Statement of Work

1.0 Introduction
The Fluid Dynamics Branch has successfully measured the hydrodynamically-induced forces and moments on several rocket engine pump components operating at scaled conditions in water. The amplitude and frequency of cavitation-induced oscillations were measured in these tests using a strain gage based sensor derived from the traditional wind tunnel balance. The tests also pushed the limits of the sensor’s capability, revealing the need for an improved sensor capable of operating at increasingly demanding operating conditions. This statement of work describes the improved force sensor operating conditions, electrical and mechanical interfaces, and sensing requirements.

2.0 Scope

This solicitation seeks proposals for the design, manufacture, and calibration of a force sensor compatible with the requirements described. Required deliverables are identified in Section 8. 

3.0 Rotating Assembly, Dimensions, and Interface Requirements

The experimental test rig and rotating assembly are shown in Figure 1. The shaft is supported horizontally with a pair of oil-cooled angular contact ball bearings. The test setup may include axial, radial, or mixed-flow impellers, but all with water as the test fluid. Mechanical seals separate the oil and water. Cabling for rotating instrumentation is routed through the drive shaft and torque meter to an air-cooled twenty-channel slip ring. The required force sensor and associated dimensions are summarized in Table 1.
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Figure 1. Rotating Assembly

Table 1. Dimensions

	Dimension
	Description
	Value

	A
	Cable Length
	No less than 6.0 feet

	B
	Drive Shaft Thru-hole Diameter
	0.375 inch, maximum

	C
	Force Sensor Length
	6.290 inch, maximum

	D
	Force Sensor Outer Diameter
	3.200 inch, maximum


The force sensor shall be compatible with existing test rig hardware. To insure compatibility the force sensor mechanical interfaces shall match those defined in part MED03862-001 and shown in Figure 3 and 4. The counter-bores are sized for interference fits with existing hardware and insure concentricity. The sensor may be composed of multiple components that are assembled in-place. The test rig is assembled vertically.

4.0 Operating Conditions

The force sensor will be fully submerged in water while subjected to a wide range of external pressures, fluid temperatures, and operating speeds as shown in Table 2. Water leakage through the sensor is acceptable if this approach reduces sensitivity to temperature and/or pressure. Leakage requirements shall be defined and a method for controlling leakage values shall be described. Materials exposed to water shall be corrosion resistant or treated as required to resist corrosion and/or galvanic reactions while submerged. 

Table 2. Environmental and Operating Conditions

	Operating Fluid
	Potable water, filtered to 10 micron or better

	Fluid Temperature
	60-100 degrees Fahrenheit

	Pressure
	5-100 pounds per square inch, absolute

	Shaft Speed
	Up to 8000 revolutions per minute

	Shaft Torque
	Up to 200 foot-pounds-force


5.0 Capacity, Accuracy, and Bandwidth Requirements

The force sensor shall convert the applied load into three outputs proportional to the load in three mutually perpendicular directions. Channel designations and orientations are shown in Figure 5. Full-scale capacities (calibration ranges) for the three channels are:

Normal Force (NF): ± 200 pounds-force

Side Force (SF): ± 200 pounds-force

Axial Force (AF): ± 2000 pounds-force

[image: image2.png]A vtz [)

Acceptable to extend these
diameters up to the maximum
allowable of 3.200 inch.

10 e - sous

(ST l3B]

A <
/

Coetlats cor ws u s

e o, LR

EIETIn0a)

(et

Metric
Interface

Non-Metric
Interface

inromua i8] woDEL 1wromT

o 5 A 4 3





Figure 3. Force Sensor Mechanical Interfaces
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Figure 4. Force Sensor Mechanical Interfaces

The sensor shall measure compressive and tensile loads with positive output polarities consistent with the positive directions in Figure 5. Sensed forces shall be insensitive to externally-applied moments up to 100 foot-pounds-force (about NF and SF) and 200 foot-pounds-force (about AF).

[image: image4.png]+ NF

Metric End

Axis of Rotation —/

+SF

\

Non-Metric End +AF




Figure 5. Force Nomenclature and Orientation

The combined accuracy of each output due to non-linearity, hysteresis, channel cross talk, and structural amplification shall be no greater than ±A of the full-scale range from X Hertz to Y Hertz, inclusive, as shown in Figure 6. Required accuracies are at ambient temperature in air (ambient pressure). Note that the single degree of freedom (“Fixed-Free SDOF”) curve in Figure 6 is for illustration only.

