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purpose 

Methyl Bromide (CH3Br)

+ Class I ozone depleting substance

+ A pesticide used to fumigate soil 

+ Banned but still used under the Montreal Protocol

+ Used extensively in strawberry fields

+ Oxnard is one of the largest growers of strawberries 
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+ How much Methyl Bromide is making its way into the atmosphere?

Notes: There are a lot of reasons not to use Methyl 

Bromide, unfortunately there is more need than reason at 

this point in time.  The balloon project, with itôs numerous 

technical goals, sets out to prove itself conceptually by 

quantifying methyl bromide in Camarillo.



the 

Balloon Project

+ How do you take air samples remotely, and from a balloon?
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Notes: The Balloon Project is two projects wrapped into 

one: the purely scientific goal of methyl bromide research 

and the technical challenges that must be overcome to do 

that research.  Over the next slides the technical 

challenges will be deeply investigated as they were by far 

the most educational and important aspects of this project.



the 

Abilities of the Air Sampler

+ Has multiple uses

- Can be deployed to monitor hazardous spill 
sites

- Long term research

- Data collection for government agencies

- With minor alterations it can be used to 
sample water

- Systems are expandable to include data 
logging

+ Completely Autonomous with wireless connectivity
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+ But how does it work?
Notes: The air sampler was specifically designed for balloon based research however 

the design challenges that created it donôt limit it by any means.  Several companies 

have shown their interest in the air sampler to use as a tool for their own research.



the 

Parts of the Air Sampler
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Piercer

Linear bearing

Handle

Manifold

Pneumatic valve

Bevel Gear

Y-Axis Motor

X-Axis Motor

T-part

Z-Axis Pneumatic Actuator

Center Pole

Center Piece

Lead Screw

Zero set switches

Linear Bearing

Base

Notes:The ñsample drumò 

has been removed from this 

drawing.



the 

Sample Drum

+ The ability to hold 50 samples @ 3.5cc each

+ Easy to swap in and out of the sampler

+ Hermetically sealed to withstand both high 

and low pressures

+ Specifically machined to be lightweight

+ Rubber seals keep samples tight
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Notes: The sample drum was one of the most 

complex components to manufacture in this project.  It 

required over six operations and several hours of 

machine time to create one.  A special fixture was 

designed to hold the drum in place while it was being 

machined.  A short movie on the machining process is 

available on the multimedia CD-Rom

An interactive video is available on the multimedia CD-Rom



an introduction: 

How Samples Are Kept Tight
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Notes: The idea to use sealed 

compartments instead of individual 

vials or another method of storing 

air samples came from the need to 

keep things lightweight. The seals 

themselves were taken from 

intravenous (IV) tubing access 

ports.  These rubber seals, that 

were purchased from e-bay, proved 

to be excellent for the job.  

In the picture my friend Jeff and I 

have spent several hours cutting 

the rubber seals out of their plastic 

housings.  It was tremendously 

difficult to free the seals: The plastic 

was tough and the scissors werenôt 

tough enough.



the 

Y Axis

+ Y axis is motor driven

+ Grooves in sample drum interact with switches

+ Switches on side determine exact position
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Notes: The sample drum serves as the Y axis of the 

air sampler.  A small motor turns a bevel gear that 

meshes with a small gear on the bottom of the sample 

drum.  The gears were salvaged from surplus avionics 

equipment.  The Y axis is designed to index to each 

row of samples as they are needed.   The Y axis is  

calibrated when the machine is started up. 



the 

X axis

+ Powered by a small DC motor

+ An optical switch quantifies movement 

+ Zero set switch sets zero

+ A small 12v DC 110RPM motor moves the Piercer

+ A lead screw interfaces with the center piece and Piercer

+ Contains a zero set switch that locates zero for the Piercer

+ A linear bearing provides stabilizes horizontal movement
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Notes: The x axis system moves a small manifold 

equipped with a needle back and forth, the ñPiercerò. 

Once the piercer is situated above its target sample 

chamber it is ready to pierce into a sample chamber.  

