QUESTIONS AND ANSWERS

The following Technical Questions were presented to the Government as a result of the basic RFP Solicitation and earlier technical questions being published in the FedBizOps.  The answers to these “additional” questions are provided below to all interested Offerors.  

Question:

1. It is stated that "a delta T of approximately 1.05K will likely provide adequate sensitivity".  Is this taking any attenuation and emission in the plume into account? If not, what sensitivity does the imager require to see through the attenuation of the plume?

Answer:

Based on experimental data, the attenuation of the plume has been measured at less than the nominal attenuation that has likewise been measured through dry air, due to the presence of steam displacing dry air during the launch event, at least for that portion of the viewing path that is within where steam is rising during the launch.  This steam is the result of the vaporization of pad deluge system water-spray by the launch vehicle rocket motor engines.  The pad deluge system reduces acoustic buffeting loads on the vehicle and vehicle payload during launch by multiple dB.  
The stated delta T of approximately 1.05K is based on an assumption of imaging through dry air, and that the steam actually should improve (reduce) total path attenuation. It does, however, also mitigate the additional estimated effects of radome attenuation, inside of which the imager is placed. With the steam coming from the pad deluge system vaporization reducing attenuation, a sensitivity of 1.05K is therefore believed adequate for imaging the launch vehicle for an imager placed inside a radome enclosure.  
As for taking into account the plume emissions at millimeter wavelengths, this has not been completely done.  Fortunately, the viewing goal is not to image directly through the plume of plasma that directly exits from the rocket motors, however, but rather, instead, to image only through the obscuring cloud of steam, solid rocket motor exhaust particles, and liquid-fuelled rocket motor exhaust particles that instead rises and then envelopes the launch vehicle during the initial seconds of launch. If there are opaque spots in the image, where the exhaust plasma exits each of the rocket motors, this is acceptable for Range Safety imaging of the orientation of the launch vehicle.
If the plasma frequency of rocket exhaust plasma is significantly below the operating frequency of the millimeter wave imaging system, there will be no significant attenuation due to either reflection or pass-through loss from the plasma exhaust to the millimeter wave energy that is being radiated passively from the rocket.  The fundamental issue is hence the electron density in the rocket plasma exhaust, since, for all practical purposes, this is what essentially determines plasma frequency. Representative electron densities in rocket exhaust plasma typically fall between 10^8 to 10^13 electrons per cubic cm, where the lower limits exist at equilibrium exit conditions, such as farther from the rocket motor exhaust into the plume; and the highest densities exist at locked conditions found in the rocket throat or in closest proximities to the rocket motor. Plasma frequencies for the plume plasma are estimated for this range of electron densities to fall between 89.1 MHz to 28.2 GHz.  This means, for millimeter wave imaging systems operating at 35 GHz or higher, their operating frequencies are sufficiently above the worst case plasma frequencies such that exhaust plasma reflection and pass-through plume plasma attenuation effects that could obscure the image (i.e., attenuate the naturally radiated millimeter wave energy) are negligible.  For millimeter wavelength imaging systems operating from 20.1 GHz up to approximately 28.2 GHz, some obscuration may exist, at least for some viewing angles that look directly through the rocket motor(s) exhaust plasma.  However, even this obscuration will not rise and envelope the entire launch vehicle, as the electron density falls off quickly as the viewing angle rises up the launch vehicle from the look angle of observing the rocket plume plasma/rocket motors.  Because of this, we permit operating frequencies as low as 20.1 GHz in the Specification for the operating frequency, despite the likelihood of some obscuration occurring in the choice of frequencies this low, at least in proximity to the rocket motor(s).  The key to success is likely to be the choice of frequency, rather than just the delta T sensitivity, relative to seeing through the plume attenuation.
Question: 

2. What features of the rocket are expected to be the most visible, and what are the expected millimetric temperatures of these features? What is the material, surface finish (including any coatings), and millimeter-wave emissivity of 

1)         the main body of the rocket, 

2)         the boosters,

3)         the nosecones?

