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Abstract


The objective of the project is to design an automated system of valves for a solution delivery system for patch clamp research. The current system has two to eight solution reservoirs suspended in the air above a manifold which is equipped with multiple stop cocks that allow the researcher to manually control which solution is being delivered.  This is a tedious process for the researcher, so an automated system is desired for the simplification of solution delivery.

Background 


The patch clamp technique is a method used to study individual cells by recording the activities of ion channels. This technique was invented by Bert Sakmann and Erwin Neher in 1981, for which they received the Nobel Prize (Khodakhah, 2004).  This was a major breakthrough in physiological research, as it allowed scientists to control the ion concentration on each side of the cell membrane as they observe an ion channel.


The patch clamp technique is a very meticulous and time consuming process.  The reason for this is the difficulty in achieving a seal over the ion channel of the cell membrane.  For this to occur, a glass pipette as fine as a human hair is carefully fitted over the ion channel (as can be seen in Figure 1).  Then the researcher applies a small amount of suction through his/her mouth which he/she places over the plunger of a syringe attached to the back of the pipette. 
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Figure 1:  A patch clamp isolates a single ion channel of the cell membrane.
(http://www.iac-usnc.org/Methods/wholecell/equipment.html)


Once the seal has been made the different physiological bathing solutions are delivered into the pipette in very small amounts (where our design would be used).  After the proper solution immerses the ion channel, the electrode begins to record the activity of the cell by taking measurements of ion concentrations on each side of the channel.  The electrode is connected to a computer which compiles the data.  
Ion channels are valves on the cell membrane that control the concentration of ions inside the cell membrane (see Figure 2). The specific ion channel that our client, Jinling Wang, is researching is the Human Ether-a-go-go Related Gene (HERG) potassium channel in heart cells.  When the heart beats, the Sodium (Na+) channel opens for approximately 2 ms allowing Sodium ions (positive charge) to rush in, which depolarizes the membrane.  Then, for about 500 ms the Potassium channel opens and Potassium (K+) ions flow out, causing repolarization.  The change in concentrations of Sodium and Potassium cause a change in voltage that is required in action potentials (see Figure 2).  Action potentials travel in waves of polarization and repolarization down the membrane.  Polarization is the inflow of positively charged Sodium ions, while repolarization is the outflow of positively charged Potassium ions.  (Note:  This process actually involves other ions and is more complicated than this brief description).  
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Figure 2:  Ion channels on the cell membrane open to permit ions to enter or exit the cell.
(www.cellsalive.com)


The importance of the HERG potassium channel is that it is a critical membrane protein in repolarizing the action potential in the heart.  Long QT Syndrome is a heart disorder associated with mutations of the HERG channel.  Long QT Syndrome (LQTS for short) is life threatening, as it can lead to cardiac arrhythmia and sudden death.  LQTS affects the electrical rhythm of the heart.  This rhythm of heart contractions is measured in waves by an electrocardiogram (ECG).  Different sections of the wave are labeled “P, Q, R, S, and T”, with the Q and T levels representing the deactivation of ventricles (American Heart Association, 2004).  LQTS is characterized by a prolonged Q-T interval, which leads to a rapid heart rate, reduced normal blood pressure, and reduced blood-flow to the brain which can lead to frequent fainting.  As mentioned earlier the more serious side effects are a deadly arrhythmia called ventricular fibrillation or sudden death (American Heart Association, 2004).


Treatment of Long QT Syndrome can be done using medications known as beta blockers, through surgical procedure, or in some instances through implantation of a defibrillator (American Heart Association, 2004).  The physiological research that is being done by our client Jinling Wang is an important part of the development of the medications for LQTS.  She is testing the effects of temperature and various drugs on the biophysical properties of HERG.

Currently, the physiological bathing solutions are delivered to the patch clamp through medical tubing that comes from one of the solution syringes (this current setup can be seen in Figure 3).  The solution flows out of the syringes from gravitational force, goes through a flow-rate adjuster, and then is fed into a manifold.  After that, the solution passes through a temperature controller before it is fed to the patch clamp.  Currently, the flow of the solution to the patch clamp depends on the orientation of the three-way stop cocks on the manifold.  Each time the researcher wants to change solutions, she must manually adjust the orientation of these valves.  This is not something the researcher wants to be spending a lot of time and effort doing, so an automated valve system is desired. 
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Figure 3:  The Client’s current setup
Problem Statement


The goal of this project is to develop an automated switch for the delivery of solutions to a patch clamp system.  The device should generate minimal noise, be compatible with up to eight feeds of tubing, and must reliably open and close the valves for the delivery of solutions.
Literature Search


Research was done online to come up with a design that best meets the requirements set by our client.  From the beginning, our thoughts were centered on using solenoid valves.  A solenoid valve is an electrically operated valve that opens or closes when current is run through the solenoid.  A simple application of solenoid valves, which can be found in many public restrooms, is a faucet with a built in sensor.  More discussion of solenoid valves can be found in the “Design Alternatives” section of this report.


