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CM FOREWORD

This document is a Magnetospheric MultiScale (MMS) Project Configuration Management (CM)-controlled document.  Changes to this document require prior approval of the applicable Configuration Control Board (CCB) Chairperson or designee.  Proposed changes shall be submitted to the MMS CM Office (CMO), along with supportive material justifying the proposed change.  

In this document, a requirement is identified by “shall,” a good practice by “should,” permission by “may” or “can,” expectation by “will,” and descriptive material by “is.”
Questions or comments concerning this document should be addressed to:

MMS Configuration Management Office

Mail Stop 461

Goddard Space Flight Center

Greenbelt, Maryland  20771
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1.0 Scope

The requirements herein were developed in support of the MMS (Magnetospheric Multi Scale) Project.

The MMS mission consists of four spin-stabilized satellites flown in a tightly controlled formation through a highly elliptical Earth orbit.  S-Band time division multiple access RF communications will be supported using the 34m DSN, 13m commercial stations and TDRSS networks.  The DSN is the prime site for mission uplink command, downlink engineering, and downlink science data.  The 13-m commercial stations and TDRS networks will provide backup capabilities to DSN for command and engineering data when necessary.  The 13-m commercial stations may also provide limited science downlink support.

Each satellite has its spin axis roughly normal to the ecliptic plane.  Each satellite will be equipped with two S-Band communication antennas, each mounted on pedestals slightly above the top and bottom panel surfaces.

The intent of this performance specification is to list the required free space minimum performance requirements of the MMS top and bottom antennas.  

2.0 General 
As shown in Figure 1, the MMS RF communications subsystem consists of two functionally identical strings of components each connected directly to a single external RF antenna.  On orbit, the string of equipment with the “best” Earth view angle will be used to support RF communications.  Each string of RF equipment will incorporate a diplexer, receive band notch filter and transponder.  A DPDT S-Band switch is included cross-strapping the diplexer common ports to the antennas.  The DPDT S-Band switch will only be actuated when necessary to overcome a string unit failure to provide the remaining string access to both antennas.


Figure 1, MMS RF Communications Subsystem
3.0 Antenna Performance Requirements
3.1 Center Frequency & Bandwidth
3.1.1 Receive Mode

3.1.1.1 Center Frequency: 2101.249583MHz
3.1.1.2 Bandwidth: +/- 8 MHz (min)

3.1.2 Transmit Mode

3.1.2.1 Center Frequency: 2281.900MHz

3.1.2.2 Bandwidth: +/- 8.0 MHz (min) 
3.2 Antenna Pattern Directivity and Field of View
3.2.1 Azimuth Pattern
Specified Field Of View (FOV) shall be maintained for all azimuth angles0 ≤ Φ ≤ 360 with free space variation of less than +/- 1 dB from circle.
3.2.2 Elevation Pattern
Free space θ (elevation) pattern of the antenna shall not deviate by more than - 1 dB from the normalized envelope defined by Table 3-1.
Table 3-1, Antenna Elevation Minimum Requirements
3.2.3 Antenna Gain

Peak gain shall be minimum of 3.5 dBic
3.2.4 Polarization
Left Hand circular polarized
3.2.5 Axial ratio

Shall not exceed 3dB over transmit and receive frequency bands

3.2.6 Input Impedance
50 Ohm
3.2.7 Insertion loss
Shall not exceed 0.5 dB 
3.2.8 Power handling
Transmit power handling is 8 watts minimum over the center frequency range specified in Section 3.1.2.1, with bandwidth as specified in Section 3.1.2.2.
3.2.9 Return Loss
Return loss shall be < 20 dB over the range of the respective frequency bands with comfortable margins.
3.3 Physical Requirements 
3.3.1 Height

Overall physical z axis height of antenna shall not exceed 12 inches, such that the antenna phase center shall be at least 10 inches from the mounting base plate.
3.3.2 Width
The x/y width of the antenna shall not exceed 6 inches in diameter
3.3.3 Mass 
Mass of the antenna, including mounting hardware shall not exceed 1 kg.
3.3.4 Passive Intermodulation (PIM) 
The element mechanical design and materials shall be consistent with control of PIM so as to preclude transmit PIM products degrading receive band noise performance to a level of -120dBc.

