data sheet
Appendix 5 — APC220 wireless telemetry data sheet
Appendix 6 — AAU Sensor board

O 00 O U1 b W W N

N NN DNNRRRRRRRR R R
R R P O O L WO O N WN R LR O

22
26
31
32
40
51



=R sero ceia.

Acknowledgements

We would like to thank Prof. Jens Dalsgaard Nielsen, Simon Jensen and other colleagues from
Aalborg University College (AAU) in Denmark and NAROM in Norway for providing information
regarding CanSat design, allowing us to use and providing us with the Gerber files for the AAU
CanSat sensor shield, and allowing us to use information from the CanSat Handbook 2013 Edition in
the preparation of this manual.

This user manual is written for CanSat teams new to the CanSat concept and can be used both as an
introduction to Arduino programming/interfacing and CanSat. As a next step after this user manual,
the CanSat Handbook 2013 Edition — available to download from www.narom.no —is highly
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1. CanSat Overview

A CanSat is a simulation of a real satellite, contained within the volume of a 330ml soft-drinks can.
The Primary Mission of the CanSat is to remotely measure temperature and pressure, and transmit
the data to the ground-station (laptop computer). In addition to a computer (Arduino UNO
microcontroller), radio communications module, sensors and power supply, the CanSat will
eventually need a parachute to land safely after launch from high altitude (eg. from a rocket,
balloon, plane).

Parachute — keeps the CanSat
falling at the correct rate

Laptop PC —to process & analyse
data from CanSat

CanSat — contains computer, radio

communications module, T & P * Antenna —
sensors and power supply I ' receives
i radio data

;:-"E Radio link — *

L  transmitsT&P
* SN T T S

* data to ground

station

Fig.1 Overview of the Primary Mission of CanSat

As well as designing, building and testing the CanSat, a major part of the CanSat competition
requires the student teams to analyse and present their data (and other work) to an audience.

Some Secondary Mission ideas for CanSat are given in Section 11, however this Users Manual
focuses on the Primary Mission only
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2. Arduino UNO for temperature and pressure measurements

See Appendix 1 for instructions about installing drivers for your Arduino UNO board and uploading
programs from your computer to Arduino.

In this section we will see how to program the Arduino to measure a voltage input to the Arduino
from a sensor output.

2.1 Temperature measurement using a Thermistor

The resistance of a thermistor changes with temperature as seen in Fig.2. Because the resistance
decreases with increasing temperature it is called a negative temperature coefficient (NTC)
temperature sensor. See also the datasheet for the thermistor in Appendix 2.

30

20

15 10 5 0 5 10 15 20 25 30
T(°)

Fig.2. Calibration curve for a Thermistor temperature sensor

In the circuit schematic shown in Fig.3, we have a potential divider circuit. This means that the
voltage (potential) at the black dot between the 2 resistors (10K and R(T)) depends on the value of
R(T). Thus the voltage at pin A0 changes when the resistance of the thermistor changes (due to
temperature change).

Similarly to the calibration curve in Fig.1, you can make a calibration curve for your thermistor by
plotting Vo against Temperature.

+5V
10K
A0
NTC
Temperature
sensor lR(T)
ov

Fig.3. Circuit to measure a voltage input at pin A0 — analog input ‘0’
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Solderless breadboards (see Appendix 3 for information about wiring) are very useful for
experimenting with circuits. No solder is used which means components can be easily changed

around etc...

Use the solderless breadboard to set up the circuit as shown in Fig.4.
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Fig.4. Breadboard prototype circuit to measure a voltage input at pin A0 — analog input ‘0’

Connect the Arduino board to your computer with the USB cable & startup the Arduino IDE on your
computer.

2.1.1 COM port selection

Follow the steps indicated in Fig.5 — select Tools = Serial Port > COMX — the COM port will be
different for every computer but usually not COM1 or COM2). In this case COM7 is used, and you
will know from the bottom right-hand corner of the screen which COM port is connected.

ea sketch_aug06a | Arduino 1.0.3

File Edit Sketch | Tools Help

Auto Format Ctrl+T
Archive Sketch
sketch_aug0Ba Fix Encoding & Reload

Serial Monitor Ctr+Shift+m

=10

Bioard

Serial Port

Prograrmmer
Burn Bootloader

Arduing Uno on COMT

Fig.5. Selecting the CanSat COM port

With the Arduino now connected to the correct COM port we can upload programs to it.
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To start off we will upload a simple program which can read a voltage and print the data to screen:

select File > Examples - 01 Basics - ReadAnalogVoltage

This loads the program ReadAnalogVoltage into an Arduino IDE ‘sketch’ as shown in Fig.6.

2a ReadAnalogioltage | Arduino 1.0.3 -0 x|
File Edit Sketth Tools Help

ReadAnalogyoltage

I5 a
ReadinalogVoltage
Feads an shalog input on pin 0, converts it to voltage, and prints the result to the serial monitor.
Attach the center pin of a potentiometer to pin &40, and the outside pins to +5V and ground.

This example code is in the public domain.
*f

/4 the setup routine runs once when you press reset:

woid setup () !
/4 initialize serial communication at 9600 bits per second:
Serial.begin(2600);

+

/¢ the loop routine runs over and over again forewver:
woid loop () {
44 read the input on analog pin 0:
int sensorValue = snalogRead(a0);
/4 Convert the analog reading (which goes from 0 - 1023) to a woltage (0 - 5V):
float woltage = sensor¥alue * (5.0 / 1023.0);
/4 print out the walue you read:
Serial.println(voltage) ;

Fig.6. ReadAnalogVoltage program loaded to Arduino IDE

2.1.2 Explanation of ReadAnalogVoltage program

Arduino programs, or sketches, have 2 sections: setup & loop. The setup section runs once, and the
loop section loops until the reset button is pressed or the power (or USB cable) is disconnected.

SYNTAX NOTES

e Each line of code must be followed by a semicolon ;

e  Brackets must be used after setup and loop, eg. setup ( ), loop ()

e Code to be executed needs to be within curly brackets, eg. { code to be executed }
e lines with // in front of them are ignored by the program compiler

The setup section has just 1 line of code:
Serial.begin(9600);

This command sets up a serial communication link between the Arduino UNO (microcontroller) and
the computer, with a speed (baud rate) of 9600 bits/second.
-5-
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The loop section has 3 lines of code:
int sensorValue = analogRead(A0);

The analogRead command is used to read the voltage at pin AO. Specifically, this line assigns a value
(0-1023) read from pin AO to the integer sensorValue, using the analogRead command.”

Note: To process the voltage input from a sensor, the Arduino first converts this voltage from
between 0 — 5V to an integer value between 0 — 1023. This enables the Arduino to deal with
voltages such as 3.276V, or 2.045V for example.

float voltage = sensorValue * (5.0 / 1023.0);

This line converts the variable sensorValue from between 0 — 1023 to a value between 0 — 5.
Specifically this line multiplies sensorValue by (5.0 / 1023.0) and then assigns this value to the
variable voltage. In this case the variable is a ‘float’ meaning it has a decimal point.

Serial.printin(voltage);

This line prints the value of voltage (eg. 2.737) to the serial monitor and then prints a carriage
return (cursor goes to the next line).

2.1.3 Uploading the ReadAnalogVoltage program to the Arduino UNO

Clicking the m button will upload the code in the sketch area to the Arduino UNO.

On successful uploading you should see some lights flashing. Please refer to Appendix 1 if you have
any difficulties uploading programs to the Arduino.

Now click on the f o)

button to access the serial monitor.

A new window opens showing the values of the variable voltage in a list. This number is being
continuously updated: every time the program loops it reads pin A0 and prints a new value to the
serial monitor. Because this happens so quickly and might generate too much unwanted data, a
pause command could be used to create a delay between measurements:

Insert the following line immediately after the last line of code (the 500 indicates 500 milliseconds,
or 0.5 seconds).

delay(500);
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It's a good idea to try to write the complete program into another blank sketch. First close the
window with the ReadAnalogVoltage program (don’t save changes). Open up a new Arduino IDE

sketch area :
Select File > New
The complete program listing (without comments) is:

void setup () {
Serial.begin (9600);

}
void loop () {
int sensorValue = analogRead(A0);
float voltage = sensorValue * (5.0 / 1023.0);
Serial.printin(voltage);
delay (500);
}

It is also possible to declare your variables before the setup section. The program following is the
same as above but with the variables declared before the setup section:

int sensorValue;
float voltage;
void setup () {
Serial.begin (9600);

}

void loop () {
sensorValue = analogRead(A0);
voltage = sensorValue * (5.0 / 1023.0);
Serial.printin(voltage);
delay (500);

}

Upload this program to the Arduino and open the serial monitor again (make sure to close the other
serial monitor window first). Now the data should be updated every 500ms.
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2.2 Pressure measurement using the MPX4115 pressure sensor

The pressure sensor used is the MPX4115A from Freescale Semiconductor. It uses a silicon
piezoresistive sensor element. Fig.7 shows a schematic of the sensor. For more information see the
MPX4115A pressure sensor datasheet in Appendix 4.

Piezoresistive means that the resistance of a material change when a mechanical stress is applied. In this
case silicon is used. The changes of resistance for silicon are magnitudes of times larger than for metals,
making this material very useful to use in a pressure sensor.

The MPX4115A pressure sensor has 6 pins, and that pin 1 can be identified by a small notch on the
leg. Pins 1, 2 and 3 are assigned to Vo, 0V, and V1, respectively.

Fig. 7 shows a graph from the sensor datasheet with the accompanying transfer function.

