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1 Scope
1.1 Purpose
This specification establishes the functional performance, design, and verification of the MMS Magnetometer Booms. 
1.2 System Description

1.2.1 Boom Description

The Magnetometer Booms deploy magnetometer instruments a set distance from the spacecraft.  One boom will deploy two sensors.  One sensor at the full length of the boom weighin 0.68 kg and the other sensor 0.75 m from the end of the boom weighing 0.21 kg.   The other boom will deploy one sensor at the end of the boom weighing 0.68 kg and a counterweight 0.75 m from the end weighing 0.21 kg.  
1.2.2 Operational Sequence
The magnetometer booms will be deployed while the spacecraft is spinning from 3 to 10 rpm. The spacecraft will return to its nominal spin rate of 3 rpm post-deploy, at which time the instruments will be checked out and begin operation. The boom deployment is non-reversible.

1.3 Conventions

1.3.1 System of Units

The magnetometer boom system will use SI Units or hybrid units, if approved by the project.  Spacecraft interfaces will use TBS.

1.3.2 Coordinate System

The MMS Spacecraft coordinate system, specified in TBD, and shown for reference in Figure 1..


1.3.3 Tolerances

Unless otherwise noted all dimensions are in cm and tolerances are as follows:

Linear Dimensions : 0.1 cm
Angles :  ± 0.1 deg.  

All dimensions are applied at 25°C.

2 APPLICABLE DOCUMENTS

2.1 Government Documents

	GSFC-STD-7000
	General Environmental Verification Specification (GEVS) for GSFC Flight Programs and Projects

	MIL-HDBK-17
	Composite Materials Handbook

	DOT/FAA/AR-MMPDS-01
	Metallic Materials Properties Development and Standardization (MMPDS)

	MIL-STD-1246
	Product Cleanliness Levels and Contamination Control

	MIL-STD-889A
	Dissimilar Metal

	
	

	
	

	
	

	
	

	
	


2.2 
Program Documents

	TBS
	

	
	


2.3 Order of Precedence

In the event of a conflict between the text of this document and the references cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been obtained

3 Requirements
3.1 Performance
3.1.1 Functional

3.1.1.1 Instrument Deployment 

One boom shall deploy a sensor at the full length of the boom weighing 0.68 kg and the other sensor 0.75 m from the end of the boom weighing 0.21 kg.   (I)
The other boom shall deploy one sensor at the end of the boom weighing 0.68 kg and a counterweight 0.75 m from the end weighing 0.21 kg.   (I)
3.1.1.2 Boom Interchangeability

All magnetometer booms shall be interchangeable with each other on both the same spacecraft as well as with booms on each of the other three spacecraft. (I)
3.1.1.3 Lifetime
3.1.1.3.1 Shelf Life
The Boom Assembly shall meet all performance requirements specified herein for a period of six years after receipt by the customer when suitably packaged and protected per the requirements of Section 5 (to be supplied), Preparation for Delivery. In addition, the Boom Assembly shall withstand stowage up to 24 months and then deploy to within 0.65 cm of the specified parameter. (A)
3.1.1.3.2 Mission Lifetime

The Boom Assembly shall meet the operating requirements of this specification for a period of five years.  (A)

The booms shall be designed to deploy a minimum of 10 times. (T)  
3.1.1.4 Deployment

3.1.1.4.1 Spacecraft Spin Rate

The magnetometer booms shall be capable of deploying at a spacecraft spin rate of 0 to 10 rpm (TBR). (A)
3.1.1.4.2 Operations

The magnetometer booms shall remain deployed at a spacecraft spin rate of between 0 and 10 rpm (TBD). (A)
3.1.1.4.3 Reversibility
The magnetometer boom deployment does not need to be reversible (TBR).

3.1.1.4.4 Deployment Deployment Rate (TBD)
Coilable or telescoping booms shall deploy at a constant rate  (A, T)
3.1.2 Mechanical

3.1.2.1 Structures

3.1.2.1.1 Minimum Structural Mode Stowed

In the stowed configuration, each boom assembly shall have a first mode of greater than 50Hz. (A, T)
3.1.2.1.2 Minimum Structural Mode Deployed

In the deployed configuration, each boom shall have a first mode of greater than 0.5Hz (TBR).  (A, T)
3.1.2.1.3 Settling Time

In the deployed configuration, each boom shall damp out 95% of its vibrations within 5 minutes (TBR).  (A, T)
3.1.2.1.4 Lift-off Loads