3.3.5 Multipaction 
The device shall not exhibit corona or multipaction breakdown at any internal pressure from sea level to less than 10-5 Torr.  A 6 dB margin above the maximum power specified in Section 3.2.8 or twice the operational voltage shall be verified by analysis indicating at least 10 dB of Margin.
3.3.6 Mitigation of Dielectric Charging
Dielectric charging refers to the physical effect where high energy electrons deposit charge in a dielectric, if the charging rate is higher than the leakage rate eventually a point is reached where the dielectric discharges to the nearby structure.  

The antenna shall be designed with dielectric materials that continuously (slowly) dissipates internal charging or provides low impedance pathways to safely dissipate discharges
3.3.7 Floating Conductors
Large or long unterminated conductors shall have a conductive bleed path of less than 10 Mega ohms to the spacecraft structure.
This requirement is not applicable to small floating conductors (1 inch2 or less) or short (1 inch long or less).
3.3.8 Dielectric Materials
3.3.8.1 Bulk Resistivity
Dielectric materials used shall maintain a bulk resistivity of less than 1012 ohm cm.
3.3.8.2 Charge Bleed-Off
Dielectric materials with bulk resistivity greater than 1012 ohm cm dielectric structures shall provide charge conductive charge bleed paths from the material to the spacecraft structure.
4.0 Antenna Environmental Requirements
4.1 Magnetic Dipole
To avoid corrupting the magnetic measurements that are a prime objective of the mission, the observatory and its subsystems are required to be “magnetically clean.”
Permanent fields arise from permanent magnets or magnetically soft materials that are magnetized in response to varying electrical or magnetic fields in ambient environment.  

Stray fields are due to uncompensated current loops or stray currents that result in permanent or variable magnetic moments. Magnetic dipole moments are associated with the current loops and, if uncompensated, these can add up to large fields. 
The total magnetic dipole moment of the antenna shall not exceed 0.02 A-m2  (or 0.03 nT from 1 meter away).
4.2 Life expectancy
Antennas shall meet all required performance for 36 months of continuous space vacuum exposure with daily thermal cycles.
4.3 Thermal/Humidity
4.3.1 Ambient Humidity
The antenna shall be designed to withstand and perform as specified in lab ambient environments with less than 70% relative humidity.
4.3.2 On-Orbit Thermal
The antenna shall be capable of withstanding continuous space environments with constant solar illumination or constant shadow and the temperature ranges as shown below
4.3.2.1 Design Range
-120°C to +90°C
4.3.2.2 Acceptance Range
-130°C to +100°C
4.3.2.3 Qualification Range
-130°C to +100°C
4.4 Mechanical Factors of Safety
The antenna shall demonstrate positive Margins of Safety under limit loads for all yield and ultimate failures using the Factors of Safety (FS) defined in Table 1
Margin of Safety (MS) is defined as follows:

MS = (Allowable Stress(or Load)/(Applied Limit Stress(or Load) x FS)) -1

Table 4-1, Factors of Safety

	Type of Hardware1,2
	Static/Sine
	Random/Acoustic1

	Metallic and composite Yield
	1.251
	1.6


1 – Factors shown should be applied to statistically derived peak response based on RMS level.  As a minimum, the peak response shall be calculated as a 3-sigma value.

4.5 Quasi-Static Acceleration

The antenna shall demonstrate its ability to meet its performance requirements after being subjected to the net quasi-static launch acceleration CG limit loads shown in 
Table 
2.  

Table 4-2, Item Name Limit Loads

	Antenna Assembly Mass 

(kg)
	Limit Load

(g, any direction)

	0.5 or less
	35.9

	0.5 to 1.0
	35.0


4.6 Frequency Requirement

The antenna shall have a fundamental frequency greater than 75 Hz when hard mounted at its SC interface.

