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Recap of manoeuvres investigated

Absolute Scalar Magnetometer

0502 baseline: Scalar ASM data (tip of the

boom)
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Startracker assembly
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Optical bench

Vector Field Magnetometer

Solar panels

Laser retroreflector

GPS antennas S-Band antenna

Accelerometer (inside)

Coarse Earth & Sun sensor

S-Band antenna

0408 DATA AVAILABILITY
manoeuvre Begin (UTC) End (UTC) LT UP
S A B C
62° A 19/12/13 | 14:00:00 | 20/12/13 | 02:00:00 100% 100% 100% 12:09
62°B 16/12/13 | 14:00:00 | 17/12/13 | 02:00:00 0% 100% 100% 12:22
62°C 09/01/14 | 11:58:00 | 09/01/14 | 23:58:00 100% 100% 100% 10:16
180° A 23/01/14 | 17:55:00 | 24/01/14 | 05:55:00 100% 100% 50% 09:05
180° B 22/01/14 | 14:20:00 | 23/01/14 | 02:20:00 20% 100% 100% 09:10
180° C 21/01/14 | 06:00:00 | 21/01/14 | 18:00:00 100% 100% 100% 09:15
+/-90° AC | 13/05/14 | 00:49:00 | 14/05/14 | 09:51:00 100% NA 100% 23:15
None 31/12/13 | 00:00:00 | 31/12/13 | 23:59:59 100% 100% 100% 11:05
december 20|1 4 january
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» * 4 / h
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Example: 62° Slew Bravo Manoeuvre

50 km

Mgy = ASM, - ASM_ (nT)

Apcm during 62° Slew B manoeuvre

LT UP = 12:22
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The discrepancy is maximum at the equator

NO similar discrepancies are found between Charlie
and Alpha -> not related to local ionospheric
currents between Alpha and Bravo

Amplitudes and signs are similar during day when
moving northwards and at night when moving
southwards
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Anomaly direction and sign rules inferred

The fact that disagreements between satellites are only seen for +/- 90° and 62°
slew manoeuvres, are maximum at the equator and change sign in specific ways,
suggested that a slight anomalous field is being produced in the horizontal
transverse direction (Y component), as summarized here, with a sign depending
on whether the satellite is in the day light or not.

r . Satellite
Flight direction in day light
M
_ Satellite
M ti I
A aghetic ahomaly in the night

Ambient northward field B
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Working explanation for the ASM scalar anomaly

Zenith Rivet ASM sensor

T~

Pt Iy
Nadir Rivet
(NOT covered)

(Courtesy of P. Brauer)

- The signature found on the ASM (along the Y component in
the VFM frame of reference, with negative sign when the
satellite is in the day light, and a positive sign when the
satellite is in the dark) is consistent with a possible signal
produced by the thermoelectric effect identified by P. Brauer
due to the grounding of the Beta cloth (protecting the ASM)
with the help of two rivets.

- This model has been tested for confirmation.
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dB, anomaly model of P. Brauer (provided 08/09/19)

- Assumed to be of thermal origin,
driven by Sun illumination on
grounding rivets (with some thermal
inertia)

- Variables are defining the Sun position
(o,p) coordinates (using the conventions
and code of L. Taffner-Clausen), also
taking into account eclipses

Zenith Rivet ASM sensor

| X
e
Nadir Rivet «—

(NOT covered)
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dB, anomaly model of P. Brauer (provided 08/09/19)

* Fixed parameters
« Thermal properties : solar absorption and emissivity of oxydized Aluminium
* Rivet direction updated following Peter Brauer’s analysis
 Nadirrivetis NOT covered

 Free parameters
« Earth temperature in degC
« ASM dissipated power in W/m?
«  Scaling factor as a multiple of 0.17 nT/degC

« Radiative power received from Earth updated :

P =o0-¢ ATy, —KT, )

out Nadir
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Disagreements predicted during slew manoeuvres

« We assume that the perturbation is negligible on satellite flying nominal (or 180°
slew) -> assumption that could later be relaxed

 If the slew manoeuver is on SAT-U, while SAT-V is nominal, the expected
signature on the scalar disagreement is :

AB-B _ dBSunY, Y,
|1 F

SUV =

* Which we compare to the observed disagreement Ay, asy

R

vv = Puv — AUV,ASM
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Bravo anomaly: 62° Slew Bravo Manoeuvre
Observed

50 km
LT UP =12:22

Anam during 62° Slew B manoeuvre
LT UP = 12:22, LT DW = 00:22

— S— %\ 0 Buerighttime !
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Mgy = ASM, - ASM_ (nT)
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Bravo anomaly: 62° Slew Bravo Manoeuvre
Observed

The scaling factor is estimated through the mean value over a +/- 10 latitude window

Scaling factor = mean(data)/mean(model @ 0.17 nT/degC)

Ao during 62° Slew B manoeuvre
LT UP = 12:22, LT DW = 00:22
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Bravo anomaly: 62° Slew Bravo Manoeuvre

P =20 W/m?
T =29.99 degC

Std (nT), filtering = non linear, ¢T* : PV
{20.00 W/m?, 28.990 °C) -> 0.31 nT
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Bravo anomaly: 62° Slew Bravo Manoeuvre

Scaling factor : 0.195 * 0.17 nT/degC

TEarth (*C)

