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SWARM

HASC Star Tracker

MASC (micro Advanced Stellar Compass)
autonomously calculates attitude based on all
bright stars in the Field of View (FOV)

Running a single CHU, yASC can provide 22
true solutions per second, with absolute
accuracy of < 1 arc second

CSC sensor for VFM Optical bench

Three of the pASC, together with the VFM
instrument, are mounted on the Swarm OB to
provide correct orientation of the VFM and high
accuracy of measured magnetic field
components.

ASM sensor

objective of VFM is to measure the magnetic
field vector
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Star Tracker (STR ) — Performance

Availabilit
Y Data 2017/11/01 to 2018/05/01

Apr
Apr - Mar
Feb
Mar
S -
Feb ~ Jan

Jan Dec

UTC Time starting at 2017-11-01 00:00:00

: MNov
Dec 360

315

UTC Time starting at 2017-11-01 00:00:00

Nov 295
90 180 180 a0
45 135 225 45
0 a0 270 0
-45 45 RA. ] 315 -45
-80 0O AL 360 -90
Dec. [?] R.A.[9] Dec. [

Right Ascension and Declination for Swarm A, CHU C over time. Black attitudes indicate BBO flags.
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SWARM

Star Tracker (STR):

Availability of 2 or 3 sensor solutions

A Star Tracker measurement
accuracy is best across the boresight
direction. The Swarm STR is using
three sensors to eliminate the higher
measurement error about the
boresight by combining the
measurement from 2 or 3 sensors.

o Inflight performance of the sensor
baffle systems are better than
designed

¢ Inflight performance towards a
50% Moon show full resilience

__Swarm A Moon Position in CHU-B Phase: 40-80%
WL WAL T W

xis [deg]

CHU Y-a:

CHU X-axis [deg]

Operations vs Moon:
Position of 40-60% Moon in
Swarm A CHU-B, Valid
attitudes, with BBO flag(red),
184 days data

Moon (50%%6)
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Swarm A Sun Position in CHU-A

50 -0 30 20 -10 o 10 20 30 40 50
CHU X-axis [deg]

Baffle performance vs Sun:
Position of Sun in Swarm A
CHU-A, Valid attitudes, with
BBO flag(red), 184 days data

. >
Demonstrating that 2 or 3 sensor O d"
: . cruA e O
solutions are granted, with excellent <
. . . (o)
margins, for the planned mission Sun ¢ Moon (100%6)
proflle. Baffle performance:

Swarm Sun Exclusion
cones

Swarm in orbit

Danmarks Tekniske Universitet
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Star Tracker (STR): -
Availability

Concurrent valid attitudes from all CHUs:
2017/11/01 to 2018/05/01
- A Star Tracker must deliver valid Swarm A
updates when viewing nominal star # Valid CHUs | Counts |_Percent Validit . 100.00%
: e 0 0f 0.0000% alidity percentage: : 0)
fields, and exhibit graceful _ 1 3550 =TI
degradation when entering star fields 2 5027912 | 32.3207%
Wlth e.g. brlght objects. 3 10520818 | 67.6493%
- The Swarm STR system is designed Swarm B
to optimize attitude availability also # Valid CHUs | Counts | Percent
during times with the Sun and Moon 0 L|_0.0000% | Validity percentage: 100.00%0
. 1 12751 U.08207%
entering the FoV of one of the 5 TRR09E1 | 3135047
Sensors. 3 10658926 | 68.5376%
Swarm C
# Valid CHUs | Counts | Percent
0 2§ 0.0000% | Validity percentage: 100.00%0
1 3349 U.UZ15%
2 5080718 | 32.6693%
3 10467919 | 67.3092%
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Correlation of the Inter-boresight angles

(IBA) with temperatures

Swarm A B4 pair 1 {orbital averages}

Aberration corrected 184 p

Vccem

‘Swarma optical bench temperatures.

0

boresight

CSC sensor for VFM

Swarm B B4 pair 1 {orbial sverages)

Abarration corrected 1BA
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optical bench temperatures.

