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Mass flow controllers are used to regulate the flow of gas through chambers, thus controlling the concentrations of gas in an enclosed chamber.  A system was designed to test the effects of different concentrations of O2 and N2, within mice.  The system has three main variables as outlined by the client: software, mass flow controllers, and interface for communication.  A plethora of research has been completed on different types of mass flow controllers and mass flow controller manufacturers.  Investigation into different types of communication interfaces and programming software has also been completed.  
Problem Statement

The purpose of this project is to design a system that can create a reproducible and accurate hypoxic/hyperoxic environment with the capability of oscillating between various concentrations of oxygen and nitrogen. 
Client Motivation

Our client, Brad Hodgeman, has the following motivations:

1) Determine the physiological mechanism of neural respiratory plasticity.  It is widely believed that neural plasticity is dependent on serotonin 5HT, but the whole mechanism is yet to be discovered.
2) Purchase new mass flow controllers and develop user-friendly software.  The current mass flow controllers are inaccurate and the software is outdated

3) Increase the automation of the system.  Currently, there are manual aspects of the system that the client would like to get rid of to increase efficiency within the system.
Hypoxia Background
The neural respiratory control system’s responses to respiratory stresses such as intermittent & continuous hypoxia along with hyperoxia are being associated to clinical disorders like sudden infant death syndrome (SIDS), apnic sleep disorders, and spinal cord injury.  Links between these (and other) clinical disorders and hypoxia/hyperoxia are being investigated by researchers in hopes of finding the mechanisms behind their correlations.  

Normal respiration includes 21% atmospheric O2, ~78% N2, and a very small percentage of all other gases.  A lack of inspired O2 (<21%) can cause a condition called hypoxia, where insufficient amounts of O2 reach the tissues of an organism.  Induced hypoxic conditions are more extreme but analogous to atmospheric oxygen at high altitudes.  The physiological and morphological effects from hypoxia can be detrimental to the organism if the O2 level is down low enough and is induced for long enough periods of time. 


Figure 1, shows the phrenic response to continuous hypoxia.   As seen here by the steady decline in phrenic amplified from the short-term hypoxic response, no long term facilitation (LTF) is induced from continuous hypoxia.  (From Kinkead et al, 1998)

Developmental respiratory control in many mammalian species can be heavily influenced by variation in gas concentrations (Johnson and Mitchell, 2003).  Hyperoxia is a condition of ambient O2 levels being above the standard (low altitude) atmospheric O2 levels, 21% respectively.  Animal models support the conclusion that perinatal changes in O2 levels induce developmental plasticity: lasting changes in the respiratory control system that can be drawn out only during critical periods of development (Bavis et al, 2003b).  Carotid body chemoreceptors bathe in the arterial blood and measure the PO2 levels, adjusting breathing rate and volume as PO2 changes accordingly (Feldman and McCrimmon, 2003).  Neonatal hyperoxia-treated rats, when compared to control rats, had significantly less carotid body volume (Fuller et al, 2002).  Smaller volume of carotid bodies and attenuated responses to respiratory stresses of hypoxia later in the rat’s life (>3 months) has researches believing developmental hyperoxia has detrimental effects to postnatal carotid body morphological and functional maturation (Bavis et al, 2002).    

Respiratory plasticity is defined as a future change in performance or persistent change in the neural control system based on prior experience (Mitchell and Johnson, 2003).  Intermittent hypoxia and not continuous hypoxia induce long-term facilitation (LTF) the most common and widely studied form of respiratory plasticity.  LTF is defined as the augmented phrenic burst frequency and amplitude lasting minutes to hours after episodes of intermittent hypoxia (Baker and Mitchell, 2000).  Intermittent hypoxia is necessary to induce but not maintain LTF, thus there are other mechanisms behind the increased drive to breathe, as seen with the increased phrenic output.  It is widely accepted among researchers that LTF results from serotonin receptor activation and is maintained with new protein synthesis, enhancing synaptic inputs to phrenic motoneurons (Fuller et al., 2002).  Serotonin, or 5-hydroxytryptamine (5Ht), is a neuromodulator that aids in increasing respiratory drive.  The exact physiological process in which serotonin elicits LTF is uncertain.  
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Figure 2, shows the phrenic and hypoglossal (XII) response to 3 episodes of intermittent hypoxia (H1, H2, H3).   LTF is the amplified response above baseline (BL) signified at 60 minutes post-intermittent hypoxia.  (From Zabka et al, 2001).

