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P09042 Lab Band Test Stand

Test Plans & Test Results
TEST plan 

Note to Teams:  The Test Plan is due at the completion of Senior Design 1 (Week 10) and is inclusive of both the systems specifications and specifications within and between the major sub-systems.  Particular attention should be paid to the interfaces between the sub-systems since different team members may be testing each.  Since the chosen technologies and associated specifications are complete at the end of Senior Design 1, the test needs should be easily comprehended and documented below.
1.1. Overview.

The long-term goal of this project series is to design a new lap-band system that can be adjusted via a non-invasive procedure. This first phase of the project will primarily focus on the design of a testing stand to capture stomach and lap-band parameters.  Some of the major goals for this project are to accurately simulate a human stomach as well as to develop an accurate metering scheme controlling and monitoring the movement of the saline solution
1.2. Critical Components Being Tested 

[image: image1.emf]
1.2.1. 
Sensor Sub-System 

1.2.2. 
Pumping Sub-System

1.3. Approval

Approved by:

Team Members – Michael Batyko, John Matrachisia , Ilya Rivkin, Kevin Sando, Brian Weber Guide  –  Dr. Slack 

Sponsor – QUANTUM Technology Associates, Inc., Christine Scheible

1.4.  Specifications 

	Engr. Spec. #
	Importance
	Source
	 Specification (description)
	Unit of Measure
	Marginal Value
	Ideal Value
	Comments/Status

	ES1
	Required
	CN 1
	Test stand envelope
	mmxmmxmm
	1000x1000x1000
	300x300x300
	Complete. Test stand envelope is 610x305x340 

	ES2
	Required
	CN 2
	Artificial stomach size, diameter and thickness
	mmxmm
	20-30x3-15 
	20-25x5-10 
	Complete. Dimensions are 22.5-28x3-15 

	ES3
	Required
	CN 2
	Artificial stomach material mechanical properties similar to biological stomach, Stress vs. Strain 
	Mpa vs. mm/mm 
	 
	 
	Complete. Qualitative and quantitative analysis. 

	ES4
	Required
	CN 3, 10
	Measure static pressure of saline for pressure range
	PSI (gage) 
	0-15 
	0-30 
	Complete. Design includes both analog and digital pressure sensors that meet or exceed specifications 

	ES5
	Required
	CN 3
	Measure Force on stomach for range
	lb
	0-5
	0-10
	Complete. Design includes a 0-1lb and a 0-25lb force sensing resistor.  

	ES6
	Required
	CN 5
	Pump saline into and out of Lap-Band, volume
	cc
	3-10
	3-10
	Complete. Pumping apparatus is designed to meet these specifications. 

	ES7
	Required
	CN 5
	Pump saline into and out of Lap-Band, flow rate
	cc/min
	5
	10
	 Complete. Flow rate >10cc/min 

	ES8
	Required
	CN 8
	Servicable/replacable components List.  List of components that can be changed out or repaired.  
	Feature
	 
	 
	Complete.

	ES9
	Required
	CN 4, 9
	Test interface.  Computer interface to control the operation of the test stand. Displays measured data.
	Feature
	 
	 
	 Complete. Labview controls/data acquisition 

	ES10
	Required
	CN 10
	Collect and Store data. Stores static pressure of sailine, pressure on stomach, and volume of saline in Lap Band Device.
	Feature
	 
	 
	Complete. Labview program collects and stores data into .csv files for easy review and manipulation. 