W

Optical bench

ASM sensor
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‘Swarm C IBA pair 1 ocbial sverages)
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1BA [']. mean=89.75"

SwarmC optical bench tempersture

mp G

Ta: next
to SiC-cube

CSC sensor for VEM
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Swarm satellite
e CHU - Camera Head Unit

e IBA - Inter Boresight Angle

e Full accuracy achieved whenever two
or three simultaneous valid CHU
quaternions are available

CSC sensor for VFM Optical bench

e IBA is treated in CHU pairs:
- Pairl: A&B
- Pair2: A&C
- Pair3: B&C

ASM sensor

e Ideally IBA is expected to be
constant (after aberration correction)

Danmarks Tekniske Universitet
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Swarm A: IBA and temperatures

Apply aberration

Swarm A IBA pair 1 (orbital averages)

correction to . o ' . .
individual CHU ° |
attitudes Lo \ V\

. J [ Aberration corrected IBA pair 1 (CHU A - CHU B}. .
-10 - 1 ! :
I BA O rb ita | 2014-Jan 2015-Jan 2016-Jan 2017-Jan 2018-Jan

Swarm A CHU temperatures

10
average ' ' ' I .~ CHUAtemp
o - CHU B temp
- CHU C temp

SC Temperatures

o RYVVIVIVVIVAVIVIVIVAV

2014-Jan 2015-Jan 2016-Jan 2017-Jan 2018-Jan

SwarmA optical bench temperatures
10— ; T T
- QBtemp 29

— Optical bench I | y ¥

)
a : 1
E H -
& 20! i -
A
-30- : =

| 1 | |
2014-Jan 2015-Jan 2016-Jan 2017-Jan 2018-Jan

Danmarks Tekniske Universitet



SWARM

Swarm Optical Bench (OB)

e ultra-stable silicon carbide-carbon fiber

compound structure installed on a T,: next
depl_oyable conical boom of square cross b - gl
section

CSC sensor for VFM

e main purpose is to transfer the precisely
determined attitude using star trackers
to the magnetometer field components

e several thermistors are mounted on
different parts of Deployable Boom
Assembly (DBA).

Danmarks Tekniske Universitet
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CHU B

T,: CHU CCD
CHU C
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CHUB
T,: CHU CCD
T3: next :
to SiC-cube CHUC
CSC sensor for VFM
Thermistor Thermistor code :
THT00028 TCL_2 ANY_13A_HINGEHNR b T,: Optical Bench I/F
THTO00056 TCL_4 _ANY_13B HINGEHNR -
THT00086 TCL_6_ANY_13C_HINGEHNR
Obtical bench THTOO0029 (T2) TCL_2_ ANG_14A_OBBOOMIF
Bgom 1/F THTO0057 TCL_4_ANG_14B_OBBOOMIF
THT00087 TCL_6_ANG_14C_OBBOOMIF
Absolute Scalar THTO00031 TCL_2_ ANG_16A_ASMS
Magnetometers THTO0059 TCL_4_ANG_16B_ASMS
(ASMS) THT00089 TCL_6_ANG_16C_ASMS
Obtical Bench THTOO0032 (T3) TCL_2 ANG_17A_OBSUBSYS
S'IF')RH THTO0060 TCL_4_ANG_17B_OBSUBSYS
THT00090 TCL_6_ANG_17C_OBSUBSYS

Danmarks Tekniske Universitet
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Optical Bench Thermistors

VFM Sensor

T00029 (Optical
Bench I/F)

Danmarks Tekniske Universitet
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ASC

T00032 (next to the
cube SIC OB cube)

Thermal radiators
(SSM + CFRP)
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Investigating the temperature profiles
Temperature sensor Full thermal
locations: profile

Teny: 3XCCD of the Optical

Bench needed
e 1 sensor per CHU located at CCD

_ Tops: 1 next
e 1 sensor at optical bench to SiC-cube

e 1 sensor next to the SiC-Cube

Thnea: 1 lower
boom
support panel

e 1 sensor at on outer skin of
lower boom support panel
between NEA's

Top: 1 Optical Bench

Danmarks Tekniske Universitet
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Swarm IBA pairs

Swarm A, IBAof CHU A& B
10 T | |

90.6405°
tn
|

(']

Mean
1
n
I

I I 1 1 I I 1 I
0 2000 4000 6000 8000 10000 12000 14000 16000
Swarm A, IBAof CHUA& C

e IBA between CHU A 10 : : ! ! !
and CHU C does not | : : : |
show clear variation
with temperature