MFC background
In an experimental protocol that involves dynamic entities such as gas flow and control, accuracy is of paramount concern.  In our client’s situation, this concern is addressed through the technology of mass flow controllers.  Mass flow controllers (MFCs) accomplish accuracy through automating gas flow rates, and thus gas concentrations, to desired levels, for use in further testing.  As a desired gas is fed into the mouth of the MFC, it is divided into two different paths.  A large fraction flows into the bypass of the device, creating a pressure drop that shunts the smaller, remaining portion (usually 5% of the total mass) of gas up into the thermal sensor (figure 3).  The shunted gas is subjected to a pair of heating coils which measure the change in temperature from the beginning to the end of the tube. 
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Figure 3, air flow of sample gas            Figure 4, schematic of sensor tube

http://www.sierrainstruments.com/products/pdf/800%20Brochure.pdf
Once in the sensor, the thermal properties of the gas are used to measure the mass flow rate (Sierra Instruments, 2004) (figure 4).  The thermal measurement technique is made possible due to two basic chemical principles:  specific heat and the first law of thermodynamics.  The specific heat of the gas is important, because it is a constant that can be utilized against a variable such as temperature.  When heat is added to a gas within the sensor, a temperature change can be monitored, and the flow rate F can then be solved for by the thermodynamic relationship: F = q/Cp x δT, where q is the heat lost to the gas flow, Cp is the specific heat at a constant pressure, and δT is the net change in gas temperature throughout the length of the sensor tube.  Under empirical circumstances, the downstream coil, composed of thermal sensitive wiring, has a higher temperature and thus more resistance (Qualiflow, 2004) (figure 5).  
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Figure 5, Wheatstone Bridge;

Schematic layout of the main functions of the electronic circuitry of a thermal mass flow controller

http://www.bronkhorst.ch/pdf/PA_Precision-Mass-Flow-Metering.pdf
The coils are part of a bridge circuit that has an output voltage proportional to that of the change in the two resistances.  Ultimately, a Wheatstone bridge (figure 6) is used for the resistance to voltage conversion, which can be further calibrated to a relative flow rate.
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Figure 6, increased resistance downstream of the sensor tube
http://www.qualiflow.com/support/MFC-principles.pdf
Current System in Use


The current system used by our client has many components involved to achieve the testing environments desired. The gas for the rat chamber environments, oxygen and nitrogen, are provided from large refillable metal cylinders. They output a desired pressure controlled by a valve and indicated by a needle gauge. The gasses flow through standard plastic hosing to mass flow controllers.


The mass flow controllers used currently were manufactured by Aalborg Instruments & Control, model AFC3600. These are analog controlled devices that set their flow rate based on a 0-5V input signal, which indicates the percent of max flow rate for that controller. The actual flow rate is indicated by an output signal, which uses the same scale.  The analog signals, as well as the power, are supplied from an Aalborg Command Module. This module can support up to four controllers, communicates their flow set points, and displays their flow rate. The module is being controlled by a desktop computer with HyperTerminal, a piece of software packaged with the Windows operating system. The client writes command line macros that communicate his experiment protocols to the Command Module.
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Figure 7, client’s current system schematic
The mass flow controllers are used to output a certain flow of each gas, oxygen and nitrogen, so that when they are mixed, they make a desired concentration. In the current system, there are two sets of two flow controllers that produce two outputs with two gas concentrations. Each of these outputs with the desired concentration is split into two lines with a manual mass flow controller. The manual flow controller allows the client to separate the gas into two lines, while still keeping the same flow in each line. These lines then feed into the rat holding chambers where the specimens are exposed to the gas. The holding chambers are made from Plexiglas and are not much bigger than the rat itself. The chamber has an approximately one inch hole opposite of the gas input which does not give much resistance to the gas flow. The chambers were designed and fabricated by our client, and could possibly be improved in a separate project. 


