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1 Design Guidelines

1.1 General Considerations

1.1.1 Parts and Material Selection for Magnetic Cleanliness
To meet the mission requirements, considerations of magnetic cleanliness must have a high priority during the design phase.  During this phase, the design, selection and positioning of flight components and hardware will be carefully evaluated for possible magnetic contamination.

Permanent magnetic fields can be controlled somewhat by careful positioning of magnetic components. However, it is not always possible to optimally position some of the major contributing sources.  As a result, the use of magnetic materials, both hard and soft, shall be discouraged.

Material lists shall be provided to the EMCCB for their review.  The use of highly magnetic materials will be limited whenever practical.  Where it is not feasible to use non-magnetic parts, the proposed use of magnetic parts shall be reviewed by the EMCCB.  All materials, if not known to be satisfactory, will be carefully tested prior to their use.  Parts will be selected whenever possible from those containing only acceptable non-magnetic material.  Table 1 contains a list of preferred and prohibited materials.

	Exhibits non-magnetic properties

Preferred and/or acceptable
	Exhibits magnetic properties

Prohibited (but use is negotiable dependent on sample size and application)

	Alloy 30,60,90
	Alloy 426

	Aluminum3
	Alloy 7201

	Beryllium
	Carbon Steel 1008

	Cadmium
	Chromium

	Copper
	Cobalt

	Delrin
	Copperweld

	Elgiloy
	Dumet

	Germanium
	Electroless Ni

	Gold
	Electroloy

	Inconel 600, 625, 7184
	Elinvar

	Lead
	Fenicoloy

	Manganin
	Ferrites

	Moleculoy
	Gridaloy M, P

	Molybdenum
	Haynes Alloy #6

	Neutroloy
	Invar

	Nickel Silver
	Kovar

	Nylon
	Mesoloy

	Silicon
	Molypermalllow

	Silver
	Monel K1

	Stainless Steel 310
	Monel R

	Stainless Steel 316
	Mumetal

	Stainless Steel A286
	Nichrome

	Tantalum
	Nickel 200,270

	Tin
	Nickel Iron

	Titanium
	Pelcoloy

	Tungsten
	Permalloy

	Ultem
	Platinum

	Zinc
	Remendur

	Zirconium
	Rodar

	
	Stainless Steel 2022

	
	Stainless Steel 3022

	
	Stainless Steel 3032

	
	Stainless Steel 3042

	
	Stainless Steel 403 & 405

	
	Stainless Steel 410 & 416

	
	Stainless Steel 430 & 446

	
	Stainless Steel AISI 440C

	
	Supermalloy

	
	Ti 430

	
	Vicalloy


Table 1, Magnetically Acceptable and Prohibited Materials

1Based on a Materials Engineering Branch Technical Information Paper No. 128 entitled, "Minimizing Stray Magnetic Fields through Materials Selection". 

2Non-magnetic (technically paramagnetic) in the annealed condition.  If any of these alloys are cold worked then they will become magnetic.  The alloy condition shall be clearly indicated on the Material Certification that will accompany the purchase.
3All the structural grades of aluminum that we might contemplate using contain a small amount of Fe.  We plan to test pieces of 6061, 2195 and a couple of the higher strength magnesium alloys.
4Inconel alloys, 600, 625 and 718, are considered non-magnetic, but become magnetic at cryogenic temperatures.
Some magnetic materials exhibit hard magnetic qualities while others exhibit soft magnetic qualities.  Whereas the contribution of hard magnetic permanent fields can be expected to be quite stable, the magnetic field of soft materials may vary appreciably, particularly in response to varying electrical activity in the spacecraft or in response to varying magnetic activity of the ambient field. For instance, the contribution of hard permanent field background due to small permanent magnets can be determined by a combination of ground testing, modeling and in-flight determination and is therefore often of lesser concern than the strongly varying contribution of soft magnetic materials, which must be kept low by strictly limiting their use.  All materials deemed magnetically soft are therefore considered prohibited because their use can cause the spacecraft magnetic signature to fluctuate, although their use is negotiable dependent on sample size and application as deemed by the EMCCB.

1.1.2 Parts and Materials Selection for Electrostatic Cleanliness

All exposed portions of all scientific instruments, spacecraft hardware, cables or cable harnesses, etc., shall be conducting and connected to observatory ground into a single conductive surface.  If any of the exposed conducting surfaces are not connected through low impedances to spacecraft ground (e.g. a non-conforming conductor), then such surfaces shall be connected through low impedances to potentials that differ from spacecraft ground by no more than 0.5 V in an environment of 8 nA/cm2.
Thermal coatings, blankets or any other materials placed on observatory surfaces shall be electrical conducting and must be tied together and to observatory structure ground.

All booms, appendages and instruments mounted on them shall have conducting surfaces that are tied together and then to observatory structure.

Exposed connector receptacles (e.g. umbilical connectors after observatory separation) must have self-closing, grounded covers over the exposed connectors to avoid accumulation of charge and potential on floating conductors.  TBD.  (Current design of umbilical connectors does not have a cover).