TBS (A, T)
3.1.2.1.5 Mechanisms

3.1.2.1.5.1 Torque Margins

All magnetometer boom mechanical functions shall meet the torque/force margins per GSFC-STD-7000 section 2.4.5.3. (A, T)
3.1.2.1.6 Deployed Boom strength

Boom bending moment & torsional strength shall be (TBD).  (A)
3.1.2.1.7 Alignment

3.1.2.1.7.1 Optical references
Optical reference targets or optical cubes shall be attached to the base and inboard and outboard instrument mounting surfaces.  Depending on the method of verifying alignment, either theodalites or photogrammetry, non-flyable optical cubes or non-flyable targets will be mounted on the boom surfaces.  These targets must be visible from the observatory TBD axes (need to be able to see targets from three directions). (I)
3.1.2.1.7.2 Deployed Position
When the boom is fully extended in the final settled position, with effective zero gravity, the instrument mounting plate references shall be within 0.25 degrees (half cone) of the base references. (A)
3.1.2.1.7.3 Deployed alignment to base references

When the boom is fully extended in the final settled position, with effective zero gravity, the instrument nominal Z axes shall be aligned with the spacecraft nominal Z, or spin, axes within 1 (TBD) degrees (half cone). (A, T)
3.1.2.1.7.4 Alignment repeatability

When the boom is fully deployed in an effective zero g environment the outboard instrument mounting surface shall deploy to within 0.1 degree (half angle) one sigma repeatability. (A, T)
3.1.2.1.7.5 Thermal distortions

When the boom is fully deployed, the change in alignment shall not exceed 0.1 degrees (half angle) throughout the range of solar incidence angles resulting from nominal spacecraft operations (spacecraft XY plane parallel to the Ecliptic +/- 5 deg. (A)
Distortions caused by eclipse durations shall not exceed TBD degrees. (A)
3.1.2.1.8 Deployment on the ground (SOW issue)
The boom shall have provision to allow g-negation fixturing to be attached to the boom to allow deployment during ground testing.

3.1.3 Electrical

3.1.3.1 Boom Resistivity
All exposed surfaces of the boom shall be conductive.  (I) If exposed insulators are present, their total area shall be less than 1 cm2 (TBR).  (I) The bulk resistivity of the boom shall not exceed TBD ohm-m. (T)
3.1.3.2 Grounding/Bonding

To ensure that all boom surfaces are electrically conductive to the spacecraft structure, the boom shall be electrically connected to its mounting deck on the spacecraft.  (I) The resistance across the mounting interface shall be less than TBD ohms. (T)
3.1.3.3 Latch Indication

When the boom is stowed a redundant circuit shall indicate when the booms are secured. (T) 

3.1.3.4 Extension indication

A circuit shall indicate when the boom is fully extended.  (T)
3.1.4 Magnetic Cleanliness

Non-magnetic materials shall be used for all parts except where magnetic parts are essential.. (I)
Any use of magnetic materials must be approved by the Project.

3.1.5 Thermal

3.1.5.1 Stowed Temperature Limits

The Boom Assembly shall be able to operate and meet the performance requirements after being subjected, in the stowed configuration, to the temperature ranges of -60 C to +60 C. (A, T)
3.1.5.2 Deployed and Deploying Temperature Limits

The Boom Assembly must be able to meet its operational requirements when it is within its deployed or deploying over a temperature range of -40 C to +60 (TBD).  (A, T)
3.1.6 Physical

3.1.6.1 Mass Properties

The magnetometer boom assembly mass shall be less than 8.0 kg (TBR), exclusive of instruments and cable harness. (T)
3.1.6.2 Center of Mass

In the deployed and undeployed configurations, the center of mass of the boom assembly, less the instruments, shall be known to within ± 0.6 cm (TBR). (A)
.

3.1.6.3 Inertia

3.1.6.3.1 Principal Moments of Inertia

Principle moments of inertial shall be calculated.

3.1.6.3.2 Products of Inertia

Products of Inertial shall be calculated.