Overall there are four testing chambers in the current system. Our client can run all four chambers on one protocol or run two experimental protocols at once, with two chambers running on each protocol. The concentration of gasses within the chambers is tested periodically for accuracy in the lab. The mass flow controllers have tended to drift off of their calibration over time. Adjustments have been made in the set points to compensate for this problem. 

Design Constraints

The design must vary the concentrations in of oxygen and nitrogen in an enclosed chamber.  The concentration of oxygen must vary between 11% and 21%, and the concentration must vary between 89% and 79%.  Switching between different concentrations must be accomplished quickly.  The mass flow controllers used in the system must be as accurate as possible.  There is not a specific interface, analog or digital, that the client would like to use.  The mass flow controllers should also be as quiet as possible so as not to disturb the rats.

The software used to control the mass flow controllers must be user-friendly.  The software must have a graphical interface and have customizable features for different experiments.  The software should also have a time component to start experiments automatically at different times.


Finally, hose with a uniform resistance should be used to transport the gas from the tanks to the mass flow controllers and from the controllers to the rat chambers.  The system should include the capability to expand to allow for the use of carbon dioxide and for more rat chambers.
Software Consideration


One of the main objectives of this project is to design new software that will increase the efficiency of the experiments.  There were three programs that we considered for this design: LabVIEW, Agilent VEE Pro, and XControls.  LabVIEW and Agilent are both programming environments that allowed the user to manipulate the logic via graphical representations of instruments; while XControls is an add-on program that allows the user to put a graphical interface to current data acquisition software.
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Figure 8, Screenshot of a LabVIEW project

http://sine.ni.com/apps/we/nioc.vp?cid=1382&lang=US

Both LabVIEW and Agilent VEE Pro are two different pieces of software but they are a lot alike.  Each environment comes with a myriad of modules and programming tools that allow the user to setup an interface that can control various instruments.  The programs both have a small learning curve allowing for programmers and non-programmers to use the software efficiently.  Agilent and LabVIEW have both been used in research and industry and continue to be very successful products.  For example, Agilent was used to test the communication system of the rover used in the Mar’s mission.  LabVIEW and Agilent both have the same system requirements for the computer that will run the programs.  LabVIEW had one distinct advantage over Agilent and that was the customer service and support guarantee (Sweet 2004).  LabVIEW has a sales representative, Adam Sweet, who comes to the University of Wisconsin-Madison weekly.  He is a very knowledgeable contact and also gave us information about other users on campus that we could contact if we needed more expertise.


XControls differs from LabVIEW and Agilent in that it is not a programming environment.  XControls is only an interface, meaning that it uses the current data acquisition software but gives it a facial makeover.  The software is easy to use for both the programmer and non-programmer and offers and affordable solution to increasing the ease of using the current software (DATAQ Instruments).


Our final choice for software was LabVIEW.  Although XControls was economically suitable for the project, we felt a new, more customized program would benefit the client more then just a new interface.  LabVIEW also had the customer service advantage and that’s why we chose it over Agilent VEE Pro.
Interface Considerations

After software considerations were agreed upon, a decision needed to be made regarding the type of interface connection that would be used within the system.  Firstly, digital and analog options were both considered and then evaluated with respect to which type was more advantageous to our client’s requirements.  An important factor in the evaluation process was that of price. 

Although Brad Hodgeman had strongly emphasized that accuracy takes precedence over price, it was our obligation working for him, to research for the most beneficial deal.  The results of our findings were to be expected—digital costed more than analog devices with comparable features.  Sierra Instruments’ 100 Series Smartrak™ (digital), for example, costs $1520.00 compared to $1080.00 to its analog counterpart.  The initial costs, however, overshadow the long-term, price-related advantages of going digital.  According to application engineer Emmanuel Bernard, “As integrated circuits (ICs) increase in complexity and manufacturing equipment becomes more expensive, costs associated with taking equipment off line for any length of time are growing dramatically” (Bernard, 2003).  In other words, with increased complexity in a system comes increased chance of damage or need for repair.  Since digital MFCs are multi-calibrated (typically 8-15 gases, depending on the product), it is frequently acceptable to replace any controller in the system with any in inventory, with no calibration necessary.  Analog controllers, on the other hand, are calibrated to a specific gas, so at least one controller on the shelf must be calibrated for each gas being used.   When the damage occurs, it is much more cost-effective to only need one multi-calibrated MFC on the shelf, than to have a slue of gas-specific MFCs, one for each potentially damaged device.  

