Pump test report: By Francois Cazenave on July 28, 2010.
Background info: This pump will be used recompress nitrogen from the upper chamber (lower pressure) to the lower chamber (higher pressure), in order to make up for possible leakage at the piston seal. Stepper motor is 12 V, 0.24 A. Link to actuator specs
Test set up: The pump was connected to a chamber equipped with a pressure gauge. The motor was driven using an All Motion EZ 17 driver (12V – 40V, 1.25A).
Results:
The following plot shows the pressure achieved by the pump with different driving parameter for the motor.  

The stroke is 2.5 in and the travel per step is 0.00024 in. So at 1000 steps per second, the entire stroke takes 10 sec. 

The main results of these tests are:
· Even with a 24V supply, the pump was able to reach 110 PSI which is more than necessary (90 PSI is the minimum required).
· The motor provides about half the force shown on the manufacturer’s graphs. According to the manufacturer’s app engineer, this is because the supply voltage is too low. He recommended a 8 to 1 ratio for the supply voltage to rated voltage. The rated voltage of this motor is 12V so ideally we should have a 96V supply. They have a 5V motor that we could use instead (with a 28V supply, we would have a 5.6 to 1 ratio). They have a double stack motor but it doesn’t come with the proper lead screws (that’s why I didn’t select it).
· In total, the pump ran for over 24h. It did not over heat. I inspected the seals and the piston, there didn’t appear to be any abnormal wear.
· The $12 check valves performed well and did not leak. I’m glad we didn’t get the $375 valves.


Volume calculations
At mid stroke for the pneumatic spring, the pressures in the lower and upper chambers are 150 and 60 PSI. At these pressures the pump can put out .42 in3 of nitrogen (at 150 PSI) for each stroke (see matlab file). Not much considering the large volume of the chamber (about 3000 in3 each). We’ll have to drive the pump smartly to get the most out of it. 
Requirements for the software
The pump should be driven at higher speed for the beginning of the stroke, when less force is needed. For example, the pump can run at 1000 Steps per second for the first two thirds of the stroke and at 500 SPS for the last third. On the return it can run at 1200sps. Total time for one stroke: 22 s, instead of 40s if it stayed at 500sps the whole time. 
The pump should only run when the pressure differential between the two chamber is less than 120 PSI (-40 < Z < 10 approximately), otherwise the force exerted on the piston may exceed 50 lbs which is the recommended limit. 

September 14, 2010: Test with 5V motor.
A 5V motor was purchased to replace the 12V motor. I tested this motor under the same conditions. The pump achieved higher pressures (over 120 PSI), at higher speeds.  Data are shown below
	Steps per second
	Pressure reached 24V - 0.25A)
	Pressure reached
24V - 0.5 A
	Pressure reached
28V - 0.5A
	Pressure reached 28V - 85%
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	58
	53
	66
	77

	1200
	85
	115
	120+
	120+

	1000
	87
	120+
	 
	 

	800
	87
	 
	 
	 

	600
	88
	 
	 
	 

	500
	88
	 
	 
	 

	400
	88
	 
	 
	 

	250
	88
	 
	 
	 


The graph below shows a comparison between the 12V and 5V motors:


Conclusion:
The 5V motor exceeds the requirement for our application. It should be driven between 24V and 28V, at 0.5A.  At 1000 steps per second, in provides enough force to reach over 120 PSI  (the requirement being 90 PSI).
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