90.4457°

il

Mean

g | I | | '
0 2000 4000 6000 8000 10000 12000 14000 16000
Swarm A, IBAof CHUB & C
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Time [hours] since 2014-01-01 00:00:00 UTC
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Swarm thermal correction model:
AN overview

IN

o
o

CHU B CHU C

7
-’

Optical /
bench fixed

frame I
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Swarm A Model
CHU
Uncorrected Proxy: CHU
movement relative
A to the Fixed Frame
Model: CHU ’
movement relative |[T——__
to the CHU _
corrected S_atelllte
Fixed
Frame

AN—T"2

Sw-A +4.0 0.0 Corrected
Sw-B +13.0 +9.0 Constant conversion
Sw-C +13.5 495 from Fixed Frame to

CHU at Tcal (T1, T2,
Danmarks Tekniske Universitet T3), based on Proxy
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Fixed frame construction Swarm A

Swarm A, IBAof CHUA&B

h
+

il

-10

N/

] S ....................... Sl S I SRR T, o AT SRS . SR 2

0

i I i i i
2000 4000 6000 8000 10000 12000
Swarm A, IBAof CHUA & C

i
14000

16000

L | l

| 1 I
2000 4000 6000 8000 10000 12000
Swarm A, IBAof CHUB & C

14000

| | 1 | | |
2000 4000 6000 8000 10000 12000
Time [hours] since 2014-01-01 00:00:00 UTC
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Swarm A eaChu vs Temp averaged over orbit
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Swarm correction application:

Fixed frame construction

7 X Z¢
ZF —

|Z4 X Z]|

A A
X, = A C

|Z4 + Zc|

Zr X Xp
YF —

|Zr X X

e Small residual free rotation:

Danmarks Tekniske Universitet

Fixed relative to the VFM
Different in the three Swarm satellites

If it spills, it would go to the VFM and it will
be fixed rotation over the full mission span
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Swarm thermal correction model formulation™
CHU CHU
Uncorrected Corrected

FEY

Model of 3 Euler angles about CHU X-Y-Z axes:
Riodel(T1, T2, T3)= R5(Y) Ry(B) Ry(a)

CHUB

T5: next
to SiC-cube
@ =ay+ Ty +a,(T,—Ty) +a3(T, — T) CSC sensor for VFM
B =B+ Ty +Po(Ty —Ty) + B3(T3 —Ty) -
Y=Y t¥iT1 v (T —T) +y3(T;—Ty)

Thermal model is not perfect since it is constructed using the best
temperature flow gradients proxy



Swarm A mod

Modelling period:

16-Jun-2014 01:38:29 (2014-167)
~4000h
to

03-Dec-2015 21:48:34 (2015-337 )
~17000h

Danmarks Tekniske Universitet
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T0Z9
T03Z2

T0Z9
T03Z2

To29
T03Z

Constant

T CHU A
- T _CHU A
= T CHU A

Constant

T CHU B
- T CHU B
- T CHU B

Constant

T CHU C
- T CHU C
- T CHU C

fo QR RERT

Swarm A Fixed Frame Type=16

alpha

.67067e-01
.58190e-03
.04363e-03
.04154e-01

alpha

.19000e+00
.27044e-01
.10603e-01
.40148e-01

alpha

.08584e-02
.36145e-02
.57687e-02
.06662e-02

4
-3
8
1

LSRR e Y e )

beta
.58718e-01
.0216le-03
.88788e-03
L02497e-01

beta
.03750e+00
.03134e-01
L04762e-02
.07657e-02

beta
.90157e-02
.590873e-03
.15304e-02
.88875e-03

Jgama
2.36543e-01

-7.31744e-01
4.50041e-01

-1.12265e+00

Jgama
5.5156L4e+00

-3.12725e-02

-7.31304e-01
2.07894e+00

gama
1.179%6e+01

-2.01007e-01
4.97267e-01
2.25162e+00

i
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SWARM

Swarm correction application:

Fixed frame construction Swarm B

Swarm B, |IBA of CHUA & B

.
L=
T

0 -
i ; i i . i i
4] 2000 4000 6000 8000 10000 12000 14000 16000
Swarm B, IBA of CHUA&C
20 ' ' ! ! I : ! ' A
L i s it e i S . sagiiy
0 2000 4000 6000 8000 10000 12000 14000 16000
Swarm B, IBAof CHUB& C
20l n: SN S, 1 Y S
oA I— b, ]
s 3 f f——
4] 2000 4000 6000 8000 10000 12000 14000 16000
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Time [hours] since 2014-01-01 00:00:00 UTC

