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Memory Stick Datalogger (#27937)


General Description
The Memory Stick Datalogger is a USB Host Bridge which allows you to connect a USB Mass Storage 
Device, such as a Thumb Drive, to your BASIC Stamp®, SX or Propeller Microcontroller.  The Vinculum 
IC/Firmware on the Datalogger Module handles the File System of the Memory Stick so that you can 
share the files with your PC.  All of this control using simple Serial commands.


Features
 Simple Serial or SPI interface to Microcontroller
 Extended or Short-Form Command Set/Responses
 5V Supply with 3.3V/5V Safe I/O
 Low-power operation (25mA Run/2mA Standby)
 Easy firmware update (Can be field-updated)


Application Ideas
 Remote logging of large amounts of data
 Host large database for RFID or other application


Quick Start Circuit


Connecting and Testing
Connect the Datalogger board as shown above to your Board Of Education or Homework Board.  If you 
have a different board please follow the pin out chart on page 3.  Once your board is connected, insert a 
USB Thumb Drive then run the program DataloggerTestV1.0.bs2 to test it.
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Resources and Downloads
Check out the Memory Stick Datalogger product page for example programs, AppNotes, datasheet and 
more:


       http://www.parallax.com/detail.asp?product_id=27937


Theory of Operation
The heart of the Memory Stick Datalogger is the Vinculum Embedded USB Host Controller IC by FTDI 
(available through Parallax Inc.).  This integrated circuit allows the implementation of USB Host Controller 
functionality within products without having to deal with the low-level USB protocol.  Besides providing
the host interface the Vinculum also handles the FAT File System through upgradeable firmware in flash 
memory.  This allows the user to access files on the drive using simple serial commands without having 
to deal with drive or file structure.  Files are in standard FAT format and can be read and written from a 
PC as well providing excellent portability of the data and files.  By formatting the output of the data going 
to the drive, files can be saved that can be imported directly into applications, such as spreadsheets, 
where the data can be plotted or graphed.


Command Set
The command set for the Memory Stick Datalogger is contained within the Vinculum Firmware 
Specifications on the Datalogger product page (link above).  Please see the section on Firmware 
Command Set.  This sheet provides complete details of the command set used by this module as well as 
responses from the module.  There is both a full verbose (DOS Style) command set as well as a
condensed command set with less verbose responses which can make it easier on the BASIC Stamp 
Modules.  FAT12, FAT16 and FAT32 formats are supported.


Precautions
Some USB drives may not properly initialize when connected to the Datalogger.  If the light on your drive 
stays on when connected or if it doesn’t blink, try removing and reconnecting the drive.


Removing or powering down a USB Drive while data is being written to it can corrupt both the data and 
the file system of the drive.  Be sure the drive is not being written to when you disconnect or power off 
the Datalogger or Drive.  Be sure that your program closes files that it opens for writing.  Not closing 
these files can also cause corrupt data.  A crashed program can also cause this if it never closes the file 
and the drive is shut down or removed.


If you continue having trouble reading from or writing to your USB drive, try the following.


Connect the USB drive to your PC.  Open a My Computer window so you can see what drive letter was 
assigned to the drive.  Open a command prompt (DOS) window and type the following (replacing x with 
the letter assigned to your drive):


chkdsk x: /f


This will scan the drive for any file system errors and repair them.  Always back up important data on the 
drive before running chkdsk or even before logging any data to it to avoid losing important information.
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Specifications


Symbol Quantity Minimum Typical Maximum Units


Vdd Supply Voltage 4.75 5.0 5.25 V


- Storage Temperature -65° - 150° C


- Operating Temperature 0° - 70° C


Ivdd Supply Current (Running) - 25 - mA


Ivdd Supply Current (Standby) 1 2 2 mA


        


Pin Definitions (UART Mode)


Pin Name Description


1 Vss Connects to System Ground
2 RTS# Request To Send (Connects to MCU CTS)
3 Vdd Connects to +5V (Regulated)
4 RXD Receive Data (Connects to MCU TXD)
5 TXD Transmit Data (Connects to MCU RXD)
6 CTS# Clear To Send (Connects to MCU RTS)
7 NC No Connection
8 RI# Ring Indicator (Making this input low resumes from Suspend)


Jumper in UART Mode 


Pin Definitions (SPI Mode)


Pin Name Description


1 Vss Connects to System Ground
2 SDO Serial Data Output
3 Vdd Connects to +5V (Regulated)
4 SDI Serial Data Input
5 SCLK Serial Clock Input (12 MHz Max)
6 CS Chip Select Input
7 NC No Connection
8 NC No Connection


Jumper in SPI Mode    
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LED Definitions
Operation LED Behavior 


Power On Green LED and Red LED flash 
alternately for 2 seconds Repeated 
until monitor connects 


USB Disk Initialization Green LED on, Red LED off 


USB Disk Ready Green LED off, Red LED on 


USB Disk Removed Green LED off, Red LED off 


Commands From Monitor Port to USB Disk Green LED off, Red LED flashes 


Commands From Monitor Port with USB Disk Removed Green LED off, Red LED off 


Module Dimensions


50


22


units = mm
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TSL230R Light-to-Frequency Converter (#27924) 
General Description 
The Texas Advanced Optical Systems (TAOS) TSL230R measures light intensity using an array of 
photodiodes and outputs a square wave whose frequency is proportional to light intensity striking the 
surface of the chip. 


Features 
• High-resolution conversion of light intensity to frequency with no external components 
• Programmable for three sensitivity levels 
• Convenient 8-pin 0.1” DIP  package 
• 3.3 V or 5 V operation 
• Absolute output frequency tolerance of +/- 20% 
• Easy to interface directly with microcontrollers 


Application Ideas 
• Flash detection 
• Cloud detection 
• Laser beam interruption detector 


Pin Definitions and Ratings 
 


Pin Name Function 
1 S0 Sensitivity select input 
2 S1 Sensitivity select input 
3 OE Output Enable  
4 GND Ground 0 V 
5 Vdd +3 to +5 VDC supply voltage 
6 Out Scaled-frequency output 
7 S2 Scaling select input 
8 S3 Scaling select input 


 
Please see the TSL230R Manufacturer Datasheet for complete device information; it is available from the 
27924 product page at www.parallax.com. 


Functional Diagram 
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Selectable Option Configurations 


Sensitivity 
The TSL230R provides three levels of sensitivity (in addition to 
an off state) to accommodate the measurement of nearly any 
light intensity. This is accomplished by dividing the photodiode 
array into sections which can be enabled or disabled to provide 
the needed sensitivity. The sensitivity is set by setting the 
appropriate levels on control pins S0 and S1. 


Output Frequency Scaling 
The raw output frequency can vary from approximately 1 Hz to 
over 1 MHz. Since the top frequency output is so high that some 
microcontrollers, such as the BASIC Stamp, are unable to 
measure the frequency, two pins (S2 and S3) on the TSL230R 
are provided as a frequency divider setting making it possible to 
measure the output frequency with slower microcontrollers.  


Output Enable 
Output enable is provided to disable the chip and drive the output pin to high impedance. This permits 
shared use of lines for other TSL230s or completely different devices. The pin may be tied to ground if 
the output enable is not needed. The TSL230R’s operating voltage is 2.7V to 5.5V, enabling it to be 
interfaced directly with any microcontroller which operates in this voltage range; this includes all Parallax 
microcontrollers. 


Connecting and Testing 
The following examples are provided for interfacing the TSL230R with a BASIC Stamp 2 series 
microcontroller and the Propeller chip. These are rudimentary examples of interfacing with the TSL230R, 
a robust auto-scaling example for the BASIC Stamp is available for download from the Parallax product 
page, and the auto-scaling example for the Propeller is available from the Propeller Object Exchange at 
http://obex.parallax.com.  