In searching the web for the best possible solution to our client’s problem we came across already assembled perfusion systems that were similar to our design.  They use solenoid valves and a valve controller to operate them.  These perfusions systems offered by AutoMate Scientific® and other similar companies are used for research similar to what our client is doing, and would be a perfect solution to the problem if funding was an infinite source.  Perfusion systems that accommodate 8 solutions range from $2,500 to $4,000 (AutoMate Scientific®, 2004).  Our design is very similar to these perfusion systems, but will be built for much less.  The proposed design is less complex, and more specific for our client’s needs.
Design Constraints

Restrictions on the solution switch come from performance, safety, accuracy, reliability, life in service, operating environment, ergonomics, size, and finish.  The main restrictions were specified by the client.  The client requires the solution switch to reliably open and close the valves on command.  The switch must be compatible with up to eight feeds of tubing and accommodate flow rates between 1 and 5 ml/min.  Also specified by the client, the solution switch must be automated, and be compatible with pClamp-8 software.  It must also generate minimal acoustical noise or electrical interference, but the entire system is enclosed in a metal cage to shield out external fields, so if electrical interference is a problem, the system can stand outside the cage.

Even though the client listed the main requirements for the solution switch, many other factors must be considered.  The solenoid valves must accurately open and close by the command of the software.  The software must be simple and convenient for the client, as to allow the client to maximize her results.  


Since the client works with liquid solutions, electrical hazards must be eliminated.  The liquid solutions must not leave the solution switch system.  To ensure no leakage, connections must be secure and tight.  Also, to reduce the risk of injury, the solution switch system must have a smooth surface and no sharp edges.  


The solution switch system must be able to withstand temperatures ranging from 22 to 50° C, environmental pressures, and humidity within the research laboratory.  The valves and connections must be able to endure repeated contact with solutions without rusting.  The system must be able to be easily cleaned to reduce the time between switching solutions.  Not only must the valves endure contact with the solutions, but the whole system must last for five years or, preferably, for the duration of our client’s research.


Because noise and vibrations can affect the results of the client’s research, the system must make both minimal noise and vibrations.  To maximize the client’s results, the system must be stable and comfortably fit in the laboratory bench.  Otherwise, the system may interfere with the client while performing the research.

Proposed Design 

The solution switch design is one main idea with several different alternatives incorporated throughout the design.  A strong metal stand will be constructed to hold the different components of the design.  Connected to the base of the stand is a metal pole which will be used to mount racks perpendicular to the pole.  The top rack will consist of eight solution holders.  Each holder has a connection at the bottom, allowing a piece of tubing to connect to the holder.  The tubing will connect to the back-side of a solenoid valve.  A thread-to-barb orifice will need to be used to connect the tubing and the solenoid valve.  On the front-side of the solenoid valve, another thread to barb orifice must be used to attach a piece of tubing.  The front piece of tubing is connected to an eight way connector, which connects all eight tubes and results into one tube.  The solo tube will be connected to a flow controller.  On the other side, the outflow on the flow controller will be directly connected to the temperature controller.  The solution in the whole system travels from the force of gravity.  
The backside of each solenoid valve has two wires running out of it.  These will all be connected to a controller, which will be connected to the computer.  The controller will supply power to each valve individually on command from the computer.  The layout of this design can be seen in Figure 4.
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Figure 4: Solenoid valves control solution flow
Design Alternatives


There are two main design components that must be considered – the valves and the valve controllers.  The valves must open and close to control the flow of the various solutions.  The valve controller must connect to the computer, and must force the valves to open or close on computer command.


There were two types of valves considered for use in the design.  Both are electrically powered and can allow the desired 1 to 5 ml/min flow rates.  Both use solenoids to open and close, but only one comes in direct contact with the solution.