S0 T T T T T T T T T T T T =

4.5 TRANSFER FUNCTION: - MAX

a0l Vou =Vs* (.009*P-.095) + Error

| Vg=5.1Vdc Z AN
- 35 TEMP=01085°C /}4 TYP —
S 30 %
5 55 /
% 2.0 7

15 //<

1‘0 PZ MIN

o 7/

0.5 A

0

No wo wo
- QA m
—— T -

Pressure (ref: to sealed vacuum) in kPa

Fig.7: The MPX4115A transfer function
Fig.7 tells us that at 100kPa (=1000hPa =1000millibars), the voltage output will be about 4.2 volts

We can rearrange the transfer function

V()ut = Vsupp]y * 0. 009 * P - 0. 095 i ET'T'OT'

to get

Vou 4 0,095

P= V supply

This gives Pressure P in kPa. Change the denominator to 0.0009 to obtain P in hPa (or mbars).
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Using a solderless breadboard, similarly to Fig.4, set up the circuit shown in Fig.8. Note that pins 4-6
of the MPX4115A pressure sensor are not connected.

+5V ®
MPX4115A
pressure
sensor > Al
Pin 1
notch
L
ov

Fig.8. Circuit to measure a voltage input at pin A1 — analog input ‘1’

2.2.1 Writing an Arduino program to measure pressure

When you have the breadboard circuit ready, you can write the program. Firstly, open a new
Arduino IDE sketch to enter the code.

The program will be similar to the last one to obtain reading from the thermistor:

int pressureValue;

float pressure;

void setup () {
Serial.begin (9600);

}

void loop () {
pressureValue = analogRead (A1);
pressure = ((pressureValue / 1024.0) + 0.095) / 0.0009;
Serial.print("CanSat_name / unique_ID ");
Serial.print("Pressure = ");
Serial.print(pressure);
Serial.printin (" millibars");
delay (500);

}

This program reads an analogue voltage at pin A2 and processes it so that the value of pressure in
hPa(millibars) is printed to the serial monitor.

Note: V,/V; is a ratio; using 1024.0 instead of V; (=5.1V) saves calculations and processing time.
Upload this program to the Arduino UNO as shown in Section 2.1.3.

Can you modify this program to include temperature measurement & upload it to the Arduino?
-9-
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2.2.2 Calculating altitude from pressure (this section can be skipped & returned to later)

Air pressure and altitude are related according to the graph in Fig.9. This shows that increasing
altitude results in decreasing pressure.

Air pressure can be calculated using the equation
P=101325 (1-2.25577 10-5 h)5-25588

where P = air pressure (Pa) and h = altitude above sea level (m)

140
120
100
80
60

40

Atmospheric Pressure (kPa)

20

0
-2000 o 2000 4000 6000 8000 10000 12000 14000

Elevation above Sea Level (m)

Fig.9 Elevation and atmospheric pressure (from www.engineeringtoolbox.com)

This equation can be re-arranged to obtain altitude:

- = — -5
log 101325 5.25588 log(1 — 2.25577 x 10™°h)

In Arduino, the pow function can be used to obtain h.

pow(base, exponent)

See the Arduino Reference (in an Arduino window, select Help - Reference) for syntax info on this
and other Arduino commands.
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3. Radio Communications
See Appendix 5 for the APC220 Wireless Communication Module data sheet

For the CanSat competition an APC220 Wireless Communication Module from Appcon technologies
will be used — Fig.10. The APC220 is a UHF transceiver.

Figure 10: The APC220 communication module (from www.DFRobot.com)

The APC220 has 2 identical parts (radios) for transmitting and receiving data. Both radios can
transmit and receive data. For the CanSat Primary Mission we will use one to transmit (TX) data
from the CanSat, and one to receive (RX) data at the laptop PC — the USB converter is used to
connect the RX radio to the laptop PC.

3.1 Transmitting data using the APC220 module
Fig.11 shows a schematic of one of the APC220 radios.

|——— 37.5mm —

2.54mm ANT

A y [oipin —
- _le MCuU RFIC — A\
E o ey
Gk m W
o L]
T © 1 __[®
Y o crystal 8pin g
- 34.9mm Lg
|
7.0mm . — — |._' \

+

Fig.11. APC220 Wireless Comm. radio schematic
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+5V Py
TX o4 (TX mode)
> A1 —; % module

Pin1
notch

ov

Fig.12. Circuit to connect APC220 wircless communication module

Set up the circuit shown in Fig.12. In this circuit this APC220 radio is set to be permanently in TX mode
because pin 6 is connected with the 5V (i.e. set HIGH).

If RX was also needed (to receive data at the CanSat), we could use one of the Digital Pins on the Arduino to
change the mode between TX (pin 6 = HIGH) or RX (pin 6 = LOW).

To send data via the transmitting radio pin 4 of the radio must be connected to the Arduino TX
pin (Digital pin 1).

Use the same code as in Section 2.2.1 to transmit data via the APC220 TX radio.

3.2 Receiving data using the APC220 module

To receive the transmitted signal the second APC220 radio needs to be connected to a different USB port on
the computer using the USB — TTL converter.

When connecting the USB — TTL converter, a driver will need to be installed.

This can be found on the web at:
http://www.silabs.com/products/mcu/Pages/USBtoUARTBridgeVCPDrivers.aspx

Or search for “silabs cp210x usb driver” in Google.
With the USB — TTL converter driver installed an extra com port is created. You can check this by selecting

Tools - Serial Port > COMX similarly to Section 2.1.1 Select the new COM port and click the

o] button to open the serial monitor window. Now you should be receiving the data from the

pressure sensor via the APC220 radio link.

Remember that if you want to upload programs to the Arduino microcontroller you will have to re-select the
COM port first.

Change back to the APC220 radio USB COM port again to receive data.

-12-
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3.3 Changing the APC220 operating frequency (adapted from The CanSat Book)

When there are several CanSats operating in close proximity (eg. during group sessions and CanSat
competition), assigning different ‘operating’ frequencies to different CanSats will facilitate data
collection — without this option, all ‘ground stations’ would be receiving data from all CanSats.

Connect the Arduino board to the computer and upload the program “apc220cfg.ino” which is
found on the memory stick (or NAROM'’s web site - http://www.narom.no/).

Make sure you upload the program before you try to connect the transceiver to the Arduino board.
Disconnect the USB cable (and battery) from the Arduino board and connect the transceiver to the
Arduino as shown in Fig 13.

Figure 13. Connecting the transceiver to the Arduino UNO

The transceivers will be connected to the pins labelled GND, 8,
9,10, 11, 12 and 13 on the Arduino board.

Reconnect the Arduino board trough the USB cable and open
the Serial Monitor. In the command line at the top, type in ‘m’
and hit enter. This will bring up the menu shown in Figure 14.

If you type ‘r’ and hit enter, the program will return the current
configuration for the transceiver. To reconfigure the radio, type

‘W’ and the 6 parameters needed, with space between each
parameter.

Note that you have to configure both transceivers with the same settings to be able to use them
together.

& com3

APC wersion: 101
J=n 27 2013

commands :

r : Bead apc220 radic config

= go inte echo mode: receive char, add 1 and return
n : no more echo - back to normal
W Write apc radio config ...
'W* FEFFFFF R P B C - number of letters indicates precise number of digits
FFFFFF: fredquency: 434000 (434 MuHz) range 41B000-455000
E: RI data rate - 1/2/3/4 eguals 2400/4800/2600/12200kps
E: Radio vulpul power = 0 _ 0 % 5% sguals 13dBm (20mW) .
Bz UART baudrate - 0F1/2/3/4/5/6 equals 1Z200/2400/4300/9600/159200/38400/57600bps
[+5 Byte Chek Parity - 0/1/2 esquals NcCheck(8N1)/Eventarity (BE1l) foddrarity (801}

Write example: w 434000 3 9 3 0 is_ ..
434,000 MHz %600 baud in air, 2Z0mW, S&00baud on UART, Mo Parity (BN1)
After 30 seconds with no keyboard input we will emit a char every two second

Figure 14. Configuring the transceiver modules using apc220cfg.ino
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4. AAU CanSat sensor board (adapted from The CanSat Book)

In order to fit all the components neatly inside the can we will use a printed circuit board (PCB) from
AAU in Denmark. Instead of wires between the components a PCB uses layers of printed conductors

(metals).

Using a PCB will save space and keep everything in its correct position. The circuits will be robust

but more difficult to change than with the solderless
breadboards.

Appendix 6 gives more details about the AAU PCB.

To connect the AAU PCB we first need to solder headers onto the
PCB.

Cut the male pin connector header in to the following lengths: -

6 pins (H1) - 10 pins (H2) - 8 pins (H3) - 8 pins (H4).

Insert the connector headers into the Arduino board with the
short end up.

it from the Arduino Uno.

As shown in fig. 15, we suggest using 7-way & 6-way female
headers to enable easy removal/change of the rf-radio & the
pressure sensor. This also allows the space under the rf-radio to
be used for a gps module, for example. 2-way headers can be cut
from the 8-way headers: 1 is used to enable ‘jumpering’ of J1 on
the PCB — this is necessary to be able to send the data via the TX
pin (analog input pin 1).

Fig. 15. Using stackable female headers on the AAU sensor board

H3 (%)
H2 (10) _
Y H1 (6)

Mount the AAU shield board on top of the Arduino Uno.
Note: The board should fit only one way.

Solder all the pins on the top of the circuit board and then remove

Make sure not to heat the pins too long while soldering. Too long
exposure to heat might damage the Arduino board.

The 10 KQ resistor (R1) and the thermistor temperature sensor are also shown soldered in place.
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A 2-pin ‘stabilising’ header should also be soldered on to

the TX rf-module as shown on the right.

