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1.  INTRODUCTION

1.1 Scope

This specification establishes the design, manufacturing, test, and performance requirements for a Three-Axis Magnetometer, for use on the High Energy Solar Spectroscopic Imager Program (HESSI).  Hereinafter, the Three-Axis Magnetometer shall be referred to as the TAM or unit.

This unit will be used in all modes of the HESSI Attitude Determination and Control System, to measure Earth’s magnetic field, to provide spin rate about the sun line, and to facilitate torqrod scheduling.  

This specification is designed to be used in conjunction with a lower level specification, the Component  Verification Specification (CVS).  The specification is proprietary to Spectrum Astro, Inc.

1.2 Classification

This document is UNCLASSIFIED.
2.  APPLICABLE DOCUMENTS

2.1 Documents

The following documents, of the current issue in effect, form a part of this specification to the extent specified herein.  In the event of conflict between the documents listed below and the contents of this specification, the contents of this specification shall be a superseding requirement.  The version of the documents applies unless otherwise specified.

a.
1110-EW-Y09781
Component Verification Specification

b.
1110-EZ-R10162
Statement of Work – Three-Axis Magnetometer and Electromagnetic


Torque Rods

2.2 Precedence

The order of precedence for documentation under this contract shall be as follows:

a.
Statement of Work (SOW)

b.
Product Function Specification (PFS)

c.
Configuration Interface Definition Drawing (CID), if included

d.
Component Verification Specification (CVS)

e.
Other referenced standards or specifications

f.
Reference guidance documents

g.
Best commercial practice

In case of inconsistencies within this specification, please notify Spectrum Astro, Inc prior to taking action. 

3.  REQUIREMENTS

3.1 Item Definition

The Three-Axis Magnetometer will be integrated into the HESSI solar inertial, magnetic attitude control system design.  The magnetometer will provide data to support magnetic rate damping control and sun attitude acquisition during the first few hours of the mission, followed by vehicle spin-up to 15 RPM, and then the nominal mission.  During the nominal mission, magnetic field measurements will be used to derive vehicle spin rate about the sun line, in support of normal spin rate and spin vector precession control.  Finally, the magnetic field data will be used to schedule commands for the torqrods, which are the only control actuators to be used.  The magnetometer will be powered and used continuously throughout the 3-year HESSI mission.  

3.1.1 Physical Description

The TAM consists of two fluxgate sensor assemblies and the supporting electronics, contained in a single mounting enclosure.  The unit shall provide analog outputs proportional to the components of external magnetic induction along three orthogonal input axes.  

3.1.2 References

3.1.2.1 Coordinate System

One of the magnetometer measurement axes shall be normal to the mounting surface and the other two axes shall be defined relative to magnetometer housing, as illustrated in Figure 3-1.  The top cover shall contain an axis indicator. Axis orthogonality shall be better than 1o and the axis alignment relative to the housing shall be known to at least 1o, with a goal of 0.5o.  Alignment and calibration test data shall be provided in the acceptance data package.

[image: image2.wmf]
Figure  3-1.  Magnetometer Interface Drawing

3.1.2.2 Optical Reference

No optical reference is required.  The required reference shall be established by the TAM housing and the associated alignment calibration data.

3.1.3 Interfaces

3.1.3.1 Physical Interfaces

3.1.3.1.1 Envelope and Mounting Configuration

The TAM envelope and mounting interface shall be as illustrated in Figure 3-1.

3.1.3.1.2 Thermal Interface 

The HESSI spacecraft will operate in a 600 km, 38o inclined orbit, and will experience up to 35 minute eclipses on every orbit for the duration of the mission.  The magnetometer will be mounted on the sun facing side of the HESSI spacecraft, (as illustrated in Figure 3-2) and covered by thermal blankets.  Therefore, heat generated internal to the sensor shall be conducted directly through the baseplate.  

[image: image3.emf]Z

s

Y

s

X

s

Z

(Spin Axis)

Y

X

TAM


Figure  3-2.  Magnetometer Mounting Approach

3.1.3.2 Connectors and Pin Assignments

The TAM electrical interface connector is designated as M24308/7-23.  The connector pin assignments shall be as shown in Figure 3-1.  Ithaco shall supply one set of mating connectors, plus one set of spares, to facilitate wire harness fabrication.  Ithaco shall also identify any constraints on the cable length or preferences on the wire type.