BASIC Stamp 2 Series 
Pins 1 and 2 connected to P0 and P1 respectively set the sensitivity of the TSL230R. For this example 
these pins are explicitly set to the middle range x10. These can be set to any sensitivity required for the 
application. Pin 6 is the output and connected to P2, the output is a square wave whose frequency is 
dependant upon the amount of light striking the TSL230R. This frequency is measured by the BASIC 
Stamp and output to the debug terminal. 
 


 
 


S1 S0 Sensitivity 


0 0 off 


0 1 x 1 


1 0 x 10 


1 1 x 100 


S3 S2 Divide output by 


0 0 1 


0 1 2 


1 0 10 


1 1 100 







Copyright © Parallax Inc. TSL230R Light-to-Frequency Converter (#27924) v1.0 12/14/2007  Page 3 of 4 


√ Build the circuit shown above, connecting to the BS2 I/O pins as shown. 
√ Enter and run TSL230R-Test.bs2, listed below.  
√ Pass a flashlight over the TSL320R; you should see the value in the Debug Terminal rise as the 


TSL230R receives brighter light.   
 
' TSL230R-Test.bs2 
' Configures TSL230R for x10 sensitivity 
' Displays output in Debug Terminal 
 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
 
 
'-----Define variables, set status of pins----- 
 
x   VAR  Word 
cnt VAR  Word 
 
'-----Constant declarations------ 
 
S0  PIN 0               'Sensitivity selection pins 
S1  PIN 1 
In  PIN 2               'TSL230R output pin 
 
'-----Program Start----- 
 
LOW S0                  'Set sensitivity pins (S0,S1) to x10 
HIGH S1 
 
'-----Main program loop----- 
 
FOR x = 1 TO 2000 
  COUNT In, 100, cnt    'COUNT on P2 FOR 100 ms, store value in cnt 
  DEBUG HOME, DEC5 cnt  'Display value of cnt as a decimal 
NEXT 
 
END 
 


Propeller Example – TSL230 Simple Demo.spin 
This example reads the frequency output on pin 6 and displays the number on a television, and it makes 
use of the TV_Text object that is included in the home folder of the Propeller Tool software. (If you are 
not using a Propeller Demo Board, see its schematic for information on connecting a TV to the Propeller 
chip.) Pins 1 and 2 of the TSL230R are connected to two consecutive pins on the Propeller and set the 
sensitivity of the TSL230R. For this example the pins are explicitly set to the middle range x10. These can 
be set to any sensitivity required for the application.  
 
{{******************************************************** 
   Taos TSL230 light to frequency sensor v1.0 simple demo 
                    ┌──────────┐ 
          cbase ──│1 o      8│──┳──┐ 
                    │          │   │   
        cbase+1 ──│2        7│──┘  
                    │    []    │    
                ┌──│3        6│──── pin 
                │   │          │     
                ┣──│4        5│──┘ 3.3V  
                   └──────────┘ 
                 







Copyright © Parallax Inc. TSL230R Light-to-Frequency Converter (#27924) v1.0 12/14/2007  Page 4 of 4 


           Coded by Paul Baker (Parallax)            
*********************************************************}} 
CON  
  _clkmode = xtal1 + pll16x  
  _XinFREQ = 5_000_000 
 
  pin = 0                           'pin connected to tsl230 output 
  cbase = 1                         'pin connected to S0 (S1 connected to cbase + 1) 
  scale = %10                       'scale value for tsl230 (%00=off,%01=x1,%10=x10,%11=x100) 
  ctrmode = $28000000               'mode value for counter to operate as a frequency counter 
 
OBJ 
  term : "tv_text" 
 
PUB go | old 
  dira := %11 << cbase              'set scale pins to output 
  outa := scale << cbase            'set scale value 
  term.start(12)                    'start terminal 
  frqa := 1                         'set counter to increment by one 
  ctra := ctrmode + pin             'start counter 
  repeat 
    waitcnt(80_000_000 / 10 + cnt)  'wait for 100ms 
    term.dec(phsa)                  'output counter value 
    term.out($0D)                   'line feed 
    phsa := 0                       'reset counter value 
 


Resources and Downloads 
The BASIC Stamp and Propeller code and the manufacturer’s datasheet, more example applications can 
be downloaded from the TSL230R product page.  Go to www.parallax.com, then enter 27924 in the 
Search field. 








 


 
Web Site: www.parallax.com 
Forums: forums.parallax.com 
Sales: sales@parallax.com 
Technical: support@parallax.com 
 


 
Office: (916) 624-8333 
Fax: (916) 624-8003 
Sales: (888) 512-1024 
Tech Support: (888) 997-8267 
 


 


© Parallax, Inc.  •  Piezo Film Vibra Tab Mass (#605-00004)  •  06/2005                                                       Page 1 of 3 


Piezo Film Vibra Tab Mass (#605-00004) 
General Description 
This Piezo Film Vibra Tab Sensor is the LDT0 Solid State Switch/Vibration Sensor manufactured by 
Measurement Specialties. The LDT0 is a piezoelectric film device capable of acting as switch or vibration 
sensor.  Characteristics of this device allow even more possibilities for use. 


Features 
• Wide range of applications 
• Thin polymer film laminate with 2 crimped contacts 
• Easy interface to BASIC Stamp® and SX Microcontrollers 
• Can be read using PULSIN, COUNT or by reading input pin level 


Application Ideas 
• Alarm System Sensor 
• Product Damage/Shock Detector 
• Accelerometer 
• Tap Switch 


 


Quick Start Circuit 


 


Connecting and Testing 
The circuit above allows you to start using the LDT0 as a switch or shock detector.  You can test for 
functionality by checking the pin for a HIGH signal on the connected I/O pin when the sensor is tapped, 
flicked or snapped. 
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Sensitivity  
As a vibration sensor the LDT0 has a sensitivity of 50 mV/g.  As mass is added to the device, sensitivity 
decreases, as does it’s resonant frequency.  Please see the manufacturer’s datasheet for further details 
about how adding mass to the device affects these characteristics. 


Resources and Downloads 
Check out the Piezo Film Vibra Tab Mass product page for the manufacturer datasheet and example 
source code: 
 
       http://www.parallax.com/detail.asp?product_id=605-00004 
 
Please see the manufacturer’s website to obtain a Tech Manual which describes more example 
applications, configurations and information on piezoelectric film devices. 
 
       http://www.msiusa.com 


Device Information 
Theory of Operation 
The LDT0 is a flexible film piezoelectric device laminated to a polymer substrate and includes two crimped 
contacts for mounting and electrical connections.  As the device is bent or displaced from its neutral axis, 
a very high strain is generated by the piezo-polymer and high voltage is generated. 
 


Precautions 
• This device can generate voltages of ~70 volts.  Always be sure to clamp, buffer or filter the 


signal going to the I/O pin to keep it within acceptable voltage/current limits. 
 


Module Dimensions 
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Source Code 
BASIC Stamp 2 Program 
The example below provides a very simple method of reading the device as a vibration sensor or switch.  
This example will run on any BASIC Stamp 2 model, by updating the $STAMP directive.  It simply displays 
“Triggered!” on the DEBUG screen when the device is tapped, flicked or snapped.  You could easily 
modify the code to branch to a subroutine on activation instead. 
 
