Concept Report
The concept report outlines the 5 initial designs developed through a collaborative effort of the entire design team.  The selection of the group’s final design was accomplished using the pair-wise comparison method to evaluate the individual stakeholder attributes provided by the competition committee and additional attributes/ constraints imposed by the design team.  Further analysis and explanation of the chosen concept is provided in the final report with the results from the evaluation of the pair-wise comparison.  

Conceptual Design:

1. An Overview of the Concepts Developed:

Three main concepts are developed to fulfill all the stakeholders’ requirements and constraints. This gives a detailed description of each concept developed. 

Characteristics common of all the concepts:

The device is composed of two sections, a front "solid rod" and rear hollow cylinder.  The syringe fits into a molded cavity in solid rod and is covered with a lid which has a similar molded cavity.  A window is built into the lid to enable easy viewing of the syringe contents.  The rod also has spaces for the battery, and vibration motor.  The vibration motor rotor is placed so it taps the side of the syringe with each rotation, thus shaking air bubbles towards the top of the syringe.  Three buttons are used to control dose entry, and one to move to the next step and initiate injection.  A blue four digit LED display indicates dose.  The actuator is contained either entirely or partially (depending on concept) within the hollow cylinder.  The plunger head is secured inside a plastic (either ABS or Teflon) block that is connected to the linear actuator. The mechanism of this linear movement is the basis for the different concepts designs.

1.)  Original concept idea: 

 A stepper based linear actuator is held still and sits parallel to the syringe.  The lead screw is attached to a 90 deg linkage that connects to a Teflon block that holds the end of the plunger.  As the lead screw travels back and forth, so does the Teflon block, and thus so does the plunger.  The Teflon block fits with high tolerance inside the hollow cylinder, thus minimizing play and bending that may result in the lead screw and linkage.  The vial rests inside the device.  The linear motion of the lead screw is translated into a rotational motion of the vial, thus mixing the contents inside.
2.)  Geared Concept:


A rotational stepper motor turns a threaded rod via a gear connection.  The plunger head is held by a Teflon block with a threaded hole through which the threaded rod passes.  The rotational movement of the threaded rod is turned by the stepper motor.  This rotational movement is translated into linear movement of the Teflon block, thus pushing the plunger head back and forth.  The Teflon block fits with high tolerance inside the hollow cylinder, thus minimizing play and bending that may result.  The vial is mixed by hand by rolling it across a surface. 

3.)  Slider Concept:


A stepper based linear actuator is held still and sits parallel to the syringe.  The lead screw is attached to a 90 deg linkage that connects to a Teflon block that holds the end of the plunger.  As the lead screw travels back and forth, so does the Teflon block, and thus so does the plunger.  The Teflon block fits with high tolerance inside the hollow cylinder, thus minimizing play and bending that may result in the lead screw and linkage.  The linear motion of the lead screw is translated into a rotational motion of the vial, thus mixing the contents inside. The vial rests inside the device.  

4.)  Linear motion platform:  


A stepper based linear actuator is attached to a pre-made linear motion assembly (rack-and-pinion, dovetail, or similar design).  An ABS plastic block is fitted to the linear motion head.  As the linear actuator operators, the linear motion head moves either back or forth, but moving the plunger head back or forth.  The linear motion of the lead screw is translated into a rotation motion of the vial, thus mixing the contents inside.
5.)  Motor moves, lead screw help still, guide rods act as guide: 

           The lead screw of a stepper based linear actuator is held still, thus allowing the motor to move back and forth.  The lead screw is closely parallel to the center axis of the syringe.  An ABS plastic block surrounds the stepper motor and has a molded impression to hold the plunger head.  As the stepper motor moves back and forth, so does the plunger head.  The teflon/ABS plastic block has two parallel holes that are also parallel to the direction of movement.  Two stationary metal rods pass through these holes and act as guides, thus minimizing play and bending that may result.  The vial is mixed by hand by rolling it across a surface.

2. Evaluation of Concepts:


Each of the concepts were evaluated using the pair-wise comparison method to determine the best design.  The results of these comparisons are presented in their entirety in Appendix G.

3. Selection of final concept and relationship to engineering definition:

After the scoring rubric was completed by each team member, the concept rankings for each comparison area (design attributes, design, and informal characteristics) were averaged, indicating our team’s concept choice (Appendix G).  Concept 5 (hold lead screw still, use guide rods) was selected as the first choice, followed by concept 3 (linear motion platform), and lastly concept 2 (geared stepper motor).

In terms of comparison of design, Concept 5 displayed the greatest strength over the other concepts.  This area includes the integration of functions (multi-use nature of the design), innovation, and creativity.  Rather than having either gears, connection linkages, etc. to hold the plunger head in place and translate linear motion of the lead screw into linear motion in the plunger, this design combines the motor casing with the plunger head restraint while reducing bending by operating close to the axis of applied force.  Instead of using rods, concept 4 is simplified by using the interior of the cylinder as a guide.  However, this was considered too much of a simplification due to the increased frictional forces that could arise as well as the potential for even light mechanical damage to the cylinder to render the unit inoperable.  

In terms of innovation and creativity, concept 5 deviates more from existing technology than the other concepts.  It arose as a combination of the best aspects of our “more traditional” individual ideas.  The result was a concept that deviated more from our original ideas, but fit the problem better than any of the others.

A comparison of informal characteristics indicated that concept 5 would be easier to integrate with the current design approach, but that it would be easier to build the mechanism and device using concept 3.  However, all group members ranked concept 5 as being the best when averaging all informal characteristics.    

Concept selection according to design attributes was perhaps the most important selection criteria.  Although the design and informal comparison areas are important, these represent areas that are not necessarily critical.  The design attributes, however, must fit as well as possible in order to solve the given problem definition.  All four group members ranked concept 5 the highest when comparing the design attributes, but it is important to discuss this section in detail and highlight both the strong advantages and disadvantages of concept 5.

One possible disadvantage (supported by 4/4 team members) of concept 5 is that it may not satisfy safety constraints (i.e. accuracy) as well as concept 3.  The high precision of a commercially machined linear motion platform is likely to be much greater than that which could be achieved through Concept 5.  Other potential weaknesses (2/4 team members) included limited handicap accessibility (ergonomic), and weight.

The major strengths of concept 5 are its durability (ability to withstand physical abuse), simplicity of use, and portability.  The durability of design 5 is attributed to the protected nature of the mechanism.  The parts that require the smallest tolerances (lead screw and guide rods) are contained far away from the exterior walls these are protected from physical abuse.  Simplicity of use and portability are attributed to the compact nature of the design relative to the other designs that require the stepper motor to be outside the hollow cylinder.

From comparing the three major concepts to our design attributes, design characteristics, and informal characteristics, concept 5 was consistently identified to be a best match.  It is important to keep in mind that this does not mean concept 5 is perfect, but rather that its advantages outweigh the disadvantages when compared to the other major concepts.