CHU-A u ["]

CHU-Bu["]

@ AIRBUS

DEFENCE & SPACE

IlTE

=
A o

Swarm B eaChu vs Temp averaged over orbit
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Swarm B mod

Modelling period:

12-May-2014 01:00:05 (2014-131)
~3000h
to

03-Dec-2015 22:18:07 (2015-337 )
~17000h

Danmarks Tekniske Universitet
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T0Z9
T03Z2

T0Z9
T03Z2

To29
T03Z

Constant

T CHU A
- T _CHU A
= T CHU A

Constant
T CHU B
- T CHU B
- T CHU B

Constant

T CHU C
- T CHU C
- T CHU C

Swarm B Fixed Frame Type=16

alpha

.52156e+00
L22241e-01
.88533e-03
.98540e-02

alpha

.15861e+00
.28498e-01
.56507e-02
.836l6e-01

alpha

.57776e+00
.40688e-01
.98237e-02
.24705e-02

beta
-1.51280e+00
1.21530e-01
9.83054e-03
6.9%3775e-03

beta
-1.26225e+00
1.34662e-01
1.063%4e-01
1.56%951e-02

beta
-1.10393e+00
9.83403e-02
-1.38350e-02
5.76762e-02

Jgama
2.33865e+00
-1.82%04e-01
7.01522e-02
-7.99214e-02

Jgama
-2.48957e+00
3.97005e-01
-4.76G603e-01
1.14448e+00

gama
-1.74405e+01

1.03%66Ge+00
-9.67086e-01
-1.41618e-02

i
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Swarm correction application:
Fixed frame construction Swarm C

=
A o

Zg

Swarm C, IBAof CHUA & B

B
=
T
I

[
(=]

s T A S N

1 1 1
0 2000 4000 6000 8000 10000 12000 14000 16000
Swarm C, IBAof CHUA & C
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Mean=
=}

)
==
T
1 1

("]
Mean=89.2807°
=]

T

I | I | i | | i
0 2000 4000 6000 8000 10000 12000 14000 16000

Swarm C eaChu vs Temp averaged over orbit
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Swarm C model

Modelling period:

16-Jun-2014 01:38:17 (2014-167)
~4000h
to

03-Dec-2015 21:48:27 (2015-337 )
~17000h

Danmarks Tekniske Universitet

T0Z9
T03Z2

T0Z9
T03Z2

To29
T03Z

Constant

T CHU A
- T _CHU A
= T CHU A

Constant

T CHU B
- T CHU B
- T CHU B

Constant

T CHU C
- T CHU C
- T CHU C

Swarm C Fixed Frame Type=16

alpha

.97502e-01
.37921e-02
.50021e-02
.28406e-02

alpha

.10868e+01
.87206e-01
LA7234e-01
.10732e+00

alpha

.09210e+00
.86517e-02
.69351e-02
L45442e-02

beta
-5.85854e-01
5.27412e-02
7.3544Ge-02
-4 _.2019%e-02

beta
3.34004e+00
—-3.08247e-01
1.68646e-02
—-2.25563e-01

beta
-7.38447e-01
5.31523e-02
3.84G22e-02
-4 .36648e-02

Jgama
-2.43077e+00
-4.39993e-02

5.29397e-01
-1.2855%e+00

Jgama
3.39132e-02
-2.03671e-01
1.37838e+00
-2.0572%e+00

gama
-2.43118e+00
6.91483e-01
-7.402%3e-01
2.46625e+00

i
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"Correction effects Swarm A IBAs

90.64°

IBA["], mean

90.45°

IBA ["], mean

90.07°

IBA ["], mean

SwarmA IBA pair1

H \"vws"v“’g .

ed, rms= 6058 rms(smooth)=3.9043
Temperalture co cted, rms=5.0842, rrlns{smooth)=2AUQS4

| =
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Time
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Temperature corrected, rms—5 2264, rr?'ls(smooth)— .0183

2014-01 2015-01 2016-01 2017 01 2018-01
Time

SwarmA IBA pair3

G =14.8678, rms(smooth)=14.1927
berratlon corrected, rms=4.4563, rms(smooth)=2.5947
Temperalture corrected, rms=4.2468, n‘lns(smoo‘(h) =2.2162
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Time
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"Correction effects Swarm B IBAs =