To reiterate this concept, a certain wafer fab in the US, for example, decided to retrofit all of their installed analog MFCs with new digital MFCs.  Previously, they had spent about $750,000 on the MFCs with installation, and then $370,000 for the necessary spares—a grand total of $1.12 million dollars.  The retrofitting towards a digital system cost them $900,000 for the products with installation, however, they only paid $42,000 additional dollars for spares.  That total was $942,000.  The savings were $178,000 (%16) by choosing a digital MFC system over an analog one (Chizinsky, 2004) (figure 9).
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figure 9, overall price comparison for wafer fab
http://www.semiconductorfabtech.com/journals/edition.08/download/08.161.pdf

Not only are the digital mass flow controllers more cost-effective to the consumer, but they are also much more accurate during practical testing protocols.  Many experimental procedures that utilize MFCs for particular gas flow do it dynamically.  In other words, the MFCs are typically present in order to have the capability to fluctuate gas flows according to the research at hand.  Our client’s testing, for example, deviates from atmospheric oxygen levels by about 50% (21% - 11%).  To get to the lowest hypoxic levels, he must greatly increase nitrogen flow while simultaneously greatly slowing oxygen flow.  In doing this with his current analog MFCs, the oxygen concentration can become skewed due to its lethargic rate of flow; it is then difficult to determine the true concentrations within the chamber.  Digital mass flow controllers can greatly reduce the experimental drift, because they are uniformly accurate down to 25% of their maximum flow rate (Chizinsky, 2004).  Figure 10 below illustrates that analog % error can be much larger than comparable digital MFCs at the same rate.  
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figure 10, accuracy of digital vs. analog with respect to flow rate; orange=analog; gray=digital

http://www.advanced-energy.com/Upload/AE_multi-gas.pdf
Since accuracy is Brad Hodgeman’s first priority, implementation of the digital MFCs into the design was ultimately decided upon.   A typical digital MFC electrical schematic can be seen below in figure 11.
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figure 11, electrical schematic of digital MFC

http://www.advanced-energy.com/Upload/AE_multi-gas.pdf
Once the general interface type was chosen, the corresponding communication was necessary to decide upon.  Ethernet and serial connections soon after became the obvious alternatives for our design.  There are three digital connections that we considered for this design.  Of the three, two were serial connections, RS232 and RS485, and one was an Ethernet connection, DeviceNet.  A RS232 connection is a nine pin serial plug that hooks into the back of the computer and the MFC.  For each MFC that you connect to the system you need an open port on your computer.  The RS232 connection also has a limited cable range up to 50 feet.  RS485 is also a nine pin serial plug that has the ability to daisy chain devices together.  A Daisy chain only needs one port open on the computer for which a mass flow controller can plug into; from there the other mass flow controllers can plug into each preceding mass flow controller.  The end result is a computer with a line of mass flow controllers all connected to one major line.  RS485 connections can have up to 32 devices daisy chained and can run up to 4000 feet long.

DeviceNet is an Ethernet connection that adds the mass flow controllers as individual devices on a network.  This allows for the mass flow controllers to be control anywhere in a room or building, as long as they are on the network.  DeviceNet is the fastest connection but also the most expensive.  DeviceNet is mostly used in large scale industry projects. (National Instruments, Serial)
Of the three digital connections: RS232, RS485, and DeviceNet; we decided to go with the RS485.  RS485 was a cheaper alternative then DeviceNet and because it had the ability to daisy chain, it had an ergonomic advantage over RS232.  

Mass Flow Controllers


Any system that we design for our client will necessarily implement mass flow controllers because of the need for accurate gas mixing. As stated previously, we decided to utilize digital mass flow controllers in our design. The problem that we were faced with was which manufacturer we should choose to fabricate our MFCs. In this specific industry, there are a variety of companies which offer many options for MFCs. We had to prioritize the specifications and features we wanted concerning our mass flow. Based on our client’s needs and manufacturer research, we narrowed down specific criteria to base our MFC decision on. 