4.7 Sinusoidal Vibration 
4.7.1 Verification
The antenna shall demonstrate its ability to meet its performance requirements after being subjected to the sine vibration environment in Table 4-3, applied at the MMS to Antenna interface.
Table 4-3, Antenna Sine Vibration Environment

	Frequency
	Protoflight/Qual Level
	Acceptance Level

	5 - 50 Hz
	12.5 g’s

(4 oct/min protoflight and 2 oct/min prototype hardware)
	10 g’s

(4 oct/min)


4.7.2 Analysis

The antenna shall be tested for this environment up to 50 Hz and be analyzed from 50 to 100 Hz. 

4.8 Shock

The antenna shall be designed to meet its performance requirements after being subjected to the shock environment in Table 4, applied at the Antenna interface.
Table 4-4,  Limit Level Shock Response Spectrum
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4.9 Acoustics

The antenna shall be designed to meet its performance requirements after being subjected to the acoustic environment listed in 
Table 4
5. 
Table 4-5,  Limit Level Acoustic Environments


4.10 Pressure

4.10.1 Venting

The antenna shall be vented to quickly allow internal pressure release during the ascent phase of launch.
4.10.2 Operating Pressure Range
The antenna shall be designed to meet all performance requirements while operating over a pressure range of 1.08 x 105 N/m2 (813 Torr) to 1.3 x 10-12 N/m2 (1 x 10-14 Torr).

4.10.3 Maximum Depressurization Rate
The antenna shall be designed to meet all performance requirements after exposure to a maximum depressurization rate of 6205.3 N/m2/second (46.54 Torr/sec) experienced during launch and ascent.
4.11 On-Orbit Dynamic Environment

The antenna shall be designed to handle both linear and angular acceleration requirements at the same time, i.e. the linear and angular acceleration are not mutually exclusive.

4.11.1 Linear Acceleration

The antenna shall be designed to tolerate linear accelerations of 0.081 m/s2 in the radial direction and 0.011 m/s2 in the spin axis direction

4.11.2 Angular Acceleration

The antenna shall be designed to tolerate angular accelerations of 0.022 rad/s2 in the spin (transverse) plane and 0.018 rad/s2 in the spin axis direction.

4.12 Humidity

The antenna shall be able to meet performance requirements after exposure to relative humidity levels of 35% to 70%.
4.13 Radiation Requirements

This section gives the Total Ionizing Dose (TID), non-ionizing Displacement Damage Dose (DDD), and Single Event Effects (SEE) requirements for the Magnetospheric Multiscale(MMS).  The natural space radiation environment for the MMS mission consists of: (1) trapped particles which include electrons, protons, and heavier ions; (2) particles from solar events (coronal mass ejections and flares); and (3) galactic cosmic ray particles.
4.13.1 Definitions
Single Event Upset (SEU) - a change of state or transient induced by an energetic particle such as a cosmic ray or proton in a device. This may occur in digital or analog, circuits and may have effects in surrounding interface circuitry (a subset known as Single Event Transients [SETs]). These are “soft” errors in that a reset or rewriting of the device will cause normal device behavior thereafter.

Single Hard Error (SHE) - a SEU that causes a permanent change to the operation of a device. An example is a stuck bit in a memory device.

Single Event Latchup (SEL) - a condition that causes loss of device functionality due to a single event induced high current state.  A SEL may or may not cause permanent device damage, but requires power cycling of the device to resume normal device operations.

Single Event Functional Interrupt (SEFI) - a condition that causes loss of device functionality due to a single event in a device control register. It generally requires a device reset to resume normal device operations, but, for some devices, a power cycle is necessary to resume normal device operations.

Single Event Burnout (SEB) - a condition that can cause device destruction due to a high current state in a power transistor.  N-Channel power Metal Oxide Semiconductor Field-Effect Transistors (MOSFETs) may be susceptible to SEB in the off mode.

Single Event Gate Rupture (SEGR) - a single ion induced condition in power MOSFETs that may result in the formation of a conducting path in the gate oxide.   Power MOSFETs may be susceptible to SEGR in the off mode.