'   File...... PiezoFilmTrigger.bs2 
'   Purpose... Detect Pulse On I/O 
'   Author.... Parallax Tech Support 
'   E-mail.... support@parallax.com 
'   {$STAMP BS2} 
'   {$PBASIC 2.5} 
' ========================================================================= 
 
' -----[ Program Description ]--------------------------------------------- 
' This program demonstrates using the LDT0 as a switch/trigger 
 
' -----[ I/O Definitions ]------------------------------------------------- 
 
TriggerPin      PIN     0               ' Input Pin From LDT0 
 
' -----[ Program Code ]---------------------------------------------------- 
 
Main: 
  IF TriggerPin = 0 THEN Main           ' Check For Trigger 
  DEBUG "Triggered!", CR                ' Display Result To DEBUG Window 
  GOTO Main     
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DS2760 Thermocouple Kit (#28022) 
1-Wire® Thermocouple Interface 
 
 
Introduction 
 
Thermocouples provide a low-cost, reliable means of measuring temperature over a wide range.  The 
challenge when using a thermocouple is accurately measuring the very low Seebeck output voltage 
(fractional to low millivolts) from the element, and providing for cold junction temperature compensation. 
 
The Dallas/Maxim DS2760 High Precision Li+ Battery Monitor is very easily configured into an effective 
thermocouple interface.  The Parallax DS2760 Thermocouple Module capitalizes on this application and 
provides a complete connection between the BASIC Stamp and a standard thermocouple element. 
 
 
Features 
 


 1-Wire® interface allows multiple devices with just one Stamp IO pin 
 Cold Junction measurement: 0°C to +127°C (0.125°C resolution)  
 Low power consumption: 


  -- Active current:  90 A max 
  -- Sleep current:  2 A max 


 
 
Packing List 
 
Verify that your DS2760 kit is complete in accordance with the list below: 
 


 DS2760 Thermocouple Module  #550-28022 
 (3) Thermocouple elements: 


  -- (1) K-type (Chromel / Alumel)  #800-00011 
  -- (1) J-type (Iron / Constantan)  #800-00012 
  -- (1) T-type (Copper / Constantan)  #800-00010 


 This documentation  
 
Note: DS2760 demonstration software may be downloaded from www.parallax.com. 
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Connections 
 
Before connecting the DS2760 Thermocouple Module to the BASIC Stamp you will need to prepare a 
thermocouple element, and then connect it to the cold junction port of the module.  Start by carefully 
removing about one inch (250 mm) of the outer sleeve from each end of the element.  From each lead on 
the temperature measurement end, remove about ½ inch (125 mm) of insulation and then carefully twist 
together (using pliers if necessary) and trim as shown in Figure 1. 
 
 


Figure 1: Thermocouple Junction 
 


 
 
 
On the cold junction (DS2760 module) end of the element, remove only ¼ inch (60 mm) of insulation from 
each lead.  Route these leads through the bottom of the thermocouple module PCB and insert snuggly 
into the pin sockets as shown in Figure 2. 
 
 


Figure 2: Cold Junction Connection to DS2760 PCB 
 


 
 
 
Use this table to ensure that you make the proper thermocouple connections to the module.  If the leads 
are reversed, the measured temperature will be incorrect. 
 
 


Type Materials SNS Vss 
K Chromel / Alumel Red Yellow 
J Iron / Constantan Red White 
T Copper / Constantan Red Blue 


 
 
Finally, the DS2760 Thermocouple Module is connected to the BASIC Stamp as shown in Figure 3 below 
(Note that the module includes a 4.7 K pull-up on the 1-Wire® data line). 
 
 


Figure 3: DS2760 Connections to BASIC Stamp 
 


Vdd


Vss


Data IO
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      IF ((tblHi - tblLo) < 2) THEN             ' span at minimum 
        eePntr = tblLo 
        EXIT 
      ENDIF 
    LOOP 
    tempC = eePntr 
  ENDIF 
  RETURN 


 
 
Additional Resources 
 
� Advanced thermocouple interface software (download from Parallax) 
� Web Links: 


  -- www.maxim-ic.com/quick_view2.cfm/qv_pk/2931 
  -- www.capgo.com/Resources/Sensors/Temperature/Thermocouple/Thermocouple.html 
  -- instserv.com/rmocoupl.htm 
  -- instrumentation-central.com/pages/thermocouple_reference_table.htm 


 
 
DS2760 Module Schematic 
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Experiment I: Roll and Vibration 


Research Question: 


What can be learned from measuring and analyzing roll and vibration during a 
rocket’s flight?  
 
Background Information:  
Isaac Newton’s first law says that an object at rest tends to stay at rest, and an 
object in motion tends to stay in motion, with the same direction and speed. 
Motion (or lack of motion) cannot change without an unbalanced force acting 
upon it. It is quite apparent that roll and vibration are unbalanced forces that may 
have significant impact on a rocket’s flight characteristics. 
 
Experimental Design: 
We want to measure roll and vibration with two stock rocket kits and build them 
per instructions with the only modification being an upgrade to the recovery 
system so that it will withstand relatively high-speed deployment incase of a 
miss-timed deployment event.   
We are going to monitor altitude, vibration and roll of two same-kit rockets built 
by two different students. If, after data analysis, there are significant differences, 
we will then examine the rockets to see if we can determine what caused the 
differences. Each rocket is a LOC Hi-Tech H45. The specifications are:  


Length: 49.75 inches  
Diameter: 2.625 inches  
Weight: 20 ounces  
Motors: H73J-10  


 
Mariya Williams and Kyle Koos are building the rockets. Neither student has built 
a rocket before, nor have they any experience in building anything beyond plastic 
snap together kits. Construction is carefully monitored to ensure strength and 
durability. 


Data measuring and logging will be done by the Basic Stamp microcontroller with 
a TSL230R Light-to-Frequency Converter from Texas Advanced Optoelectronic 
Solutions and a Piezo Film Sensor from Measurement Specialties Inc. We are 
using a memory stick data logger that will host a USB drive for holding the 
collected data. Everything will be mounted on a printed circuit board and securely 
fastened to the same board as the altimeter and video camera. This electronics 
board will be in the payload bays of the rockets. The TSL230R will turn on the 
data logging by having its viewing portal uncovered upon takeoff. The data 
logging will be terminated after eleven seconds via program control.  
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Here are the possible outcomes where R1= Mariya’s, R2 = Kyle’s, V= vibration, 
R=roll:  


Compared Individually  
 Roll  Vibration  
 R1R = R2R  R1V = R2V  


R1R > R2R  R1V > R2V  
 R1R < R2R  R1V < R2V  
 data incomplete  data incomplete  


 


 


We will consider each of the two forces separately and together  
R1R = R2R and R1V = R2V  


 R1R = R2R and R1V > R2V  
 R1R = R2R and R1V < R2V  
 R1R > R2R and R1V = R2V  
 R1R < R2R and R1V = R2V  
 R1R > R2R and R1V > R2V  
 R1R > R2R and R1V < R2V  
 R1R < R2R and R2V > R2V  
 R1R < R2R and R1V < R2V  
 
 
 


1. what are the forces data; maximum, mean, median, average?  
2. what are the differences?   
3. are the difference statistically significant?  
4. what are the possible explanations for the differences  
 


and if there are significant differences, applying what we’ve concluded to 
modifying our rocket construction techniques. We hope to continue this 
experiment afterwards to verify construction modifications have changed the 
data.   


Variables to consider and measurement tools:  
Since there will be two separate launches, this data needs to be logged:  


1. Wind direction – portable weather station  
2. Wind speed – portable weather station  
3. Temperature – portable weather station  
4. Barometric pressure – portable weather station  


 


And for each rocket:  


1. Weight - scale  
2. Quality of finish - subjective  
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3. Straightness of fins – carpenter’s level/subjective  
4. Fin finish and shape - subjective  
5. Straightness of launch lugs – carpenter’s level/subjective  
6. Length of flight – R-DAS Tiny flight computer  
7. Altitude – R-DAS Tiny flight computer  
8. Acceleration – R-DAS Tiny flight computer  
9. Velocity – R-DAS Tiny flight computer  
10. Deployment time – R-DAS Tiny flight computer  
11. Deployment altitude – R-DAS Tiny flight computer  
12. Motor variation - manufacturer’s data  
13. Roll - student built sensor  
14. Vibration - student built sensor  


 
Data: 
Table 1 is the ambient conditions for the two flights. 
 