The first concern of our client we wanted to address was the accuracy of devices implemented in the design. This is essential for all scientific research applications, and has been an issue for our client in the past. The importance stems mainly from the need for a known and reproducible gas concentration. Therefore, accuracy is one of the first specifications we considered when filtering through potential MFCs. Another criterion we considered, which is related to accuracy, is the response time of the MFC. Our design needed a gas environment that changes concentration at correct times. If too much lag time was involved, the experiment could be compromised, especially if short cycle times were being used. In addition, the manufacturer needed to provide a wide range of MFC calibrations so that we could obtain a particular flow capability our design. The closer the MFC’s max flow is calibrated to the desired flow rate, the less error the MFC will give.


When considering companies for providing MFCs for our design, we put a large emphasis on customer service and support. We felt it was necessary for the manufacturer to address all our concerns and have the ability to assist our client in cases of product errors or troubles. This is especially important when dealing with such a complicated instrument that our client will be making a major investment into. This highlights another criterion in our MFC research: price. Although our client did not put the highest emphasis on economics, we agreed that it was still an important factor to consider. Each additional feature or upgrade of ability had to be weighed against its cost. Even the best MFCs had to justify their price to be chosen. 


With all of the factors involved with possible MFCs, we decided to use a design matrix to determine the best choice. We initially narrowed the manufacturers and their products down to the best three based on obvious advantages and needs. We used the five criteria discussed above and assign arbitrary numerical values to score products in the different categories. Of the three products in the matrix, the best score was obtained by Advanced Energy’s Mach 1 mass flow controller (see appendix B).
Potential Problems


After the final design was illustrated, potential problems that could arise within it were considered in order to avoid as much turbulence as possible in our future endeavors.  Like any other integrated system, the chance of a problem occurring between foreign product connections is eminent.  

In the case of our mass flow controller system, there is a software-interface connection-MFC-rat chamber sequence present that, although planned to work smoothly once integrated, in fact may not.  The LabVIEW™ software will communicate with the Advanced Energy™ MFCs through an RS485 serial connection.  The possibility that these devices may not use the exact same communication protocol could inhibit the system from functioning.  The fact that we are not using the MFC manufacturer’s controlling mechanism or software templates creates a chance for subtle discrepancies that could lead to conspicuous error within the system.

Another area to be examined for potential problems is that of the LabVIEW program, itself.  National Instruments™ sales manager, Adam Sweet, has been extremely helpful in explaining the capabilities of the LabVIEW programs with respect to our prospective protocols.  That fact, however, does not guarantee that a modification in our client’s protocol will operate smoothly or at all, for that matter, on the interface.  Adam Sweet is an expert in what National Instruments has to offer, but he is not necessarily aware of the specific parameters created by foreign protocols.  Extensive communication with Adam is vital so that we can minimize the possibility of the aforementioned problems from occurring.  Furthermore, the program being designed may not be user-friendly to everyone coming in contact with it at the veterinary building.  We, for that reason, must stress the importance of an interface that is as easily workable as possible.

Anytime technological devices are involved in a system, shelf-life becomes an issue.  With such rapidly changing technology, the system designed could become outdated sooner than anticipated.  This can be addressed by talking to the product experts before purchasing the devices in order to buy the most sophisticated ones within that market.

A final problem to be considered is accuracy of gas flow within the rat chambers.  The quality of the system that has been designed will become obsolete if the rat chambers do not function properly.  Uniform air flow, air-tight seals, and minimal noise are all factors that could pose a problem.  If problems do occur, new chamber designs must be implemented so as to adhere to our client’s requirements.

Future Work
First and foremost, we plan to purchase the components for the system we proposed in this paper.  These components include the MFCs (from Advanced Energy), LabVIEW software (from National Instruments), an instrument driver and serial card (from National Instruments), communication cables, hosing, and additional connectors.  We need to get in contact with Advanced Energy sales and discuss possible discounts on the MFCs, which a number of manufactures offer, because they are going to be used in academics and research.  We also need to contact National Instruments to discuss similar discounts on the LabVIEW software and hardware components.