SwarmB IBA pair1

% 30
o 20
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I 10
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-Z' -20 . " Ms=6.1343, rms(sm
m =
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o 20
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11 10 [ gl N0 e
C
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Time
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o 20
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éorrectlon effects Swarm C IBAs =

SwarmC IBA pair1
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Conclusion

e HASC and its baffle system performs as designed

e IBA variation correlates with temperature gradients measured on the OB
— Correction model for the thermo-elastic instability is constructed

e Long term application outside model interval show excellent agreement

e Analysis shows that IBA variation is not caused by the instrument, but is fully
thermally driven

e The root cause - thermal variation between the OB and the radiator through
thermal straps.

— Majority (~80%) of the thermal variation is in the direction of the heat
dump cable (from CHU and radiators)

- ~20% from the other thermal gradients across the cube
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Temperature

THTO0032
THTO0060
THTO0090

" THT00029

THT00057
THT00087
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Star Tracker (STR): -
Availability

A Star Tracker must deliver 8 o600 |
valid updates when viewing S oo [ g 00004
nominal star fields, and S élZEE
exhibit graceful degradation g 1200 E 0600
when entering star fields with  § wow g 000y
. . o 18:00 £ 18 :
e.g. bright objects. £ 1200 |2 sl
Y 06:00 {57 g 12004 :
E 00:00 {22 F 0600 360
. g 1800 5 0000
The Swarm STR system is S .
designed to optimize attitude s 0_4;9; s
availability for the AOCS Dec. [ i RA.L1 De. [ i RA.[]
system also during times Validity percentage: 99.97% Validity percentage: 97.90%
with the Sun and Moon
entering the FoV of one of # Valid CHUs | Counts | Percent # Valid CHUs | Counts | Percent
0 0| 0.0000% 0 0 | 0.0000%
the sensors. 1 T 0.0004% 1 R0 | 0.0423%
2 80258 | 31.3822% 2 62567 | 33.0724%
3 175485 | 68.6174% 3 126535 | 66.8853%

2-3 days of orbits showing a 50% phase Moon passage
(left) and a 80% phase Moon passage (right). BBO
flagged solutions are marked in black.
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Star Tracker (STR): -

Availability of 2 or 3 sensor solutions

Swarm A Moon Position in CHU-B Phase: 40-60% Swarm A Sun Position in CHU-A

A Star Tracker measurement
accuracy is best across the
boresight direction. The Swarm
STR is using three sensors to
eliminate the higher
measurement error about the
boresight by combining the
measurement from 2 or 3

CHU Y-axis [deg]

SENSors.
' “s0 40 a0 20 ;:U)(ranm [m;;] 20 30 40 50 S0 A0 S0 20 é:ux_gx[s[d;; 80 a0 80
o Inflight performance of the Operations vs Moon: Baffle performance vs Sun:
sensor baffle systems are Position of 40-60% Moon in Position of Sun ip Swarm .A
; Swarm A CHU-B, Valid CHU-A, Valid attitudes, with
better than desighed attitudes, with BBO flag(red), BBO flag(red), 184 days data
184 days data (2015-121 -> (2015-121 -> 304)
) 304) Moon (50%0)
o Inflight performance towards Q

Ue

a 50% Moon show full
resilience
l’
Demonstrating that 2 or 3 O CHUA T\ ‘ O
sensor solutions are granted, sun Moon (100%6)

with excellent margins, for the
Baffle performance:

planned mission profile. Swarm in orbit Swarm Sun Exclusion

Danmarks Tekniske Universitet
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Effect of the moon phase on the SWARM
ASC observation validity

o
o

100 - —— - |
80 &
3
= 60
2 40 N
g Swarm Alpha
20 Swarm Bravo i
Swarm Charlie
0 Mean 1
1 1 1 1 1 I 1 1 I
0 10 20 30 40 50 60 70 80 90 100

Moon Phase (Moon - Sun angle) [%]

10
6 * T T T T T T T
5 Swarm Alpha | |
. - Swarm Bravo
2 4 Swarm Charlie | |
E Total
-
23 i
o
Eab ]
ey = '//’\‘ e e o — e
v i
0 | | | 1 | | | 1 |
0 10 20 30 40 50 60 70 80 90 100