Fig. 16 Indicating pin 1 positions for the MPX4115A
pressure sensor and the APC220 radio, the J2 jumper and
the 9V battery connector

- )
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Pin 1

9V battery connector

Fig. 16 shows the pin 1 positions for the MPX4115A pressure sensor and the APC220 radio. Also
shown is the 10KQ resistor and the connections for the 9V battery connector.

To transmit data via the Arduino TX pin, we also need to ‘jumper’ the J2 holes as shown in red.

It is a good idea to use headers to connect the MPX4115A and APC220 to the sensor board instead
of soldering them in directly — this will enable easy removal/replacement of these components if

necessary.
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5. CanSat construction
5.1 CanSat frame and housing

A piece of aluminium is provided in the CanSat kit as a frame to attach the parachute to and mount
the Arduino & electronics/sensors etc.

Of course it is not a requirement to use the Aluminium plate provided as the CanSat frame, and
figure 17 shows just one way the CanSat might be designed.

Rubber | Soft-drinks
] | < :
feet — c?n 66mr.‘n
diam., height
115mm
|
v
Aluminium §
CanSat — |
frame
H Thread
. antenna

Figure 17. A possible CanSat design using the aluminium plate as a frame

Figure 18. Using the Arduino board to mark positions to drill holes in aluminium plate

Remember, everything — except the eye-bolt, parachute and antenna wire, must fit inside the
volume of a soft-drinks can: 115mm high, 66mm diameter.

Use the Arduino to mark positions to drill 3mm holes in the Al as shown in Fig. 18.

-16 -
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You will also need to drill a 6mm hole for the eye-bolt to attach the parachute, and a bigger hole for
the USB cable (otherwise you will have to remove your Arduino from the frame every time you
want to change the program — not a good design!).

The Al plate has to be bent into shape to create the battery holder.

The parachute eye-bolt section also needs to be bent into shape. Several different designs are
shown in the images below.

Fig.19 CanSat frame & housing construction — several ways to design the CanSat
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5.2 CanSat antenna

The antenna that is included with the APC220 radio is a 433MHz
Rubber Duck antenna. This antenna is robust and great for testing, but
won’t fit inside a soda can.

b |

% ,

Fig.20 Duck Antenna

A good alternative is the simple thread antennas that can be soldered directly on to the transmitter
output or attached to a SMA-connector. Normally such antennas will be a quarter-wavelength. The
thickness is not critical; the most important is the flexibility and durability.

Antenna length can be calculated from equation below when the frequency (f), and velocity of light
(c) is known:

If we have a frequency of 434 MHz, then the equation for calculating the length of a quarter
wavelength is:

C 3x108

L e T ——————
4f T 4(434x106)

=0.173m

By this calculation we find that the antenna should be 17.3 cm long.

SMA We can build this antenna by using a coaxial cable. Remove 17.3
T—

— cm of the plastic jacket and the metallic shield from the cable,
e S

-

leaving the centre core and dielectric insulator. Make sure that
the shielded part of the cable reaches all the way out of the can
before it is stripped.

17.3cm Fig.21 Thread Antenna

See also the CanSat Book 2013 Edition, p.36-38 for more information about CanSat design.
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6. Parachute design (adapted from The CanSat Book)

Fo=0.5%Co*p*V2*A

The parachute will provide a safe landing for the CanSat as it returns to
Earth. The descent rate is required to be within certain values: if the
CanSat descent was too slow it could drift too far with wind; too fast and

the CanSat might be damaged.

Requirements Descent Parameters

Minimal descent Velocity: 8 m/s

Maximal descent Velocity: 11 m/s

Maximum allowed CanSat mass: 350 grams

The deployment of the parachute will be relatively violent, so the fabric
and fibres you use need to be strong. Most often you can get nylon wires

and rib stop fabric at a kiting shop. These materials are ideally suited for
the parachute.

When cutting the fabric, you should take into account the fact that some
of the fabric needs to be doubled to be able to sew it. Fe=m*g

During descent 2 main forces act on the CanSat:

The force pulling the CanSat to earth is due to gravity is:  Fg=m *g where
m: is the mass of the CanSat
g: is the acceleration of gravity, equal to 9.81 m/s?

As the CanSat descends through air it experiences a drag force due to the parachute:
Fp =0.5*CD*p*A*V2 where

A: is the total area of the parachute (not just the frontal area)
Cp: is the drag coefficient of the parachute — value depends on the shape of the parachute
p: is the local density of the air, assumed to be constant at 1.225 kg/m3.
% is the descent velocity of the CanSat
Drag coefficients Cp: Semi Spherical: 1.5
Flat, hexagon: 0.8

When the CanSat is deployed, the force of gravity will cause it to accelerate. After a few seconds the
drag force from the parachute will reach equilibrium with the force of gravity. From that point on,
the acceleration will be zero and the CanSat will descend at a constant velocity. This constant
velocity has to be within the min/max descent velocities specified above.

Some more handy tips on the production of the parachute can be found here:
http://www.nakka-rocketry.net/paracon.html

http://www.nakka-rocketry.net/xchutel.html
http://www.sunwardl.com/imagespara/The%20Mathematics%200f%20Parachutes%28Rev2%29.pdf

See also the CanSat Book 2013 Edition, p.31-35 for more information about parachute design.
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7. Testing & Calibration of sensors

Sensors need to be calibrated to ensure correct measurement data. In practice, calibration involves recording
a sensor output (resistance, voltage, etc) when placed in a controlled environment.

For example, to calibrate a thermistor (Junior cert. Science experiment & Leaving cert. Physics experiment),
the thermistor is placed in iced water and its output recorded. The standard thermometer used is a mercury-
in-glass lab. thermometer.

Heat is applied to the water/ice mixture slowly (hotplate or Bunsen burner) and the resistance of the
thermistor is recorded against the temperature. A graph of resistance versus temperature should look similar
to Fig. 2

Pressure sensor calibration will be a little bit more complicated. Met Eireann data (www.met.ie) might be
useful.

Altitude calibration might be possible using ordinance survey data (www.osi.ie )

Many ideas also in the CanSat Book available at the NAROM website:
(http://www.narom.no/artikkel.php?aid=2&bid=5156&0id=1111)

8. Data Analysis & Presentation

CanSat is primarily an educational activity so Data Analysis & Presentation is one of the main areas where
CanSat teams will be able to impress competition judges with skills they have learned during their CanSat
work. Important skills include among others: electronic design, programming, mechanical design, team work,
problem solving, communication (presentation)...

Tera Term VT is a freeware that reads and store data coming from the serial ports (www.logmett.com)

Data saved using Tera Term can be opened using Microsoft Excel to analyse & produce graphs.

In making a presentation it’s important to show what you found (measurements) and to also interpret what
the data means. Also check to see if there is other (unwanted?) information in the data (eg. Bernoulli effect
on the pressure measurements due to the can moving through air).

What else can you see? What would you do differently next time? Why?

Use Microsoft PowerPoint or Prezi to make a presentation of all your work, data and data analysis, etc.

Practise the presentation in front of an audience (eg. class). Ask for feedback from the audience to see how
you can improve the presentation.

-20-
ceia. Cork Electronics Industry Association — CanSat 2014 Users Manual m‘e+s\\e{o


http://www.met.ie/
http://www.osi.ie/
http://www.narom.no/artikkel.php?aid=2&bid=5156&oid=1111
http://www.logmett.com/

.
= Resero ceia.

0. Outreach & Communications

As well as making publicity for your CanSat team, communicating your CanSat work/progress to the public
will be very useful in making the final presentation. Some tips include:

Take photos regularly to record your progress.

Keep a logbook — enter everything here (it doesn’t have to be really neat, just useful/readable).
Set up a Facebook page to document your CanSat activities.

Write articles for local/national papers etc.

Check previous CanSat winning projects

10. Arduino & CanSat resources

There are many internet resources available for Arduino & CanSat. A few really useful links are:

www.arduino.cc

www.elementl4.com

WWwWWw.cansat.eu
www.narom.no - check English version of site; download CanSat Book 2013 Edition from here

www.engineeringtoolbox.com

11. Secondary Mission ideas

The secondary mission is open to your imagination, scientific understanding and engineering skills. Some
ideas from past secondary missions are:

Determine exact CanSat position using accelerometer and/or GPS module

Land CanSat at pre-determined location — difficult; requires 2-way communication to steer CanSat
Deploy an experiment outside the CanSat — eg. monitor CO, concentration during descent

Take videos when descending

Generate power when descending

A lot of information on satellites missions can be found on the internet. Try and see what ESA is doing at the
moment, or NASA. Search on the website of Arduino (www.arduino.cc/) to see what would be possible.
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Appendix 1 — Getting started with Arduino

1. Visit http://arduino.cc/en/

2. Click on the tab to bring you to the screen shown below.

cork electronics industry association

3. Choose your operating system. Follow the on screen instructions to download the appropriate

Arduino IDE (Integrated Development Environment) to your computer.

©.0)

ARDUINO  —

Download the Arduino Software

The open-source Arduino environment makes it easy to write code and upload it to the i/o board. It runs on
Windows, Mac OS ¥, and Linux. The environment is written in Java and based on Proceesing, avr-gee, and.
other open source software,

THE Arduino SOFTWARE IS PROVIDED TO YOU “AS IS," AND WE MAKE NO EXPRESS OR IMPLIED
WARRANTIES WHATS OEVER WITH RESPECT TO ITS FUNCTIONALITY, OPERABILITY, OR USE,
INCLUDING, WITHOLT LIMITATION, &MY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPGSE, O INFRINGEMERIT. WE EXPRESSLY DISCLAIM ANY LIABILITY
WHATSOEVER FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL, INCIDENTAL OR SPECIAL
DAMAGES, INCLUDING, WITHOUT LIMITATI O, LOST REVENUES, LOST PROFITS, LOSSES
RESULTING FROM BUSINESS INTERRUPTION OR LOSS OF DATA, REGARDLESS OF THE FORM OF
ACTION OF LEGAL THEORY UNDER WHICH THE LIABILITY MAY BE ASSERTED, EVEN IF ADVISED
OF THE POSSIBILITY OR LIRELIHO.0D OF SUCH DAMAGES.