Because the time between the purchase of MFCs and their delivery may be weeks, our plan is to acquire the LabVIEW software as soon as possible so we can begin designing the mass flow control software based on the client’s desires.  The client wants software controls that are easy to use by employees in the lab who do not have an extensive background in software.  The client wants the mass flow control software to be changeable in a time efficient manner and easy to manipulate for a myriad of protocols.  


Upon delivery of the purchased MFCs, our goal then is to assemble our complete design that we described earlier.  We will then start testing our system to make sure it runs as we intend it to.  We will do this by giving LabVIEW a protocol to test the concentration of O2 in the rat chambers, just as if rats where actually in there.


In addition to further semester work, there are long-term issues that also need to be addressed.  One of them, also a client’s requirement, is to pursue the possibility of incorporating more atmospheric gases into the system; the obvious one, and certainly most important, would be CO2   (trace gases could be considered, but probably unnecessary).  Also, as the gas system becomes more sophisticated, our client has suggested that more chambers could be implemented in order to create even more protocol possibilities, thus updating the software design.  Keeping in contact with National Instruments™ and Advanced Energy™ is essential in allowing this to remain a possibility.  Finally, our client has mentioned that the rat chambers are crude in design, and if possible, should be replaced by more professional, fluid-cooperative chambers.  Although these issues are not first in priority, they should be continually considered for the benefit of our client.
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Appendix A—Product Design Specifications
PDS: v. 2.0

Date: March 12, 2004

Title: Hypoxia

Group Members: 
· Aaron Huser

· Cole Kreofsky

· Dana Nadler

· Joe Poblocki

Problem Statement:  The purpose of this project is to design a system that can create a reproducible and accurate hypoxic/hyperoxic environment with the capability of oscillating between various concentrations of oxygen and nitrogen.
Client Requirements: 
· Variable gas concentrations and flow rates through a chamber

· Software with an easy to use interface and customizable features

· Accurate mass flow controllers, digital or analog

· Uniform hose

· Low sound level

Design Requirements
1. Physical and Operational Characteristics 
a. Performance requirements:  This system needs to accurately control the flow and concentration of gas to chambers containing rats.  The system should be quiet and fit its surroundings so that the rats act normally.  The software controlling the system should consist of graphical user interface that is easy to use and efficient.  
b.   Safety:  The system should be neat and orderly so that the technicians do not trip over any hoses or cables.  
c.   Accuracy and Reliability:  The accuracy must be approximately 1% and the mass flow controllers should operate around 50 – 100% of their max flow
d.   Life in Service: The system must be able to endure eight-hours of testing a day. For at least ten years.
e.   Shelf Life: The system should last approximately twenty or more years in a laboratory atmosphere.

f.   Operating Environment:  The environment will be a research room on the 2nd floor of Vet Science building.  The temp and pressure range, humidity, noise levels will be that of a typical lab room (STP), and will not be an issue.  The system will be handled by experienced researchers who have a background in gas flow systems and some software knowledge.  

g.   Ergonomics:  The system must be neatly organized with the many wires and hoses neatly arranged.  Any display, especially computer software should have a user-friendly interface that can be customized and understood easily.  No component of the system should be difficult to unhook or reattach in the case of a repair or an accident.  All equipment must be clearly labeled and connected to its proper component.  The rat chambers must be light-weight and identifiable.  The size of the chambers must afford comfort for the rat and efficiency for the gas use/concentration.  Gas must flow into the chamber must be even and constant as to not upset the rat.  The system must have the ability to expand for more types of gas or a greater amount of chambers.  All recordings must provide real-time feedback if applicable. 

h. Size:   The system must all fit on an average size desk with a small table at the end.  All components should be able to be moved by any individual capable and have clear access for maintenance.  Rat chambers should follow the criteria found in Ergonomics.

i. Weight:  The mass flow controllers will weight between 400 – 300 grams a piece, allowing for the system to be moved about readily.
j. Materials: A translucent polymer should be used on the rat chamber in order to observe the behavior for anything abnormal during actual testing.  The mass flow controllers will be purchased from a manufacturer and therefore will contain non-hazardous materials. 