May 1, 2010 Kyle Mariya 
Time 9:15 10:20 
Wind Direction Westerly Westerly 
Wind Speed 3-10 kts 8-10 kts 


71 Temperature 72  
29.92 Barometric Pressure 29.92  


Table 1 
 
Table 2 is the attribute comparisons between Mariya’s and Kyle’s rockets. 
 


Attribute How Measured Mariya Kyle 
Weight  scale 32 oz 32.5 oz 


Quality of finish subjective average slightly below average 


Straightness of fins carpenter's level/subjective average average 


Fin finish and shape subjective average slightly below average 


Straightness of rail buttons carpenter's level/subjective excellent excellent 


Length of flight R-DAS Tiny Flight Computer 11 sec 65 sec 


Altitude R-DAS Tiny Flight Computer 1253' 1240' 


Acceleration R-DAS Tiny Flight Computer 6.0 g 5.9 g 


Velocity R-DAS Tiny Flight Computer 318 fps 305 fps 


Deployment time R-DAS Tiny Flight Computer 11 sec 10 sec 


Deployment altitude R-DAS Tiny Flight Computer 1252' 1239' 


Motor variation manufacturer's data Not available Not available 


Table 2 
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Tables 3 is Mariya’s numerical roll data and Chart 1 is a graphical representation 
of that data. 
 


Mariya's Roll Data 
Seconds Seconds Light Seconds Light Light Seconds Light 


0.3 83 4.2 216 8.1 220 12.0 330
0.6 83 4.5 220 8.4 217 12.3 528
0.9 89 4.8 222 8.7 214 12.6 590
1.2 95 5.1 224 9.0 208 12.9 555
1.5 105 5.4 227 9.3 178 13.2 221
1.8 113 5.7 229 9.6 156 13.5 413
2.1 120 6.0 230 9.9 149 13.8 501
2.4 127 6.3 229 10.2 145 14.1 290
2.7 134 6.6 228 10.5 511 14.4 258
3.0 141 6.9 226 10.8 395 14.7 550
3.3 151 7.2 224 11.1 255 15.0 512
3.6 183 7.5 223 11.4 475     
3.9 210 7.8 221 11.7 319     


 
Table 3 
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Table 4 is Mariya’s numerical vibration data and Chart 2 is a graphical representation of 
that data. 
 


Mariya's Vibration Data 
Seconds Vibration Seconds Vibration Seconds Vibration Seconds Vibration 


0.0 460 3.0 429 6.0 429 9.0 423 
0.1 464 3.1 431 6.1 423 9.1 428 
0.2 470 3.2 429 6.2 425 9.2 430 
0.3 466 3.3 431 6.3 423 9.3 428 
0.4 465 3.4 430 6.4 431 9.4 424 
0.5 466 3.5 431 6.5 426 9.5 424 
0.6 466 3.6 426 6.6 429 9.6 421 
0.7 465 3.7 430 6.7 430 9.7 425 
0.8 466 3.8 431 6.8 426 9.8 430 
0.9 465 3.9 425 6.9 423 9.9 428 
1.0 462 4.0 430 7.0 431 10.0 430 
1.1 466 4.1 423 7.1 425 10.1 431 
1.2 465 4.2 426 7.2 421 10.2 422 
1.3 467 4.3 424 7.3 425 10.3 423 
1.4 464 4.4 427 7.4 429 10.4 429 
1.5 464 4.5 425 7.5 424 10.5 423 
1.6 467 4.6 421 7.6 426 10.6 423 
1.7 470 4.7 424 7.7 421 10.7 430 
1.8 471 4.8 430 7.8 422 10.8 427 
1.9 470 4.9 421 7.9 424 10.9 426 
2.0 475 5.0 422 8.0 429 11.0 425 
2.1 477 5.1 427 8.1 422     
2.2 480 5.2 423 8.2 426     
2.3 485 5.3 423 8.3 421     
2.4 434 5.4 431 8.4 421     
2.5 431 5.5 425 8.5 429     
2.6 433 5.6 424 8.6 423     
2.7 432 5.7 427 8.7 425     
2.8 431 5.8 429 8.8 425     
2.9 435 5.9 427 8.9 431     


 
Table 4 
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Kyle has no data recorded  for either vibration or roll data/ 
 


Kyle’s Vibration Data – No Data


Seconds Vibration 


  


 
 


 
Kyle's Roll Data 


Seconds Light Seconds Light Seconds Light Seconds Light 
0.3   4.2   8.1   12.0   


 
Materials:  
2 LOC Hi Tech H45 rocket kits 
 


Length : 49.75" 
Diameter : 2.63" 
Unfinished Kit Weight : 20 oz 


 
Stamp Stack II Microcontroller 
Stamp Stack II development board 
TSL230R Light-to-Frequency Converter from Texas Advanced Optoelectronic Solutions 
Piezo Film Sensor from Measurement Specialties Inc. 
2 9v batteries 
Mini Spy video camera 
R-DAS Tiny flight computer 
Parallax memory stick data logger 
Ativa 4gb USB drive 
2 Aerotech H73J motor 
2-28” rip stop nylon parachutes 
15’ tubular nylon shock cord (Mariya) 
20’ tubular nylon shock cord (Kyle) 
2-8”-square flame retardant protective blanket 
Kestral 4000 Portable Weather Station 
 
Procedure: First we built and tested the Stamp Stack II microcontroller and 
mounted it on the electronics board that would slide into the payload section of 
the Hi Tech 45s. We modified the connections to the Stamp so that micro-cable 
connectors could be directly connected to the I/O pins rather than through a 
breadboard. We then mounted the memory stick data logger on the opposite side 
of the electronics board and utilized the same micro-cable connector solution to 
connect the data logger to the Stamp Stack. The Piezo film sensor was securely 
fastened to the electronics board and wired to the I/O pins of the Stamp Stack. 
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The assembly was mounted on the same 1/8” plywood electronics board that 
held the RDAS-Tiny altimeter and the video camera. This board slid into the 
payload bay and was held in place by fitting snugly between the nose cone and 
the payload bay’s aft bulkhead. Lateral movement was confined by wooden rails 
mounted on the interior walls of the payload bay. 


We had to fashion an 8-pin DIP socket at the end of an 8” cable to hold the 
TSL230R light to frequency IC. Photos 1 and 2 show the electronics details. The 
sensor was designed to be placed in an opening in the payload bay wall so that it 
would have an unobstructed view to the exterior. 
 


 
Photo 1 


 


Memory Data 
Logger Stick


USB Drive 
R-DAS Tiny 


TSL230R 
Sensor 
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Photo 2 


 
The program to control the Stamp Stack and to log the data from the two sensors 
is written in PBasic. The program code is Appendix 1. The program includes a 
subroutine to write the data to a USB drive mounted in the memory stick data 
logger. The data is written as a comma delimited text file, which can be read by 
Microsoft Excel. 
 


Stamp Stack II Piezo Flex Film


Video Camera 


The program monitors the amount of light registered by the TSL230R and 
performs a loop until the light is greater than 100, which is a very dim light. When 
it is greater than 100, the data logger starts storing information from the TSL30R 
and the Piezo flex film for a period of 15 seconds. At the expiration of 15 
seconds, the program stops the data logging. Data is retrieved from the USB 
drive mounted in the data logger via a USB cable and stored on our laptop until 
analysis could take place. 
 
An opaque screen was fitted over the opening that the TSL230R was mounted in 
and the screen removed itself upon liftoff by having a length of line fastened to it 
and the launch pad. 
 