Moon Phase (Moon - Sun angle) [%]
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Star Tracker (STR): -

Swarm A IBA vs tempAB averaged over orbit
‘Swaem 4 [BA pair 1 {dy averapes) 80.6435 T i

| AberrIion somecied B4 pair 1 [CHU A - CHU B)

g [ - | 90643

N '

o 00,6425 1BA = +00.643161°+0.4478"/degC * T
O et et BT 3 e AR EY BT 2T 90642

Swam

Accuracy of the Swarm STR Froon Tl TITrEy -
system is best evaluated by B N AV AYAVA AV
comparing the attitude =

measurement of one sensor YAV AVAVAVAVAV. Y S

to the combined attitude o o :
from the other two. Stability of optical cube: Deep anomaly investigation...

The sensor platform stability e | ——— -
may thus be determined ~ :

nnnnn

from the angles between the .
sensor boresight, and by E”]jjji' I
observing these angles as a AR R o
function of time and 1l 0 S ) I O B i

§0638 G084 G068 06H 90646
164 {dsg)

Tere [hotrs] since 2014-08-30 B0.00.00 UTC. sea]

‘Time Ihours] since 2014-08-30.00.00:00 UTC

temperatures

Stability of optical cube diurnal: Right, 3-CHU Z-axis stability. Middle, IBA
CHUA vs CHUB. Left IBA AB histogram. 1.2 3 Euler

Si m i Ia rly the measu rement 5 f3%arm A refative to merged Chu Euler Angles (1,2,3) (Chu A vs merged, ex diumal variation) rOtatiOh

noise and error spectrum AW 5 o5
may b_e derlved_ from the Performance of the L e =
deviation of a single sensor individual CHU: B AETID
solution from the triple CHU-A compared to SLLLL LG L ,
. the merged solution. o , ‘ = 2.29
sensor solution. " : & e J 2
RLLTTCTTT T TR
Danmarks Tekniske Universitet o ] 46.40”

Time [hours] since 2014-08-30 00:00:00 UTC
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Star Tracker (STR):

Sporadic triggering of BBO: N
BBO flag Swarm A, CHU A, 2013 13 Dec. £

14:55:10 UT, BBO time line and * 5

acquired image e e ww
A Star Tracker attitude Tvaia o e mm
measurement may be disturbed, o [[l[]] | I
if a bright object enters the FoV. Time
Therefore, the Swarm STR has
implemented a flag that alerts Central Moon passage: Swarm  © |
the user if an unexpected bright A, CHU C, 2013 14 Dec. 89% CRrwm W wE W wEn
object enters the FoV, or has Moon .
dubbed the Big Bright Object or |
BBO flag. Fos
Since launch, the STR systems [ —— —

on all three Swarm satellites

have experienced unexpected
triggering of the BBO flags at
certain times.

Images acquired at these times
have revealed unexpected
objects orbiting close to the
Swarm constellation.

Zoomed view

Danmarks Tekniske Universitet
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Star Tracker (STR):

BBO flag
Month Count Month Count

2013 - Dec 4 2015 - Nov 0
2014 - Jan 1 2015 - Dec 0
2014 - Feb 0 2016 - Jan 0
2014 - Mar 0 2016 - Feb 0
2014 - Apr 1 2016 - Mar 0
2014 - May 1 2016 - Apr 0
2014 - June 0 2016 — May 0
2014 - July 0 2016 — Jun 0
2014 - Aug 0 2016 — Jul 0
2014 - Sep 0 2016 — Aug 0
2014 - Oct 0 2016 — Sep 0
2014 - Nov 1 2016 - Oct 0
2014 - Dec 0 2016 — Nov 0
2015 - Jan 0 2016 — Dec 0
2015 - Feb 0 2017 — Jan 0
2015 - Mar 0 2017 — Feb 0
2015 - Apr 0 2017 — Mar 0
2015 - May 0 2017 — Apr 0
2015 - Jun 0

2015 - July 1

2015 - Aug 0

2015 - Sep 0

2015 - Oct 0

Danmarks Tekniske Universitet
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Star Tracker (STR):
Thermal stability
Data 2014/01/01 to 2016/10/31

Star Trackers thermal stability is s a
a significant parameter for
performance, and thorough

amﬁﬁﬁ&ﬂfhﬁﬁfﬁﬁfﬂ
thermal design in form of Optical
bench, heat pipes, radiator and , VVWM)\M
baffle finished has been :

implemented.