By downloading the software from this page, you agree to the specified terms.

Download Next steps

frduins 1.0.5 (release notes), hosted by Google Code: Getting Started

) ) Reference
+ Windows Tnstaller, Windows (ZIP file)

4 MacOSX

Environment

Examples
# Linws: 52 bit, 64 bit Foundations
+ source FaQ

Download Arduing 1.5 BETA (with support for Arduino Due Board)
Ifyou have the new Due Board you must dovmload the 1.5.2 version. Once you get the software follow this

instruction to get started with the Arduinc Due.

WARNING: Thissoftware is a beta version, you may encounter bugs or unexpected behavionrs. Please discuss
any igsues in the Due forum

4. When the download finishes, unzip the downloaded file. Make sure to preserve the folder

structure. Double-click the folder to open it. There should be a few files and sub-folders inside.

5. Click on the tab to bring you to the guide — reprinted from website on the following

pages.

cork electronics industry association
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Document below copied from http://arduino.cc/en/ website. Licensed to copy under terms at:

http://creativecommons.org/licenses/by-sa/3.0/

Getting Started w/ Arduino on Windows

11 Get an Arduino UNO board and USB cable

You’ll need a standard USB cable (A plug to B plug): the kind you would connect to a USB printer,
for example. (For the Arduino Nano, you'll need an A to Mini-B cable instead.)

2 | Connect the board

Connect the Arduino to your computer using the USB cable. The green power LED (labelled PWR)
should go on.

3 | Install the drivers

Installing drivers for the Arduino Uno or Arduino Mega 2560 with Windows7, Vista, or XP:

e Plug in your board and wait for Windows to begin it's driver installation process. After a few
moments, the process will fail, despite its best efforts

e Click on the Start Menu, and open up the Control Panel.

e While in the Control Panel, navigate to System and Security. Next, click on System. Once the
System window is up, open the Device Manager.

e Look under Ports (COM & LPT). You should see an open port named "Arduino UNO
(COMxx)"

e Right click on the "Arduino UNO (COmxx)" port and choose the "Update Driver Software"
option.

e Next, choose the "Browse my computer for Driver software" option.

o Finally, navigate to and select the driver file named "arduino.inf", located in the "Drivers"
folder of the Arduino Software download (not the "FTDI USB Drivers" sub-directory). If you
are using an old version of the IDE (1.0.3 or older), choose the Uno's driver file named
"Arduino UNO.inf"

e Windows will finish up the driver installation from there.

See also: step-by-step screenshots for installing the Uno under Windows XP.

4 | Launch the Arduino application

Double-click the Arduino application. (Note: if the Arduino software loads in the wrong language,
you can change it in the preferences dialog. See the environment page for details.)

5 1 Open the blink example
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Open the LED blink example sketch: File > Examples > 1.Basics > Blink.

8 00 Blink | Arduino 1.0

Blink

F
Elink
Turns on an LED on for one second, then off for one second, repeatedly.

Thiz example code iz in the public domain.
*¢

woid zetup(d {
A4 initialize the digital pin as an oubput.
Sf Pin 13 has an LED connected on most Arduino boards:
pinMode(13, OUTPUT);

I

woid loopd) {
digitalWrite{13, HIGH}; // ==t the LED on

e Loy (C1E8E ) ; A wait for o second
digitalWrite{13, LOW); £ set the LED off
e Lo CLEaE Y ; A4 wait for o second

i

- -

6 | Select your board

You'll need to select the entry in the Tools > Board menu that corresponds to your Arduino.

. Sketch Img Help

Auto Format #T

&[] [ Archive Sketch
— . Fix Encoding & Reload
Serial Monitor {+#EM ] B ;
¥ Arduino Uno n
Serial Port Arduino Duemilanove or Nano w/ ATmega328
load Arduino Diecimila, Duemilanove, or Nano w/ ATmegal68
Burn Bootloader o Arduino Mega 2560
Arduino Mega (ATmegal280)
Arduino Mini
Arduino Fio E

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal68

LilyPad Arduino w/ ATmega328

LilyPad Arduino w/ ATmegal68

Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328 )
Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmegal68 LP
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328

Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68 )
Arduino NG or older w/ ATmegalGa 'S

ird

Arduino NG or older w/ ATmega8 "
Fes

Selecting an Arduino Uno
7 | Select your serial port

Select the serial device of the Arduino board from the Tools | Serial Port menu. This is likely to be
COM3 or higher (COM1 and COM2 are usually reserved for hardware serial ports). To find out,
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you can disconnect your Arduino board and re-open the menu; the entry that disappears should be the
Arduino board. Reconnect the board and select that serial port.

8 | Upload the program

Now, simply click the "Upload" button in the environment. Wait a few seconds - you should see the
RX and TX leds on the board flashing. If the upload is successful, the message "Done uploading."
will appear in the status bar. (Note: If you have an Arduino Mini, NG, or other board, you'll need to
physically present the reset button on the board immediately before pressing the upload button.)

) » ] Upload to 1/O Board

A few seconds after the upload finishes, you should see the pin 13 (L) LED on the board start to blink
(in orange). If it does, congratulations! You've gotten Arduino up-and-running.

If you have problems, please see the troubleshooting suggestions.

The text of this Arduino getting started guide is licensed under a Creative Commons Attribution-ShareAlike 3.0 License
(http://creativecommons.org/licenses/by-sa/3.0/) Code samples in the guide are released into the public domain.
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Appendix 2 — Thermistor data sheet

2381 640 10../NTCLE101E3...S5B0O

Vishay BCcomponents

NTC Thermistors, Radial Leaded Special Accuracy

QUICK REFERENCE DATA
PARAMETER VALUE
Fiaskatanca at 25 °G 1) AT KL t0 100 kD
Temparatura measuamant accuracy £ 050
[Eobwesain 25 °C and 85 °C)
Climatic category A0 25056
Meximum dissipation 250 mwW
Dzsdpation facior & (1or (nformation oriy) 7 VK
Rasponza Hme (or Inbrmation onky) = 128
Thermal tme constant t .
for Imormation only)
Diparatng temparabura rangs:
gt zero disaipation (eontnucushy) - 40 0 b0+ 125 °C
gt maimum disaipation 0°C ta+55°G
Welght HO22g
Netas

0] For walues of nomiral reelstance walus end tolerance at
Inermadats Emparabres; Bea reelstancs valuas tables.

i@ Aesponsa tme N slicona ol MS 20050, Ths la the tme nesded
for the Benscr to reech 53.2 % of the tolal temperature diferance
whan subjected to B temperahore changs fom 25°C In &r to
65 °C N oll.

FEATURES

= Encellant sccurscy batwaen 28 oG and 85 =G
= High etability owara kong life

= D part number weas 2322 240 10,

®

» Compliant to AeHS directive 200285/EC and in Eﬂ:‘ﬁ
accomdance o WEEE 200298EG
APPLICATIONS

= Tampearstura measurerant, sanaing and contred

DESCRIPTION

Thase themistors Fave & negative tarmps rature cosfiiciant,
Tha device consists of & chip with two tirplated copper
leads, It |a grey lacquersd armd not insulated, Theas
themnistors are wery accurate [+ 0.5 "C) ower & trajectony
from 25 % to 85 "C.

PACKAGING

Tha themistors ere packed in cardboard boxes, each box
containg 500 urits,

MARKIHG
Gireny lmcquarad bodhy,

MOUNTING
Ey ecldaring in amy position.

ELECTRICAL DATA AND ORDERING INFORMATION
R ARuelRag R ARl Fe Bxmp ABE CATALOG HUMBER | SAP MATERIAL NG,
i B () {2 ¥ (%) 2201 640 ... HTCLEIMHED......
o700 219 B 158 =g 07E 10472 AT2SED
10 000 2139 100 158 =g 0vE 10103 1 0A=E0
47 00 2.23 4721 164 00 15 10473 A4TA5E0D
100 (20 2.2a =R L= 172 4180 15 10104 104580
waraviahay.com For tachnibzal questions, contact plrgviehes com Documant Mumber: 20048
a4 Resdalon: CE-Jn-2d
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2381 640 10.../NTCLE101ES...SB0

WNTC Thermistors, Radial
Leaded Speclal Accuracy

DIMENSIONS in millimatars

93 . DE

TOLERANCE CURVE

AT
3]