The roll (TSL230R) sensor was tested both prior to its flight and after the flight for 
data collection and to learn what the data might look like. The pre and post tests 
consisted of periodically covering and uncovering the sensor in a lighted room. 
The tests lasted for 15 seconds. We chose 15 seconds because that appeared to 
be somewhat beyond the maximum HPR liftoff-to-recovery deployment time. This 
assured us that we could capture the powered flight portion and not record too 
much chaotic movement while the rocket descended. The pre and post test data 
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are Appendix 2. 
 
We didn’t do a pre or post test of the Piezo film sensor beyond making certain 
that it did record miniscule amounts of movement. 
 
On launch day we mounted the electronics package in Kyle’s payload bay along 
with fresh batteries for both the altimeter and the sensors. The camera was 
turned on and set to video record mode and the nose cone fastened with three 
self-tapping screws. 
 
Once his rocket was on the launch rail and the light screen was in place, the 
altimeter and the electronics package were turned on. 
 
The rocket launched, the parachute deployed, and the rocket descended safely. 
Upon recovery we discovered that the g forces on take-off had dislodged the 
USB drive and as a result, no sensor data was recorded. 
 
The steps were repeated for Mariya’s rocket with additional care taken to ensure 
that the USB drive was more firmly attached. Her flight was also successful and 
we recovered data for analysis. 
 
Results: We were able to gather data from one of the two rockets and therefore 
are not able to do a comparison between the two rockets. 
 
There is some roll, almost 360 degrees prior to parachute deployment after which 
the rocket’s movement becomes chaotic.  
 
The vibration data suggest that there is a significant amount of vibration upon 
launch while during the coast phase, the degree of vibration decreases to a lower 
level and settles into a somewhat cyclical pattern as shown by the green trend 
line.  
 
Conclusion: The data suggests that the roll is smooth throughout the ascent. 
After deployment, the rocket appears to gyrate quite wildly (to be expected) until 
the data recording stopped. We speculate that the extreme motion data values 
increased because the sensor was aimed more in the direction of the sun during 
the few recorded seconds of the descent. The RDAS Tiny flight computer data 
for both rockets is Appendix 3. 
 
The amount of roll is supported by two video recordings of other rocket launches. 
The PML Ariel and the Mad Cow Patriot both have short videos that show a 
smooth and almost 360 degree roll prior to parachute deployment. Unfortunately, 
the video camera on board both Mariya’s and Kyle’s rockets turned off just 
seconds before launch. Weblinks to these videos are in Appendix 4. 
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The vibration data is consistent with what one could reasonably expect during 
HPR flight. Lots of vibration during the thrust phase and less during the coast 
phase. We will have to be satisfied with this data being baseline information 
because the other rocket failed to produce data to do a comparison with. 


We plotted a trend lines by calculating the least squares fit through points using 
the formula: 


Y=b+p1x + p2x
2 + … +pnx


n 


Microsoft Excel applies this formula when adding a trend line to a chart. 


Lessons Learned: Since this was our team’s second and third rocket launch, we 
entered this process with very little prior knowledge and experience. We are now 
much more aware of and appreciative of the extreme forces that a high powered 
rocket undergoes. Duct tape, regardless of what the manufacturer claims, cannot 
withstand g forces that these rockets experience! 
 
We need to determine why the video camera turned it self off for four of the five 
flights that took place on this day. We have used this camera in many bottle 
rocket flights and have not experienced this phenomena previously. First 
speculation is that even though the camera is capable of storing an hour’s worth 
of video, perhaps the charge time between flights wasn’t’ sufficient. 
 
Our electronics payload needs to be more robust in its construction. Again, the g 
forces and landing exerted considerable strain on some of the components, their 
attachment, and the wiring. Careful post flight examination found two loose 
components and one broken connection. 
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Appendix 1 – PBasic Program 
 
'   File...... FNL Dattalogger & Light.bs2 
'   Author.... GLB 
'   Started... 4/15/10 
'   Updated... 4/20/10 
' 
'   {$STAMP BS2} 
'   {$PBASIC 2.5} 
' 
' ========================================================================= 
 
 
' -----[ Program Description ]--------------------------------------------- 
 
' This program collects data from a TSL23OR light to analog converter and 
' save it to a comma-delimited file. . 
' 
 
' -----[ I/O Definitions ]------------------------------------------------- 
 
Sensor          PIN     2               ' TSL230R 
TX              PIN     8               ' Transmit Data   --> 27937.4 (RXD) 
RTS             PIN     9               ' Request To Send --> 27937.6 (CTS) 
RX              PIN     10              ' Receive Data    <-- 27937.5 (TXD) 
CTS             PIN     11              ' Clear To Send   <-- 27937.2 (RTS) 
 
 
' -----[ Constants ]------------------------------------------------------- 
 
Baud            CON     84              ' Serial Baud Rate 9600 bps (BS2) 
NumSamples      CON     50             ' Number Of Samples To Log 
'light ------------------------------------- 
S0 PIN 0 '0 'Sensitivity selection pins 
S1 PIN 1 
In PIN 2 'TSL230R output pin 
 
' -----[ Variables ]------------------------------------------------------- 
 
buffer          VAR     Byte(15)        ' Input Buffer 
index           VAR     Byte            ' Index Variable 
ioByte          VAR     Byte            ' Input/Output Storage 
counter         VAR     Word            ' Counter Variable 
flag            VAR     Bit             ' Event Status Flag 
 
'light ------------------------ 
cnt VAR Word 
HIGH S0 'Set sensitivity pins (S0,S1) to x10 
HIGH S1 
' -----[ Initialization ]-------------------------------------------------- 
 
DEBUG CLS, "Memory Stick Datalogger Demo V1.0", CR, CR, "Initializing..." 
PAUSE 200                               ' Allow Time To Settle 
 
HIGH TX                                 ' Initialize Transmit Line 
LOW RTS                                 ' Take Vinculum Out Of Reset 
 
PAUSE 600                               ' Allow Time To Settle 
DEBUG "Done!", CR, "Synchronizing..." 
 
DO 
  SEROUT TX\CTS, Baud, ["E", CR]        ' Sync Command Character 
  GOSUB Get_Data                        ' Get Response 
  PAUSE 250 
LOOP UNTIL ioByte = $0D                 ' Wait For Carriage Return 
 
DO 
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  SEROUT TX\CTS, Baud, ["e", CR]        ' Sync Command Character 
  GOSUB Get_Data                        ' Get Response 
  PAUSE 250 
LOOP UNTIL ioByte = $0D                 ' Wait For Carriage Return 
 
 
' -----[ Program Code ]---------------------------------------------------- 
 
Main: 
  DEBUG "Done", CR, "Switching to Short Command Mode..." 
  SEROUT TX\CTS, Baud, ["SCS", CR]      ' Switch To Short Command Mode 
  GOSUB Get_Data                        ' Purge Receive Buffer 
  DEBUG "Done!", CR, "Waiting for Memory Stick..." 
 