CHU A

(ﬂ U \l m Ul

Tempemlure["@]

|
M N
&

Plots to the right show the CCD
temperature evolution for the three
CHUs:

Temperatre 'C]

e In-orbital variation

CHIW A

CcHU B

CHU <
)

UTC Time ending at 01 May 2017

e Long term temperature
stability

ACHU ™ Tenmper

e Long term temperature
gradient between CHus

AfTempl )

CHU B - CHIL A
— CHR O - T A

CHU O - CHIWL B

Danmarks Tekniske Universitet 4% Jan Z0u5 dan

201 5-an 20U 7 Ran
UTC Tame cnding at 00 -May- 2040 7
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Star Tracker (STR): | -
Instrument Aging

e The only relevant instrument aging effect is
hotspot accumulation on the CCD.

e In order to keep track of this effect,
uncompressed images are downloaded from
each of the CHUs at monthly basis.

e The hotspot count is defined as the number of
image hotspots with intensities peaking above
20 digital levels relative to the image
background.

e The instrument performance will start
degrading when more than 5000 such hotspots
are present within one image frame.

e Due to the very low operational temperature of

the Swarm CHUs, only a negligible hotspot Example of downloaded image (contrast
accumulation is foreseen over the mission increased to emphasize details)
lifetime.

Images for aging study are captured April 15, 2016

Spacecraft CHU Timestamp of Number of Status
Acquisition [s] hotspots
SWA CHU-A (SW-C001-C2) 514041010
CHU-B (SW-C001-C3) 514050010
CHU-C (SW-C001-C4) 514044010

CHU-A (SW-C001-C8) 514038010
CHU-B (SW-C001-C9) 514043410
CHU-C (SW-C001-C10) 514050010
CHU-A (SW-C001-C5) 514041010
CHU-B (SW-C001-C6) 514050010

514047010

Danmarks Tekniske Universitet
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Applying temperature Correction

e Using CHU (A, B and C) temperatures and Optical Bench (Ty,9 and Ty3,)
temperature

e Omitting days where house keeping or optical bench data is missing

e Concatenate a day before and after for interpolation and smoothing

TchuA(day—l) T029(day—1) T032(day—1)
TchuA (day) T029(day) T03 2(day)
TchuA(day+ 1) T029A(day+ 1) T032(day+ 1)

e Remove outliers in House Keeping Temperatures (T<-35)
e Smooth temperatures with moving average filter of 400 sec width

e Interpolate temperature on attitude times
(Extrapolation: Assign last value for points outside the domain)

Danmarks Tekniske Universitet
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Optical Bench Heater Test on Swarm Alpha =

for ASM-VFM residual investigation

(29.05.2016 - 02.06.2016)

e Two heaters located around the optical bench (OB)
— an operational heater (id 21) mounted on the radiator plate of the

OB,
— a powerful survival heater (id 01) located on the OB interface
bracket.
Time Heater | Set-point [°C] | Comment
2016-05-3007:21:28 21 -15 Heater predominantly on.
2016-05-31 13:03:20 21 -10 Heater not powerful enough to reach the set-point,
i.e. heater constantly on
2016-06-01 12:24:48 21 -33 Nominal setting
2016-06-02 13:17:52 01 -9/-7 Set-point temperature quickly reached (less than 10
minutes), i.e. heater only on occassionally
2016-06-03 06:22:02 01 -4/-2
2016-06-03 14:12:23 01 -30/-28 Nominal setting

Danmarks Tekniske Universitet
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Optical Bench Heater Test on Swarm Alpha =
for ASM-VFM residual investigation
(29.05.2016 - 02.06.2016)

IBA ["], mean=90.64°

=10
2014-Jan

Temp [C°]

Temp [C°]

Swarm A IBA pair 1 (orbital averages)

10 |

V\/W/\/\

Aberration corrected [BA
T

pair 1 (CHU A - CHU B)|

2015-Jan 2016-Jan 201?—Jan 2018—Jan
Swarm A CHU femperatures
10 :
+ CHU A temp
0 CHU B temp |
CHU C temp
y - ¥ = .
0- A I\ -
I L | /] \
_30_\;7‘? 7 \ / \ f
| | |

