High Fidelity Surface Charging and Magnetic
Noise Analysis of the Juno Magnetometer

James Chinn, Boyan Kartolov, Wousik Kim, Ira Katz
14™ Annual Spacecraft Charging Technology Conference

April 4-8, 2016 Jet Propulsion Laboratory

California Institute of Technology




Contents

Introduction to the Juno Mission

Surprising Noise in Magnetometer Data

Source of Noise as Surface Charging and vxB Effect
Developing a High Fidelity Model in NASCAP2k
Interfacing NASCAP2k with ANSYS FEA

ANSYS Results: Comparing Simulated Noise with
Measured Noise

Extending the Model to Jupiter
Results at Jupiter and Comparison to Earth’s
9. Conclusion; No Risk to Magnetometer Science!

o 0k Wb PE

© N

James Chinn 2 jpl.nasa.gov



The Juno Mission

«  “Juno will improve
our understanding of
the solar system's
beginnings by
revealing the origin
and evolution of
Jupiter.”

* Juno will study
Jupiter’s atmosphere,
gravity field, and
magnetic field.
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Surprise in Magnetometer Data during Earth
Flyby
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order of magnitude Plasma Temperature: |0.12 eV
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Magnetic field: | B| 24.3 uT
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Structure Currents on Spacecraft

vxB Effect
Periodically Drives
Current Past the
Magnetometer
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Developing High Fidelity NASCAP2k Model

Increase Fidelity in Geometry, Plasma, Velocity, Magnetic Field

CAD from Juno  Simplified Meshed NASCAP2k

Time Electron Density
Position ~ 7 |Plasma Temperature
Geomagnetic Indices lon Species
- - ——
Velocity Vector
IGRF (Magnetic Field Vector)
Sun Intensit;_/_/
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Interface NASCAP2k with ANSYS Maxwell FEA

NASCAP2k ANSYS
Surface Charging Current Boundary Current Source

Node Absolute Current
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Select Data, Reformat, Change Coordinate System
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Results of ANSYS Simulation

Simulation agrees with measurement to a factor of 2

1.0 « Simulated Magnetic Field
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Extending the Model to Jupiter

« Using the same model but with different plasma environment, velocity,
magnetic field, and sun conditions. Worst case plasma density from
Voyager data in Yelle and Miller 2004 [1] and lon number densities from

Divine and Garrett 1983 [2].

« Plasma temperature calculated theoretically by Hunter Waite of SWRI.

Parameter

Electron Density

Plasma
Temperature

Debye Length

Dominant lon
Species

Sun Intensity (rel
to Earth)
Juno Velocity: |v|
Magnetic field:
|B]

v X B:|vxB]|
Collected Current
Induced Magnetic
Field: | B|

Units
[mA~-3]
[eV]

[cm]

[km/s]
[uT]

[V/m]
[mA]

[nT]

Earth
8.14E+10

0.12

1
0+(.98),
H+(.02)
0
14.6
24.3

0.35
16

Jupiter Worst
Case 3500
3.00E+10 :
3000 |
0.86 : -
2500
4 :

S+(.7), 0+(.2), <000
S++(.02), 3 ©
O++(.03) = 1500 a

0.04 = 1000
57 500 -
540 ol ..,
29

29

17
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Jupiter vs. Earth: Surface Charging Current

« Plasma density at Jupiter closest approach is lower but spacecraft velocity
relative to plasma is higher and so is the magnetic field. Net result is a much
stronger vxB effect (80x) and 2x more current collected.

Earth Case: 15mA Jupiter Case: 29mA
[A/m?] [A/m?]
| -6.50E-03 2 80E-02
Seecp | -5.50E-03 -
74 - | -2.20E-02
| -4.50E-03 -
| -3.50E-03 | |-1.60E-02
-2.50E-03 -1.00E-02
1.505-03 -4.00E-03
-5.00E-04
2.00E-03

5.00E-04
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Jupiter Results and Conclusions

* Induced field is 3x higher than at Earth but the measured field is 20x
higher, resulting in a better signal-to-noise ratio at Jupiter

« Magnitude of Induced Current At Jupiter is 16nT, Signal-to-Noise ratio is
17,000:1

Induced Mangetic Field on JUNO Outboard and Inboard FGMs at JFB (Eng Case)

[

Magnetic

Signal-to-Noise
Ratio of 17,000:1
POSses no risk to
Magnetometer
Science

James Chinn 11 jpl.nasa.gov



Summary/Conclusion

Initial low-fidelity approximation of the problem predicted noise that deviated
from measurements by about an order of magnitude

Risk to magnetometer science prompted a high-fidelity analysis

Combining CAD and FEA tools with NASCAP2k, measurements were
replicated to a factor of 2 — within the uncertainty of the environment

Extending the now validated model to Jupiter, the worst expected signal-to-
noise ratio from this effect is 17,000:1, which is acceptable to magnetometer
science
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