	ES11
	Required
	CN 5
	Lap Band diameter increment step
	mm
	0.5
	0.2
	Complete. Diameter increment step of <0.2mm 

	Engr. Spec. #
	Importance
	Source
	 Specification (description)
	Unit of Measure
	Marginal Value
	Ideal Value
	Comments/Status


1.5. LabView

The Lab Band Test Stand will have a labview vi that Interfaces with an NI DAQ and the microcontroller. The vi will communicate with the microcontroller through the serial protocol on COM5 and control the position of the syringe based on the position of a slider in the user interface. The DAQ will have three voltage signals from the sensors that will be graphed and will also be show in slider from. 
2. msd ii WKS 2-4: - final test plan 

What will be tested are the sensors, syringe pump and motor. The sensors include the force and pressure sensors. The DAQ and microcontroller will not be tested. The code for the for both the DAQ and the microcontroller will be developed, and through developing/ testing the code it will be know if the components meet the requirements. Development should be very short for the microcontroller and DAQ so it would be possible to find a replacement if need be. 
2.1. FSR Test Plan
Purpose
The force-sensitive resistors (FSRs) to be used in the design will be tested for repeatability and range using one 0-1lb FSR and one 0-25lb FSR. 

Items Needed
- Pig Stomach

- Double-sided tape

- 0-1lb FSR

- 0-25lb FSR

- Syringe

- Saline (water is likely an adequate substitute)

- Voltage source

- Voltmeter

- Potentiometer

- Breadboard

- Wires

Test Plan

The FSRs will be placed on the Lap-Band between it and a pig stomach, and then the Lap-Band will be fully inflated (10 CC), deflated (0 CC), and inflated to midrange values (3 CC, 5 CC, and 7 CC). This will be done 4 times, in order from lowest fill to highest, then highest to lowest, and then repeat this sequence. By changing the order, we hope to be able to account for any hysteresis. The voltage across the FSR will be read out of a simple voltage divider with the potentiometer, and the data checked for consistency across runs and any problems with range.

2.2. Syringe Test Plan
2.2.1. Syringe Test Plan 
Purpose
To determine the force required to push solution into lap band and to remove all solution from lap band

Items Needed
· Lap Band

· Calibrated Weight Set

· Syringe/Needle

· Water

· Paper Clips

· Cylinder to wrap lap band around (old tensile test specimen)

Test Plan

The lap band was placed around a round aluminum cylinder.  From there the lap band was evacuated of air and the syringe filled with water.  The syringe was placed vertically and weight was placed on top until enough was on it to push all fluid out.  At that point weight was placed on top to see how much was needed to hold it in place.  The same was done for the opposite direction with the syringe placed upside down and the weights hung from it.

2.3. Pressure Sensor Test Plan
Purpose
The pressure sensor to be used in the design will be tested for range and resolution.

Items Needed
- Pig Stomach

- Double-sided tape

- pressure sensor

- 2 T fitting

- Syringe

-Saline(water)
- Analog Sensor

Test Plan

The digital pressure sensor will be placed in line with the lapband hose and an analog pressure sensor using two t-fittings. The Lap-Band will be fully inflated (10 CC), deflated (0 CC), and inflated to midrange values (3 CC, 5 CC, and 7 CC). This will be done 4 times, in order from lowest fill to highest, then highest to lowest, and then repeat this sequence. The Digital readings will be changed from voltage to pressure using a simple linear equation and the output will be compared against the analog sensor reading.
2.4. Servo Test Plan

Purpose
The servo to be used in the design will be tested for adequate torque to move the syringe.

Items Needed
- Servo motor

- Syringe

- Saline (water is likely an adequate substitute)

- Lap Band

- Microcontroller

-  Rack and Pinion

Test Plan

The servo motor will be connected to rack and pinion pumping setup. The main point of concern is if the motor can push the syringe all the way to pump and hold the full 10cc of fluid inside the Lap Band. The servo will be controlled via the microcontroller to different angles and the repeatability of different positions will be tested to make sure the servo motor does not go to different spots on the same input due to friction.  

2.5. Artificial Stomach Material Test Plan
There were several materials considered to be used for the synthetic stomach model.  Samples of Ultraflex, Silicone 2 part mix and Vinyl hot melt were obtained from Douglas and Sturgess, Inc. for qualitative and quantitative analysis.    
First, the qualitative analysis: Dr. Doolittle was given the three samples to examine and determined that the vinyl hot melt was most similar to human stomach.

