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Review after Phase 2 of puck and cartridge development.

September 25, 2013

Original requirement was a fluid handling system that could operate at 450psig.  All testing here has been at less than 100psig, with most around 20psig, because of leakage in the ‘triscuit’ puck.
Issues with cartridge design:

1.  Assembling the cartridge is extremely tedious and time consuming. Some of the tests we attempted required disassembly and cleaning between experiments. Problems could be lessened by:

a.  Moving circular o-ring grooves on syringe manifold wedge (#1000-005) to the check valve side of syringe block (#1000-0002)
b.  Supplying oval o-rings for oval face seals on wedge and manifold-arch plates instead of having to ‘stretch’ regular o-rings.
c.  Redesigning the plunger ‘tool’. The ‘tool’ supplied for manipulating the syringe plungers can only be attached or removed when the plungers are within about 1.5mm of the opening. It is not possible to release or retrieve plungers deeper into the interior of the syringe bore. This problem also applies to the cartridge valve. In that case, the tool cannot be removed when the valve is pushed into the cartridge to actuate the air purge/RNAlater circuit. We have to use a second tool (which we have) to actuate the air syringe.
d. Replacing c-clips with an improved retention system, such as two small diameter dowel pins spanning the syringe bore. The c-clips pop out when using the plunger ‘tool’ and are easily damaged. The transition between the end effector and the tool shaft catches the c-clip. The c-clips are also difficult to insert, especially for the air syringe with the return spring.
2.  Check valves do not seal. Poor sealing of the check valves has caused ‘cross-talk’ between the RNAlater syringe and the air syringe (water in the RNAlater syringe was pulled into the air syringe). Microscope inspection revealed that the seats have concentric scoring and in a few cases radial cracks that may be leaking during operation. The ball is hard polypropylene, and this may be contributing to the lack of an adequate seal. Applying silicone grease to the check-valve balls resulted in improved, but not acceptable, sealing. Springs have non-uniform length and their cracking pressure is unknown; the higher the cracking pressure, the less air is delivered to the puck. We need to maximize the amount of air delivered to the puck. Adequate testing of the air purge of the puck was not possible.
 What happened to the idea to use this check valve?:
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3. Syringe cylinder bore is not sufficiently smooth. Irregular circular ridges from the machining process causes stick/slip behavior of the plunger. This creates uneven backpressure, which contributes to our difficulty evaluating the effectiveness of the air purge.
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5.  Cartridge valve has two positions: ‘sample’ and ‘reagent’.  For at least one cartridge, the ‘reagent’ position requires the cartridge valve to be pushed further than the puck clamp bracket allows. A hole was drilled through puck clamp bracket to accommodate this.  Geometry and flow paths of cartridge valve should be re-visited.  Also, o-rings on cartridge valve are too thin and ‘pooch’ into sample inlet and outlet openings catching on burrs from side-drilled passageways and slivers of o-ring material have been sheared off during operation of the valve.

6.  During transition of cartridge valve from ‘reagent’ to ‘sample’, there is a position where both circuits are open at same time. This has caused ‘cross-talk’ between the circuits. If not corrected, this could cause leakage or contamination of reagents.

Issues with ‘triscuit’ Puck design:

1.  When mounted in the test fixture and subjected to 100psia, the latest version of he puck bottom leaks around the intake and outflow ports.  Chris ran pucks at 70psi in cartridge and did not see this issue.
2.  There are a number issues that would cause the diaphragm to not be seated correctly, and several times, the puck itself leaked at 22 psi.  The main area of leakage is the thin area around intake port and puck edge if diaphragm not sealed properly.  Regular failure testing still to be performed. 
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3..  Puck v4 filters more slowly than G2 or v1 puck.  We think it is due to the shallower grooves in the pan.  At higher pressure, filter presses into these shallow grooves, occluding them and slowing filtration rate.  (This problem is alleviated when a screen is placed under the filter).
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