Scaling coefficient (0.17 nT/degC) = 0.185, filtering = non linear, methode : PV
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Bravo anomaly: 62° Slew Bravo Manoeuvre

NEW MODEL

Observed

Scaling coefficient (0.17 nT/degC) : 0.20, filtering = non linear, methode : PV

ASMB - ‘ASMC (nT)

Apom

—— Data day

—— Data night
+ Model day ||
+ Model night
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Bravo anomaly: 62° Slew Bravo Manoeuvre
Comparison after removing predicted anomaly

NEW MODEL

5

Corrected data (nT)

0 100
Latitude (°)
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Bravo anomaly: 62° Slew Bravo Manoeuvre
Comparison after removing predicted anomaly

The std is roughly the same when Power ASM > 4 W/m?

std (nT)
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Bravo anomaly: 62° Slew Bravo Manoeuvre
Comparison after removing predicted anomaly

The scaling coeffcient as a function of ASM Power
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Alpha anomaly: 62° Slew Alpha Manoeuvre
Observed

37 km 22 km
- LT UP =12:09

Ao during 62° Slew A manoeuvre
LT UP = 12:06, LT DW = 00:06

5 : , . ! ! ! . T T
S S ZN 4 § : 5 5 /
F

Aggyy = ASM, - ASM, (nT)

T4
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Alpha anomaly: 62° Slew Alpha Manoeuvre

Optimisation over the 62A data : sigma of corrected data equals to 0.41 nT (red cross)
If we use the 62B optimized parameters : sigma equal to 0.42 nT (black cross)

=>» \We use the parameters optimized for 62B (i.e. PASM=20W/m2 and Te = 28.99 degC)
=» The scaling factor is still optimized : kA = 0.1341 (while kB = 0.195)

Std (nT), filtering = new, T* : PV
(298.00 Wim?, 197.047 °C) -> 041 nT
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Alpha anomaly: 62° Slew Alpha Manoeuvre
Predicted (optimized)

NEW MODEL
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Alpha anomaly: 62° Slew Alpha Manoeuvre

Comparison after removing predicted anomaly
' NEW MODEL |
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Corrected data (nT)
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Charlie anomaly: 62° Slew Charlie Manoeuvre
Observed

69 km 38 km LT UP =10:18

Apsi during 62° Slew C manoeuvre
LTUP = 10:18, LT DW = 22:18

138

Ancyy = ASM - ASM, (nT)

0
Latitude (°)
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Charlie anomaly: 62° Slew Charlie Manoeuvre

The model does not work very well on 62C (very small effect) here kC=0.1
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Testing the P. Brauer models
with the 90° Alpha/Charlie manoeuvres

We now apply the dBSun corrections to all

1 r A satellites, using the parameters inferred from

5 A D the Alpha, Bravo and Charlie slew
manoeuvres, and check that they correctly

3 €« > account for the anomalies during the 90°
Alpha/Charlie manoeuvres

4 €« v
For Charlie, given the inconclusive results of

5 v oV 5 : :
the 60° slew manoeuvre, we used this series

6 v € of tests to optimize the scaling factor, now
equal to 0.5 times the scaling factor

7 > € estimated for Alpha during the 62A
manoeuver (so kC = 0.0670)

8 = A

9 r A
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Testing the models
with the 90° AIpha/Charlle manoeuvres

Bpsm during 90° AC manoeuvre manoeuvre, phase 2AC = —» 1
LTUP =23:12,LTDW = 11:12
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Testing the models
with the 90° AIpha/Charlle manoeuvres

Mg d ring 90° AC manoeuvre e, phase 3AC = »
LTUP =23:12,LTDW = 11:12

5 T T T 5 T T T T T ‘ :

i H H : + Day :mean = nT, std = 9nT : + Day: 044 nT, s d 1.4nT
: ‘ ‘ + Ngh mean = -0.8 nT, std= .013nT ; : + Night:mean_ 0.28nT, std=09nT
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Testing the models

Anemt during 90° AC manoeuvre manoeuvre, phase 4 AC = |

with the 90° Alpha/Charlie manoeuvres

! ' + Day :mean=-0.194nT, std = 0.968 nT
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Testing the models
with the 90° Allgmha/CharIie manoeuvres

Ay gy during 907 AC manoeuvre manoeuvre, phase 5AC= | |

Bac, asm (
°

LTUP =2312,LTDW = 11:12 kC =05, phase 5
5 T T T T
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Testing the models
with the 90° Alpha/Charlie manoeuvres

AAAAAAAAAA

5 H ! T | T T
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Testing the models
with the 90° Alpha/Charlie manoeuvres

Ancm during 90° AC manoeuvre manoeuvre, phase 7AC = — —
LTUP =23:12, LT DW = 11:12 kC = 0.5, phase 7

A - Day :mean = +1.100 nT, std = 1.324 nT‘ ' ‘ I ! ‘ ‘ " Day :mean= 0.18 T, std= 07 T
T, std T : * !

T
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Testing the models

Apam during AC manoeuvre manoeuvre, phase 8 AC = 1 —

with the 90° Alpha/Charlie manoeuvres
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Testing the models

with the 90° Alpha/Charlie manoeuvres
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Apem during 90° AC manoeuvre manoeuvre, phase 9AC =11

LTUP =23:12, LTDW = 11:12 kC = 0.5, phase 9
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