Single Event Effect (SEE) - any measurable effect to a circuit due to an ion strike. This includes (but is not limited to) SEUs, SETs, SHEs, SELs, SEFIs, SEBs, SEGRs, and Single Event Dielectric Rupture (SEDR).

Multiple Bit Upset (MBU) - an event induced by a single energetic particle such as a cosmic ray or proton that causes multiple upsets or transients during its path through a device or system.

Linear Energy Transfer (LET) - a measure of the energy deposited per unit length as an energetic particle travels through a material.  The common LET unit is MeV*cm2/milligram (mg) of material (International System of Units [Si] for Metal Oxide Semiconductor [MOS] devices, etc.).

Threshold LET (LETth) - the minimum LET to cause an effect at a particle fluence of 107 ions/cm2. Typically, a particle fluence of 105 ions/cm2 is used for SEB and SEGR testing.

4.13.2 Total Ionizing Dose
No effect due to TID shall cause permanent damage to, or degradation of the Antenna.
All EEE parts shall be able to tolerate a total dose of 30 Krads (Si) or more (this value is only applicable to components that are interior to the spacecraft). 

4.13.3 Displacement Damage Dose (TBR) 
No effect due to Displacement Damage Dose (DDD) shall cause permanent damage to or degradation of the Antenna.

DDD requirement for parts shall be TBD protons/cm2 of 10 MeV protons.

4.13.4 Linear Energy Transfer Parts Selection
No effect due to Linear Energy Transfer (LET) dose shall cause permanent damage to or degradation of the Antenna

All devices used by the Antenna shall have LET thresholds greater than 75 MeV-cm2/mg.
4.13.5 Solar Proton LET Spectra

No effect due to Solar Proton (LET) dose shall cause permanent damage to or degradation of the Antenna.

The solar proton energy spectra to be used for analysis shall be per Figure .
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Figure 4-1, Solar Proton LET Spectra for MMS Orbits

5.0 Radome/Potting
5.1 An analysis shall be completed to determine if either a radome encapsulating the antenna or potting of the antenna is necessary for either launch requirements or space environments.
5.1.1 All antenna performance requirements shall be met incorporating the effects of the radome and/or potting, if deemed necessary.
5.1.2 Any proposal for radome or potting must address the Section 3.3.8 requirements of zero tolerance for bulk dielectric charge retention.
6.0 Products
6.1 This RFI specification requires the potential vendor to provide a report summarizing a proposed antenna design including a matrix showing estimated compliance with the Section 3 antenna performance requirements.
6.1.1 The report should also discuss, in general, the design’s ability to meet the Section 4 requirements.
6.1.2 The report shall provide mechanical drawing(s) in sufficient detail to allow NASA to understand the proposed design.
6.1.3 The drawing(s) shall indicate all proposed antenna and radome dielectric materials and/or coatings.
6.1.4 The report should show any previous flight heritage that may be inherent to the proposed design.
6.1.5 The report shall provide an estimated ROM cost for 9 flight antenna units.


[image: image3.wmf] 

 

 

MMS

 

spin 

axis

 

 

z

 

 

y

 

 

x

 

 

q

 

 

f

 

 

r

 

 

r

 

antenna

 

m

ounting

 

plate in x

-

y

 

 

plane

 


 





Goddard Space Flight Center


Greenbelt, Maryland








National Aeronautics and


Space Administration





� EMBED Word.Picture.8  ���





0





70


















































-4.5





110





-2





100





-0.9





90





0





80





-0.8





60











-5.5





40





Power(dB)





Normalized 





Deg. from Zenith)











Elevation Angle(


























Figure 3 


Angular Coordinate Designation


(IEEE Standard)











CHECK WITH THE NGST DATA MANAGEMENT OFFICE 

OR THE CONFIGURATION MANAGEMENT OFFICE

TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

PAGE  
CHECK https://mmsmis.gsfc.nasa.gov
TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

_1308652339.doc






































































































antenna



mounting



plate in x-y



 plane







 







 r







 







 







 x







 y







 z







MMS



spin axis



















`





_995883179.doc
[image: image1.png]






