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The NearSys Temperature Array is a three temperature sensor soldering kit. The

temperature array is not a stand-alone kit — it must be plugged into the analog ports of a

flight computer. The flight computer then provides the power to operate the station and

the memory to record the output from all three temperature sensors. The NearSys

Temperature Array permits BalloonSats to log different temperatures during their

mission. Then after recovery, BalloonSat teams can produce charts of temperature

conditions of their experiments as a function of time or altitude by processing the

temperature array’s data with a spreadsheet.

Onwards and Upwards,
Your near space guide

Overview of the NearSys Temperature Array
There are eleven parts in the temperature array to solder
together. The resulting temperature array is capable of
recording the temperature of three different locations during
a near space mission. The heart of the NearSys Temperature
Array is its three LM335 temperature sensors. Each sensor
produces a voltage proportionally related to the temperature
of the sensor. After plugging the array’s cable into an analog
port, a flight computer digitizes the voltages and records
them for later analysis. The weight of the temperature array

is only 12 grams, leaving a lot of weight free for other Figure 1. The NearSys
BalloonSat experiments. Temperature Array
Parts List

Look at the top of the printed circuit board (PCB) and you’ll see white lettering
indicating the placement and orientation of individual electronic components. Each
component has a unique and meaningful reference consisting of a letter followed by a
digit. All resistors for example, have a reference beginning with the letter R. Below is a
list of the components in the NearSys Temperature Array kit and their references you’ll
find on the PCB.

R1 1k ohm resistor (brown, black, red, gold)
R2 1k ohm resistor (brown, black, red, gold)
R3 1k ohm resistor (brown, black, red, gold)



The remaining items are required to complete the NearSys Temperature array, but they
do not have a reference on the PCB.

Wire (#24 AWGQG)

Three LM335 temperature sensors

Heat shrink tubing

Temperature Sensor printed circuit board
Five-pin right angle header

Easy-Plug I/O printed circuit board

Component Pictorials
The following pictures illustrate the physical appearance of the components you’ll find in
the kit.

Figure 2. Temperature Printed Figure 3. Resistor
circuit board

Figure 4. Temperature Sensor Figure 5. Heat shrink tubing



Figure 6. Five-pin right angle Figure 7. Easy-Plug
male header printed circuit board

Theory of Operation
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Figure 8. NearSys Temperature Array Schematic

The PCB of the NearSys Temperature array supports its three sensors in producing
temperature sensitive output. Below is a brief description of each component and how it
supports the mission of the temperature array.

The temperature sensors (LM335) produce a voltage that varies linearly with changes in
the temperature. Ideally, it produces 0.01 (or 1/ IOOth) volts for every kelvin and would
theoretically produce zero volts at Absolute Zero. The Kelvin scale is an absolute
temperature scales frequently used in physics. A single kelvin is equal to a degree
Celsius, but the Kelvin scale begins at absolute zero, or -273° degrees Celsius. At room
temperature, or around 293 kelvins, the LM335 produces a voltage of 2.93 volts. The
temperature rating of the LM335 does not extend to temperatures as cold as they get in
near space, but it seems to produce a valid temperature regardless. A second way to
understand the operation of the LM335’s is to notice they are in series with 1k-ohm
resistors. Each LM335 acts like a voltage divider with its resistor. As the temperature of
the LM335 changes, so does its “resistance”.



The temperature array terminates in a 3 by 3 header. The first row of pins contains the
voltages from each temperature sensor. The second row has a single wire soldered to it
to provide the needed five volts to operate the temperature array. The third row also has
a single wire soldered to it and provides ground for the temperature array.

Assembling the NearSys Temperature array
The diagram below illustrates the placement of the components you will solder to the
temperature array PCB. Check off each step below as you complete it.
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Figure 9. Parts Layout for the NearSys Temperature array

* 5 1 k-ohms (brown, black, red, gold)
* 5 1 k-ohms (brown, black, red, gold)
‘ 5 1 k-ohms (brown, black, red, gold)

Cable

* Strip 4” of insulation from both ends of each wire

‘ Thread each wire through a large strain relief hole and back into the PCB pad as shown
below

Note: Use the colored wires for these connections
RED: +5V

GREEN: GND

WHITE: T1

YELLOW: T2

BLUE: T3

BLACK: G



Technically, it doesn’t matter which color wire you use (electrons can’t detect the color
of the insulation of the wire they flow through). However, it makes sense for use to use
the wires this way. The actually colors of T1, T2, and T2 can be swapped around, but to
make using the Temperature Array easier, select a color and stick with it. Look at figure
9 for an example of how to use the wire color consistently. This will be important when
temperature sensors are routed to different experiments and you want to know which
analog channel each sensor is connected to.
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Figure 10. A strain relieved wire. This wire is threaded from the underside of the
PCB and through a large near the edge of the board. It is then bent and soldered
into a pad inside the strain relief hole. Note that the insulation is intact where it

passes through the strain relief hole.

‘ Repeat for the other ten wires
‘ Solder all ten wires and trim

Making the Easy-Plug I/O Adapter
‘ Insert the 1 by 5 header into the Easy-Plug I/O Plug printed circuit board and solder

Note: The short pins must be soldered to the printed circuit board. Leave the long pins
free so they will plug into the flight computer’s I/O port.

