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Abstract

In the medical and biological engineering fields, there are a variety of applications which utilize a syringe pump to dispense a measurable amount of fluid in a controlled manner.  Presently, there are a multitude of syringe pumps on the market all with various functions ranging from variable flow rates, to infusion and withdrawal capabilities, to programmable dispensing plans.  One capability not yet applied to syringe pumps is a controllable heating and cooling system.  A specific application of a syringe pump utilized in a process to facilitate cornea growth at Northeastern University is presented here as a case study.  Dr. Jeffery Ruberti relies on a complicated network of components that consist of an ice water bath, standard syringe pump, and an additional syringe filled with air to actuate a syringe filled with monomous collagen that is maintained at or below 5 °C.  This current set up is much too large in size and lacks precise temperature control.  This report presents a proposal to create a working prototype of a syringe pump with a heating and cooling system.  The design of the prototype utilizes two Peltier cooling elements known as thermoelectric devices to control thermal transfer, a linear actuator to drive the syringe barrel, and an interface block with several inserts to house the syringe and mount the components.  This report proposes a prototype of a compact syringe pump with all the standard capabilities as well as a precise temperature control system. 
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The Need for Project
	The purpose of this project is to provide a compact solution to the current compound process of maintaining temperature control on a syringe barrel when it is loaded into a syringe pump.

[image: image2.jpg]



	Northeastern University Professor, Dr. Jeffery Ruberti utilizes a syringe pump in his research lab to facilitate cornea growth.  The syringe pump is used to actuate a syringe filled with monomous collagen.  In order to maintain the collagen’s desired properties, it must be kept at a temperature between 0 and 5 °C.  The current process for temperature control involves a combination of many systems, lacks precision, and occupies too much space.  A compact syringe pump with integrated heating and cooling capabilities would greatly simplify the cornea growth process, increase precision, and could also be used in other research environments where temperature control is required.


The Design Project Objectives and Requirements 

	The device should be able to provide all of the standard functions of current syringe pumps, provide a means for temperature control, and have a small footprint.  That is, the device shall be able to accommodate several different syringe sizes, provide different flow rates, take up less than or the same space as existing units, and be able to heat or cool the syringe contents.
	Design Objectives
The objectives of this project involve several key design points that need to be fulfilled in order to result in a successful prototype. First, the system must have the smallest overall size possible.  The system must also provide all of the functions that current syringe pumps exhibit (i.e. the ability to accommodate standard syringe sizes, provide a range of different flow rates, and maintain a standard level of accuracy).  In addition, the system shall be capable of both heating and cooling the syringe barrel and contents.   

Design Requirements

The monomous collagen must be maintained at a temperature between 0 and 5 °C.  Therefore, the system must be able to cool and maintain a filled syringe to 0 °C.  The system shall also be able to heat a filled syringe to 60 °C.  Existing syringe pumps vary in design and function, but typically occupy a space of about 12” by 12” by 10” tall.  It is desirable to decrease the size of the system so that it can be placed in close proximity to the point of application.  This minimizes the risk of temperature increase in the collagen and reduces the additional components that are needed to deliver the contents of the syringe.  Finally, as the industry dictates, the syringe pump must be able to provide a range of flow rates of 0.1 to 240 milliliters per minute and accommodate for the different standard syringe sizes on the market.


Design Concepts Considered 

	In the three main areas of design, actuation, thermal control, and overall interface of the system components, different concepts have been proposed.  The abilities for the concepts to satisfy the different design requirements are weighted to determine the final solution.
	Actuation of the Syringe

Hand actuation is the simplest form of actuating the syringe.  It involves no extra tooling.  However, it is a primitive method in that the resulting flow rate accuracy is very low.  Hydraulic or pneumatic actuation methods are capable of producing very high forces.  Hydraulic or pneumatic actuation requires supporting equipment such as pumps, reservoirs, controllers, and hoses which not only complicate the system but increase the device’s size.  The final concept researched was actuation through the use of power screws or linear actuators.  Used in conjunction with a stepper motor or DC servomotor, these systems provide extremely accurate linear motion with a small form factor. 
Thermal Control of the Syringe

One concept for the thermal design of the project is cooling through refrigeration.  Refrigerant is circulated around the syringe in order to cool and maintain the syringe at the desired temperature.  Resistive heating could be used in conjunction with the refrigerator method to provide for heating.  Another concept researched for the thermal design of the device is thermoacoustic refrigeration.  Still in the experimental phase, initial studies have shown a cooling capacity of 119 watts (Rep. 3.4.1).  As with the conventional refrigeration method, this concept takes up a considerable amount of space and would require an additional method for heating.  Thermoelectric devices provide another design solution.  They are semiconductor based electronic components that are small, light weight, and contain no moving parts.  In addition, they can both heat and cool, depending on the polarity of the voltage applied.
Interface Design

The primary element of interface design is to allow the system to accommodate different standard syringe sizes while providing good contact for thermal heat transfer.  The first idea was to create a flexible container which would house a highly conductive material that would be able to expand or compress to fit different syringes sizes.  Another idea was to use custom machined inserts that would be sized to fit the different syringes.  The inserts would then be inserted into a larger block that the thermal components would mount onto.  


