RFA #44 Action Requested

Expedite the design, analytic assessment, and engineering test of the probe separation system. Include the following in the process:

General Response

As stated at the Peer Reviews and Probe/Probe Carrier CDR in October 2004 Swales has stated that the Separation System represents the highest risk item on the program and agrees with the Review Committee that the Engineering Test Unit program needs to be expedited as soon as possible. However this ETU program must be based on relatively mature design and will require very similar hardware as the final flight design. Therefore the schedule for this will be highly dependent on the long lead procurement which will be initiated in late December and early January 2004 (See Schedule Attachment). 

The success of the Probe deployments is highly dependent upon a number of driving parameters (as noted in a number of the sub actions of this RFA) which are summarized below:

a) Mass Properties of individual Probes in regards to CG and mass balance

b) External geometry of Probes and Probe Carrier

c) Spin rate at deployment

d) Launch vehicle transverse rates

e) Induce lateral loads at time of separation

f) Deployment Spring Stiffness

g) Clamp band strain release

h) Relative time between each Probe separation

i) Specific hardware designs associated with, hardware capture below separation plane, etc.

Therefore mission success dictates that close coordination between the analytical team (separation analysis) and the design hardware team are realized so that timely and accurate information can be shared between all parties. This is why Swales has implemented the design “in-house” position using experienced staff that have directed very similar designs and test programs.  Further, Swales has baseline industry standard analytical tools (ADAMS) for simulating  complex dynamic behavior. This also provides the opportunity to streamline the analytical process so that numerous cases can be evaluated quickly enabling trending and “what if” assessments to be performed. 

1) Full understanding of the design loading conditions including nutation induced loads, residual thrust loads (from 3rd stage chugging {chuffing}), and shock loads due to clamp installation as well as pyrotechnic firing, 

RFA #44 Response Item #1

Swales believes that we do have a full understanding of the load conditions prior to separation and during separation as described below.

Design Loading Conditions

Swales believes that there is full understanding of the design loading condition.

The 15G PDR design load for the Probe and separation system is based the mass-acceleration curve and envelopes all flight events including launch, third stage firing and other on-orbit maneuver loads. The nutation load is small and is conservatively enveloped by the 15G design limit load.
Based on statistical data for the Star-48B Motor, the 3-sigma residual thrust of the STAR-48 motor at separation was determined to be not significant relative to the separation spring delta-V.  It was determined that residual thrust or “chuffing” cannot cause re-contact between the Probes and Probe Carrier.

The separation shock levels were derived and reported in the PDR.  These levels have also been documented in the environmental design specification and supplied to the instrument design teams.  Probe level shock tests are planned to verify compliance with the shock requirements.  

Swales retains the option of tapping the marman band to equalize preload.  Shock monitoring during tapping on other programs (including TRIANA) has verified that the resulting shock levels are negligible compared to the band release shock.
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2) precise definition of  the separation timing requirement that is fully traceable to the constraints that drive it,

3) complete identification of the errors that must be encompassed within the timing requirement (such as: pyrotechnic initiation delay, clamp retraction variation, stiction effects),

RFA #44 Response Item #2 & #3

Timing Definition

Up to SRR, the requirement for synchronization of Probe deployments was 1 sec.  All prior separation analysis suggested that 1 sec timing errors could be accommodated.  However, during the PDR phase analysis, a case was identified for which there was a collision of two Probes. Release of compression clamp-band force were not modeled in SRR analysis while PDR analysis had the model so that uncertainty bounds were increased. The collision happens with a combination of worst parameters: 20rpm spin rate, one probe deploy failure, outer clamp-band release delay, and maximum compressed band strain energy release. In effect, a 1 second time delay with 15 rpm rotation rate corresponds to 90 degree phase delay. Therefore, if a probe is delayed by 1 sec, it rotates 90 degrees and separates behind a previously deployed Probe.  Limiting the time delay to 0.5 second among the side probe deployments avoids this collision mechanism.

The actual system performance is estimated to be better than 0.1 sec which is a factor of 5 below the new 0.5 sec requirement.  The electrical actuation delay is estimated at less than 3.5 msec msec.  The pyro actuation time is estimated at less than 10 msec and the clamband release time is estimated to be less than 15 msec.  Therefore, the entire separation event is estimated to be less than 0.1 sec, with the variation between Probes being considerably less. 

	Source of Time Delay
	Time Delay

	Pyro Actuation
	0.010 s

	Clampband Release
	0.015 s

	Signal Timing
	0.004 s

	Total Estimate
	0.029 s

	Maximum (Requirement)
	0.5 s

	Margin 
	0.471 s

	Margin (%)
	94%


Therefore, the THEMIS MRD requirement for timing error should be revised to state the following:  

“Simultaneous Probe separations shall be synchronized to within 0.5 sec with respect to the common separation signal.  Separation is defined as release of the separation constraint so that the Probe is free to deploy.”