Vishay BCcomponents

06 _|_J__ =

-40 -26 26 4 e BB 110 126
| | ; ITC}
- -L.E _l’:]_/_-}_/ |
I
A= - —— — =
| |
1 —
004 -pd by
RESISTANCE VALUES AT INTERMEDIATE VALUES with Rog at 4.7 k2 and 10 ke
R
Topar TCA {KiZ
i"'Eq: RfRes (WK 2381 EA0 10472 381 E0 10 03
MTCLE1CAE2ATASED NTCLE101EI1SED
- 40 Aasz =T 156.1 QA2 1000
-a5 2389 =321 112.8 2400
=80 1752 E15 [ e ] 1762
-25 12483 5.45 BTy 1204
-20 9.625 5.76 45,30 S ARE
-15 7250 5.58 24,00 T2.50
-10 5.805 5.40 25687 BS.05
-3 4216 0.24 19.81 4216
0 APES 5.08 15.50 =255
5 2.504 4,482 11.81 2504
10 1.967 4.78 0.240 1987
15 1.570 4.64 T.270 15.70
=] 1.249 4.50 [ 12.49
25 1.000 437 4700 10,00
a0 0. 0050 4.25 ayao B.osa
=] L8 ==1E 412 a0re =31 =]
40 0,520 4.02 2E0E 5250
45 04472 am 20E5 4472
=1 0,255 aan 15284 EE=1
ES 0,298 A0 1 406 2aea
=1 0,240 AE0 1170 2490
==} 02084 a1 oarar 2004
T 01753 a4z 0.az30 1754
75 01481 a4a32 0ESEN 1 481
=) 01255 425 05005 1 2685
== 0,10 16 0503 1050
=] 00154 a0a 04202 08154
== 0.07 850 am 0.A5a4 Q7 e
100 005774 2.84 04182 QET7A
1065 0. CSER0 2.87 ozrsa QSR
110 005083 2.80 02289 050
115 0. 0442 2.72 020a0 Q4405
120 0. CoBGsS 267 oi1elT [eRe]=
125 003257 2.61 01552 [+
190 0.02977 2.55 012949 Q2977
195 002624 2.49 01232 Q2e2d
140 002219 2.42 01030 Q2aa
145 002085 298 0CeeE Q20Es
180 0.01 625 243 noesh QU1Es
Document Mumber: 28046 For technical questons, contact: Qrgwvishayoom Warw, s ey, com
Fawlakon: Ca-Jun-0e BS
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2381 640 10.../NTCLE101E3...5B0

VISHAY.
Vishay BCcomponents NTC Themnistors, Radial '
Leaded Special Accuracy
RESISTANGCE VALUES AT INTERMEDIATE VALUES with Rag st 47 ki
Ay
Toper TCH (k)
l.:':F'f-:] R (/K] 2381 840 10473
NTCLEAC1 EaaraSHo
-40 2B A.55 1580
.35 24,50 a3 1151
.30 1768 a.15 B42.8
.25 1325 558 £32.8
20 RBTS 574 484.1
-15 7.425 sai 240.0
-0 E.E20 545 o948
-5 4,904 530 o023
0 ams 5.14 155.8
5 2578 450 120.0
10 2 4.85 0453
15 1.583 473 74.41
20 1.254 4.50 £8.05
=5 1.000 444 47.00
a0 0B 454 =T
a5 0.e474 433 80,43
40 05255 4.13 2470
45 04288 40 o015
] 0351 B 2o 18.53
&5 020 EET 13.83
ED 02408 aTi 11.30
&5 0200 353 Dd04
T 01674 a.53 7.H85
75 0.1 43 44 2807
B0 011Bs 334 E573
B5 0.1 00 339 4734
=] 008543 320 4.015
w5 lari=e] 3.13 8,437
100 0LOE2dE T 2034
105 005373 2549 o535
110 0O4E3S 2 2170
115 0O 3 2.85 1.884
120 00Z4ES 270 1.438
125 002087 273 1.427
130 00Eesd 2ay 1.247
135 0L0EREa 281 1.003
140 000 2.55 C.E0E
145 0. B0 2.50 0.B488
1=0 0L S0 244 07483
wew, vishoy.com For technicol questions, contact pkgnichoronm Dooument Humber: 20048
==} Ferrigion 0aLlun 2
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2381 640 10../NTCLE101E3...5B0

NTC Thammnistors, Radial Vishay BCcompenents
Leadad Special Accuracy

HA

RESISTANCE VALUES AT INTERMEDIATE VALUES with Rz at 100 k3
T 0
'.:E:.]r AL [T*EE] Z381 ed 10 04
NTCLEi01Ea1045Ba
-d0 24.84d aFa £ =]
- 35 =4.38 a.40 2=
- 30 1047 a.2g T
- 25 14.08 a.10 1403
- 10.4 &.n2 1041
- 158 rier'] 874 @
-10 £.8e1 8.57 [5==R ]
-5 d.453 g.dd 4453
1] 2.400 5.24 oo
= =am &8.11 =R |
10 2044 .07 2.4
15 1.801 .83 1800
o0 1.2 470 1281
25 1.000 4.57 1000
a0 aTee d.d5 Taei
a5 08408 4.35 .09
40 5175 .22 5174
45 04202 411 4202
=] 3431 .00 3431
g5 02e14a 3.0 1=
=n] 2322 3.80 Z3z2
=1 1035 a1 1025
o oi802 g.82 jL=Ruc]
s 01 3di 3.53 1340
[=u] o124 3.45 11.22
B3 oopdad 3.34 =1 1= -]
j=ul Q.0BE042 a.28 anga
== o.0a83r 3.2 =1=cry
100 005835 ERE] EEBS
05 o.od4o08 3.08 LY==
110 004208 2.00 o 0
115 Q.0aros 2.0z aTos
120 003208 2.88 a0
125 0.0Ired 2.80 Z27e3
Chozumant Mumbser So0ds For sechnicol questions, contock: pkgnisharoom www. Vi sharg oom
Raviior CeLlunog o
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VISHAY., Legal Disclaimer Notice
Vishay

Disclaimer

All preduct spacifications and data are subjesct to change without notice,

Wishay Intertachnolegy, Inc., its affiliates, agents, and employes=a, and all persona acting on ita or their bekalf
(eollectwaly, “Wishay™), dadaim ary snd all lisbility fararmy smors, inaccuradss or incomplatenasa containad harain
ar in anmy other disdesurs ralating to sy preduct

Wishesy disdaims ary and all liabiliy arizing out of the use or application of army product describad harsin or of sny
informaton providsd harain i the meaxdrnum extant pemnitted Bar law, The product specifizations da not sxpsnd or
atherwize modify Wishay'a terms and conditions of purchass, including but not limited o the wamanby expresaad
therein, which spply to thess products,

Mo license, exprasa or implisd, by estoppel ar ethamwize, to any intallectual preperty hghta s grantad b this
decumeant or by amy conduct of Yishsny,

The preducts shewn harsin ars not deaigned for use in meadical, life-saving, or lifle-sustsining applications unlsss
oithenwise expressly iIndested, Guatormera using or aalling Wisbey producta not exprasaly indicated for use in such
applications do eo entiraly St their own riak and agras te fully indemnify Wishey for amy dameages arising or resulting
from such uae or sale, Pleass contact autharized Wishay parsonnel to obiain written tarmra and conditiona regarding
products designad for such applicstions.

Freduct namea ard markings notsd harsin may b2 trademma ks of their eepective cwnera,
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Appendix 3 — Solderless Breadboards

A breadboard is a rectangular plastic box filled with holes, which have contacts in which you
can insert electronic components and wires. A breadboard is what you use to build a
temporary version of your circuit. You don't have to solder wires or anything else; instead,
you insert your components and wires into the little contact holes arranged in rows and
connected by lines of metal; then you can connect your components together with wires to
form your circuit.

Power bus  Ground bus

Left: Picture of holes on breadboard on left. Right: How holes are connected

The yellow lines on the image on the right show how the sockets are connected. You can
see that the vertical columns of holes labelled with "+" are connected to each other, as are
the columns of holes labelled with "-"

The columns labelled with "+" are called the power bus, and you will connect one of them to
a positive input voltage, such as the positive terminal of a 9V battery. One of the columns
labelled with "-" (the ground bus) will be attached to the negative terminal of the battery.

Note that in each row (numbered 1 through 30) sockets "a" to "e" are connected to each
other. And "f" to "j" are also connected to each other.
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Appendix 4 — MPX411S5 Pressure sensor data sheet

Freescale Semiconducter
Technical Data

Integrated Silicon Pressure Sensor
Altimeter/Barometer Pressure Sensor
On-Chip Signal Conditioned,
Temperature Compensated and
Calibrated

The MPX4115 saries is designed {0 sense absehile air pressure in an altmeter
o Barometer (BAP) applications. Freescale's BAP sensor integrates on-chip,
bipolar op amp circuitry and thin film resister networks to provide a high lavel
analog output signal and temperature compenzation. The small form factor and
high reliability of cn~chip inlegration makes the Freescals BAP sensor a legical
and economical cheice for appBeation designers.

Features

= 1.5% Maximum Emer over 0= to BG°

=  |dealy suited for Microprocessor or Microcontrallar-Based Systems
= faailable in Absolute, Differential and Gauge Configurations

= [urable Epoxy Unibody Elerment

Dacument Mumber MPX4115
Rev &, 032006

MPX4115
SERIES

COPERATING OYVERVIEW
INTEGRATED
PHRESSURE SENSOR
1510 115kPa
{2.18 to 16.7 pai)

0.2 to 4.B Yola Output

= Essyto-Usa Chip Camer Option
Typical Apphications
= Alimeter
= Beromsts
ORDERING INFORMATION!
MPX Series
Diavice Opilane Capa Mo. Dircer Ho. Marking
Easlc Element | Afealutz, Elemeant Caze E6T-06 MR X4 1154 MFPXEA115A
anly
Pared Abealubs, Poried Case 667504 MPXAT1GAP | MPX4ITSAF
Elements Arealube, Siowe Casa 8ETE03 MPXA11545 MPXA115A
Pipa Pari
Abealubs, Axial Case 8B7F03 | MPX4115A3X [ MPEA115A
Piort

1. The MFPX4115A BAP Sensor |5 avallabla In the Baskc Elemeant paciage ar with pressune
par fittings. that proside mountng 2ase and bart=d hes2 connactons.

£ Freescale Semiconductor, [nc.. 2008. All rights resened.