3.1.6.4 Physical Envelope & Dimensions

3.1.6.4.1 Stowed Envelope
The magnetometer boom, in the stowed position, shall not exceed that defined in Drawing TBD. (I)  (Goal to minimize size – target for coilable and telescoping no greater than 12 inch diameter, 15 inch length.)
3.1.6.4.2 Deployed Envelope

The magnetometer boom, in the fully deployed configuration, shall not exceed that defined in Drawing TBD. (I)
3.1.6.4.2.1 Thruster Plume Impingement

The magnetometer boom, in the fully deployed configuration, shall not be degraded by plume heating rates of TBD. (A)
3.1.6.4.3 Deployed Length

The magnetometer boom length in the fully deployed configuration shall be at least 5m. (I)
3.1.7 Interfaces

3.1.7.1 Mechanical Interfaces
3.1.7.1.1 Boom to Spacecraft
The boom mounting interfaces shall be per drawing TBD. (I) 
3.1.7.1.2 Boom to Instrument

The boom to instrument interfaces shall be per drawing TBD (I)
3.1.7.1.2.1 Launch loads at the Sensor Interfaces 

The vibration load at the sensor interfaces shall be lower than 50 gs (TBD).. (A, T)
3.1.7.1.3 Electrical 

3.1.7.1.3.1 Harness

The boom shall provide provisioning for an instrument supplied cable harness to run from the instrument mounting interface to the spacecraft mounting interface.  (I) This harness will be fabricated by the instrument supplier in coordination with the boom supplier.  Tentatively this harness will consist of TBD twisted shielded pairs and TBD miniature coax cables with an overall shield.  Thickness, handedness, mass & stiffness are TBD.
3.1.7.1.3.2 Control

The deployment system shall be compatible with a 24 to 34 VDC interface. (T)
3.2 Environments

The magnetometer booms shall meet its performance requirements after exposure to the combined exposure of the environments during the course of its ground operations and mission per GSFC-STD-700 and ICD-TBD.

3.2.1 Shock

3.2.1.1 Externally Induced

The magnetometer boom shall be designed to withstand a TBD shock level.  (A, T)
3.2.1.2 Electromagnetic Compatibility

TBD (T)
3.3 Design and Construction
3.3.1 Materials

3.3.1.1 Material Selection

Magnetometer Boom materials shall be in accordance with the MMS-Mission Assurance Requirements Document.  (I)

3.3.1.2 Corrosion Prevention

3.3.1.2.1 Metal Protection

Metal parts for the magnetometer boom shall be protected from corrosion by stress-relieving, plating, anodizing, chemical coatings, organic finishes, or combinations thereof. (I)
3.3.1.2.1.1 Cadmium and Zinc

Cadmium and zinc plating shall not be used. (I)
3.3.1.2.2 Dissimilar Metals

Applications involving dissimilar metals shall be evaluated to assure that galvanic corrosion is minimized. (A)
3.3.1.3 Thermally Induced Currents

3.3.1.3.1 Dissimilar Metals

Application of dissimilar metals will require Project approval.

3.3.2 Processes

Magnetometer Boom processes shall be in accordance with MMS-MAR. (I)
3.3.3 Parts
3.3.3.1 Mechanical
3.3.3.1.1 Fasteners

Magnetometer Boom fasteners shall meet the requirements of MMS-MAR, Section TBD. (I)
3.3.3.1.2 Non-Pressurized Component Venting
Magnetometer Boom non-pressurized components shall be vented to ensure that structural capabilities are not exceeded.

3.3.3.2 Electrical

3.3.3.2.1 EEE

EEE parts shall meet the requirements of the MMS-MAR.  (I)

3.3.4 Identification, Nameplates, and Product Marking
3.3.4.1 Identification and Marking
A parts identification and marking system shall be maintained per TBD. 
3.3.4.2 Serialization

Each magnetometer boom component, including flight spares and test items, shall be identified by a serial number.  Washers, screws and like parts are exempt.  
3.3.4.3 Parts List

Parts lists shall be maintained for each magnetometer boom assembly.
3.3.4.4 Integration and Test Marking

Other markings to facilitate integration and test shall be incorporated on the flight hardware as required. 
3.3.5 Workmanship/Standards of Manufacture
Magnetometer Boom workmanship requirements shall be in accordance with MMS-MAR, Section TBD. 
3.3.6 Contamination Control
The magnetometer boom shall comply with all contamination and cleanliness requirements defined in TBD, MMS Contamination Control Requirements.
3.3.6.1 Surface Cleanliness

All magnetometer boom exterior surfaces shall be Visibly Clean Highly Sensitive per TBD.