Valve 1: Normally Closed Solenoid Valves

Solenoid valves are made up of a metal casing with an orifice for fluid to pass through, and a plunger powered by a solenoid.  In normally closed valves, the plunger rests in the orifice, blocking any solution flow.  It is held in position by a spring.  Above the orifice is a solenoid, which is simply a coil of wire.  When current is passed through the solenoid, a magnetic field is created.  This causes the plunger to move upward, out of the orifice, allowing the solution to pass.  The ASCO Model U8225B2V solenoid valve (Figure 5) has a 1/8” pipe connection size and a 1/16” orifice diameter.  It requires 12 volts DC, and consumes 6.9 W of power.  It can handle flow rates of up to 0.8 gallons per minute (3000 ml/min), and pressures of up to 125 psi (862 kPa).  It has a brass casing, and a copper solenoid coil.  These valves cost $30.40 each, so the total cost for 8 valves would be $243.20.


Figure 5:  Normally Closed Solenoid Valves
(http://www.valvestore.com)
Valve 2: Normally Closed Solenoid Pinch Valves
Solenoid pinch valves operate similarly to regular solenoid valves.  Soft plastic tubing is placed in between two metal plates, so the fluid does not leave the tubing.  At rest, a spring pushes the two plates together, squeezing the tube, and preventing fluid flow.  When current runs through the solenoid coil, the upper plate is pulled back, and the tubing is opened.  The ASCO Model 104S-09031D2 solenoid pinch valve (Figure 6) can compress tubing 1/8” in diameter.  It requires 24 volts DC, and consumes 4 Watts of power.  It can exert up to 15 psi (103 kPa), and weighs 1.8 oz (51g).  It is 0.63” (16mm) in diameter and 2.01” (51mm) tall.  These valves cost $63.46 each, so the cost for 8 valves would be $507.68.
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Figure 6:  Normally Closed Solenoid Pinch Valves
(http://www.valvestore.com)
Three options were considered for valve controllers.  All options would reliably turn the solenoid valves on and off and connect to the computer.  One was designed specifically as a valve controller, while the other two would have to be configured to work with our valves.  The three options varied greatly in complexity and cost.  Because both of previously mentioned valves would work well in our design, but the Normally Closed Solenoid Valves are considerably cheaper, they are used in each design alternative.
Alternative 1: AutoMate Scientific® ValveLink 8®
The ValveLink 8® (Figure 7) is a manual and programmable valve controller, and can control up to eight 12V solenoid valves.  It has eight outputs in the back that would send current to the valves on command from the computer.  It is designed with low noise circuitry and includes a 2 A/12 V power supply.  It is compatible with pClamp software, and connects to the computer through a serial port.  The product measures 11.5” (292mm) by 7” (178mm) by 2” (50mm) and weighs 3.5 lbs (1.59 kg).  This product costs approximately $900 (AutoMate Scientific®, 2004).




Figure 7:  ValveLink 8® controls 8 solenoid valves
(http://www.autom8.com)
Alternative 2: National Control Devices R85PRO
The R85PRO (Figure 8) is a professional 8-relay driver designed to control 8 different electric devices.  It has 8 outputs that supply power on command from a computer.  It can handle 5 A of current, and the voltage it supplies is determined by the voltage source being used (a 12 V source is used to power valves).  This driver is a series of switches that are turned on or off by the computer that can be used with a variety of devices.  Software to control the R85PRO can be downloaded from the product’s website.  A Quick Start Kit can be purchased with the device.  It includes a 12V power supply, an RSIO serial adapter, and a serial cable.  The product’s dimensions are 6.25” (158mm) by 2.5” (63mm) with minimal thickness, and it weighs approximately 1 lb (454g).  The R85PRO costs $139, and the Quick Start Kit is an additional $49.
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Figure 8:  R85PRO is a series of switches to control 8 solenoid valves
(http://www.controlanything.com)
Alternative 3: Manually Assembled Controller

The third alternative involves designing a circuit to control the valves and constructing it ourselves.  The circuit would connect to a parallel port on the computer, and use a transistor for each valve.  The parallel port can put out a 5 V potential on command from the computer.  This would be used to activate a transistor that would be connected to a power supply which would send current to the valves.  The computer would have to be programmed to put out the correct signals from the parallel port on command.  The exact cost of this alterative could vary, but we estimate that the total cost would be less than $100.
Comparison of Design Alternatives

In order to choose which design alternative would work best for the client’s use in solution delivery to a patch clamp, a design matrix was created (Figure 9).

