iPump Design – Version 3.0
The principle of this pump is the usage of an air column to push the insulin through the infusion set in order to deliver it to the patient. Temperature changes that can cause the expansion or contraction of the air causing unwanted pressure on the insulin are avoided by using valve for pressure equalisation when the delivery system is in a relaxed (non-delivery) state.

Reservoir Detail

The reservoir is pressurised by an elastic membrane. This is required for correct system functionality. The pressure in the reservoir is used as part of the priming processes that are described in the System Function section below.
                    
[image: image1]
Delivery System Schematic
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KEY:
P 
= Pump
V1 = Pressure release valve
V2 = Valve
V3 = Valve
D = Optical fluid detector

      = Insulin
System Function

The following table describes the state of each component in the delivery system for each action that the delivery system is required to take to manage the delivery of insulin.

KEY to table entries

For D 
1 = On, insulin present, 0 = Off, air present

For V1-3 
C = Close, O = Open

For P
P = Pulse, O = Off
	ACTION
	P
	V1
	V2
	V3
	D
	Comment

	Fill

	O
	C
	C
	C
	0
	User fills reservoir. Reservoir becomes pressurised.

	Initial prime

	* Step 1

	O
	O
	O
	C
	0(1
	Auto prime using pressure from reservoir, until D detects insulin. V1 open allows air to be expelled to make way of the insulin.
NOTE 1

	* Step 2

	O
	C
	O
	O
	1
	Manual prime until insulin is seen at infusion set connector.
NOTE 2

	Delivery

	* Step 1 - Deliver
	P
	C
	C
	O
	1(0
	Confirm delivery by transition of D.

	* Step 2 – Relax
	O
	O
	C
	? (O/C)
	0
	V1 is open to allow air to escape should temperature increase cause its expansion. Without this insulin could be pushed into the patient as the air column expands. This is a transient phase.
NOTE 3

	* Step 3 – Re-prime
	O
	O
	O
	C
	0(1
	Re-prime the system using the pressure from the reservoir, so that D is ready to detect accidental delivery or forward flow.
(See Accidental Delivery – Unwanted Forward Flow)

	* Step 4 Relax
	O
	O
	C
	? (O/C)
	1
	Same as relax state in step 2, but D is now in a state where it is able to detect accidental forward flow. This is the normal state of the delivery system while no insulin is being delivered.


Detect Occlusion
Occlusion can be detected if the detector, D does to deactivate (0(1) during the “delivery, step 1 - deliver” phase.
Accidental Delivery – Unwanted Forward Flow
Accidental delivery or unwanted forward flow can be detected if the detector, D deactivates (1(0) during the “delivery, step 4 - relax” phase.
Detect Bubbles

It would be possible to detect bubbles if an additional detector was added at the output of the reservoir. It would also be possible to remove these bubbles by applying the “delivery, step 3 – reprime” phase until the detector, D detects the transition 1(0(1.
NOTE 1: It may be possible to determine the initial volume in the reservoir by the time (t) taken from the time that V1 and V2 are opened (to) and the time that D detects insulin (tD).
t =  tD  - to
Volume of insulin is inversely proportional to t.

NOTE 2: Automatic priming to possible because volume between junction of V2 and infusion set connector can be known. Therefore pump could cycle round delivery process until known volume has been pushed through the system.
NOTE 3: State of V3 should not matter. Further analysis required to determine the best state.
Accuracy
The size of the minimum delivery is based on the displacement of the diaphragm in the pump. This is directly proportional to the voltage applied to create the pulse. It is intended to develop a new power system that allows more accurate and variable voltage delivery.
Components
The following components have been identified for use in the delivery system. However a search continues for a small detector and smaller and cheaper valves.

Valves
- Lee Series 120 electro valves
Detector – TT electronics OPTEK Technology OPB350 series tube liquid sensor
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