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ABS1”RACT

T“he JPL magnetometer design for the Ulysses solat polar mission is the firs{ to explore
the structure and characteristics of the rnagnotic  field out of the ecliptic plane. A dual
technique combination vector/scalar that modified second generation sensor is currently
being manufactured for the Cassini  mission. l-he experience gained from JPL’s
successful magnetometer designs flown on Pioneer and ICE spacecraft establish a goal for
performance and specific requirements governing the new vector helium design. Three
major considerations incorporated in the design were greater Llse of lightweight
composite and plastics, interchangeability of ttlo senscjr  components, and self-alignment
of optical components. The nonmagnetic characteristics of plastics and their lightweight
10 strength properties worked together to rneot the 900 grarll limit fcjr the boorn-
mounted sensor. A wide range of nonmetallic materials were candidates in the selection
for use in the nlagnctornetcr  components. The primaty requircrnerlls  beyond
environmental and structural were stringent criteria that all materials and processes
for parts be nonmagnetic and free from the tllerrnocc)uple effect that causes the
slightest thermal electric noise from the interaction of dissimilar materials. To
accomplish this, the manufacturing ancf assembly must be free of contamination from
particle inclusion in the material manufacturing, fornling, process and finishing
operations. The furlher requirement that no part of tile sensor coulcj have permeable
properties in the plastics or adhesives. The dimensifmal  stability c)f the instruments’
optical axis was a critical consideration in the CT E pr’opertics  of the rrlaterials
selected.
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1 his paper presents the unique function of composites ::nd plastics over a two decade
period in the development of Helium magnetorr}eters  for deep space exploration .
Currently two magnetometers are in production for ttie  1997 Cassini Spacecraft
mission to Saturn. 1 hcse magnetometers function either in a vector mode, where the 3
n]utually  orthogonal components of the magnetic field are measured or in a scalar mode
where the field is rneasurcd. [n the vector mode accuracy is better than .1% where as
the Scalar mode absolute accuracy is on the older of 1 % in 105 1 he range of field
detection sensitivity is from a few nano Teslar to 4400 n 1 (nano 1 eslar ). To achieve
magnetometers of this Precision and still weather the rigors of space flight require
materials having unique properties. figure-1 T-he exj)crience  gained from JPL



successful Mqgnctometer  design flown on pic)neer-1  O and 11 and ICE E-3 Space craft
establish goal for performance and specific requirements goverrling the new VHM
design. The three major considerations incorporated ill the design corwepts were 1 )
greater uses of light weight composites and plastics. 2) intcrchallgability of the sensor
components and 3)selfalinginmcnt  of internal optical cornponerlts  .4) long projected
stable life of the material in deep space environment. The dcsigrl fc)r packaging the JPL
vector helium magnetometer started with magnetometer science irlstrurnent  selection to
fly the out of the ecliptic solar polar mission on the Ulysses spacecraft The
Magnetometer
unique application of plastic and composite materials for the cfesigrl c)f manufacturing the
Ulysses space craft V/MS magnetometer ancj the CASSINI  spacecraft V/StlM
magnetometer
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Plastic and composite materials application in the d[:sign  of a Vector Helium
Magnetometer was the only range of materials that could bottl met the structural
strength mass weight requirements and transparency to magnetic fields, but shield from
electric fields and provide shielding requirenlents  to record tile magnetic fields of outer
planets. the use of adhesives and bonding resins to elin-rinate  mechanical fasteners and
secure elements of the sensor into a monolithic system.

Primary goals of the design effort:

- Transparent to incoming magnetometer waves
-FM I shielcjing  for sensor
- Light weight
-Thermal stability and capability with other elemerlts of the sensor for

optical alignment
-Non-by metal effects of the material in the sensor assemblies

Successful use of plastic and composite materials fot the Ulysses space craft
Magnetometer
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Operational and within calibration after three axis 100 G’S centrifuge test

1 herrnal environment of +30 deg. and - 130 deg. C

Total weight of 900 gralms

Magnetically quiet at Pico Teslar levels.

l-he sensor elements are configured in a cylirldrical stacked asscrnbly  with parts
internally stacked in a flashlight and battery like system where tllc basic five elements



