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Guiseppe (Z %5 Bepi ) Colombo (1920-1984 )
Italy, Applied mathematician
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Mercury Dust Monitor
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Dust flux near Mercury

from Mann et al. 2003
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Calculated micrometeoroid flux near Mercury
(Ishimoto et al. 2001)
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The table of dust detectors

performance
Spacecraft | distance | spinaxis | sensor mass sensitive solid dynamic
range direction | orientation | threshold area angle range
(AU) (deg) 9) (m) (s7)
Helios 1/2 |  0.3-1 N 65134 | 9+10™ 0.012 1.23 10°
Galileo 0.7-5.4 S,E 120 9*10™ 0.1 14 10°
Pioneer9 | 0.75-0.99 N 90 210" | 0.0074 2.9 200
Pioneer 8 | 0.97-1.09 N 90 210" | 0.0094 2.9 200
HEOS 2 1 var. 0 24107 0.01 1.03 10°
Hiten 1 N 90 24107 0.01 15 3+10°
Ulysses 1-5.4 E 85 107" 0.1 14 10°
Pioneer 10 | 1-18 E 180 g10™ 0.26" 2.8 1
Pioneer 11 | 1-10 E 180 6+10° 0.56" 2.8 1




MDM Device
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PZT (EXTVHRF) VY —
(5cm x 5cm x 1mm) x 4 plates

BepiColombo Mercury Dust Monitor ( MDM ) P.16
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flight time:t velocity: v=L/t
charge: g=cV, induced voltage V and capacitance 1pF.
energy: mv2/ 2= gU, acceleration voltage U
mass: m = 2qU / v?






s (5cmx5cm)x4plates of PZT In
the dust accelerator chamber
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View of the impact signal of PZT
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Typical waveform (MPI1-K)

Change with velocity ( lron particles)
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Output Vp (mV)
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Output from different type of
charge sensitive amplifiers
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Vp = 0.19p + 4.57
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&% Rise time vs. velocity of single peaked pulse
High speed impact ( > 8 km/s )
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Local sensitivity of the 5cm sg. PZT

e Qutput voltage of the PZT exited by the same energy
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" Detectable mass and velocity ranges
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Silver Plating White Paint

(a:0.92 ¢ :0. 87) (Hughson Z202: ¢ :0.2 ¢ :0.82)
PZT Element

(1. 2W/mK) ,' e,

CHO THRM!1 (T500)

(2.1W/mK)

Mg Frame

[TTT  (152W/mK)
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Side P ' ‘\B\qKPaig‘/w\ Contact Area
(Hughsor "« 10.92 "

Cable Wire (Co-Axial #26) :E Yo TO be flxed

* How to fix the 4 cables.

T * conne_ctor

‘]\ “// *hole size

MDM-E *cable length (<20cm)
Insulator and heat conductor
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@®PZT Sensor 100 cm?
5cm x 5cm x1 mm, 4Plates

@ Solar Radiation 14 kW/m?
10 x Solar Constant

@® PZT Thermal constant
Surface metal plate (Ag)

@® Mg Frame ( white paint)
«=0.2, €=0.8

@ Thermal conductivity
(W/mK)

PZT: 1.0, Frame: 43.6




Sun:91deg
OBS COM

Sun:91deg
STBY

NOT INCLULDING 20 degC
TEMPERATURE MARGIN

<reverse> <reverse=>
VIIN AN\ VIIIN AV

ENA.T6451 ENA PreAmp&HV 49| 13| 32| 42 6| 25| 41 4| 24
HEP_ELE.T6351 |[HEP=ele e 46 o 27 43 4] 23] 38 o 19
HEP_ION.T6341 “lon_PreAmp&HV 55 9| 34 11| 37| 49 2| 29
MDM_S.T1 DM PZT1 3] 187 ] 199 3] 187 199 3 [ 187
MEA1.T6041 MwAm@Hv ¥l 10| 31] 46 s 27| 43 1| 23
MEA2.T6091 MEA2 Am el 21| 43] 48 7| 30] 47 5] 29
MEFISTO1.T7000 MEFISTO-S1 Boof¥ Housing 54 8| 34| 54 9| 34| so0 3| 29
MEFISTO2.T7000 MEFISTO-S2 Bod¥n Housig 48| 14| 34| 44 o] 29| 43 8| 28
MGFMST.T6007 |[MGF-Mast_CAN-IN1 60| 36| 52| 59| 34| 50| 57| 32| 48
MGFMST.T6011 |[MGF-Mast_CAN-OURS, 71| 28| 59 70| 27| 57| 68| 25| 55
MIA.T6231 MIA CASE 53 o 33EEN 11| 35| 47 2| 27
MSA.T6116 MSA S-CAS N 12| 40 S 7] 36 5] 34
MSASI.T6901 MSASHI_O sl 20| 38| 41 2| 22| 40 1 21
PANT1.T6093 PANT1 BASE-P 52| 11| 35] 50 8| 33| 48 6| 31
PANT2.T6093 PANT2_ @B 54| 17 38 51| 12| 34| 48 9| 31
SCMST.T6047 __|SC-Ma 1 63| 38| 55| 62| 37| 54| 60| 35| 52
SCMST.T6051 _|SC-Ma® CAN-OUT3 73| 31| e61] 73| 30| 61| 7a| 28] 59
SSAS.T1 Spin Sun Aspect Sensor 158 | 57| 148 158 57| 148|158 57 ] 148
SSC.T100 StaraScager -ELE 49| 30| 39| 44| 25 34 42| 23| 33
TANK.T4101 RC, ank 34| 32| 34| 35| 33| 34| 30 28] 29
THR_AX1.T311 |THR-AX1 V-F HEZEFI50 39 5 23] 39 5| 22| 36 1| 19
THR_AX2.T511 |THR-AX2 V-F_EZEFHI59 30 1| 16| 27 2| 13| 26 3| 12
THR_TAN1.T111 |TEMP-TAN1 _1V-F HEEEFHFI500 67 40 58 69 42 60 64 37 55
THR_TAN1.T16 -TAN1 2V-F HEEZEFI5Y 65| 38| 57| 67| 40| 58] 62| 35| 54
THR_TAN2.T1 R-TAN2 _1V-F HEEFHFI5VY 64| 35| 54 61| 32| 51| 59 30] 49

THR_TAN2.T1 THR-TAN2 2V-F  HEZEFITVY




“ High temperature test of PZT
200°C. 25days
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= MDM-S MDM-E total

Mass 149 g 346 ¢ 545 g (10%
margin)

Nominal Power ow 2.2 W

Raw data rate 1 kbit/event

Parameters Values/description Remarks

MDM-S

Type 100 cm? Piezoelectric device (PZT) 5cmx5cmx4

Field of view

2 pai

Resolution: S/C spin

Detection quantities

count, direction, velocity, momentum

Mass sensitivity

Mass x Velocity >~ 1012 kgm/sec

Location

Outside of the side panel ( Middle Prism)

MDM-E

Time resolution

40 MHz A/D, ~ 10"/ sec

size 160 x 80 x 40 mm, 346 g
Location inside the spacecraft, near to PZT sensor
Raw data 1 kbit/event, ~ 100 event/day ( 0.1 B/day )
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