Thermal Infrared Sensor (TIRS) Vibration Isolation Questions
NASA would like to survey the market for existing technologies for manufacturing vibration isolation of the cryocooler to mitigate on-orbit disturbances to the spacecraft.  Please note there are several questions, listed on the last page: 
TIRS Isolation System Performance Requirements
A passive isolation system shall be designed to meet the following performance requirements.  The passive isolation system shall work in conjunction with the cryocooler active electronic noise cancellation.
· Disturbance Reduction

· The instrument deck interface forces and moments created by the cryocooler disturbance shall be reduced by a factor of 9 to 1 at the cryocooler operational and first 10 harmonic frequencies (compared to rigid interface).

· Frequency

· The fundamental frequency of the instrument in the on-orbit configuration, including the isolation system, shall be greater than 10 Hz.
· Damping

· Damping for isolation system modes during on-orbit operations should be higher than 5% (Q = 10) to minimize excitation by other spacecraft disturbances.  Damping estimates of the isolation system modes shall be reported.

· The Cryocooler will employ active electronic noise cancellation.  The isolation system shall not degrade the performance of the Cryocooler active noise cancellation.  

TIRS Isolation System Requirements

· On-orbit mission lifetime of 36 months.

· Pre-launch shelf life without maintenance of 2 years.
· Thermal Environment

The isolation system shall meet its performance requirements while being subjected to the following while environments

· The maximum temperature range of the system during Cryocooler operation shall be - 30 C to +10 C (TBR).
The isolation system shall meet its performance requirements after being subjected to the following while environments

· The maximum temperature range of the system shall be - 40 C to +70 C.
· Launch Environment

The isolation system shall support the CSS mount and Cryocooler mass and meet its performance requirements after being subjected to the following loads and environments.  The current mass allocation is assumed to be 75 lbm.
· The isolation system shall demonstrate its ability to meet performance requirements after being subjected to a 20 g net CG limit loads (any direction).  
· The isolation system shall demonstrate its ability to meet performance requirements after being subjected to the random vibration environments shown below.
	Frequency (Hz)
	Protoflight/Qual Level
	Acceptance Level

	20
	0.026 g2/Hz
	0.013 g2/Hz

	20 - 50
	+6dB/Octave
	+6dB/Octave

	50 - 800
	0.160 g2/Hz
	0.080 g2/Hz

	800 - 2000
	-6dB/Octave
	-6dB/Octave

	2000
	0.026 g2/Hz
	0.013 g2/Hz

	Over All
	14.1 grms
	10.0 grms


Acceptance testing including thermal vacuum bakeout, thermal vacuum cycling, and vibration testing shall be performed on the flight system to verify that it meets the mission environmental requirements.
· Venting
· The system shall be designed to satisfy the LV ascent pressure profile as specified in the Atlas 5, Model 401 vehicle Payload Planner’s Guide at a maximum depressurization rate of -0.6 psi/sec.
· Outgassing

· Upon delivery to TIRS, the outgassing rate for all components shall be less than 4.3x10-12 g/cm2-s

· Cooler materials shall meet the minimum outgassing screening criteria as tested according to ASTM E595-93 or equivalent method. The materials shall have a maximum total mass loss (TML) of 1.0% and a maximum collected volatile condensable material (CVCM) of less than 0.1%.

· Cryocooler Disturbance

The Cryocooler operation will nominally induce the disturbances described below.

· Disturbances generated by the Cryocooler, with active vibration cancellation turned on, will not exceed 0.1N in any axis for the first three harmonics and 0.2N for higher harmonics (TBR).  Note that these levels occur simultaneously in the three Cryocooler drive and lateral axes.

· The Cryocooler fundamental drive frequency shall be within 35 Hz to 45 Hz.

· The Cryocooler compressor fundamental drive frequency shall, by software command, be capable of being changed from the baseline drive frequency by at least +/- 7%.

· Power

· The passive isolation system shall not have any power requirements.  

· Schedule

· Development, qualification analysis and testing, and delivery of the isolation system shall not exceed 6 months duration

· Mass

· Current best estimates of the isolation system mass properties shall be reported.  The total mass of the system should not exceed 3 lbm.

· Interface

· The isolation system access and interface requirements shall be identified.

· The isolation system should fit within the 2.2” x 19” x 15” envelope provided and accommodate stay-out zones of heat pipes and CSS mount (see Figures 5 -7 for more information).

· The isolation system shall provide the structural interface between the CSS mount to the Instrument Deck (see Figures for more information)

See the following Figures for TIRS images.
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Figure 1:  TIRS Instrument
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Figure 2:  TIRS Instrument interface with cryocooler conceptual design shown
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Figure 3:  TIRS cryocooler subsystem interfaces
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Figure 4:  TIRS CSS mount to deck interface (note conceptual interfaces may be modified)
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Figure 5:  TIRS CSS mount to deck interface (note conceptual interfaces may be modified)
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Figure 6:  TIRS CSS mount to deck interface (note conceptual interfaces may be modified)
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Figure 7:  TIRS CSS mount to deck interface (note conceptual interfaces may be modified)

Please provide the requested information and responses to the questions that follow.  Note that CAD and FE models are available upon request.
1. Isolation System Questions
1.1. What is the isolation system design recommended for meeting the TIRS requirements?
1.2. What are the expected dynamic properties of the system?  What is the expected reduction in interface forces and moments compared to an unisolated cryocooler system?

1.3. What, if any, is the heritage of this technology? What is its Technology Readiness Level (TRL)?

1.4. What is the estimated mass of the proposed isolation system?
1.5. Are any requirements significant design drivers?  For example, would a launch locking system be required for the isolation system design under the current launch load requirements.  What design alternatives are available if the requirements could be modified?

1.6. What added risks are associated with employing this system on the TIRS instrument?

1.7. What is the rough order of magnitude (ROM) cost of an isolation system that meets the requirements described in this RFI?
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