	 
	ValveLink 8®
	R85PRO relay driver
	Manually assembled

	Price
	1
	5
	9

	Simplicity
	10
	8
	4

	Reliability
	10
	9
	7

	Total
	21
	24
	20


Figure 9:  Design Matrix Comparing Alternatives
The three design alternatives, ValveLink 8®, R85PRO, and Manually assembled alternatives were rated on a scale of one to ten with a higher score being better than a lower one.  The matrix included characteristics such as price, simplicity, and reliability.  Upon analyzing the matrix, the R85PRO was the best design.  The only feature lacking in this design is “low voltage hold-in.”  It is a feature present in the ValveLink 8®, and reduces the voltage while the valves are held open, reducing noise significantly.
Final Design Components

R85PRO Relay Driver


The R85PRO Relay Driver is a RS-232 Controlled 8-Relay Driver with 5 Amp Relays.  The driver allows the command of all relays at once or one relay at a time.  Contains 10 LEDs which indicate when a command has been executed and when the device is ready to accept commands.  This is essentially a set of computer-controlled switches that allow for changing which device is powered.  The driver was purchased from National Control Devices.
RSIO Adaptor


The RSIO Adaptor has a power source and serial cable connection which can be run directly to a computer.  The RSIO Adaptor connects directly to the R85PRO Relay Driver.  The RSIO Adaptor allows the R85PRO Relay Driver to be controlled from a computer with simple commands. This device was also purchased from National Control Devices.
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Figure 10:  The RSIO Adaptor allows the control of the R85PRO from a computer.

1/8 inch solenoid valves


The two-way, normally closed solenoid valves provide on/off control for the flow of various types of solutions.  The valve contains one inlet and one outlet, which do not open unless the coil is energized.  The solenoid valve is used in many applications including automated systems.

8-into-1 Teflon micro manifold with flow control

The 8-into-1 manifold allows 8 feeds of IV tubing to flow in from the solenoid valves, with 1 feed flowing out to the temperature controller.  This manifold was purchased from AutoMate Scientific®.
NPT male pipe connectors

The NPT male pipe connectors screw into the top and bottom of the solenoid valves.  They then connect to the IV tubing from the syringes and to the IV tubing that leads to the manifold.

	Design Component
	Quantity
	Price
	Total

	R85PRO Relay Drive
	1
	$139.00
	$139.00

	RSIO Adaptor
	1
	$49.00
	$49.00

	1/8 inch solenoid valve
	8
	$30.40
	$243.20

	Serial Cable
	1
	$19.99
	$19.99

	8 into 1 micromanifold
	1
	$85.00
	$85.00

	NPT male pipe connectors
	1 package
	$7.50
	$7.50

	
	
	Total
	$543.69


Price (without tax or shipping)

Final Design
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The final design incorporates the components listed in the “Chosen Design Components” section into one system to simplify the solution delivery to the patch clamp.  This system works as follows:  The researcher chooses which valve he or she wants to open on the computer (currently in Visual Basic example software that came with the R85PRO driver, but ideally through pClamp).  This sends a signal through the serial cable into the RSIO converter.  This signal determines which switch in the relay is thrown, causing current to run through the solenoid of that valve which withdraws the plunger and allows the solution to flow.  A diagram and picture of the circuitry and used can be seen below. (Note:  work is still being done on circuitry to finalize design).   [image: image11.png]vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
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Figure 13:  Circuit diagram of the design
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Figure 14:  Picture of the setup of the circuitry and solenoid valves
Future Work


The current design needs several improvements.  The valves are somewhat unreliable; they do not always respond when the computer commands them to open or close.  Most of the time the valves open on command, but many times they do not close.  It is likely that the driver does not have enough power to close the switch because most of the power is being sent to the valves.  This would explain why the valves have more trouble turning off than turning on.  Several solutions to this problem have been proposed.  A larger power supply could be used to provide the extra power that is needed to close the switch.  A second power supply could be used so that the valves and the diver would be connected to separate power supplies.  This would ensure that the driver always had enough power to switch on and off.  Also, a capacitor could be placed across the current power supply.  This would store power that could supply the extra power needed when the switches are flipped.

Another problem with the current design is that after several openings and closings of the valves, the driver shuts down.  This may be caused by spikes in voltage across the valves.  The valves contain solenoids, which act as inductors.  When the switch is flipped, the current cannot immediately stop in the solenoid, so a voltage spike is created.  This large voltage could be putting feedback into the circuit and causing it to shut down.  This problem may be solved by putting a diode across each valve.  This will let the current from the voltage spike to flow through the diode, preventing feedback.

Our client desired that the software being used be compatible with pClamp data acquisition software that is currently being used for her research.  She needs to record the type of solution being delivered in her data.  The solution type could be automatically recorded if the software used to control the valves was integrated into pClamp.  It is possible to layer the software on top of pClamp.  We will consult a software professional to determine how this can be done.