k. Aesthetics, Appearance, and Finish:  All the mass flow controllers should be uniform the chambers that hold the rats should be uniform as well.  The final system should be neat and orderly.
2. Production Characteristics 
a. Quantity:   The client will need two mass flow controllers per chamber; currently that is sixteen mass flow controllers.  The client will also need software to operate the mass flow controllers and rubber hose.

b. Target Product Cost:  The cost of each mass flow controller will range from $1100 to $1700.  These will be purchased from a current manufacture of our choice.  The software will be written using LabVIEW at no cost, but the client may opt to purchase a copy of LabVIEW for further editing and programming.

3. Miscellaneous 

a. Standards and Specifications:  Since the mass flow controllers and hose will be purchased from a current manufacturer the national and international specifications will be met.  The software needs to include a graphical interface and should automate as much of the experiment as possible, these are the clients current requests.

b. Customer:  There are many aspects of the current system that the client dislikes.  The current software the client uses is outdated and requires manual input every time an experiment is run.  The client currently uses two manual flow controllers in the system and prefers to not have them in the new system.  The accuracy of the manual flow controllers is dependent on the individual tech and therefore lacks consistency.  The client idealizes a system that is the most accurate in terms of gas concentration and flow of delivered gas.  The client does not want a loud noisy system for fear of scared the rat subjects.  

c. Patient-related concerns:  The patients for this design are rats.  The client wants to minimize any environmental changes so that the rat’s seratonin levels remain normal.  This includes but is not limited to noise, color, etc.

Competition:  There are several mass flow controller manufacturing companies.  Mass flow controllers have a few different ways of determining gas flow but the accuracy is the most important factor.  Most mass flow controllers have 1% accuracy but a couple have <1%.  The fall back for the greater accuracy is an increase in price.  There are also two types of communication interfaces: digital and analog.  Digital provides a neater environment and easier connections, but analog is less expensive.  HyperTerminal is the only software competition aside from personally developed software.
Appendix B—Manufacturer Matrix
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Appendix C—Potential Problems
After the final design was illustrated, potential problems that could arise within it were considered in order to avoid as much turbulence as possible in our future endeavors.  Like any other integrated system, the chance of a problem occurring between foreign product connections is eminent.  

In the case of our mass flow controller system, there is a software-interface connection-MFC-rat chamber sequence present that, although planned to work smoothly once integrated, in fact may not.  The LabVIEW™ software will communicate with the Advanced Energy™ MFCs through an RS485 serial connection.  The possibility that these devices may not use the exact same communication protocol could inhibit the system from functioning.  The fact that we are not using the MFC manufacturer’s controlling mechanism or software templates creates a chance for subtle discrepancies that could lead to conspicuous error within the system.

Another area to be examined for potential problems is that of the LabVIEW program, itself.  National Instruments™ sales manager, Adam Sweet, has been extremely helpful in explaining the capabilities of the LabVIEW programs with respect to our prospective protocols.  That fact, however, does not guarantee that a modification in our client’s protocol will operate smoothly or at all, for that matter, on the interface.  Adam Sweet is an expert in what National Instruments has to offer, but he is not necessarily aware of the specific parameters created by foreign protocols.  Extensive communication with Adam is vital so that we can minimize the possibility of the aforementioned problems from occurring.  Furthermore, the program being designed may not be user-friendly to everyone coming in contact with it at the veterinary building.  We, for that reason, must stress the importance of an interface that is as easily workable as possible.

Anytime technological devices are involved in a system, shelf-life becomes an issue.  With such rapidly changing technology, the system designed could become outdated sooner than anticipated.  This can be addressed by talking to the product experts before purchasing the devices in order to buy the most sophisticated ones within that market.

A final problem to be considered is accuracy of gas flow within the rat chambers.  The quality of the system that has been designed will become obsolete if the rat chambers do not function properly.  Uniform air flow, air-tight seals, and minimal noise are all factors that could pose a problem.  If problems do occur, new chamber designs must be implemented so as to adhere to our client’s requirements.