3.3.6.2 Material Outgassing
The outgassing of organic materials used in the magnetometer booms shall meet the requirements of TBD. A material shall exhibit a total mass loss (TML) of no more than 1% and have a collected volatile condensable material (CVCM) content of no more than 0.1% when tested per ASTM-E-595 in accordance with JSC-SP-R-0022.  (T)
3.3.7 Structural Design Criteria
3.3.7.1 Metallic Material Allowables
3.3.7.2 Composite Material Allowables
3.3.7.3 Factors of Safety
The magnetometer boom structural elements shall be designed using factors of safety that comply with GSFC-STD-7000. (A, T)
3.3.7.4 Mechanism Design for Minimum Risk
TBD
3.3.8 Reliability

The reliability of the magnetometer boom assembly deployment shall be 0.999 TBD.  (A) (may ask for data to calculate probability ourselves if costly)
4 Verification

4.1 General

The magnetometer boom verification program will assure the magnetometer boom hardware conforms to the design, construction, and performance requirements specified in Section 3 of this document.
4.1.1 Responsibility for Verification

The supplier shall be responsible for the verification of all requirements as specified in Section 3 of this document unless otherwise specified.
4.1.2 Verification Criteria

The magnetometer boom is compliant with Section 3 when all the specification requirements have been verified by the methods identified in Table 4-1 (Verification methods have been identified in section 3.0 of this draft). Lower level verifications shall be accomplished before progressing to a higher level of assembly verifications, wherever possible.

Special verification activities have been identified in this section.

The Verification plan shall meet the requirements of the MMS Environmental Design and Requirements Specification.

.
4.1.3 Verification Types
An integrated verification program will be implemented to satisfy each Section 3.0 requirement (performance and design) by one or more of the following verification types:

Analysis – Verification by analysis is a process utilizing techniques and tools such as engineering analysis, statistics and qualitative analysis, computer and hardware simulations, analog modeling, validation of records, etc., to confirm that verification requirements have been satisfied.  Analysis will be used for verification in lieu of or in addition to testing to verify compliance to specification requirements whenever the following can be determined;

· Rigorous and accurate analysis is possible

· Analysis is more cost effective than test

· Similarity is not applicable

· Verification by inspection is not adequate

Analysis includes the processing of accumulated results and conclusions, and is intended to provide proof that verification of a requirement has been accomplished.  Analytical results may comprise of a compilation or interpretation of existing information or derived from lower-level inspections, test, demonstrations or analyses.

Inspection – Inspection is the method of verification of compliance to physical characteristics, without the use of special laboratory equipment, procedures or services.  Inspection uses standard quality control methods such as visual inspection, gauging, simple physical manipulation, etc., to verify hardware, software and database compliance with requirements of construction features, document and drawing compliance, workmanship, and physical condition.  Inspection may also include the review and validation of manufacturing records, including manufacturing logs, component histories, drawings and part lists, limited life logs, etc.  Inspection may also include the comparison of software requirements or mechanization equations to program source listings or flows for verification.

Demonstration – Demonstration techniques may be used in lieu of, or in conjunction with, testing to verify compliance with requirements.  This verification type is used where the qualitative determination of properties of an end-item or component is made by observation. Demonstration does not require special equipment or sophisticated instrumentation.

Test – Verification by test employs technical means of measuring performance parameters relative to functional, electrical, mechanical, and worst-case natural and induced environmental requirements.  Verification by test typically includes the evaluation of functional characteristics by the use of special equipment or established principles and procedures.  Analysis of test data may be required.

Similarity – Qualification testing will not be required if it can be demonstrated, by review of prior test data or application of flight hardware usage experience, that the article is similar or identical in design to equivalent or more stringent environmental criteria.  Delta verification tests may be used to verify the exceptions to verification by similarity.

1.0 Lifetime Analysis


The supplier shall identify all life-limiting items and evaluate each to determine the impact on the ability to achieve the required mission lifetime. This evaluation shall consider outgassing of materials, processing, storage, aging effects and such other mechanisms which may reduce the potential lifetime.

1.1 Test Requirements

The Boom Assembly shall meet the specified operational requirements under all and any combination of the environments specified below. Sensor mass models shall be provided to the manufacturer for use in qualification testing.
1.1.1.1 Deployment Testing
1.1.1.1.1 Thermal Deployment

The booms shall be deployed one time at each of the operating temperature extremes.

1.1.1.1.2 Run-in

The booms shall be deployed 5 times at ambient conditions and all components shall be inspected for any evidence of wear.
4.1.3.1.1.1 Release Mechanism Test

A release mechanism test for the magnetometer boom deployable components shall be performed as an end-to-end system level test under worst-case.
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