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VERIFICATION AND VALIDATION
Retractable Oxygen Tubing Device
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VERIFICATION

Objective: Verify that retractable oxygen tubing device is built to the appropriate standards

1. Pre-production verification (full results are available in the Results of the Preliminary Work section)
1.1. COSMOSFloWorks analysis of pressure drop over 45 feet of coiled tubing

 A SolidWorks model was created to represent 45 feet of oxygen tubing wound in a coil based on the dimensions of the retraction device. The objective was to show that the loss in pressure due to the tubing conformation was negligible. The results will be compared to analyses on real oxygen tubing in coiled and un-coiled conformations.
Results:

Tubing inlet pressure: 5.49987 psi 
Tubing outlet pressure (45’): 5.48659 psi (by calculation)

Pressure drop (45’): 0.24% drop (by calculation)

1.2. COSMOSFloWorks analysis of flow rate changes over length of tubing

 Similar to the pressure drop analysis shown above, we conducted a COSMOSFloWorks study to analyze how the flow rate is altered along the 45 feet of coiled tubing. The results will be compared to analyses on real oxygen tubing in coiled and un-coiled conformations.
1.3. COSMOSWorks drop tests
Drop tests are a type of COSMOSWorks study that examine the strength of individual components or an entire assembly so that weak points may be identified. We performed drop tests on the entire assembly based on drop heights which correspond to characteristic heights for patients on oxygen therapy (ie. Standing, laying in bed, wheelchair).
1.4 COSMOSWorks stress/strain analysis of components
Each of the components of the assembly and the entire assembly itself was analyzed with COSMOSWorks stress-strain analyses. The objective was to show that the lowest possible stresses, strains, and displacements were found at the highest (practical) forces. 

1.4.1. Simulated strength tests were performed to analyze potential weak points within the design. This involved adding loads ranging from 0 to 20 lbs in 0.5 lb increments to different points within the housing chamber as well as the overall device. Focusing on the spring attachment site, the spindle, and the nozzle, we will run torsional, transverse, and longitudinal loadings. 
1.4.2. Transverse load testing was performed at the ends and middle of the spring attachment site and spindle. These tests simulate the forces caused by tubing retraction and extension.

2. Component requirements and post-production verification
2.1. Housing chamber (see component descriptions in Preliminary Work)
The device chamber was prototyped from SLA at the University of Pittsburgh to meet dimension requirements including space for 45 feet of oxygen tubing and a force from weight that wouldn’t result in unintended tubing extension. The device was tested for force of weight by fixing one end of the dispensable tubing while the device hangs free below to verify that no extension occurs due to the device’s weight.
2.2. Spring
Constant force springs were ordered from Stock Drive Products/Sterling Instruments to accommodate 5 different force loads. The appropriate spring was verified by observation of retraction rates and ability to fit with the device.
2.3. Oxygen tubing

Oxygen tubing was purchased from Salter Labs at various lengths ranging from 10 to 50 feet. The tubing was verified by observation of standard conditions (no ruptures) and repeated manual attempts to dislodge tubing at attachment sites.
3. Mechanism requirements

3.1. System connectivity

3.1.1.  A connection site is defined as a location where one free device component becomes locked to another. Repeated manual attempts to dislodge the components will verify that the attachments are stable and unyielding. 

3.1.2.  Pressure gauge testing will be performed at the inport and outport of oxygen flow from the oxygen concentrator. This parameter will be verified if the difference in pressure over the entire tubing is less that 0.25% (obtained from Verification 1.1).

3.2. Locking mechanism

3.2.1. Repeated function tests were manually conducted to verify durability over use.  

VALIDATION

Objective: Validate that oxygenation tubing retraction system is built to appropriate user preferences and standards

1. Pre-production validation

1.1. The device was described to 100 target users from an online community (OxygeNation.org) who have had experience with oxygen therapy systems. Their feedback formed the foundation requirements needed to validate the device. The following list is the criteria that were included in the design and verified to meet the user’s preference requests (see Background and Significance for actual data).
	User preference

	Weigh < 3 lbs

	Attach by belt clip

	Accommodate 30-50’ of tubing

	Controlled by push button release


DESCRIPTION OF TESTING PROTOCOLS

The safety and human factor related portions of the specific aims require that testing of the retraction device be thoroughly performed. The tests will ensure safety and user-compatibility and will include: computerized testing (Finite Element Analysis and COSMOSFloWorks) and physical testing of a functional prototype. 

Flow Testing. COSMOSFloWorks 2007 will allow us to validate that oxygen flow through our device generates pressure drops that are within the ranges established in our product specification. Based on commercial oxygen concentrators, we will require that the flow rate remain consistent throughout the tube at rates ranging from 1 to 5 LPM allowing no more than 0.1 LPM drop from inflow to outflow port. We will model our device to COSMOSFloWorks and simulate the flow of oxygen over several flow rates (1, 3, and 5 LPM) and spindle rotations (0, 4, and 8 complete rotations). Output from these analyses will include whether there is restriction of gas-flow due to deformation of tubing and if that flow is being dramatically (>0.1 LPM deviation) altered at any point in the device. Flow rates will be measured at the inflow port, outflow port and at each spindle rotation to validate this finding.

Post-Fabrication Testing.

Tensile force test. This test will involve stabilizing the retraction device and applying a constant force to the tubing, causing the tubing to be removed from the housing chamber using material testing machinery available to us through the School of Engineering. This test will verify the procedures outlined in the FEA.

Retraction spring strength test. The retraction spring needs to be strong enough to retract the tubing back into the housing chamber; coincidently, it must also give enough to allow the user to easily extract the tubing from the housing chamber. This will test difficulty of retraction for each of the springs in Table 3. The difficulty of retraction will be determined on a scale from 1 to 10 (1 being easy to retract and 10 being very difficult to retract). Each group member will extend the tube from the housing to gauge target population standards. A rating of less than 3 will render the spring unusable. 

Flow testing. The purpose of this test will be to determine if the flow is being compromised at any point in the tubing when it is collected within the housing chamber. We will test the physical prototype in addition to the COSMOSFloWorks analysis explained previously. To perform this test we will fabricate the physical prototype and insert oxygenator tubing. We will run a constant flow of air through the system and measure the flow rate of the air using a mechanical flow gauge at the inflow and outflow of the device. If the difference in flow from the beginning to end is more than 0.1 LPM we will know that there is a restriction to flow within the tubing.

With the information that we obtain from performing these tests, we will repeat modification to account for the problems. If one of the tests fails we will go back to design phase and redesign the failing component. Table 4 explains our plan of action upon failure of the above tests.
	Test
	POA

	(Pre-Fabrication) FEA
	Modify material, dimensions, or connectivity

	(Pre-Fabrication) Flow Test
	Modify spindle or connection site design

	(Post-Fabrication) Tensile Force Test
	Modify material, dimensions, or connectivity

	(Post-Fabrication) Spring Strength Test
	Modify spring type, torque, or force

	(Post-Fabrication) Flow Test
	Modify spindle or connection site design
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