MPX411548
CASE BeT-08

MPX4115AP
CASE BETB-IM

MPXAT1545
CABE&ETE-DS

MPHAT115343K
CASE8ETF-03

PIN HUMEERS
T | Vo™ z NI
2 GHD 5 [Tek]
F g 3 (TeE]

1. Fin 1 s naled by 1he natch in e lead.

Z Phe 4, 5 and & are Intemal devlce
cannections. Pin 1 1s nated by the nobch In
the Lead. Do nod connedt to exterma

cireultry or graund.
e
o =
=" freescale
pmTRCanOTlar
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r————— —— 1= ——— — = -
| | I
| I
| TinFim | | GenSlges? | |
, Tezperahre and
| S:‘:& Compemstion Geound L Vot
[ and Refemnc |
I Gunflme# [  ShA Cioiby |
L - — 4
= Pin= 4, 5, and 620 NO DOMNECTS
L=, 1]
Figure 1. Integrated Pressure Sensor Schematic
Table 1. Maximum Ratingst)
Paramabrics Symbal Waus Uit
Overpressurel (P = P2} Prras 40 kF3
Burst Pressure (71 = F2) Pers 1000 kPa
Staraga Tempsaratura Tug -A0" to +125" -
Dperating Temperatura Ty 40" to +125" -
1. To = 25"C Uniees oiharw ks nobed.
2 Expasure beyond the speciflied Imits may cause pEMManent famags o degradalien to ke davice.
MF¥4115 SERIES
SEnsors
2 Freescale Semiconductor
-33-
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Table 2. Operating Characteristics

{Wg = 5.4 W, T, = 26°C unless otherwise noted, P4 = P2 Decoupiing circuit shown in Figure 3 reguired to meet electrical

specifications.

Charactariatic Symibend Min TYp Max Uit
Pressure Range!" P 15 - 115 kPa
Suwr!l l|l|'|:||-__ag.E|i'I ".I'g 485 5.1 5.25 Wie
Supply Current L - 7.0 10 mAde
Minimum Fressure Cesat™ {0 to 85 C) Ven 0.135 D20 0273 Vo
& V= 5.1 Voils
Full Szale Cuipuid) {0 b0 85°C) Veen 4725 4.704 4,863 Wic
i@ Ve =51 Vol
Fuill Sicale Sgan|5) {00 85°C) Vs —_ 4.59 _ Vdc
i Ve = 5.1 Voits
Apcuracy™ {0 to B5°C) = = = £1.5 Vrag
Sensitvity Wie —_ 46 _ mATkPa
Response Timel?! Iy — 1.0 - e
Cutput Sourcs Current a2 Full Scalke Cutput I+ - 0.1 — mAde
Warm-Up Time's — — 2o —_ m3as
CfTset Staiimy™ — — =0.5 - HeVrng
1. 1.0kPa (loPascal) equals 0.145 psl
2. Deslce |s raometnc within tis speciled exchation rangs.
3. OfTeEd (W) 16 O=fined 36 the output voltage at the minimum rated pressure.
4. Full Seale Qulput (Vegg) I8 Sefined as the oulput voltage at the maximum o full rated pressure.
5. Full Scale Span (Vrgs) 16 Sefined as the algebralc diference bebwesn the oulput voltage at full rated pressure and the output vollage at the

.

B
o,

mirimum rated pressure.

. Accuracy (emar budget) conslsts of e following:

Lineartty: Cutput devlatian fram a siraight ine relaiionship with pressure, using end point method, over the specied pressure rangs.
Temperature Hysieresls: Cutput deviation a7 any temperature within the operating temperature range, after e leMOErUre 16 cysad o and
from the MINEMUm ar maximum cperating temperature points, with 2ro diferential pressurne applied.
Pressure Hysterssiz:Cutput desiation at ary pressurs within the specifled rangs, when this pressurs |8 cycled to and fram the
minimum of maxdmum rated pressire ak 257G,
TeSpan:Cutput devation cvar the tempsraiune rangs of 0 to B6°C, relative to 257,
TeOfeatOutput deviation with minimum preesurs applled, over the bemperaturs range of 07 to 852, relatve
o 25°C.
Warkaion from Mominal: The vanation from nominal values, for Cilaet of Full Scake Span, a8 & pencant of Weges 4l 25°C.
Response TIme |5 delned a6 e fime for ine incremental change in the outpus to go rom 10% ba 90% of ItE Anal value when subjacted to
a specified step change In prassure.
Viam-up ks defined a5 the Hme required for the product to maet he speciied ouiput voRage after the Pressure has been stabillzed.
Offset s2abillty |5 Me product's oulput deviation when subjectad o 1000 hours of Pulsed Pressure, Temperature Cycling wih Blas Test,

Table 3. Mechanical Characteristics

Characteriatic Symibeod Min Typ Max Linitt
Welgnt, Baslc Slement (Case 367) — = 40 = Grams
Commen Maoge Line Pressurel ! — — — &30 kPa

1.

COMmOon Mo pressures Deyand what Is spacilied may resul In leakage at the case-io-lead Intarface,

MFPX4115 SERIES

Sensors
Freescale Semiconductor 3
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Figure 2 illustrates the absolute sensing chip in the basic
chip camier {Case BET). A fluorosificone gel isclates the die
surface and wire bonds from the envircnment, while allowing
the pressure i to be fransmitted 1o the sensor
diaphragm. The MPX41154 series pressure sensor
operating characteristics, and imternal refiabdiy and
gualification tests are based on wse of dry air as the pressure
media. Media, other than dry air, may have adwerse effects on

sensor performance and long-term reliability. Contact the
factory for information regarding madia compatibility inoyour
application.

Figure 4 shows the sensor culput signal relatve 1o
pressure input. Typical, minimum, and maximum output
cumees ame shown for operation over a temperature range of
0= to BE=C. (The output will saturate outside of the specified
prESSUrE range.|

Sealed Wocusm Reference P2 Band
Figure 2. Cross-Sectional Diagram (Mot to Scale)

<50y

o] LTG
L

Figure 3. Recommended Power Supply Decoupling.
{For cutput fitering recommendations, please refer to Application Mote AM1846.)

50 T 1
b Aol T T ] 3
Vo SV,* (D0FF-DE) =Emr  pax
A0y =51 vio =
3.5-TEMP = 010 85°C
— an 1
=
2 15 T —
2w
T
10
a5 M
E | | ~
EEFEEEEE R F R EE
Prezzure (=f_ {0 senled vacsumi in kPa
Figure 4. Qutput versus Absolute Pressure
MPX4115 SERIES
Sensors
1 Freescale Semiconductor
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Transfer Function (MPX4113)

Mominal Transfer Walue: WV, = Vg (P £/0.009 - D.0%5)
= (Pressure Ermor x Temp. Fachar x DUO0E x Wg)
Vg =51V +0.25 Wc

_ Temperature Error Band

MPXA1153A Series

40—
Temp | Mskpier
in—
-40 3
oS 1
Tempeshire
Ervar 20— +125 3
Faclor
10—
. T N N NN Y N B
-40 -2 o 20 al 2] o 100 120 140
Temperatuee in C°
 Pressure Error Band
20
0 —
£
= 30—
E . PSP P P T
g 10 20 20 40 B0 &0 7O o0 o) 100 110 120
g =30 —
40—
A Praszues |E-m-:uu:.

15 115 (cFa] | =15 (kFa]

MPX4115 SERIES

Sensors

Freescale Semiconductor T
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PACKAGE DIMENSIONS

1 DIRENES0HNG A0 TOLERAHC NG PER
?DE'IGHHE PRESSURE ARER I EM, TR

Vi

FHFFFIE

ETHLE: BTYLE ETALER
FH 1, oL AH1 OFEH AHI. OPEN
3 GROLHD 2 BRCLHD £ GR0UND
EH 5 a0 LT
iw 4. VEIPALY 4. +VBIPALY
] E. ACUT E 0T
a VER B DPEN E. OFEH
CASE 867-08
ISSUE N
BASIC ELEMENT (A, O)
24LA5
FTi
b—{T] 3EATING PLAME [ HOTE:
[ =] oS ;ﬁ = 1. DUERECHE AT M WL RCTIRT
S84 +AT P Z DINENBIONY S TOLERANCES PER ARME T1LIN-THRL
T EA] A ETH-M THR —3 CRSALETE, HEW RTANCURE BATE—SA
1.4
1087 TED
— | PRI W DUT
/""_ I URAHD
-
= % 4
B B 0 £ Fa
1 Li]
\l | 23|a 5 R4l
_/ 1 1768
E}A‘ 1 ‘ﬂm/ B1
1] |
[i-T1
e 18 [ ome
G —
[#]F o206 [Tl l-— C.EB
— % — et 183 [&1.73 Bp{T]F o]
' iz
CASE 8678-04
ISSUE G
PRESSURE SIDE PORTED (AP, GP)
MFPX4115 SERIES
Sensors
] Freescale Semicondwchor
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PACKAGE DIMENSIONS

— < 4’| — A 1. DHMEHEIOHING AHD TOLERAHCING FER AHE!
TILEM, 18D
— 2 COMTROLUIHG DMEHSIOH: [HCH
M MLLIMETERS
| | WH | NAX
i S &t mna
| BN ERy | T | e |
[ TED | oM |
il i
poRT a1 — | a1z e
1 L
1) EYE [ |
| Tiz K
| E50 | 29 |
] A2 | Al
J
e - .
=a BoemmEE® 1%
E
CASE 86TE-D3
ISSUE D
PRESSURE SIDE PORTED (AS, G5}
- [-T-] HOTER:
A 1. DM EHZICHING AHD TOLER ANCHGFER
E pu— o u = }—@ £ CONTRCL
| L

s
1 |

e

t
ol

-

oo | G
[

|
i

PORT i PiN 1 AN
p g = T'rﬂq/ e L]
i @ nes @] Tlo @] (T3 T i

| | K a8

1 1 A
‘1—{ [ i |

o —m-— Dié PL — P
|¢r| u1:3[umm®|T| p -@| c:|
F —|
CASE 86TF-03
ISSUE D
PRESSURE SIDE PORTED [ASX, GSX)
MFX4115 SERIES
Sensors