1.1.3 Grounding and Signal Returns

Extreme caution must be exercised to avoid circulating ground loops through the structure.  To that end, the grounding design will be a single point ground scheme.  A single point grounding system avoids uncontrolled, circulating ground loops in the equipment platform. The prime danger in non-star ground schemes is that the ground loops cannot be accurately predicted because current paths may not be completely controlled. In addition, they are very hard to determine experimentally prior to the magnetic testing of the completed, integrated observatory.
Stray fields are due to uncompensated DC or AC current loops or stray currents. These may result in permanent or variable magnetic moments. Control of stray fields must be considered during the design phase to minimize their effects. As with the permanent fields, positioning is important and must be considered, along with harness layout, shielding, etc.

Grounding shall be in accordance with the specification in the MMS Electrical Systems Spec (461-SPEC-0003 [Doc Num TBR]).  A summary of key grounding and signal return requirements is provided below:

· Single-Point Primary Power Ground -- The spacecraft shall implement a single-point grounding scheme for the primary power bus (28 VDC) with the following features:

· The Single-Point Ground (SPG) shall be located/connected to the spacecraft structure.

· All the primary power returns and battery returns shall be tied together at the SPG

· At the subsystem and component primary power interfaces, primary power and primary power returns shall be isolated from signal grounds and from the component chassis by a DC resistance of greater than or equal to 1 Megohms.

· Distributed Signal Ground -- The spacecraft shall implement a distributed grounding scheme for secondary power returns and signal grounds with the following features:

· The secondary return (power, signal, analog, or digital grounds) shall be locally connected to the component chassis with low impedance paths (≤2.5 milliohms DC resistance per joint) (TBR)

· Both secondary power (or signal) inputs and returns shall be isolated from primary power by a DC resistance of greater than 1 Megohms

· Common Structure Ground -- The spacecraft structure shall be used to interconnect all conductive surfaces and component chassis.   This shall be accomplished by the following:

· The DC resistance of a mechanical contact between two conductive mating surfaces shall not exceed 2.5 milliohms. 

· The primary mating method for a component shall be metal-to-metal contact between component mounting feet (or baseplate) and the spacecraft structure.  The DC resistance between the component chassis and the spacecraft structure shall not exceed 2.5 milliohms.

· If a component is to be mounted on a composite or other low conductive material, a grounding strap shall be attached from the component chassis to the spacecraft conductive structure.  The DC resistance between the component chassis and the spacecraft structure shall not exceed 2.5 milliohms.

· Ground straps shall be used to connect hinged joints.  The DC resistance across the hinge shall not exceed 2.5 milliohms.

· All ground straps shall have a length-to-width ratio of less than 5 to 1, be made of copper at least 1 mil thick, and still be flexible enough to allow for bending to occur. 

· The grounding lug location on the component chassis or the tie points in contact with the ground strap shall have a minimum contact area of 80 mm2.

· Component connectors and back-shells shall be electrically connected to the chassis with a DC resistance not exceeding 2.5 milliohms.
1.1.4 Orientation

Components and assemblies shall be oriented for mutual magnetic compensation. Where needed, install hardware to cancel hard magnetic fields; for example, using opposing relays.  Wherever possible, fields that cannot be canceled should be oriented away from sensitive instruments.
1.1.5 Deperming

Designs shall provide for the safe performance of components when depermed.  SOME DISCUSSION HERE TO DESCRIBE DEPERMING AND THE RISKS ASSOCIATED WITH IT.  The number of items that can be affected by deperming shall be minimized and identified.  

1.1.6 Cabling

Care must be taken to eliminate current loops throughout the satellite by the careful control of grounds and current return paths in signal and power cables.  A large magnetic moment can be built up by summing many relatively small moments.  Thus the basic approach is to minimize even the smallest loops within the assemblies and harness.

Leads carrying appreciable current (greater than 1 mA) must be twisted with the return lead, such that the net current in the twisted wires is as near zero as possible. Even if it is not possible to achieve a null net current, partial cancellation is still desirable.  This reduces current loop area.  This precaution is especially necessary when dealing within assemblies within power supplies. The number of twists per unit length is determined by the gauge of the wire used. The twisting must be tight enough to prevent "birdcaging" of the wires but not so tight that the wires will be twisted into solenoids. Typically, the number of desired twists ranges from 0.3 to 1 turns per centimeter.  Table 2 lists the desired twist ranges for various gauges of wire.

	Wire gauge (AWG)
	Desired twist range (turns/cm)

	Table
	

	To
	

	Be
	

	Filled
	

	In
	


Table 2, Twist ranges for various wire gauges

In wiring through connectors, all leads should be kept as close as possible to their return to obtain the best possible self cancellation through the connector (i.e. adjacent pins).  This reduces current loop area.  This precaution is especially necessary when dealing within assemblies within power supplies.

All connectors should be placed in one particular area of the assembly, this area being as small as possible.  This reduces current loop area.

1.1.7 Shunt Resistors

NEED WORDS HERE IF THESE REQUIRE SPECIAL ATTENTION.

1.1.8 Printed Circuit Board Design

Current mirroring techniques should be utilized where possible on printed circuit boards with long traces.  Careful layout avoids the addition of small magnetic contributions,
Signals between boards should be differential rather than single-ended.

Back-to-back mounting of alike electronic boards can also minimize the resultant field of assemblies.