Answer:

We expect the most visible features to be the payload, and/or the nosecone enveloping the payload, followed by the main body of the rocket. The graphite epoxy motors (GEMs) are likewise variable in their visibility, both in that their quantity and the choice of the number of them that will be ignited and burning during the time that imaging will take place will vary from launch to launch. The variability of the visibility of the payload and/or nosecone comes from the fact that there are multiple nosecone materials that may be used for different missions, ranging from composites to aluminium, and that are variously painted or not. For nosecones that are transparent at millimeter wavelengths, details such as stowed solar cells and similar configuration type issues are expected to be very visible in the image. Exact details of the paints, or lack thereof, and of underlying material compositions cannot be released.   
Nonetheless, the expected millimetric emissivities of the imaged surfaces will likely vary, from around 0.55 for any shiny metallic objects to around 0.90 to 0.95 for any painted surfaces.  Reflections from the sky should be assumed.
Question:

3. If a camera system with a sensitivity worse than 1K was proposed as a solution, would that be immediately rejected? What is the lowest sensitivity that would be acceptable?

Answer:

A worse sensitivity will not necessarily be rejected.  A worse sensitivity would simply cause an impact on the specified maximum attenuation loss of the radome, however, and that in turn could result in a higher overall cost for the system that includes the PMMWI due to increased radome enclosure costs.
Question:

4. It is suggested that a bandwidth substantially greater than 100 MHz might be used. A bandwidth of 20 GHz, centered on a frequency of 90 GHz, is an example. Are there any penalties that will be applied to such an approach?

Answer:  

No.  Although it does introduce additional logistical difficulties for spectrum management within the launch environment.  The reason is that it becomes more difficult to avoid unintentional interference from both present and future RF (Radio Frequency) systems that can or that may radiate energy in or around the Launch Complex.  If such a wideband system is proposed, then careful consideration should be given as to how to mitigate image degradations resulting from narrowband interferers.

NOTE:  This answer results in a change to page 9 of the specifications issued as Amendment 0001 to the RFP.  

Question:

5. What is the temperature of the exhaust fume plume which engulfs the rocket body, through which we need to image?

Note: this temperature may have been ascertained by imaging the plume with a thermal image, if so this data would be useful.

Answer:

This temperature has not been measured.

Question:

6. If this temperature varies with height from the motor, is there an approximate function? 

Note: by definition the rising plume around the body of the rocket is convective in nature, so we would not expect much variation in temperature. The temperature is required to calculate attenuation of radiation through the plume.

Answer:

Obviously, this temperature does vary slightly with height, but the profile of variation with height has not been measured.

Question:

7. Has the attenuation through the exhaust plume to the rocket body been measured at any frequencies in the millimeter wave band and if so what values have been determined?

Answer:
A test chamber was built, small samples of solid rocket motor fuel were burned, and a pad deluge system was simulated, collectively producing steam and smoke and resulting in the collection of experimental data.  From this experiment, measured data was collected of attenuation in dB/m versus frequency over 18.0 GHz to 26.5 GHz.  From these data, the Specifications were developed.  Attenuation measurements at LC-17 for actual launches have not been conducted at any frequencies, nor have attenuation measurements been made above 26.5 GHz within the test chamber.
Question:
8. How much water in the plume around the body of the rocket that we need to "see" through is in the form of particles and how much is in the form of water vapor?

Answer:

During the first 5 seconds during which the imaging is most needed, the majority of water present will be saturated steam.  Condensation into water droplets, i.e., liquid water particles, will occur mostly after the launch vehicle has departed, and imaging is no longer required.  The ratio of saturated steam versus water droplets is not known, but is likely to exceed 50% by mass of the total water present during launch.
Question:

9. What is the size of the water particles in the exhaust plume?

Answer:

Unknown.  However, the vast majority of the water will not be in the form of particles or droplets, but rather in the form of saturated steam (water vapor, only.)  Water particles will occur upon condensation of saturated steam after the launch vehicle has departed.
Question:

10. Will there be water or ice, arising from condensation, on the surface of the rocket body that is to be imaged? 

Answer:

Yes, it is possible for some water or ice to be present.  
Question:

11. Is a DXF or other file format drawing of the Delta II rocket available ?

Answer:

No.

Question:

12. If a DXF or other file format for the Delta II exists, are the constituent material types linked to such a file, so we may scene simulate the composite system?

Answer:

This information is not available.  Material details are protected against release, and are considered proprietary to various Contractors.

Question:

13. What is the temperature at the center of the rocket motor fire ball?

Note: we need this to calculate what the thermal flux from this is, so we may guard against heat damage.