‘ Cut the five wires to the same length and strip %4 inch of insulation from their ends
‘ Insert the wires into the Easy-Plug printed circuit board the same way they are inserted
into the Temperature Array printed circuit board

Note: Follow the same color scheme with the following wires soldering to these pads
Red wire solders to the +5V pad

T3 wire solders to the A2 pad

T2 wire solders to the Al pad

T1 wire solders to the A0 pad

Green wire solders to the GND pad



Figure 11. The completed Easy-Plug 1/0O Adapter
The Easy-Plug I/O Adapter plugs into the Easy-Plug Port on the flight computer.

Temperature Sensor Cables
‘ Cut off the unneeded LM335 lead as illustrated in figure 11 (this lead is used to adjust
the reading from the LM335. You’ll use a spreadsheet to make this adjustment

instead).
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Figure 12. The unneeded LM335 lead

‘ Trim the leads of the LM335 temperature sensors to 3/8 inches long

* Slide '4” of heat shrink over the T1 black wire and push it down to the PCB

‘ Place the black wire against the outside lead of a LM335

‘ Quickly heat the lead and the wire until the solder in both fuses together

‘ Remove the heat and hold the wire in place until the solder cools

‘ Place the white wire against the center lead of a LM335 (that is, the lead that use to be
the center lead)

‘ Quickly heat the lead and the wire until the solder in both fuses together

‘ Remove the heat and hold the wire in place until the solder cools

‘ Repeat for the yellow and blue wires and their black ground wires

* Slide the heat shrink over the two soldered connections on each LM335 and shrink the
tubing



Checking Your Work

That completes the assembly of the NearSys Temperature Array. However, don’t plug
the temperature array into a working flight computer just yet. That’s because if there is
an error in the assembly, the temperature array could be damaged, or it could damage a
flight computer when powered up. Now perform these five checks.

1. Check the Soldering

Check the underside of the PCB looking for blobs of solder that may bridge across two
pads. Ifthere appears to be such a bridge, briefly apply some heat to the pads with your
soldering iron and “pull” the molten solder into two separate cones. Or you could lay
solder wick across the solder and try to wick up the excess solder. Do these actions
quickly as too much heat can damage copper traces on the PCB.

2. Check for Shorts

Set the multimeter to the continuity setting and tap the test leads together. The
multimeter will ring or beep to indicate there is a short between the test leads. Now
perform the test for real by applying the +5V and GND pins of the header. There should
be no ringing. If there is, then there’s a short in the PCB that needs to be located and
fixed. Pretty much the only way a short can exist in the PCB is through a solder bridge.
So look over the underside of the PCB again, for a solder connection that has overflowed
its pad. Then test pairs of signal pins in the header (T1, T2, and T3). The DMM
shouldn’t ring when any combination of two are tapped.

3. Check signal voltages

Insert the temperature array’s into a flight computer with an Easy-Plug Port and then
power up the flight computer. Write the following program in the BalloonSat Mini and
download

Temperature:
readadc 1,b0
readadc 2,b1
readadc 4,b2
debug
goto Temperature

For the BalloonSat Easy, use this code

Teperature:
readadc 0,b0
readadc 1,b1
readadc 2,b2
debug
goto Temperature

The debug window will open after the program downloads into the flight computer.

Look at variables B0, B1, and B2 and a value around 149 should be displayed for each
one. The exact value depends on the temperature of each sensor. Be concerned when the
values are close to 0 or 255. A bad value is possible for broken connections, shorts, or
reversed sensors.



Using the NearSys Temperature Array

The one foot cable on each of the temperature sensors allows you to route the sensors to
widely spaced experiments. The two large holes in the corners of the PCB where #2-56
bolts or thin plastic zip ties can mount the PCB to the BalloonSat.

Post Mission Data Processing
After BalloonSat recovery and data download, you should have a file similar to this one
for processing (this example was generated with a 10-bit ADC).

602,601,599
601,599,599
593,598,599
584,597,599
571,597,597
565,595.596

Data collected with the READADC (8-bit) command has smaller numbers than data
collected with the READADC10 (10-bit) command. Regardless, the first step is to
convert the numbers from ADC counts to volts. This is done by dividing the number by
the maximum value of the READADC command and multiplying by five.

For READADCI10
voltage = (count/1024) * 5

For READADC
voltage = (count/256) * 5

Temperature Conversion

The voltage of the temperature sensor is in units of 100 kelvins. So multiplying the
voltage by 100 converts it to a temperature reading of kelvins. Since kelvins is common
unit for most people, convert the units of kelvins into units of Celsius by subtracting 273.

°C = (voltage * 100) — 273

Celsius can be converted to Fahrenheit two ways. The neatest way takes advantage of the
fact that there is 1.8 Fahrenheit degrees for every 1.0 Celsius degrees and that they
intersect at -40 degrees.

°F = ((°C + 40) * 1.8)-40

A sample Excel spreadsheet is available at the NearSys website at the Temperature array
webpage.



PICAXE Links
You’ll find PICAXE resources like the program editor and datasheets at the PICAXE

website: http://www.rev-ed.co.uk/picaxe/

The Program Editor’s Help menu contains the BASIC command references for the
PICAXE.
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