Next, test specimens were molded out of the vinyl hot melt for mechanical testing.   Since there was no equipment available to us for compressive testing, we opted for tensile testing to obtain stress-strain data for comparison. 
2.6. System Test Plan
For the final testing, the syringe was cycled, in intervals of 1 cc, from 4 cc’s to 10 cc’s then back to 4 cc’s.  This process was done 5 times for an individual run and data points for pressure and force were taken at every 1 cc interval.  There was then a total of 5 runs performed.

After each run the data points for sensor A and B as well as the analog and digital pressure readings were averaged for each CC increment. 

3. MSD II – WKS 3-10 design test VERIFICATION 

3.1. FSR Test Results 
	 
	 
	 
	500k pot
	 
	 
	 

	CC
	trial 1 lower range
	trial 1 upper range
	trial 2 lower
	trial 2 higher
	trial 3 lower
	trial 3 higher

	10
	4.58
	4.59
	4.55
	4.56
	4.58
	4.59

	9
	4.53
	4.54
	4.49
	4.5
	4.51
	4.52

	8
	4.45
	4.45
	4.45
	4.46
	4.41
	4.42

	7
	4.29
	4.33
	4.29
	4.3
	4.29
	4.3

	6
	4.09
	4.16
	4.11
	4.13
	3.98
	4.03

	5
	3.4
	3.67
	3.56
	3.61
	3.4
	3.45

	4
	1.5
	1.7
	1.4
	2
	1.81
	1.9

	3
	0.6
	1
	0.6
	1.5
	0.69
	1

	 
	Full->Empty
	Questionable Accuracy
	Full->Empty
	 
	Full->Empty
	 


	 
	 
	 
	500k pot
	 
	 
	 

	CC
	trial 1 lower range
	trial 1 upper range
	trial 2 lower
	trial 2 higher
	trial 3 lower
	trial 3 higher

	10
	4.57
	4.58
	4.54
	4.55
	4.55
	4.56

	9
	4.54
	4.56
	4.49
	4.51
	4.51
	4.52

	8
	4.46
	4.48
	4.46
	4.49
	4.44
	4.47

	7
	4.35
	4.38
	4.37
	4.38
	4.34
	4.42

	6
	4.18
	4.22
	4.17
	4.22
	4.15
	4.21

	5
	3.75
	3.8
	3.77
	3.82
	3.32
	3.61

	4
	2.66
	2.75
	1.83
	1.87
	1.64
	1.73

	3
	0.33
	0.4
	0.88
	0.98
	0.6
	0.86

	 
	Empty->Full
	Questionable Accuracy
	Empty->Full
	 
	Empty->Full
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3.2. Syringe Test Results 

	Mass to Empty Syringe
	1

	Mass to Hold
	0.7

	 
	 

	Mass to Fill Syringe
	0.9

	Mass to Hold
	0.7

	 
	 

	All measurements in Kg


From these results, the torque required to drive the syringe was calculated. See Log Book for further calculations.
3.3. Pressure Sensor Test Results
As seen in the Pressure vs Volume Graph under the system results, the digital pressure sensor and the analog pressure sensor show the same results. This shows that the Pressure sensor is adequate. 
3.4. Servo Test Results
This was a qualitative test. The test was run and it was found that the servo indeed was able to fill up the Lap-Band and that the servo returned to the same spot as required going both forwards and backward. 
3.5. Artificial Stomach Material Test Results
Figure 1 below shows the stress-strain curve for a porcine stomach (in red), from a published study Biomechanical Properties of Abdominal Organs In Vivo and Postmortem Under Compression Loads. Figure 2 below was created from the mechanical testing on the vinyl test specimens.  The mechanical behavior is almost identical with an order of magnitude difference in the stress vs. strain.  The magnitude difference can be compensated for with a correlation factor in our Labview software.
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Figure 1. Porcine organ, stress vs. strain (Red is stomach) (Rosen, Brown, De, Sinanan, & Hannaford, 2008)
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Figure 2. Vinyl stress vs. strain