Answer:

Temperatures in excess of 3,452 Farenheit will exist on/around the launch pad during a successful launch. Temperatures in excess of 5,000 Farenheit are produced by solid-fuel rocket motors. Such high temperatures will also likely exist widely dispersed around the launchpad during a non-successful launch attempt, due to burning masses of solid rocket motor fuel being present.  Fusing of sand into glass will occur where solid-rocket-motor fuel burns in such uncontrolled circumstances.  Exact fire ball temperature data are not available at this time for all specific launch configurations, as there are multiple sources of heat: the liquid oxygen/kerosene main engine (RS-27A), and the three or more solid-fuelled GEM-40 Graphite Epoxy Motors (GEMs) will all generate thermal flux.  
Question:

14. Section 3.2.1.7 on page 9 of Attachment B (Specifications) mentions that experimental studies have been conducted at KSC. May we have a copy of this report?

Answer:

This document is a Task Order report published by KSC-NASA and contains material that would be considered sensitive and is "not" available to the public. An edited version of the report will, however, be made available to the successful Contractor after contract award. 

NOTE:  This answer results in a change to page 9 of the Specifications issued as Amendment 0001 to the RFP.  

Question:

15. What is the physical temperature of the body of the rocket? 

This is important as the radiation temperature contrast between the vertical body of the rocket and the background sky is (T_rocket - T_sky) (1 - R_rocket), where T_rocket is the physical temperature of the rocket, T_sky is the radiation temperature of the sky and R_rocket is the reflectivity of the body of the rocket. If either (T_rocket - T_sky) or (1 - R_rocket) is small, as they are likely to be (particularly if R_rocket is close to unity which it would be for a metal, or metal coated with paint), then the contrast in the image will be small.
Answer:

The physical temperature of the body of the rocket is not known precisely at this time.  However, it is cooler than the ambient air temperature due to the presence of LOX (liquid oxygen) within the body of the rocket in the main engine oxidizer tank. 
Question:

 

16. Is there any value in imaging the rocket motor plasma plume, i.e. that region below the rocket nozzle where there is combusting material? This region will be imaged before the rocket clears the gantry and for a time after and it may provide useful diagnostic information about the health and condition of the motors. Also, its direction would provide information about the direction of the rocket, i.e. indicating if the rocket was still in the vertical direction.

Answer:

There is value in imaging the rocket motor plasma, but this is not of primary or even secondary importance.  The primary importance is to maintain visual monitoring of the orientation of the launch vehicle during the first 5 seconds of flight.  In the event that a launch vehicle tips more than a pre-determined angle, flight termination by Range Safety Officers must be started immediately, prior to the complete tipping of the rocket within the obscuring cloud.  The secondary importance is then to observe for as long as possible the break-up of the flight vehicle upon a commanded flight termination, to expedite safe-ing of the area by initial responders tasked with launchpad clean-up.  
The Delta II is a very successful launch vehicle; of the first 94 launch attempts, one failure occurred, one launch was partially successful, and 92 were completely successful.  A future success rate of 98 percent or more is likely to continue to be achieved.  The primary importance is therefore to protect the public and monitor successful launches roughly 98% or more of the time, and additionally to observe flight terminations as required to protect the public, when required, roughly 2% or less of the time.
Question(s):

 

17. In order to ensure that we deliver a compliant bid we need to understand what environment the PMMWI will have to operate in. It would therefore be helpful if you can provide top level information on the following:
Question:

a.  Is there some time or frequency domain data at the installation location of the PMMWI enclosure on the tower, measured during the launch of a similar vehicle?
Answer:

Yes.  These data exist and were collected during the launch of the Spitzer Space Telescope.  The released Specifications contain the summary of these data.  These data are collected in what is termed the “Phase II Report.” This document is a Task Order report published by KSC-NASA and contains material that would be considered sensitive and is "not" available to the public. An edited version of the report will, however, be made available to the successful Contractor after contract award.
Question:
b.  What is the expected vibration reduction into the NASA-supplied enclosure? What are the predicted vibration levels at the mounting points for the PMMWI within the enclosure?
Answer:

These reductions in vibration level have not yet been determined, as the NASA-supplied enclosure has not yet been designed.  

The specified values in the specification provide the best guidance for the KSC support structure: “The PMMWI shall produce a clear image for 15 seconds, minimum, while the KSC support structure is exposed to 8g (rms) vertical, and 2g (rms) horizontal vibration, with a tested dwell in the vicinity of 1 kHz.  The support structure is mounted to a floor with a vertical vibration of 63 Hz to 125 Hz on the horizontal plane.”  

If the Contractor’s proposed solution requires significant reduction from these levels, then the Contractor should identify what degree of reduction would be necessary below these values.  Clearly, some reduction can be achieved from these KSC support structure vibration levels through the radome enclosure.  However, a requirement of the proposed imager that required, say, a 6 dB or greater reduction from these levels would clearly impose a more costly design for NASA’s radome enclosure than one that required only a 2-3 dB reduction.  
Question:

c.  What is the expected acoustic transmission loss into the NASA supplied enclosure? What is the predicted acoustic level within the enclosure?