!I]at require alignment for the detector system are staged in side a graphite epoxy tube
that serves as the primary structure all the sensor elements. the magnetometer field
coils are supported from the external surface of the graphite tut. m. the other elements
of the sensor head are shown in figure-2
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d selection
A wide range of non metallic materials wore candidates for use in the Magnetometer
design. they have been screened in an empirical fashion over the ttlree  decades of the
sensor development to find the optimum match between the structural value and the
specific function in the sensor realize the highest sensitivity by not generating magnetic
noise due to by metal erni generation or dimension instability due to tmnperature  change.
the signal drift in the sensor performance due to therlnal  or special changes of the
composites due to that temperature gradients has been the focus of component dersign
and development. the industrial supplier of ttlese  materials have over the years up
graded. the manufacturing process to meet Iligher q[lality contrcds ancJ the natural
improvements to the proc{uct to meet the high tech purity requiremcmts  of the electronic
industries . these improvements have allowed us tho reconsideration of a material that
had special properties to be re-introduce for use in the instruments ; such as vespel
for the field coil structure.

l-he primary requirements beyond the material adeqltacy  to meet the structural
requirement of a 100 g three axis launch environmer]t and tlm ability to perform in a
thermal environment of + 130 to - 30°C; is the properties free fron] interactions with
other materials that would generate thermal electric noise to tt)e sensor detection
system. l-he most stringent requirement that no part of the sensor could have
permeability properties in the materials used in the instrument or contaminated with
particulate inclusions of materials that had irl the forming process of manufacturing
contaminated element used in the sensor. The slightest amount of ~)ormeable  material as
a “smudge” or micro chip of material would be detected as “hot” condition by a process
detector system using a flux tank chamber made c)f rrlu-metat  to null the earth
geomagnetic field and a flux gate Magnetometer to detect residual nlagnetic charge. The
parts are assayed on a regular basis while in ttle fabrication to identify the process step
that is contaminating the part or contamination fronl permininability materials during
the process or handling operation. 7 he second level of sensor performance degeneration
is from by-material effect with in the thermal perfor~nance wincfc)w  ttlat ranged from
+ 130°c to -300c. the material mix can create  a nonlinear pcrfcmtiling response of the
sensor . careful selection was made of compatible rrlaterial  Cl [: to maintain pre-load
on the stack of internal cc)rnponents for performance stability.
The early developmer]t testing of proto sensor sub assemblies units and with the proto
sensor assembly revealed Ihe problem areas to be ciesign arounci to assure a quite
sensor un affected from thermal changes. Thermal electric noise generated from
thermal gradients in by-metal parts assembled make LI\I the magnctornc[er  sensor the
mission were compatible with other material selection. CT-E’S and free of permeability
as material supplied for manufacturing componerds.

Magnetometer composites and plastic compotes iderltification an(i functional:



- Lamp housing

- (Ml housing

- Detector

- High voltage starter transformer

- Field coil housing

- Secondary field coil housing

- SEnsor case

. Thermal isolation support tube

- Prc-load  and alignment yoke

- Secondary boxing coils

- Coaxial cable guides

- Non-generating emi heater
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The manufacturing process for a highly sensitive detection system for magnetic
planetary magnetic field require special c conlrols  orl all phases of production to safe
guard against contamination. micro partial clf permeable materials will be detected as
back ground noise or a hot condition in the instrument calibraticln  against the earth’s
ambient magnetic field. therefore all elements production for the sensor are assayed to
be free of magnetic response from permeability material inclusion in forming
processes or surface particulate transferred to the parts surface. materials were
screened during all phases of producticm to assure quality .

A number of special fixturing devices were requireci for the machining operation and
many annealing process steps to achieve the high tolerance park.  mandrill for the
composit elements were carefully designed 10 control inter-changeability and part
alignment in assembly.
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The lamp cell optical reflector surface was a special process wtwtc a vapor source of
methalyne  cloride was Used to blend a pre-polished optical rcfk!ctor  surface to
generate a highly specular substrate in the Iexan.  The surface was ttlerr vacuum coated
with a flash of copper(350 ~) and 1800 a of vapor deposited (;old. The Gold film is
then conductivley  bonded with optics to a thin grounding ring ancj w!cured in assembly
with 2216 Epoxy
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Future mission applications requiring a set c)f field I;irge fielcj coils approximently  6.00
in, diameter have been designed for the sensc)r  using vespel  rings ttlat nest together to
form a supporting structure and three axis coil groves positing arc)und the censor cell.
the strength to weight and thermal stability of vespel material rnect the design
requirements
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In conclusion the versatility of plastics and composit materials have over the last
twenty years facilitated the development of highly sensitive s(!nsor for deep space
magnetic field definition and mapping of variations around the rm!mbcrs  in our planet
system.

The magnetometer has for the first time observed while traveling cmt of the ecliptic
plane around the solar poles the sun’s heliospheric nlagnetic field originating in the
sun’s surface field. While field lines are drawn out into intcrlplanctary space in the
high electric photosphereas investigation using the magnetometer will look at the
heloispheric  magnetic field as related to Studiy of the solar magnetism.