Check_Drive: 
  DO 
    SEROUT TX\CTS, Baud, [CR]           ' Prompt Device For Status 
    GOSUB Get_Data                      ' Purge Receive Buffer 
    IF buffer(0) = ">" THEN             ' Check For Ready Prompt 
      EXIT                              ' If Ready Then Exit Loop 
    ELSEIF buffer(0) = "N" AND buffer(1) = "D" THEN 
      DEBUG "."                         ' Device Ready But No Memory Stick 
    ELSEIF buffer(0) = "D" AND buffer(1) = "D" AND flag = 0 THEN 
      DEBUG "Connected!", CR, "Accessing..." 
      flag = 1                          ' Memory Stick Ready 
    ELSE 
      DEBUG "." 
    ENDIF 
    PAUSE 250                           ' Command Retry Delay 
  LOOP 
  DEBUG "Ready!", CR 
 
  DEBUG "Delete Data File..." ,CR         ' First Delete File 
  SEROUT TX\CTS, Baud, [$07, $20, "datafile.txt", CR] 
  GOSUB Get_Data                        ' Purge Receive Buffer 
  DEBUG "Create & Open Data File..."    ' Then Create File 
  SEROUT TX\CTS, Baud, [$09, $20, "datafile.txt", CR] 
  GOSUB Get_Data                        ' Purge Receive Buffer 
  'GOTO works 
  'Wait for lift off ------------------------ 
  cnt=0 
  DO WHILE cnt < 100 
    DEBUG HOME, CLRDN, "waiting for lift off" 
    COUNT In, 50, cnt 'COUNT on P2 FOR 100 ms, store value in cnt 
  LOOP 
  'Liftoff ---------------------------------- 
   DEBUG HOME,CLRDN, "LIFTOFF" ,CR 
 
 works: 
  DEBUG "Open!", CR, CR, "Writing Data...", CR 
  FOR counter = 1 TO NumSamples         ' Number Of Samples To Log 
    COUNT In, 50, cnt 'COUNT on P2 FOR 100 ms, store value in cnt 
 
    SEROUT TX\CTS, Baud, [$08, $20, $00, $00, $00, $0D, CR, 
           DEC5 counter, ",", DEC4 cnt, CR, LF, CR] 
 
    PAUSE 50                           ' Write Results/Delay 
    GOSUB Get_Data                      ' Purge Receive Buffer 
  NEXT 
 
  DEBUG "Closing Data File..." ,CR         ' Close File (MUST CLOSE!) 
  SEROUT TX\CTS, Baud, [$0A, $20, "datafile.txt", CR] 
  DEBUG "Done" 
  STOP 
 
 
' -----[ Subroutines ]----------------------------------------------------- 
 
Get_Data: 
  index = 0                             ' Reset Index Pointer 
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  DO                                    ' Receive Data 
    SERIN RX\RTS, Baud, 100, Timeout, [ioByte] 
    buffer(index) = ioByte              ' Add Received Byte To Buffer 
    index = index + 1                   ' Increment Index Pointer 
    IF index > 14 THEN Timeout          ' Check For Overflow 
  LOOP 
 
Timeout: 
  RETURN 
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Appendix 2 – Pre and Post Test Graphs 
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Appendix 3 – RDAS Tiny Flight Computer Results 
 


 
 


Plot 1 - Kyle’s LOC Hi-Tech 45, “T-100” 
 


 


 
 


Plot 2 – Mariya’s LOC Hi-Tech 45, “Mortimer” 
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Appendix 4 – On-Board Videos 
 
On board flight videos 
 
Ariel at Mansfield, April 24, 2010 
http://www.youtube.com/watch?v=0xVIO0N_pI0 
 
“High Caliber” at FNL, May 12, 2010 
http://www.youtube.com/watch?v=Ok7B9I5BeEA 





		Table of Contents

		Experiment I: Roll and Vibration

		Research Question:

		Background Information: 

		Experimental Design:

		Variables to consider and measurement tools: 



		Data:

		Materials: 



		Appendix 1 – PBasic Program

		Appendix 2 – Pre and Post Test Graphs

		Appendix 3 – RDAS Tiny Flight Computer Results

		Appendix 4 – On-Board Videos






Table of Contents 
 
Experiment II: Temperature in a Parachute Recovery Bay During and After Black 
Powder Ejection Discharge...................................................................................1 


 
Research Question ...................................................................................................... 1 


Background Information .............................................................................................. 1 


Data ................................................................................................................................ 3 


Materials ........................................................................................................................ 4 


Procedure ...................................................................................................................... 5 


Results ........................................................................................................................... 6 


Conclusion..................................................................................................................... 6 


Application ..................................................................................................................... 6 


Resources ..................................................................................................................... 7 


Appendix 1 - PBasic Code for Thermocouple Experiment ....................................8 


Appendix 2 - Pre and Post Flight Thermocouple Data Capture Tests.................12 


Table of Contents i 







Experiment II: Temperature in a Parachute Recovery Bay 
During and After Black Powder Ejection Discharge 


Research Question: 
 
How much does the temperature in the parachute recovery bay increase during 
the ejection charge detonation?  


Background Information: 


Based upon data from the “Material Safety Data Sheet” from OWEN 
COMPLIANCE SERVICES, INC., the heat from burning black powder is 
approximately 464°C.  


Experimental Design: 


We plan on collecting temperature data in the parachute recovery bay (PRB) 
during the parachute ejection phase of typical High Powered Rocket flight profile. 
The parachute is ejected by detonating a small quantity of black powder. This 
will be a data gathering and analysis project which will become baseline data for 
future experiments. This experiment involves a Parallax Basic Stamp BS2p24 
microcontroller programmed to record the temperature measured by a DS2760 
module and a thermocouple. This is a K-Type (Chromel/Alumel) thermocouple 
and it has a temperature range of 0-1023 degrees Celsius. The 24” long 
thermocouple will be inserted into the PRB between the parachute and the fin 
can wall to a depth of 22”. The temperature sensing end of the thermocouple will 
be 3” from the black powder ejection charge. A fire/heat retardant blanket will be 
between the sensor and the black powder ejection charge. (See Diagram 1) 


 


Thermocouple  


 


 


 


 


Diagram 1 (not to scale) 


The microcontroller is programmed to monitor the temperature measured by 
the thermocouple. The program will start recording the temperature after the 


Shock Cord 


Microcontroller 
H123W MotorPRB 


Payload Bay 


Flame Blanket Parachute 
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temperature in the PRB exceeds 30 degrees Celsius. It will then record fifty 
temperature readings over a time span of about 8 seconds. The data will be 
recorded in the microcontroller’s EPROM. 


Photo 1 shows the BS2 microcontroller, the Parallax DS2760 
thermocouple module, the K-Type (Chromel/Alumel) thermocouple the 
batteries and the back side of the switches for the microcontroller and the 
altimeter. 


 


Photo 1 
DS2760 
module 


BS2  
microcontroller


Thermocouple 
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Data: 


 Table 1 is the raw data from the BS2p24 EPROM. The numbers represent 
temperatures in degrees Celsius. 


 


 


Table 1 


Table 2 is temperature versus time. Because of the way that the data is 
recorded, the numbers have been interpolated where there is change greater 
than 100. This variation appears as a result of data storage speed that is 
quicker than the response time of the thermocouple. 


Seconds Smoothed Seconds Smoothed Seconds Smoothed 
0.00 0 2.78 101 5.55 165 
0.16 0 2.94 101 5.71 186 
0.33 39 3.10 121 5.88 206 
0.49 59 3.27 141 6.04 226 
0.65 79 3.43 161 6.20 246 
0.82 99 3.59 181 6.37 230 
0.98 119 3.76 201 6.53 214 
1.14 139 3.92 221 6.69 199 
1.31 158 4.08 207 6.86 183 
1.47 178 4.24 194 7.02 167 
1.63 198 4.41 180 7.18 151 
1.80 218 4.57 166 7.35 151 
1.96 238 4.73 152 7.51 172 
2.12 211 4.90 139 7.67 192 
2.29 183 5.06 125 7.84 212 
2.45 156 5.22 125 8.00 232 
2.61 128 5.39 145     


Table 2 
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Chart 1 represents the data from Table 2. The green line is the trend of the 
temperature. 
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This is the weather conditions at Richard Bong Recreational Area, May 1, 2010, 
1415. 