3.1.3.3 Electrical Interfaces

3.1.3.3.1 Electrical Power Interface

3.1.3.3.1.1 Power Source Definition
3.1.3.3.1.1.1 Source Impedance 

The source impedance of the spacecraft power bus shall be 500±250 m.

3.1.3.3.1.1.2 Main Bus Ripple

The unit shall be capable of operating in the presence of narrowband ripple on the input power lines as specified in the CS01 and CS02 requirements of MIL-STD-461C, Part 3, for class A2a equipment.

3.1.3.3.1.1.3 Main Bus Transient Response  

The unit shall be capable of operating in the presence of broadband spikes on the input power lines as specified in the CS05 and CS06 requirement of the MIL-STD-461C, Part 3, for class A2a equipment.

3.1.3.3.1.1.4 Power Control

N/A

3.1.3.3.1.1.5 Voltage Definition

The unit shall have the capability to meet the performance requirements of this specification when operating from regulated power as shown below, applied in either order.



Voltage

Tolerance
Max Input Current


+15 V

±5%

45 mA



-15 V

±5%

25 mA

3.1.3.3.1.1.6 Electrical Ground Interface

The unit shall be compatible with a single-point system ground power distribution concept.  Output signal returns and the regulated power input power returns shall be isolated from the unit chassis by a minimum of 1 Mat 50 Vdc.

3.1.3.3.1.2 Load Description

3.1.3.3.1.2.1 Power Consumption

The unit steady state power consumption shall not exceed 0.95 W, with input voltages as defined in Section 3.1.3.3.1.1.5.

3.1.3.3.1.2.2 Inrush Current

The current transients on the ±15 V input power lines resulting from unit power-on shall satisfy the following requirement:



Transient slope (rise or fall):
6.0 A per sec, maximum



Amplitude:


7 A peak, returning to max steady state values within 40 msec

3.1.3.3.1.2.3 Power Interruption

The unit shall continue to operate after a power interruption of up to 0.5 milliseconds.  Power interruption longer than this duration shall not damage the unit.

3.1.3.3.1.2.4 Short Circuit Protection

The unit outputs shall be capable of being shorted to ground without causing permanent degraded performance.

3.1.3.3.1.2.5 Warm-up Time

The unit shall be fully operational and be able to provide output signals which meet all performance requirements within 10 seconds after application of input power.

3.1.3.3.1.2.6 Load Power Quality

3.1.3.3.1.2.6.1 Over and Under Voltage

The unit shall not be damaged by input voltages below those shown in Section 3.1.3.3.1.1.5.  The unit shall not be required to perform to the requirements of this specification during the undervoltage condition.  The unit shall not be damaged by an over-voltage of 2.0 V above the nominal values for a period of 50 msec.

3.1.3.3.2 Command and Data Interface

3.1.3.3.2.1 Command Interface

The unit shall become operational upon application of power.  No commands shall be required.  

3.1.3.3.2.2 Data Interface

The unit shall provide a temperature transducer output as well as a magnetic field signal output for each of the three sensing axes.

3.1.3.3.2.2.1 Magnetic Field Data

The signal output shall be an analog voltage proportional to and of the same sign as the measured magnetic field with a nominal bias voltage of 0 Vdc and an output range of 0 to ±5 Vdc at the nominal scale factor of 8.3333 V/Gauss.  The signal outputs shall have an output impedance of 1000  or less.  The actual magnetic field output shall be given by:



Output Voltage = Field Strength (Gauss) * Scale Factor

where the scale factor varies with temperature according to:



Scale Factor = 8.3333 + 4.1337e-4 (T-25oC) + 1.107e-5 (T-25oC)2 + 1.5e-7 (T-25oC)3
The scale factor shall not deviate from its nominal value of 8.3333 V/Gauss by more than ±8%. The coefficients for the above expression shall be factory calibrated for each axis and included in the acceptance data package.

3.1.3.3.2.2.2 Temperature Data

The temperature output shall be an analog voltage proportional to the measured magnetometer temperature with an output range not to exceed 0 to 5 Vdc over the range of -40oC to +90oC. The temperature transducer shall have a nominal output impedance of 5 k  The temperature telemetry circuit is modeled by the following third order equation:



Temperature (oC) = -2.52 (Vout)3 +20.132 (Vout)2 -71.749 (Vout) +117.891

3.2 Characteristics

3.2.1 Performance Characteristics
The performance requirements as specified herein shall apply over life, during and after exposure to all operating environments as specified.