Freescale Semiconductor
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How to Reach Us:

Homa Page:
W freaECale.com

Wab Support:
hetpefan frecale comisLppan

IS AfEurope or Locations Mot Listed:
Freescale Semicondwcior, Inc.
Technical Infamation Senter, EL516
2100 East Ellck Foad

Tempe, Arizona 35254

+1 -521-8274 or +1-450-758-2130
Wirw. [TESECale ComisUppan

Eurgps, Middle East. and Africa:
Freescale Halbkeher Deutschiand GmbH
Technlcal Informatien Center

Schatznogen 7
E1E23 Muanchen, Gamman
+44 1236 350 £56 [El'ﬁlbh
+46 8 52200080 lish)
+49 39 E2103 nj
+33 1 62 35 45 45 |French
Wit freeECale Com/sUppal

Japan:

Freescale Semiconduchar Japan Lid.
Headquartars

ARCO Tower 15F

1-&1, Shimo-Meqguro, Meguro-ku,
Tolya 153-0064

ek
0120 191014 or +E1 3 5437 9125
LD pON. |apan@ raescale. com

AslamPacific:

Fragscale Semicanduchar Hong Kong Ld.
Technical Infarmation Canser

2 Cal King Strest

Tal Pz industrial Estate

Tal Bz, N.T., Hong Kong

+800 2665 5060
BUppor.asladireescale.com

For LiTeratiire Reguasts Only:

Fragscale Semiconductor LI{IE‘IFE'ME Distrbution Cemer

0. Bax 3405

Derver, Colorado 30217
1-G00-4£1-2847 or 30E-67T5-21£0
Fau: 303-675-2150

LOCForFreescaleSamiconductong@inltberigroup.com

MEEL115
Rew 5

Information in s dooument & provided sokely o enabie sysi=m and softaans
Irplementers o use Fresscale Semiconductor producs. There are no =xpress or
Imipli=d copsTigt lcenses gramisd kersunder o-design oF fabricais any iIntegrated
circufs or Rbegraed drcufs besed on the nformadan Inthis documesnt

Fres=scale SE=miconducor reserses the dght o make changes without furfher notioe o
any prodecis hereln. Freescale Semiconducion makes no- saransy, represemation or
guarames regarding the subabifty of s producs for &y partcuiar purpose, nor does
Fresscale Semiconducion assume any labllty arfsing out of the applicadon or use of any
product of ciroelt, snd spscHicslty disciaims smy and &l lsbiity, nchading withow
Imlision consequeniial or inckienis! damages. "Typical” paamel=rs hat may be
prosided In Freescale Semicaonduciordat sheels snaior specfications can and do-yany
In different applications and acisl perfrmance may wary ower ime. Al operatdng
pamamei=r= Including “Typicals", must be valdai=d for sach cusiomer applicadon by
cusiomer's iechnical =ipens. Freescale Semiconducion does not Corey any lkenss
under s paient dghtls: nar the fghts of ohers. Freescals Semicondecion producs ae
not designed, Infended, or auihordzed for use a3 components: in sysiems idended for
surgical Imzdant into the Doy, or other applcations ntended 0 support or sustsin He,
or for any othsr spplicaiion in which the fallure of the Freescaie BEsmiconducor product
oould reate 3 shiafion where personal injury or death may oocur. Should Buypsr
purchase ar use Freescale Semiconduchor prodiacts for any such unintended or
unauihorized applcalion, Bagper shal Indemnify and hold Free scal= Semilconducior and
i3 officers, employess, subsdlan=s, sflaies, and distrisdors hamizss against sl
clalms, costs, damages, and expenses, and reascnablie alomey fees arsing oul o,
direciy or Indir=ctiy, any clalm of personal Inpery or death sssociafed with such
unintended or unssthoioed uss, syven iF uch clsim alegss the Freescalks
Semiconducior was neglpeni regarding the design or manuischire: of the part.

Fresscale™ and the Fresscale logo are tRdemarks of Freescaks Semiconsucion, Inc.
Al other product or s=nic= rames are the property of helr especive owmers.

@ Freescale Semiconducion, Inc. Z006. All Aghts resended.
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Appendix 5 — APC220 wireless telemetry data sheet

HEAPPCDN

TECHNOLOGIES

SHENFHEM APPCON TECHNOLOGIES COLTD DVER 1.20

APC Series Transparent Transceiver Module
APC220-43

Product Overview:

APCZH-43 iz highly infegrated zemi-duplex low power franzceiver module withhigh
speed MCU and high capability EF IC. Using high efficiency forward emor correction
with Interdeaving encoding fechnology |,  can make anti-inferference and sensitivity
improved highly. It can have a good performance in strong inferference crcumeatance
as well, for example the industry field. The technigue is advanced in data transfers
ared.

APC220-43 iz a cost-effective and eazy applied module that not only can transmit
franzparent data with large data buffer zonebut alzo can provide more than 100
channelz . it s parameters eazily =etling and small size make the module an ideal fior
wireless data transfer application.

Application:

Automated Meter Reading (AMR)
Wireless sensor

[ndustrial Automation

The confrel of traffic signal
Wireless handheld terminal
Rernote confrel and monitoring
The management of cars

Wire Replacement

Qil and Gas Detection.
The control of robot

-40 -
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Characters:
# 1K} meters of cornmunication distance (24D00ps)
& Output power is 20 MY
#* Frequency is from 418MHz to 455MH=
® Size of Module 37 5mm x 158.23mm x 7.0mm
# Nore than 1040 channals
® GFSK medulation
* LUARTITTL infterface
* Excesed 256 bytes data buffer
# fitfo large data fransfers
# The convenient software for zetting
Installation and Use
APC220-43 module has 9 pinz. Refers to the Table 1.
Pin MO Pin Name Description
1 SHD Grounding of Power Supply
2 Ve Power supply DC 3.5V-5.5V
2 EN Power enable, =1.6% or empty, S 0.5Vsleep.
4 RXD URAT input, TTL
5 TXD URAT cutput, TTL
B PALLX The pin is expanded for other functions
7 SET Setting parameters, setfing online supportted
8 NE Mot connected
g NE Mot connected
Table 1 [nterface definition
] -41-
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mAFFBDN

TECHMOLOGIES APC220-43

Dimensions — PIM Assignments

--—— 37.5mm e —
2.54mm ANT

A i

MCy RFIC

erystal Bpin 'E
[—-i— 34.9mm 4>-|

1001

000000

-4-18.3mm

Y

7omm e e I
L

Setup parameters

Figure 1: Size of Module

With series COM or through the software Rf-Magic ,user can et up all parameters
which include work frequency, UART rate, air rate, checkout mode and so on.
Itis very convenient toset APC220-43 | Different ocplions can be selected bazed
on user needs . Please refer to Table 2 and Figure 2.

instruction of setfing parameters of module APC220-43
Setiing options default
UART rate 1200,2400,4200,9600b,19200,38400,57600 9600bps
Series Parity | Disable,Even Parity, Odd Parity Disahle
Frequency 415MHz-455MH= 434 MHz
Air Rate 2400bps,4800bps,9600kps, 19200kps SE00bps
RF Power 0-9(9 for 2Dmmw) Sr20rw)

Table 2 Sefting Parameters of Modules

-42-
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TECHMOLOGIES

APC220-43

Freguency __|

Air rate

RF power

UART rate

Seras
COM

—_—

Ecm: Opanad |

i RF—Nagic (for APCZZ0/230 T1. 2A)

| i~ RF Paramalaz

| | AF frequercy

AF. THx 1ale |EEIII;||;|B 'l

WHz

Hﬂ_hﬁﬂ"'ﬁahg[hwg =

| Setimz Parameleis -

~ Mal Parameters

METID [12345
HODE |0 12345673908

____________

Smiez Paiy ||:|ia¢.|.a. -I =

ST rabe |EEI]|]hp:I ""l
[T AU Yriie Mode
| —
PC Seiias |III'I:I | Arites A Bead | ] #hout |

/

/|f

T.l':l.'tt

Figure 2 the sofiware of Rf-Magic

Checkout

There are two ways of seffing the paramefers of APC220-43. One way is fo use the

Rf-Magic by PC. Pleaze look at the Figure 3

PG

FC

R5232

UART/TTL TO R8232

translation circuit

module

GMD

R5222 TO TIL

TH(RS23: TXD
RX(R5232) RXD

VCG

|| B

oo GO DO O

Figure 3 the connection of sefting paramefers
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TECHNOLOGIES APC220-43

Ta set the parametars, It needs a UART/TTL to R5232 inferface board to connect
APC220-43 with PC.At first, connect the APCZ20-43 and PC by interface board .
Then run the scftware Rfi-Magic and plug APCEXN-43 into the inferface board with
power supply +0% After that User will see "Found Device™ undarside of R-Magic,

and user can write the parameters which user selectad.