Wind: 10-15kts 
Temperature: 72F 
Barometric Pressure: 29.92 


Materials:  


Mad Cow 4” Patriot high powered rocket 
 


Length: 52.5 inches  
Diameter 4.0 inches 
Weight: 44oz 


 
Parallax Basic Stamp BS2p24 
Parallax “Board of Education” development board 
Parallax DS2760 thermocouple module 
K-Type (Chromel/Alumel) thermocouple 
2 - 9 volt batteries 
Aerotech H123W motor 
28” rip stop nylon parachute 
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15’ tubular nylon shock cord 
8”-square flame retardant protective blanket 
Kestral 4000 Portable Weather Station 


 


Procedure:  


A thermocouple consists of two dissimilar wires that when connected together, 
produce an electrical current when heated. The DS2760 thermocouple module 
was assembled with the Chromel/Alumel thermocouple according to the 
instructions provided with the module. This involved stripping both ends of the 
thermocouple, twisting the wire pairs at one end and inserting the wires into the 
module. The module was then connected to the “Board of Education”.  


The microcontroller was programmed using the Basic Stamp Editor for Windows, 
version 2.4.2. The code is Appendix 1. The programming language is PBasic.  


We verified the operational functionality of this project by submitting the 
thermocouple to a small butane torch. The flame was applied to the 
thermocouple sensor for 1 second. Data was recorded and temperatures showed 
a steady increase (with big valleys) for the remaining 7 seconds. Cooling 
temperatures occurred near the end of the 8 second recording time. We did a 
post flight test to verify that the thermocouple and data storage mechanism were 
still functional and that the data followed the pre and actual flight data pattern. 
We hypothesized that the intense heat from the black powder would heat the 
thermocouple and allow it to cool within the 8 seconds that we allotted. See 
Appendix for pre and post flight tests. 


The battery mount on the “Board of Education” is positioned in such a manner 
that it wouldn’t fit into the Patriot therefore we built a battery connector with a 
switch so that we could power the board on and off via an opening in the rocket’s 
payload bay. 


The assembly was then mounted on the same 1/8” plywood electronics board 
that held the RDAS-Tiny altimeter and the video camera. This board slid into the 
payload bay and was held in place by fitting snugly between the nose cone and 
the payload bay’s aft bulkhead. Lateral movement was confined by wooden rails 
mounted on the interior walls of the payload bay. 


After the rocket was placed on the launch rail, the electronics were turned on. 
The program monitored the temperature reported by the thermocouple and did 
not start recording the temperature until the thermocouple reported a 
temperature greater than 30 degrees Celsius. The data was stored in the 
EPROM of the BS2p24, a “permanent” memory data storage area feature of the 
BS2p24. 
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Data was recovered from the BS2p24 EPROM after the rocket landed via a 
PBasic program developed for this purpose. 


Results: 


 The PRB temperature increased from ambient temperature to a maximum of 
246 degrees Celsius during the 8 seconds of recording. It starts to decrease near 
the 8 second mark. 


Conclusion: 


 We expected that there would be a sudden rise in temperature after the black 
powder detonation and then a gradual cooling as the gases dissipated. There is 
a significant rise within the first 2 seconds to 238 degrees, slightly more than half 
of the expected black powder burn temperature. Since the heat had to travel 
through the flame retardant blanket and the heat was mixed with the cool air 
within the PRB, these temperatures appear to be realistic. 


We examined the data and hypothesize that the widely varying numbers that plot 
to a four-lobed cycle may be the result of the program recording data faster than 
the thermocouple could be monitored for temperature. Therefore we eliminated 
those low samples, particularly since the low numbers were evenly distributed 
between the higher numbers. We plotted a trend line by calculating the least 
squares fit through points using the formula: 


Y=b+p1x + p2x
2 + … +pnx


n 


Microsoft Excel applies this formula when adding a trend line to a chart. 


The lag time from heat being applied to the thermocouple sensor tip and then 
sensor tip being heated itself is probably why the temperature continued to climb 
well after the black powder detonation. This lag may also explain why cooling 
didn’t start until near the end of the recording time. 


Pre and post tests confirm the consistency of the hypothesized lag time. 


Application 


Although this is only a one-time data gathering, the temperature gradient 
indicates that thermal protection is definitely necessary to protect the nylon 
parachute. Nylon melts from 185-250 degrees Celsius, depending upon the 
grade. Kevlar starts to decompose at 427 degrees Celsius and as stated earlier, 
black powder temperatures are in the 464 degrees Celsius range.  
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Resources 
 
Kevlar Technical Guide, 
http://www2.dupont.com/Kevlar/en_US/assets/downloads/KEVLAR_Technical_G
uide.pdf, April 1, 2010 
Material Data Sheet for Black Powder: 
http://www.ocsresponds.com/ref/msds/msds-bp.pdf, March 20, 2010 
Thermocouple Technical Reference Data, http://instserv.com/rmocoupl.htm, 
March 20, 2010 
JB Plastic-Nylon, http://www.jbcplastic.com/nylon.htm, March 20, 2010 
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Appendix 1 - PBasic Code for Thermocouple Experiment 
 


'   File...... FNL Thermocouple Experiment.BPE 
'   Purpose... Thermocouple temperature measurement using the DS2760 in a Patriot 4" HP Rocket 
'   Author.... Parallax, Inc. & Anna Haywood, modified by Gary Brandt 
'   E-mail.... gbrandt@nwic.edu 
'   Started... 3/1/10 
'   Updated... 4/28/10 
' 
'   {$STAMP BS2p, KTablePos.BPE} 
'   {$PBASIC 2.5} 
' 
' ========================================================================= 
 
 
' -----[ Program Description ]--------------------------------------------- 
' 
' This program lets a BS2p read [positive] temperature from the 
' Parallax DS2760 thermocouple module.  User input of thermocouple type 
' K and temperature display is via the Debug terminal window for 
‘ static test. Data is recorded in EPROM during flight. 
 
 
' -----[ I/O Definitions ]------------------------------------------------- 
 
OW              PIN     0                       ' 1-Wire buss pin 
 
 
' -----[ Constants ]------------------------------------------------------- 
 
ReadNet         CON     $33                     ' read OW net address 
SkipNet         CON     $CC                     ' skip OW net address 
RdReg           CON     $69                     ' read register 
 
test            CON     10 
 
' -----[ Variables ]------------------------------------------------------- 
x               VAR     Byte 
idx             VAR     Byte                   ' loop counter 
char            VAR     Byte                    ' display byte/char 
type            VAR     Nib 
vIn             VAR     Word                    ' in millivolts 
tmpCJ           VAR     Word                    ' device temp in C 
tCuV            VAR     Word                    ' thermocouple millivolts 
sign            VAR     Word                    ' TC sign bit 
 
cjComp          VAR     Word                    ' temp compensation 
tempC           VAR     Word                    ' temp in Celsius 
tempF           VAR     Word                    ' temp in Fahrenheit 
 
tblLo           VAR     Word                    ' table pointers 
tblHi           VAR     Word 
eePntr          VAR     Word 
testVal         VAR     Word                    ' test value from table 
error           VAR     Bit                     ' 1 = out of range 
 
 
' -----[ EEPROM Data ]----------------------------------------------------- 
 
 
  type = 1 
  STORE type                                    ' point READ to table 
 
 
' -----[ Program Code ]---------------------------------------------------- 
'GOTO READ_DATA     ' Read data afterwards 
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' Wait for ejection -------------------------------------------- 
 DO WHILE tempc<30 
    DEBUG CRSRXY, 7,0, "waiting for deployment" 
 
    GOSUB Read_TC_Volts                         ' read Seebeck voltage 
 
    DEBUG DEC2 tcuv, " " 
 
    GOSUB Read_CJ_Temp                          ' read cold junction temp 
    READ (tmpCJ * 2), Word cjComp               ' get compensation voltage 
 