The movement of the piercer is quantified by an 

optical encoder, the zero is set by a small switch.



the 

Center Piece Details

+ Holds an optical switch and a small disk to break the beam

- Disk is rotated by lead screw

- 1 rotation is equivalent to 1 mm of Piercer movement

+ Provides stability to connecting assemblies

+ Ball bearings ensure smooth and accurate rotations

+ An oil impregnated bushing allows smooth z axis movement
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the 

Details of the Piercer

+ The needle is easy to replace, standard for diabetic insulin

+ Holds a small valve that:

- Facilitates in the automated vacuum process

- Precisely stops the filling of a chamber when it is full 

+ Connects with a lead screw which provides locomotion

- Anti-backlash nut

+ A pressure sensor determines when a chamber is ñfullò

+ Needle is hermetically sealed by a special assembly

+ Piercing force is provided by pneumatic actuator
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SMC Pressure sensor.

Clippard Pneumatic Valve

Threaded needle port

Lead Screw Nut



the 

Z axis 

+ Z axis is pneumatically driven by an actuator

+ Provides piercing force to needle
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Notes: Once the piercer is situated above its target 

sample chamber it is ready to pierce into a sample 

chamber.  The Z axis provides the force to puncture 

the seal of a chamber via a small pneumatic actuator.  

The valve that controls this actuator is integrated into 

the air sampler itself.  Whenever the X or Y axisô are in 

motion the Z axis is always in the raised position to 

ensure that the needle of the piercer is not damaged 

by any moving parts.



Input

Aux. Output

To Sampler

B
B

Sampler &

Auxiliary
Actuator

Z Axis Down

Z Axis Up

*Valves normally set to A

Compressor

A A

the 

Pneumatic System

+ Utilizes manifolds imbedded in the base

+ Auxiliary output for Sorbent tubes

+ External 30psi compressor

+ Valves operate on 12v DC
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On/off

Notes: A very small 12v DC brushless air compressor 

powers the pneumatic systems.  The valves are 

electronically actuated and route air to the Z axis 

actuator and the sampler or auxiliary outputs. 

The auxiliary output is designed to be used with 

sorbent tubes which can be used to collect particulate 

material.  

This view is of the bottom of the air sampler, the 

valves are integrated into the instrument itself.

Manifold



the 

Hardware
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Software

Interface
USB 

Interface

Post 

processing 

Hardware

Digital 

Inputs
Digital 

Outputs

X zero

Piercer

X count

Piercer

Y zero

Drum

Y count

Drum

Pressure 

sensor

X Motor

Reverse

Y Motor

Forward

Valve 2

Actuator

X Motor

Forward

Valve 3

Piercer

Valve 1

Sampler/Aux

Compressor

PC
+ Intuitive software provides autonomy

+ 8 digital inputs, 8 digital outputs, 8 analog  



the 

Electronic prototyping
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Notes: Much time was spent on breadboard work.  These are the 

prototypes for the electronics that controlled the air sampler.  

Surprisingly, one of the most difficult tasks was picking out 

connectors!  Mouser.com has a selection of 41,608 DIFFERENT 

connectorsé  Selecting just a few to do the job was not easy.

The air sampler controller utilizes H-Bridges for motor control, 

high current NPN transistor arrays to power valves and 

compressors, and all inputs from the controller to the computer 

are optoisolated. 

http://smg.photobucket.com/albums/v21/kasmoie/?


the 

Air sampler Controller
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+ LEDôs provide state of various inputs and outputs

+ Provides regulated power to GPS and camera systems

+ Powered by both 12v and 5v supplied by a DC DC converter

USB IO board

Opto-Isolators

NPN Trans.
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Speed control

H-Bridge.

8 Analog Inputs



the 

Emulator
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Notes: Because there was a 

limited amount of machine time 

available to fabricate the 

components of the air sampler it 

took many months to machine all 

of the required components.  In 

order to design the software while 

the air sampler was still being 

created an emulator was built to 

emulate the inputs and outputs of 

the air sampler.  This allowed for a 

much quicker design time.

http://smg.photobucket.com/albums/v21/kasmoie/Electronics/?

