
Title: MOEMS* Turbine Environments Sensor Prototype

*micro optical electro-mechanical system

Statement of Work

The harsh hot gas environments inside rotating turbines such as the Space Shuttle Main Engine (SSME) High Pressure Fuel Turbopumps (HPFTP) and High Pressure Oxidizer Turbopumps (HPOTP) are traditionally difficult if not impossible to measure.  Utilization of current state-of-the-art turbine sensors involves installing intrusive sensors into numerous sensor ports in the turbine housing structure, which are supported by a complicated, heavy and difficult-to-maintain electromechanical slipring and copper wiring harness.  
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New miniature MOEMS sensors are desired that can be mounted internally, directly on the turbine or stator blades.  

Requirements
1. These sensors must be extremely small and lightweight so as not to affect the balance of the rotating machinery.  

2. They must be flush-mountable on the blade surface so they do not interfere in the turbine flows and introduce turbulence and other undesired fluid effects.  

3. They must require little or no electrical power to operate and transmit data optically, eliminating the need for complex, heavy and expensive electro-mechanical sliprings and copper wiring harnesses.  

4. Finally, they must be able to withstand and measure typical internal turbine environments such as:


Temperatures: up to 1800 deg R


Pressures: 270-6500 psia


Turbine Blade Tip Speeds: up to 1600 ft/sec


Loads: up to 600 HP per Blade

Proposed Tasks and Evaluation Criteria:
Task 1: Sensor design (0-6 months from Authority to Proceed (ATP))
A multi-parameter MOEMS sensor design will be developed specifically for installation on an optical rotating data interface testbed and later in actual hot gas turbine environments.  Design must pass a critical design review and finite element analysis.
Deliverables:


Sensor design schematics and specifications


Manufacturing plan and schedule

Task 2: Sensor construction and calibration (7-11 months from ATP)

The sensors designed in Task 1 will be constructed during this task.  One combined sensor (preferred) or multiple MOEMS sensors will be constructed and ready for installation on the test rig.  Vendor shall document capabilities of sensors and also document operational test procedures for NIST calibration, installation and use.  Sensor calibrations must be of sufficient resolution to evaluate the repeatability, linearity and hysteresis.   The desired repeatability and hysteresis is 0.1%.  Sensor linearity should be correctable with a 3rd order polynomial or better.  Sensors must meet validation parameters to include: definition of undesired sensitivities.

Deliverables:


Functional sensor(s) and complete hardware documentation


Installation Documentation


Testing and Usage Documentation


Calibration Documentation

Task 3: Proof-of-concept testing at NASA MSFC (12 months from ATP)

Sensors must function on the test rig.  Proof-of-concept testing of the optical interfaces and basic sensor functionalities will be conducted in a laboratory setting with the sensors constructed in Task 2.  The data will be post processed by Vendor and provided to NASA MSFC in a written report. Documentation must be clear and useable.  A data validation/calibration will be conducted by MSFC during this task to evaluate error within the sensor readings using known NIST controls.

Deliverables:


Written report describing testing, including data analysis