    ' combine cjComp and tCuV 
    ' 
    IF sign THEN 
      ' TC below cold junction 
      IF (tCuV < cjComp) THEN 
        cjComp = cjComp - tCuV 
      ELSE 
        cjComp = 0                              ' limit to 0C 
      ENDIF 
    ELSE 
      ' TC above cold junction 
      cjComp = cjComp + tCuV 
    ENDIF 
 
    LOOKUP type-1, [1023, 1023, 400], tblHi       ' set high end of search 
    GOSUB TC_Lookup                             ' reverse lookup of table 
  LOOP 
 
 
Main: 
FOR x=1 TO 50 'STEP 2 
 
    GOSUB Read_TC_Volts                         ' read Seebeck voltage 
 
    DEBUG DEC2 tcuv, " " 
 
    GOSUB Read_CJ_Temp                          ' read cold junction temp 
    READ (tmpCJ * 2), Word cjComp               ' get compensation voltage 
 
    ' combine cjComp and tCuV 
    ' 
    IF sign THEN 
      ' TC below cold junction 
      IF (tCuV < cjComp) THEN 
        cjComp = cjComp - tCuV 
      ELSE 
        cjComp = 0                              ' limit to 0C 
      ENDIF 
    ELSE 
      ' TC above cold junction 
      cjComp = cjComp + tCuV 
    ENDIF 
 
    LOOKUP type-1, [1023, 1023, 400], tblHi       ' set high end of search 
    GOSUB TC_Lookup                             ' reverse lookup of table 
 
 
    IF (error = 0) THEN 
      DEBUG CRSRXY, 0, 7, 
            "Temp °C..... ", SDEC tempC, CLREOL 
 
      WRITE x, Word tempc 
 
 
    ENDIF 
 
    PAUSE 100 
NEXT 
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  DEBUG "done" 
 
 read_Data: 
  FOR idx = 0 TO 50' STEP 2 
 
    READ idx, tempc 
    DEBUG DEC3 tempc, " " 
  NEXT 
 
 
 
  END 
 
 
' -----[ Subroutines ]----------------------------------------------------- 
 
' Reads device input voltage (Vin pin) 
' -- mV in millivolts (max reading is 4.75 volts) 
 
Read_Vin: 
  OWOUT OW, %0001, [SkipNet, RdReg, $0C] 
  OWIN  OW, %0010, [vIn.BYTE1, vIn.BYTE0] 
  IF (vIn.BIT15) THEN                           ' check sign 
    vIn = 0                                     ' disallow negative 
  ELSE 
    vIn = vIn >> 5 */ $4E1                      ' x 4.88 millivolts 
  ENDIF 
  RETURN 
 
 
' Reads current register to get TC voltage 
' -- each raw bit = 15.625 uV 
' -- tCuV in microvolts 
 
Read_TC_Volts: 
  OWOUT OW, %0001, [SkipNet, RdReg, $0E]        ' read current register 
  OWIN  OW, %0010, [tCuV.BYTE1, tCuV.BYTE0] 
  sign = tCuV.BIT15                             ' save sign bit 
  tCuV = tCuV >> 3                              ' correct alignment 
  IF sign THEN 
    tCuV = tCuV | $F000                         ' pad 2's-compliment bits 
  ENDIF 
  tCuV = ABS tCuV */ 4000                       ' x 15.625 uV 
  RETURN 
 
 
' Reads cold junction (device) temperature 
' -- each raw bit = 0.125 degrees C 
' -- returns tmpCJ in whole degrees C 
 
Read_CJ_Temp: 
  OWOUT OW, %0001, [SkipNet, RdReg, $18] 
  OWIN  OW, %0010, [tmpCJ.BYTE1, tmpCJ.BYTE0] 
  IF (tmpCJ.BIT15) THEN                         ' check sign 
    tmpCJ = 0                                   ' disallow negative 
  ELSE 
    tmpCJ = tmpCJ.HIGHBYTE                      ' >> 5 x 0.125 (>> 3) 
  ENDIF 
  RETURN 
 
 
' Search currently selected TC table for nearest entry 
' -- uses modified binary algorithm to find cjComp 
' -- high end of search set before calling (tblHi) 
' -- successful search sets tempC 
 
TC_Lookup: 
  tblLo = 0                                     ' low entry of table 
  tempC = 22                                    ' default to room temp 
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  READ (tblHi * 2), Word testVal                ' check max temp 
  IF (cjComp > testVal) THEN 
    error = 1                                   ' out of range 
  ELSE 
    DO 
      eePntr = (tblLo + tblHi) / 2              ' midpoint of search span 
      READ (eePntr * 2), Word testVal           ' read value from midpoint 
 
      IF (cjComp = testVal) THEN 
        EXIT                                    ' found it! 
      ELSEIF (cjComp < testVal) THEN 
        tblHi = eePntr                          ' search lower half 
      ELSE 
        tblLo = eePntr                          ' search upper half 
      ENDIF 
 
      IF ((tblHi - tblLo) < 2) THEN             ' span at minimum 
        eePntr = tblLo 
        EXIT 
      ENDIF 
    LOOP 
    tempC = eePntr 
  ENDIF 
  RETURN 
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Appendix 2 - Pre and Post Flight Thermocouple Data 
Capture Tests 
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Introduction 
We came into this project on December 17, 2009. We had just that day (the last day of 
the quarter) learned of the First Nations Launch and Gary immediately emailed Dan 
Hawk asking if we could be put on the notification list for next year’s FNL. Dan replied 
and encouraged us to take part in this year’s launch. 


We decided to do so, even though only two of us had any prior rocket experience. Kyle 
as a pre teenager and Gary back in 1979. Gary quickly organized us, had us do 
research on rocket kits and then ordered them. 


While waiting for the kits to arrive, we continued our experiments with water bottle 
rockets, learned and practiced with Rocksim and discussed as many aspects of high 
powered rocketry as we could such as safety, and the laws and regulations, the physics 
of rocketry and so on and so on. We learned procedures and check lists. 
 
Gary decided that we should each build our own rocket. One reason is that most of us 
have never built anything on this scale. We would learn as individuals and be able to 
help each other out as we learned together. An example would be installing motor mount 
retaining bolts before gluing in the aft motor centering ring (kit instructions didn’t mention 
motor retention). This was something that the first two rockets had to be retrofitted for. 
Another reason he wanted us to build our own was that he had in mind that we would 
attempt our level 1 certification. This would be an additional personal achievement for 
us. 
 
We are amazed and pleased with how far we have come in four months! All of us 
worked very well together and all of us, including Dave Oreiro, our college’s vice 
president, were Tripoli Rocket Association certified. Gary had earned his the prior week 
through the National Association of Rocketry. 
 
Part of our learning process was driving five hours, one way, to witness the Washington 
Aerospace Club’s rocket launch. The first time we got there in time to see one rocket 
launch. The second time we went, we saw several rockets being launched and Gary 
earned his Level 1. Mariya was just in the process of walking to the launch pad when the 
LCO stopped all launches because of the high winds. We almost got a chance to see if 
our rockets would fly! We did, however, enjoy a considerable amount of interaction, 
questions answered, and procedures observed, from the very helpful and friendly WAC 
members. 
 
Our over arching goal for our experiments is to gather data, analyze the data, draw 
conclusions and communicate the results. Our belief is that this is almost as important 
as building and launching our rockets (not as exciting though). So, we built/assembled 
our electronics. Mariya and Kyle learned about resistors, microcontrollers, programming 
and soldering. Gary did most of the electronic work because he had previous students’ 
projects to work with, and he had the most experience, being the teacher and all. 


We had fun! We learned! We want more! 
 
By the Team members of the Northwest Indian College Space Center. 
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