Sensor shall be capable of withstanding a 120% over-load on all channels (both positive and negative) without damage or changes in sensitivities. Linearity of sensor above Y Hertz is not required. Replaceable, physical stops are permitted to protect sensor components.
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Figure 6. Accuracy versus Frequency (All Channels)

6.0 Electrical Requirements

The minimum (nominal) sensitivity of Normal (NF), Side (SF), and Axial Force (AF) shall be 0.025 milliVolt per engineering unit of pounds-force.

7.0 General Requirements

· The cable shall be connected to the non-metric end of the force sensor with a single rugged, waterproof, self-latching commercial connector.

· The force sensor shall be two-plane balanced per Reference 1 to grade 2.5 or better at a speed of 8000 revolutions per minute.

· With the full-scale normal force applied, the deflection of the metric end relative to the axis of rotation shall not exceed 0.003 inch at the overload conditions (120% of full-scale loads, positive and negative).

· All exposed wiring must be waterproofed or otherwise contained within a waterproof assembly.

8.0 Deliverables

The Government recognizes the challenges associated with maintaining linearity and accuracy over a wide frequency response range. Four options are proposed with various combinations of required accuracy (each of the three channels) and calibrated frequency range. These options are in order of value in Table 3.

Table 3. Bandwidth and Accuracy Options

	Option 1
	X = 0 Hertz (DC) to Y = 1200 Hertz

A = 2%

	Option 2
	X = 5 Hertz to Y = 1200 Hertz

A = 2%

	Option 3
	X = 0 Hertz (DC) to 600 Hertz

A = 2%

	Option 4
	X = 5 Hertz to Y = 600 Hertz

A = 5%


Proposals shall clearly identify which option is under consideration and how linearity will be achieved. If none of these are practical or outside the Offerer’s capability, Offerer shall identify frequency range (minimum and maximum frequency, in Hertz) and accuracy that can realistically be achieved. Consideration will be given to all practical approaches.

Deliverables are:

A. Force sensor mechanical design described via drawings and specifications.

B. Force sensor power requirements.

C. Structural analysis of the force sensor assembly at the two overload conditions (120% of full-scale loads, positive and negative) including maximum deflections for each case and associated peak stresses and their locations.

D. Estimated first bending and torsion modes of force sensor assembly including assumed boundary conditions. 

E. Force sensor calibration requirements necessary to demonstrate linearity over X to Y Hertz. Calibration may include a combined force calibration, if necessary, to achieve the desired accuracies. See Reference 2.

F. Schedule for force sensor manufacture, calibration, and delivery.

G. One (1) assembled, balanced, and calibrated force sensor.

H. One (1) copy of all manufacturing documentation including material certifications, inspection and discrepancy reports, and balance certification.

I. One (1) copy of all calibration documentation including reference standards and procedures.

9.0 References

1. Mechanical Vibration-Balance Quality Requirements of Rigid Motors Part 1: Determination of Permissible Residual Unbalance, ISO 1940/1-1986.

2. Calibration and Use of Internal Strain-Gage Balances with Application to Wind Tunnel Testing, AIAA-R-091-2003.
10.0 Additional Information and Caveats

Mechanical drawings, calibration information, and frequency response characteristics of the current flexure with strain gauge force sensor are available on request. The Fluid Dynamics Branch assumes all risk associated with inserting the described force sensor into the rotating assembly including any reduction in the sensor’s operational bandwidth due to test rig weight.

11.0 Period of Performance, Schedule, and Milestones

All work shall be completed offsite. Milestones in Table 4 are relative to the authority to proceed (ATP) date. Deliverables A through F shall be completed and delivered no later than 12 weeks following award. Offerer’s schedule (Deliverable F) shall identify when Deliverables G trough I shall be completed and delivered.

Table 4. Schedule and Milestones

	Milestone
	Date
	Responsible

	Deliverables A through F Due

(50% Payment)
	ATP + 12 weeks
	Offerer

	Deliverables G through I Due

(50% Payment)
	To Be Defined by Contractor
	Offerer


12.0 Evaluation Criteria

Selection and award shall be made to the lowest priced, technically acceptable offeror and shall include sufficient detail to permit evaluating the technical approach and descriptions of similar, relevant work.  The vendor shall provide three (3) references independent of the offeror or a subcontractor for the work of the same type provided, to include: 

1. Three (3) Agency or Company Names, contract number 
2. Name of Point of Contact (POC) 
3. Phone numbers and email addresses of POC
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