2014-Jan 2015-Jan 2016-Jan 2017 Jan 2018 Jan
SwarmA optical berjch femperatures
T T T T
+  OBtemp29
+ OB temp 32 d
| | I I
2014-Jan 2015-Jan 2016-Jan 2017-Jan 2018-Jan
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Optical Bench Heater Test on Swarm Alpha =
for ASM-VFM residual investigation
(29.05.2016 - 02.06.2016)

Swarm A CHU temperatures (smoothed, 200sec)
I I ]

10 |

5 . CHU A temp | _|
* CHUBtemp
0 CHU C temp

5 |
10 - _

-15 - =

-20 & =

-25 - —

-30 [~ =

.35 | | | | | | |
2016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05

Swarm A optical bench temperatures (smoothed, 100sec)
T 1 T

10 T T

OB temp 29 | _|
OB temp 32
D — —

5 |
710_ _"_,-4—' ‘/\\f/J'\ N
-15 — —
-20 m ]

.25 |- _

5_

-30

.35 | | | | | | I
2016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05
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Optical Bench Heater Test on Swarm Alpha =
for ASM-VFM residual investigation
(29.05.2016 - 02.06.2016)

SwarmaA IBA pair1
I | ]

90.64°
T
L

N——

©. .. Uncorrected, rms=16.0256, rms(smooth)=15.3228

@  Aberration corrected, rms=5.4698, rms(smooth)=2.9729

@ Temperature corrected, rms=5.0673, rms(smooth)=2.1447 —|
| | | | | | |
016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05

Time [h], TO=O1 -01-2014

\

JBA '], mean
T

% SwarmA IBA pair2

< | I T [

o — _

b 20 |

1 f

c f

3 0

I ©  Uncorrected, rms=16.7785, rms(smooth)=15.613

o @  Aberration corrected, rms=5.3905, rms(smooth)=2.2424

£ -20 @ Temperature corrected, rms=5.3778, rms(smooth)=2.212 —|

% | | t ! ! [

—2016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05
Time [h], TO=O‘I-O1-2014

o SwarmaA IBA pair3

o I | 1 |

o 7 i

b 20

I

c

© R N W W g, U G e A A o e e 4 A A U Ry S S

(ORI St — = 2SITTIT: Zsamates — r——— =

e ©  Uncorrected, rms=14.1218, rms(smooth)=13.494

5 @  Aberration corrected, rms=4.3214, rms(smooth)=2.3717

—-20 — @ Temperature corrected, rms=4.2201, rms(smooth)=2,1828 —|

< ! ! \ ! \ ! |

m

—2016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05

Time [h], T =01-01-2014
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Optical Bench Heater Test on Swarm Alpha =
for ASM-VFM residual investigation
(29.05.2016 - 02.06.2016)

SwarmaA IBA pair1
I | ]

90.64°
T
L

N——

©. .. Uncorrected, rms=16.0256, rms(smooth)=15.3228

@  Aberration corrected, rms=5.4698, rms(smooth)=2.9729

@ Temperature corrected, rms=5.0673, rms(smooth)=2.1447 —|
| | | | | | |
016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05

Time [h], TO=O1 -01-2014

\

JBA '], mean
T

% SwarmA IBA pair2

< | I T [

o — _

b 20 |

1 f

c f

3 0

I ©  Uncorrected, rms=16.7785, rms(smooth)=15.613

o @  Aberration corrected, rms=5.3905, rms(smooth)=2.2424

£ -20 @ Temperature corrected, rms=5.3778, rms(smooth)=2.212 —|

% | | t ! ! [

—2016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05
Time [h], TO=O‘I-O1-2014

o SwarmaA IBA pair3

o I | 1 |

o 7 i

b 20

I

c

© R N W W g, U G e A A o e e 4 A A U Ry S S

(ORI St — = 2SITTIT: Zsamates — r——— =

e ©  Uncorrected, rms=14.1218, rms(smooth)=13.494

5 @  Aberration corrected, rms=4.3214, rms(smooth)=2.3717

—-20 — @ Temperature corrected, rms=4.2201, rms(smooth)=2,1828 —|

< ! ! \ ! \ ! |

m

—2016-05-28 2016-05-29 2016-05-30 2016-05-31 2016-06-01 2016-06-02 2016-06-03 2016-06-04 2016-06-05

Time [h], T =01-01-2014
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Optical Bench Thermistors
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