3.6. System Test Results
	Fluid (CC)
	Overall Average
Sensor A (N)
	Overall Average
Sensor B (N)
	Overall Average
Digital Fluid Pressure (PSI)
	Overall Average
Analog Fluid Pressure (PSI)
	
	Cadaver Analog
Pressure Data
	Pig Stomach
Force Data (N)

	4
	0.072473333
	0.048403333
	0.063236667
	0
	
	0
	0.393

	5
	0.072474
	0.04828
	0.288562
	0.25
	
	0.375
	0.837

	6
	0.074386
	0.052686
	0.691256
	0.705
	
	1.25
	1.283

	7
	0.098258
	0.068356
	1.52242
	1.49
	
	2.25
	1.691

	8
	0.19378
	0.121614
	2.599026
	2.52
	
	3.75
	2.071

	9
	0.364986
	0.263154
	3.876908
	3.88
	
	5
	2.349

	10
	0.549608
	0.428032
	5.087252
	5.09
	
	6.5
	2.56
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3.7. Conclusion of Results
All components met specifications. Summarized below.
	Engr. Spec. #
	Importance
	Source
	 Specification (description)
	Unit of Measure
	Marginal Value
	Ideal Value
	Comments/Status

	ES1
	Required
	CN 1
	Test stand envelope
	mmxmmxmm
	1000x1000x1000
	300x300x300
	Complete. Test stand envelope is 610x305x340 

	ES2
	Required
	CN 2
	Artificial stomach size, diameter and thickness
	mmxmm
	20-30x3-15 
	20-25x5-10 
	Complete. Dimensions are 22.5-28x3-15 

	ES3
	Required
	CN 2
	Artificial stomach material mechanical properties similar to biological stomach, Stress vs. Strain 
	Mpa vs. mm/mm 
	 
	 
	Complete. Qualitative and quantitative analysis. 

	ES4
	Required
	CN 3, 10
	Measure static pressure of saline for pressure range
	PSI (gage) 
	0-15 
	0-30 
	Complete. Design includes both analog and digital pressure sensors that meet or exceed specifications 

	ES5
	Required
	CN 3
	Measure Force on stomach for range
	lb
	0-5
	0-10
	Complete. Design includes a 0-1lb and a 0-25lb force sensing resistor.  

	ES6
	Required
	CN 5
	Pump saline into and out of Lap-Band, volume
	cc
	3-10
	3-10
	Complete. Pumping apparatus is designed to meet these specifications. 

	ES7
	Required
	CN 5
	Pump saline into and out of Lap-Band, flow rate
	cc/min
	5
	10
	 Complete. Flow rate >10cc/min 

	ES8
	Required
	CN 8
	Servicable/replacable components List.  List of components that can be changed out or repaired.  
	Feature
	 
	 
	Complete.

	ES9
	Required
	CN 4, 9
	Test interface.  Computer interface to control the operation of the test stand. Displays measured data.
	Feature
	 
	 
	 Complete. Labview controls/data acquisition 

	ES10
	Required
	CN 10
	Collect and Store data. Stores static pressure of sailine, pressure on stomach, and volume of saline in Lap Band Device.
	Feature
	 
	 
	Complete. Labview program collects and stores data into .csv files for easy review and manipulation. 

	ES11
	Required
	CN 5
	Lap Band diameter increment step
	mm
	0.5
	0.2
	Complete. Diameter increment step of <0.2mm 


3.8. References
3.8.1. Detailed Design Review Document.
3.8.2. LabBandTestStand.vi

3.8.3. 
Rosen, J., Brown, J., De, S., Sinanan, M., & Hannaford, B. (2008). Biomechanical Properties ofAbdominal Organs In Vivo and Post Mortem Under Compressive Loading. Journal of Biomechanical Engineering .

3.9. Appendices

3.9.1. See EDGE ‘Test Plan and Results Section’ for additional data.
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