Answer:

The present Acoustic Noise Specification (para. 3.2.5.3 of the specs) states the following:  
“The PMMWI shall be capable of producing a clear image for 15 seconds, minimum, while the KSC support structure is exposed to an acoustic vibration having a peak frequency at 1000 Hz, with an overall Sound Pressure Level of 151 dB. The KSC provided support structure will include an enclosure (radome) over the PMMWI to protect partially against acoustic buffeting in excess of 150 dB at a peak frequency of about 1 kHz.  The Contractor shall identify the maximum design acoustic noise loads for their PMMWI and shall specify any special properties for the radome window at the PDR.”  (end of quote)
The specifications assume that the NASA radome enclosure protects against Sound Pressure Levels in excess of 150 dB at a peak frequency of 1 KHz. Hence, the expected performance of your proposed PMMWI design is that it will withstand SPLs up to this level of 150 dB at a peak frequency of 1 KHz.

The current expected acoustic transmission loss of the radome enclosure is approximately 1-2 dB.  The measured level of 151 dB is based on a sample size of only a single launch (i.e., the Spitzer Space Telescope launch.) The uncertainty of peak SPL’s for future launches is a concern, but is not likely to vary by more than 2 dB from the measured peak value of 151 dB seen for this one launch.  If the Contractor’s proposed solution requires additional acoustic noise reductions to levels below an SPL of 150 dB, then the Contractor should identify the degree of additional acoustic noise reduction required by their design while additionally considering such factors as the need to achieve good image quality and low failure rates for their design despite exposure to such acoustic noise levels during each launch.
Question:

d.  What are the other loading spectra and durations to which the 'PMMWI package' will be exposed? I'm thinking here of inputs from the trailer as it is transported around to and from the launch site. This will all have to be considered in calculations of reliabilities and failures.

Answer:

Standard load transport spectra over commercial paved roads are all that will be required. There will be no rail transport, or transport over unimproved or unpaved roads required. There will be no railroad yard “hump tests” required, either. For example, it is entirely possible to require such transport to and from the launch site be conducted at speeds of no more than, say, 20 MPH, with police escort, driven over 1-way distances of no more than 10 miles for each launch.  Such equipment convoys are common in the Cape Canaveral Air Force Station and Kennedy Space Center environment, and would cause no operational difficulties.
Question:

e.  What temperatures are likely to occur outside and inside the NASA supplied enclosure?
Answer:

Contractors’ proposed designs are expected to tolerate a reasonable non-operating temperature range; the exact value of an acceptable non-operating temperature range is required to be identified during the PDR (Preliminary Design Review), as required in the specification.  However, in the event a particular proposed design requires a very small range of permissible non-operating temperature values, then Contractors are expected to identify such sensitivities in their proposed design(s) as soon as possible, to allow time for mitigation of any potential operational issue(s.)
Required temperatures inside the radome enclosure can likely be maintained with standard HVAC (heating, ventilation, air conditioning) hookups while at the launch site, using conditioned air flow from existing cooling systems through flexible ducts.  If especially unusually close tolerance temperatures are required, then it may be necessary to include HVAC equipment within the radome enclosure, separate from the launch pad systems.  In general, typical benign laboratory or office temperatures can be assumed while in operation.  When not in operation, and while being transported, we are not anticipating the need for conditioned air temperatures for the PMMWI.  When not in operation, and while stowed in a hanger, then conditioned air could once again be supplied if needed. The assumption is that non-condensing temperature changes are all that will occur during transport, when not connected to any HVAC systems.
Temperatures outside the radome enclosure will be the typical outdoor ambient temperatures for this part of Florida.  See, for example, NOAA Technical Memorandum NWS SR-132,  http://www.srh.noaa.gov/mlb/132c.html which lists temperatures for Melbourne, FL, which is approximately 35 miles distant.  This report shows:  92 degrees Farenheit, maximum, typical, to 46 degrees Farenheit, minimum, typical.  Absolute widest ranging temperatures are probably bounded by 98 degrees Farenheit, maximum, to 24 degrees Farenheit, minimum.  It is rare to see launches at temperatures below 35 degrees Farenheit.

The radome enclosure will mitigate against solar loading (heating), thereby preventing the direct heating of the PMMWI inside the enclosure.
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