ETATUS SLEEF RLINMIMNG SETTING RUMMING
WCC J

EM

EET

RXD ] |_|_|_|_|_| |_|_|_
TXD ] |_|_|_|_|_| |_|_|_|_|_|

=i =
—.h q-
=i = — e b —
Tl T2 T3 T4
S0ms 1ms  Z00ms  10ms

Figure 4 the figure of Setting Parameters Online

The ofher way of 2etling parameters is to use terminal on line. The parameters are
setted by TTLUART (4,5PIN) and the control pin of SET [ se= the Figure S)
APC220-43 will enter normal working (T1, 2ee the Figure 4} mode after the woltage of
SET SDms later. If user wants to =2t parameters online, you can lower the voltage of
SET firstly . Then APCZH-43 will set the UART data rate at 9600bps automaticalhy
and enfer seffing mode (T2} with no checkout 1ms later. User should send the
paramefers command by RXD After parameters checkout the pin TXD will retum
the parameters informaticn{T3} in 200ms. User may set up the voltage of SET after
checking out the information that has been written Finally, APCZX0-43 will work

-44 -
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TECHNOLOGIES APC220-43

based on the new parameters in 10ms{T4). It must be noticed that uzer sent the
cammand to APC220-43 for only one ime when APC220-43 at the =etting mode. If
the command is wrong or the setting parameters are not completed, uzer should =at
them again. However,one mare imporiant thing that user must do firstly is fo set up
the voltage of the pin SET and enter the =etting mode . It is the same as the way of
the last setting.

APCZH-43 is 2ot by ACSI. UART rate is 9600bps and no checkout. There are two
satting commands. They are reading and wrifing. [t must use the capital letters. The

paramefers are parted by blank. And the enter means end.

The command of reading parameters:

RO

ANSWER: PARA frequency rf data rate output power UART data rafe series
checkout

The command of writing parameters:

WE_frequency_ RF data rate_output power_UART rate_series_check .
AMSWER: PARA frequency rf dafa rate output power UART data rafle series
checkout

The Parameters Table:

Parameters Byies | Inzstruction

Frequency L] Linit is KH=z for example 434MHz is 434000,

Rf data rate 1 1,2,3 and 4 refer to 2400, 4500,3600,19200bps
separefely.

Output poweear 1 0 to 9, 9 means 123dBm{20rmiWn.

UART rate 1 0,1,2,3,4,5 and 6 refers to 1200,2400,4500,5600,
15200, 353400, S76bps separalely.

Series checkout 1 Sares checkout; O means no check,1 means ewven
parity, 2 means odd parify.

-45 -
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TECHMNOLOGIES APC220-43

Far example , one APCZN-43 is =6t to 434MHE; f data rafe is 96800bps; Output

power iz 20m\y; UART data rate is 1200bps; Mo checkout.
WR_424000 3 9 0 0O~

{(HEX code: Ox57 052,020,034, 0x33 D34, 030,030, 030, 0020, 0233, 0220, 035,
0x20,0x:30, 0x20, 030, 0::00, 0xDA)
ANSWER: PARA_424000 3 9 0 Do
{HEX code:0x50,0x41,0x52, 0xd 1020, 034 0233, 034, 030,030, 030, 020,033,
0x20,0x39,0x20, 0x30, 020, 0x30, 000, 0:oA)

The Connection between Module and Terminal{lUART/TTL):

TERMIMNAL MODULE

High by = | & Er

HLlTiETy 35554
aptian — O Vi
| o EM
TxD | & (3 BEXD
RXDO o o TED
O Aux

Cpdon

gpio J i '::I SET

Figure 5:The Connection between Module and Terminal

Application of Constructing Networking {one point to mult-point):

APC22D43 iz a semi-duplex module, which can be communicated by point to
point or one poirt to muli-point. In the gecond mode, user needs to =6t one host
module, while the others are client modules. Every module must only have one
unique 1D. The coordination of communication is controled by the host module, which
sends datas or commands including (0. All the client modules can receive the data

packets, and compare the 1D with the cwn’s. If they are the same, the module will

-46 -

ceia. Cork Electronics Industry Association — CanSat 2014 Users Manual m‘eé}\e{o



osero

FoAPPCON

TECHNOLOGIES APC220-43

deal with the data packets. Otherwize, it will discard them. In order to avoid
interfersing each other.all client modules must be at fransmitfiing mode whean the
network is working. APC220-43 can =2t many different frequencies 2o that many
networks can work in the same place and at the same time.
User should pay attention to fhe following questions bazed on the complex tranzsfers
in the air and some inherancy charactenstics of wireless communication:
13} The data delay of wireless communication

The wirelesz terminal receives some data or after waiting for a while to ensure no
data ary more, then there will be tens to hundreds milli-seconds delay from fransfer to
receiver {the exact delay based on the UART rate, air rate and the flow of data
package). In addifion, it also will cost some time to tranmsmit from module to terminal
but the dalay time is the same with the same condition.
2} The confrol of data flux

Although there is a buffer zone with 256 bytes in the wircless module, when the
UART rate iz higher than the air rate, there must be a problem about the data fluec [t
may cause to lose 2=ome data because the data overlow from the buffer. Under this
condition, it must be ensured that the average UART rate is lower than 60 percent of the
air rate . Forinstance, the UART rate is 9600bps, the air rate is 48000p=. If UART rate iz
the zame as the air rate, the only way is to inferval the transmitting firme. If terminal
franamits  10dbwies to WART every fime, it wil fakelDdms ewvery time.
(102200 6 (SE009600)=174ms. S0 when the inferval time that terminal transmit
100kytes to the UART is higher than 174ms everny time, those mentioned problams will
be avoided.
3} The confrol of emors

The wireless network module has sfrong capability of anti-interference because of the
high efficiency checking srror correction with Intedeaving encoding technology.
Howewver, when it iz in a bad circumatance that has strong electric interference, the data
may be lost or receive some ermor data. U=2er can increase the development of the
system link layer profocol. For instance, if uzer can increase TCPRAP slip window and

repeat transmitting functions, it will improve the reliakility and akility of wireless network
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communication.

4} Choice of antenna

Antenna is an very important element of the communication system. The quality of

antenna impactz the capahility of communication system. So user should think more

about the quality of anfenna Generally speaking, it mainky contains two points © the Kind
of anfenna (zize) and itz electric capakilify. The antenna must be matched with the

frequency of communication system.

Specifications

e technical specifications of ABC220-43:

Work frequency 418MHz to 455MHz
Modulation GFSK

Frequency intersal 20KH=z

Transmitted power 2rivwr (10 levels)
Received zensitivity -113dEBmESeldbps
Air rate 2400 - 151 bp=
UART rate 1200 - 57600bps
The parity of seres COM | BE1/BN1/201

The buffer of COM 25ekytes

Humidity 10%~—~50%
Terperature =300 -85

Supply voltage 3.5 — 5.5V ({the ripple is £50m\ )
Transmit curent =42mAE2DmvV
Receiving currert =28mA

Sleeping curent =5uA

Transfiers distance 1000m {open space)

Dimension

37.5mm x 18 23mm x 7.0mm
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Guestions and Answers:

Can not 1. The communication protocol is different between fwo modules,

communicate for inztance: data rate and checkout.

betweentwo (2. The frequency or RF data rate is diffierent befween two

devices communicated modules.

3. They are not the same kind producks.

4. The connection between module and terminal iz wrong.

2. The module is wrong.

6. The setting of EN is wrong.

7. The communication distance exceeds the range, or the

connection of antenna is bad.

Short 1. The supply voltage exceeds rangs

communication | 2. The ripple of power is too big.

distance | 3. The connection of antenna is bad or it is a wrong kind of

antenna

4. Anftenna is too close fo the surface of metal or the ground

2. Receiving circurztance is very bad, for instance buildings and

etrong inferference.

6. There iz inferfarence of the same frequency

Receive wrong 1. Wrong setting of COM, for example, Baud rate is wrong

data 2. The connection of UART i wrong.

3. The cable to the UART is too long.
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Appendix 6 — AAU PCB sensor board

File Edit View Layer Analyze Took Help

[cEEaEl e aa

Q k@_o;qﬂ

Layers | Messages |

Rendering: [Normal -

~ cansat_arduino_shield _ver3_4.GBS

r cansat_arduino_shisld_vera_4.Gh:
7 B cansat_arduino_shield_ver3_4.GTL

r cansat_arduing_shield_ver3_4.GTE
- cansat_arcuino_shield_ver3_4.Tx1

T B cansat_arduino_shisid_ver3_4.GBL

Eile Edit View Layer Analyze Tools Help

(1794.67, 2340.63) |mil | Click and crag to pan. Right click and drag tm zoom.

[oEEalelaa

e ]

Rendering: [Normal -

7 cansat_arcuino_shield_ver3_4.GBE
r cansat_arduing_shield_ver3_4,GM:
M B cansat_arduino_shield_ver3_4.GTL
o cansat_arcuino_shield_ver3_4.GTC
r cansat_arduino_shield_ver3_4.GTS
= cansat_arcuino_shield_ver3_4.Tx1

a k@_@;@

(1794.67, 2076.83) |mil =] Click and drag to pan. Right click and drag to zoorm,
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[bEr@alelaaalr[+Qa

Layers | Messages |

Rendering: [Normal -

~ cansat_arduino_shield_ver3_4.GBS

= cansat_arduino_shield_ver3_4.GM:

cansat_arduino_shield_ver3_4.GTC
cansat_arduino_shield_ver3_4.GTS

cansat_arcuino_shield_ver3_4.Tx1

aana

B cansat_arduino_shield_ver3_4.GBL

(2476.62, 2203.12) |mil | Click and crag to pan. Right click and drag tm zoom.

Layers 1,3 &7

filb Edit View Layer Analyze Tools Help
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Rendering; [Normal -

cansat_arduino_shield_ver3_4.GBE
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(2448.56, 1526.78) |mil =] Click and drag to pan. Right click and drag to zoom,
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