The magnetometer shall support a minimum measurement range of ±600 mG per axis and the field measurement accuracy in each axis shall be better than ±4 mG.  The unit bandwidth shall be 10 times greater than that needed to track magnetic field variations observed during an arbitrary 15 RPM spin. 

Since the magnetometer will be used for spin phase determination about the sun line, it is critical that all three axes of magnetometer data be simultaneously available to the flight processor interface electronics to an accuracy of a 1 millisecond time window.  Flight processor delays in sampling the analog signals will be tracked separately and are not a part of this 1 millisecond as long as the analog data is simultaneously available.     

3.2.1.1 Magnetic Field Range

The unit shall be capable of measuring the magnetic fields along three orthogonal axes up to a value of ±0.600 Gauss.

3.2.1.2 Signal Bandwidth

The -3 dB bandwidth of the unit shall be no less than 100 Hz.  The frequency response shall approximate a second order system with damping ratio of not less than 0.5.  The signal noise characteristics over this bandwidth shall be small in comparison to the resolution as defined in Section 3.2.1.4 below.

3.2.1.3 Signal Bias

The voltage of each output channel at zero magnetic field shall be no larger than ±0.085 Vdc.  The actual bias value shall be measured and provided in the acceptance data package.

3.2.1.4 Signal Resolution

The magnetic field data resolution will be dictated by the A/D converter in the spacecraft interface electronics.  This data will be acquired using a 12-bit A/D, and an effective signal resolution of 0.59 mG per count

3.2.1.5 Measurement Accuracy

The deviation of each channel’s output from the predicted output based on calibrated data of Section 3.1.3.3.2.2.1 shall not exceed ±4 mG, excluding the calibrated scale factor and temperature effects.  This accuracy reflects errors due to scale factor non-linearity, power supply variations, vibration and shock, radiation, and perming resulting from exposure to a magnetic induction of up to ±5 Gauss. 

3.2.2 Physical Characteristics

3.2.2.1 Mass Properties

The unit weight shall not exceed 0.232 kg (0.51 lb).
3.2.2.2 Physical Dimensions

The maximum dimensions of the unit shall be 6.1” x 1.7” x 1.5”, as defined in the mechanical interface drawing of Figure 3-1.

3.2.3 Reliability

The unit reliability shall be >0.995 at the end of 3 years of continuous operation.  

3.2.4 Environmental Conditions

The unit shall be designed and constructed to meet the requirements of the CVS.  It will be utilized in a 600 km circular, 38o inclined orbit throughout the 3 year mission life.  The magnetometer will be mounted on the sun facing side of the spacecraft and will experience up to a 35 minute eclipses during each orbit.  The unit shall have the ability to support continuous operation in this environment.

3.2.5 Transportability

Protective packing and packaging shall be provided to withstand environmental conditions associated with shipping, storage, and handling.  

3.3 Design and Construction

The design and construction of the unit shall be in accordance with this specification, the unit envelope drawing and all drawings assembled thereunder, and the CVS.

3.3.1 Safety

The unit shall be so designed that when stored, transported, or operated in accordance with applicable procedures, it will not cause damage to itself or to other equipment or cause injury to personnel.

3.3.2 Life Requirements

The unit shall be capable of the specified performance under continuous operation for a three year minimum flight duration.  

4.  QUALITY AND ASSURANCE PROVISIONS

The requirements of Section 3 shall be verified by a combination of analysis, inspection, demonstration, and tests in accordance with the provisions of the CVS.

5.  PREPARATION FOR DELIVERY

5.1 Packaging, Preservation, and Shipping  

Preservation, packaging, and container design shall be accomplished in a manner which will protect the unit against damage during shipment.   

5.2 Special Handling

If any component requires special attention during receiving inspection, installation and operation, or if non-obvious characteristics require a component to be given special handling, written notification shall be provided at delivery and a removable instruction tag attached if necessary.  Components shall be hand carried by Ithaco to Spectrum Astro, Inc.’s facility.

5.3 Marking for Shipment

The following data shall be identifiable on the packing container used for shipment:

a.
Item Nomenclature

b.
Spectrum Astro, Inc. Part Number

c.
Contract Number

d.
Supplier Name

e.
Supplier Part Number and Serial Number

f.
Fragile - Handle with Care - Flight Hardware

g.
ESD Sensitive Item

h.
Special Handling Requirements 
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