Separation Analysis

A comprehensive, detailed separation analysis effort is on-going and was reported at PDR.  Worst case parameter variations were considered in the analysis, such as:

· Single Probe release failure

· Spin rate variation (nominal ( 5 RPM)

· 0.5 sec release synchronization error

· 3rd stage nutation 

· Chuffing (3 sigma)

· Clampband strain energy release

· Pushoff spring stiffnesses

· Probe c.g. offset due to fuel migration during third-stage spin

Fuel mass properties were computed based on the launch vehicle spin axis (i.e., fuel outboard relative to the spin-axis). Then fuel masses were combined with probe mass properties to cause worst tip-off rates by creating the  worst moment of inertia cross coupling and center of mass offset relative to probe center line.  Fuel mass property uncertainties will be simulated for additional robustness of separation analysis for CDR.

Compliance against the 1 in minimum approach requirement was demonstrated analytically in the presence of these worst-case variations

A Monte Carlo simulation is planned during the detail design stage and will be presented at CDR.  
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4) an independently modeled and conducted separation clearance analysis using Monte Carlo combinations of varying critical parameters such as nutation, spin rate, clamp tension, and timing error,

The Monte Carlo analysis is discussed in the response to item #2 & # 3 above. 

In regards to an “independently modeled and conducted separation clearance analysis” Swales and UCB have great concern over the implementation of this request. An entirely independent developed model and analysis will be extremely expensive  and more importantly  will dilute the current efforts of the highly skilled individuals currently working this effort (in fact it will slow down the efforts of building and testing the ETU which is directly in conflict with the premise of expediting this test program as stated in the RFA). Swales and UCB believes that it is more efficient to perform rigorous peer reviews with relevant experts and perform extensive model checking during the analysis phases than to attempt to have a totally separate and distinct effort. As discussed throughout this response we have employed to date and plan to continue employing rigorous peer reviews (includes GSFC, UCB and Swales in-house experts).. Therefore at this time we do not believe it is in the interest of the program to implement a separate modeling and analysis effort. However we will assess during the peer review process ways of efficiently performing model validations by using external program skill sets.

5) a thorough engineering/qualification test program to demonstrate successful performance under appropriately varied conditions of critical parameters such as number of pyrotechnics, clamp tension, spin rate, spring force and nutation effects 

RFA #44 Response Item #2 & #3

Qualification Test Program

As reported in the PDR, a comprehensive qualification program is planned including the following:

· Bolt cutter margin demonstrations – low charge / low temperature, high charge / high temperature – functional margin tests cutting increasing larger separation stud diameters until the bolt cutter fails to cut.

· Functional Testing – double and single pyro firing

· Separation testing – GSE will support rotation of the ejection system and mass mock-up to simulate different lateral accelerations – testing will be supported with high speed filming -  Testing will be supported with Gyro output from deployed mass mock-ups

· Vibration Testing - Sine Sweep, Sine, Sine Burst, Random 

· Post-vib Functional Testing -  post vibration functional test will be monitored to confirm shock output

· Thermal Cycling – 4 cycles, including hot and cold limit operation
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6) a comprehensive peer review to assess the design,  the analysis, and the test effort in order to confirm or appropriately modify the separation system qualification process.

Peer Reviews

The separation system has been subjected to an internal Swales technical review, a Peer Review and a formal PDR without significant technical findings.  Review of the separation system is planned to be integrated into the THEMIS project’s pre-CDR sub-system Peer Reviews and CDR. Further a Peer Review will be performed to review the test program early in 2004 to assure that the test planning is consistent with requirements and risk level of the design. 

Programmatic Risk 

The separation system’s operation in the presence of lateral load has been identified as THEMIS’s top mechanical technical and programmatic risk item and was reported as such in the PDR.  A separate programmatic risk element has been added to the THEMIS risk database to emphasize this.  The key mitigation to this risk is ETU / qual testing as early as possible.  This approach has always been in the plan as presented at PDR, and is proceeding with the maximum possible speed.  The schedule is dependant on several long lead purchases which are being implemented in late December / early January 2004.

TRL Level

A pyrotechnic clampband, such as the one baselined for this application, represents the most common, most developed, industry-standard method of separating spacecraft from launch vehicles, with hundreds of successful operations.  

However, there is no documented heritage for operation with the lateral loading conditions encountered by THEMIS.  Therefore the THEMIS task is to optimize and re-qualify an extremely well-known and reliable mechanism for a new operating condition.