Recommended Design Concept 

	The design uses two thermoelectric devices to heat or cool the aluminum interface block which they are mounted on.  The interface block acts as a cold plate to cool the syringe barrel and contents to the desired temperature.  A linear actuator is used to control actuation of the syringe.
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	Design Description

The Thermally Controlled Syringe Pump has three major areas of design: the heating and cooling system, mechanical actuation, and overall interface between components.  The heating and cooling system has been designed using two 40 mm X 80 mm rectangular thermoelectric devices.  Since these devices remove heat from the system, as well as generate their own heat through electrical power, each thermoelectric is coupled with a heat sink and fan combination.  The thermoelectric devices are mounted on an aluminum interface block to provide solid thermal contact.  The interface block is sized to hold a 60ml syringe. In order to ensure good thermal contact with the different syringe barrel sizes, custom machined aluminum insert pieces were designed.  The smaller syringe sizes fit into their appropriate insert piece, and in turn are inserted into the larger interface block.  The mechanical actuation is accomplished through use of a linear actuator.  The linear actuator is mounted to a custom designed mounting bracket, which is then fastened to the underside of the interface block, reducing over all size.
Analytical Investigations
In order to design the thermal control system, an investigation was done to estimate the amount of heat (Qc) that is needed to cool a syringe.  This parameter is required for thermoelectric selection.  Using the heat energy equation Q = mcΔT, the amount of energy in joules required to cool the syringe volume was estimated.  This value only applies to the contents of the syringe and does not take into account the other components in the system such as the plastic syringe barrel, the aluminum interface pieces, and any losses that may be encountered due to air gaps between the components.  To verify this value of Qc was accurate, extensive Finite Element Analysis was conducted (Rep. 4.4.4).  Upon verification of the initial calculation and the thermal model, simulation was done to optimize the achievable thermoelectric thermal capacity in a reasonable amount of time.  

An important area of interface design is to properly capture and position the back end of the syringe, specifically the plunger.  Since syringe pumps can be operated in both infusion and withdrawal modes, the design must be able to push the syringe plunger and grip the plunger in the withdrawal mode.  The finger tabs must also be held in place to ensure that the entire syringe is not pulled out of the interface block during withdrawal.  To accomplish this, a sliding v-block design has been implemented.  To test the structural integrity of this component, structural Finite Element Analysis was done.  Different materials were tested and a selection was made according to the stress distribution results from the analysis software.  

Experimental Investigations
After having purchased the thermoelectric devices and the accompanying heat sink and fans, a test was done to verify the efficiency of the design and correlate the results with the thermal finite element analysis model.  To do this, a test fixture was created that consisted of the interface block, a mounting fixture, and the thermoelectric devices.  The thermoelectric devices were fastened to opposite sides of the interface block, and the heat sinks and fans were assembled on top.  The heat sinks were compressed using two C-clamps to simulate the desired clamping force.  Thermocouples were placed on the interface block and inside the actual syringe filled with water.  Power was applied to the thermoelectrics and the syringe contents reached 0 °C from room temperature in 15 minutes.
To verify the accuracy of the mechanical actuation of the design to produce desired flow rates, a syringe was filled with water and placed in the test fixture.  Using a preprogrammed controller from Unitronics, the actuator was commanded to drive at a given flow rate.  The amount of time the actuator was run for was recorded.  To verify the accuracy of the system, the dispensed liquid was captured in a graduated cylinder.  Using the time that actuator was in motion; the flow rate can be computed and compared with the preprogrammed value.

Key Advantages of Recommended Concept
The key advantage of the Thermally Controlled Syringe Pump is a small, nicely packaged syringe pump which has inherent capabilities to provide heating or cooling to the syringe barrel and its contents.  This device simplifies the cornea growth process in Dr. Ruberti’s research, and as shown from market research, provides a new option to an existing product line that did not previously exist.  


Financial Issues
	The cost to prototype this design is approximately $2,000, which is comparable to syringe pumps on the market now.  
	The cost to prototype this design is approximately $2,000, which is comparable to syringe pumps on the market now.  This includes all heating and cooling elements, linear actuator, and material and manufacturing costs for all custom parts.  The cost is within budget constraints, and can be driven down if the product were to be mass produced.




Recommended Improvements 
	A potential improvement to the existing design is to easily accommodate different syringe sizes instead of using custom parts
	Improvements to the current design should include easier integration of different syringe sizes instead of having custom parts made.  This would further increase the marketability and decrease the overall cost of the prototype. 
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