The final component of this project will be to implement the device into the client’s research laboratory.  The software needs to be installed on the lab computer, and the device needs to be placed in a location that is convenient for the client’s research.  Two of our team members will be working over the summer to solve these problems and get the device working in the client’s laboratory.
Conclusion

In conclusion, the R85PRO was the chosen design for the solution to the client’s problem.  This solution entailed piecing together different design components to make the best possible design, rather than individually creating the entire device.  In engineering, when a client needs help with a problem, it is the job of the engineer to solve that problem.  Even if the solution is implementing many separate devices to improve efficiency, if the client is satisfied with the results, the engineer has completed the task.  Our final design meets most of our client’s specifications so we feel we have been successful in the design process. 
Although the semester is over for our design project, our team did not quite finish the solution switch.  Since our client has given our team generous funds, an ethical issue arises.  Our client does not have the knowledge to finish the solution switch, but still wants to have the finished project.  As a team, we have two different options concerning our project.  One option is to complete the project in the fall as a BME 300 design project.  The other option is to work on the solution switch during the summer.  


Since both Dan and Dave are staying in Madison over the summer, they are going to work with the client and finish the solution switch.  Not only will the switch be finished for the client’s summer work, but also is the respectful decision because of the confidence our client has in our team to finish the solution switch.


To further develop the design of the solution switch, our team would need to look into the patents on current perfusion systems on the market.  Currently, perfusion systems have some of the same characteristics as the solution switch we developed.  Since both the perfusion system and solution switch is similar, research must be done to make sure our team does not infringe on the copyrights of the perfusion systems.  If the perfusion systems and our solution switch differ, the solution switch has the capability to succeed as a product.  The solution switch was made three to five times cheaper than the current perfusion systems on the market.  Therefore, research institutes and physiological companies may be interested in our design.  
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Functions: 
Currently two to eight solutions are fed through IV tubing into a manifold which is equipped with multiple stop cocks to manually control which solution is being delivered.  Our goal is to design an automated system to simplify this process.

Client Requirements:

· Must reliably open and close valves on command

· Compatible with up to eight feeds of IV tubing

· Can accommodate flow rates of 1-5mL/min.

· Must generate minimal electrical or mechanical noise

· Must be automated

· Compatible with pClamp 8 software

Design Requirements
a.
Performance Requirements:  The valves should open and close under command of computer software. The device must be compatible with eight feeds of IV tubing, while accommodating flow rates of 1-5 mL/min.  The device must be automated, but generate minimal noise.  
b. Safety:  No electrical hazards should be present in the design.  Dangerous pressure levels should also be avoided.  Connections must be secure and tight to ensure no leakage. 

c. Accuracy and Reliability:   Valves must be able to consistently open and close on a regular basis.  

d. Life in service:  System must last at least 2 years before tubing connections must be replaced.

e.   Shelf life:  System must last at least 2 years or for the duration of the client’s       research.
f.   Operating environment:  The device should be able to withstand normal temperatures, pressure, and humidity within the research laboratory.  The device should be free of sharp, obtrusive corners or points as to not interfere or pose a threat to the researchers. It should be able to endure constant contact with solutions without rusting.  The noise that the device emits should be relatively low as to not interfere or affect the research results. In addition, the device should have minimal vibration so it will not disturb the results being taken when the solution is delivered to the patch clamp.
g.   Ergonomics – Ideally the entire device must be able to fit comfortably in the research laboratory.  It should be stable in order to avoid falling over, which could damage the device.

h. Size:  Needs to be able to fit on the lab bench where the manifold currently rests.  It must be a manageable shape and size for the researchers to work around.  

i. Weight:  Weight constraints do not apply to this device.  

j. Materials:  Stainless steel, or other materials that can be easily cleaned.

k. Aesthetics, Appearance, and Finish:  The device should have a smooth surface and no sharp edges to reduce the risk of injury in the research laboratory.  The finish does not matter, as long as it can be easily cleaned.  No restrictions on color.  
Product Characteristics
a. Quantity:  One automated solution switch.

b. Target Product Cost: $500 or less.  
Miscellaneous

a. Standards and Specifications:  Must pass our client’s specifications listed above.

b. Customer:  Desires an automated solution switch, and if time permits, a temperature controller.

c. Competition:  Marketers of perfusion systems.
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Figure 12:  Sketch of Solution Switch design





Figure 11:  Cost of final design components








PAGE  
13

