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1 INTRODUCTION

Earth's magnetosphere, as natural resonator for many types of electromagnetic waves, is
a place where electromagnetic waves efficiently interact with charged energetic particles via
cyclotron resonance. The project RESONANCE is a magnetospheric space exploration
mission dedicated for advanced study of the wave — particle interactions in the Earth's
magnetosphere. The project is conducted by Space Research Institute of Russian Academy of
Sciences (IKI-RAN).

The DOK-M is a scientific space device under development at Institute of
Experimental Physics of Slovak Academy of Sciences, dedicated for charged energetic
particles temporal and energy sampling on board of two of four cooperating RESONANCE
spacecraft. The DOK-M is a joint international scientific space project of IEP-SAS,
Democritus University of Thrace, Greece and Space Research Institute, Moscow.

Figure 1. RESONANCE spacecraft with DOK-M on board (virtual model).



1.2 BASIC SPECIFICATION OF DOK-M

WeIght ..o
Max. dimensions: ........cccovvvverreniieneeniens
Electronic box wall thickness .................
Power consumption: ........c.cccceveeeveeneene
Powering voltage: ........ccocvvvvevvvieivennne
Operating temperature range (technical): ...
Preferable temperature range (electronics):
Preferable temperature range (sensors):
Number of particle Sensors: .........c.ccccceenee.

Sensor 1P

ThiCkNESS: ....cooviiiiiee
Bias voltage: ......ccccoovvevvevicie e
Magnetic filter field intensity ...............
Electron cutoff energy .......cccoeevennnne.

Sensor 2P

ThICKNESS: ..ot
Bias voltage: ......ccccoovvevvevicie e
Magnetic filter field intensity ...............
Electron cutoff energy .......cccccevvenenne.

Sensor 1E

ThICKNESS: ..o
Bias voltage: ......ccccooevvevvevvce e
Mylar/Aluminum foil thickness .........
Hydrogen ion (proton) cutoff energy....
Helium ion (a-particle) cutoff energy....
Oxygen ion cutoff energy ..........ccceeenee.

Sensor 2E

ThiCKNESS: ..o
Bias voltage: ......cccoocovveiiiniiiieee
Mylar/Aluminum foil thickness .........

3.2 kg

212 x 192 x 100 mm

7 mm (aluminium alloy)
35W (at 27 V)
18-34V

-30°C ... +50 °C
0°C...+20°C

-50°C ...-10°C

4, silicon, ion implanted

conical, 10° unobscur., 5° fwhm,
0.0001 cm?.sr

25 mm?

100 pum

50V

thd T

thd keV

conical, 20° unobscur., 8° fwhm,
0.003 cm?.sr

25 mm?

100 um

50 V

thd T

thd keV

conical, 10° unobscur., 5° fwhm,
0.0001 cm?.sr

25 mm?

500 pm

140 V

tbd pm / thd nm

tbd MeV

tbd MeV

tbd MeV

conical, 20° unobscur., 8° fwhm,
0.003 cm?.sr

25 mm?

500 um

140V

tbd um/thd nm



Hydrogen ion (proton) cutoff energy....
Helium ion (a-particle) cutoff energy....
Oxygen ion cutoff energy ..........cccceeenee.

Energy range - ioNnS .......ccocevveneeniveeene.
Energy range - electrons ..........cc.cceevenee.
Number of energy channels: ...............

Time resolution: ...
Registration dead time: ...........cccooeveennenne
Minimal telemetry rate .........ccccceevvieieenns
Average telemetry rate ................

Telemetry rate (max, burst mode): ................
Standard date packet Size: .........cccccerveennne.

Command & Data connector (X32H)
Insulation resistance against instrument box:
Insulation common mode voltage:

Housekeeping information: ...............ccc....
Debugging-monitoring interface ................

Power interface (X31H connector)
Insulation resistance against instrument box:
Insulation common mode voltage:
Grounding stud

Technological connector (XT)

Surface treatment of the electronic box
Electronic box o/e

Surface treatment of the sensors
Sensor and sensor platform o/e

tbhd MeV
thd MeV
tbhd MeV

20keV - 4 MeV

20keV - 350 keV

16, 32, 64, 128 (set by command)

100 ms, 200ms, 500ms, 1s, 2s, 5s, 10s
4 ps

48 bps

1000 bps

26000 bps

2032 bytes

RS422, 125000 bps, 8E1, insulated
RS422, 125000 bps, 8E1, insulated
RS-10, (Rx/Tx-main, Rx/Tx-redu., 0TM)
> 20 MQ (at 25°C, 50% rel. humidity)

> 200 V (at 25°C, 50% rel. humidity)

temperatures (-55°C...+80°C), internal
voltages, digital status byte
RS232, 115200 bps, 8N1, not insulated

RS-7, (+27V, 27V _ret)

> 20 MQ (at 25°C, 50% rel. humidity)
> 200 V (at 25°C, 50% rel. humidity)
M4 x 12mm, stainless steel

RS-4, (Rx, Tx, Reset, Sig. ground =
Chassis)

IRIDITE 14-2 (conductive chromat)

thd /tbd

ELECTRODAG 502 (black conductive)
0.92/0.90



2 MECHANICAL DESIGN

An overall mechanical design of the DOK-M is illustrated in Fig.2. The DOK-M consists
of 5083-aluminium alloy rectangular box dimensions of 180 x 180 x 45mm, with four
external cylindrical sensors fixed on a thermally insulated platform on the top of the box.

Figure 2. Mechanical design (virtual 3D model).

2.1 ELECTRONIC BOX

The electronic box (EB) is made from 7 mm-thick 5083-aluminium alloy plates, the
surface finishing is performed by IRIDITE 14-2 process (yellow, electrically conductive
chromating). All the mechanical components are fixed each other by stainless steel screws
(DIN912/A4 specification). The box is fixed to dedicated spacecraft platform by the four lugs
with M5 screws. The box is supposed to be in good thermal contact with the temperature
controlled spacecraft platform and fully covered by a multilayer thermal insulation (MLI).

2.2 SENSOR PLATFORM

The sensor platform (SP) is made from 5083-aluminium alloy and provides mechanical,
electrical-grounding and thermal interface between the sensors and the electronic box. The
SP is mechanically fixed to the EB by six cylindrical insulators made from high-performance
plastic material PEEK 450G and stainless steel screws M3/DIN912/A4. The SP is thermally
insulated against the electronic box with MLI pillow that covers entire EB, but the SP and
sensors are above the MLI and so that radiating the heat into the space background. The
surface treatment of the SP is provided by space qualified conductive black paint
ELECTRODAG-502.



2.3 SENSORS

The sensors have cylindrical bodies fixed by dedicated flanges to the SP. Each sensor
contains a solid state semiconductor detector that is connected by double-shielded coaxial
cable to the EB.

The ion sensors 1P and 2P are equipped with a permanent magnet deflection filter that
prevents the electrons from entering the detector. The filter is consists from a neodymium
magnets and iron yoke and provides magnetic field intensity of 0,3 T in the middle of the
collimator. The cutoff energy for electrons is thd keV. The geometry factor is 0,0001 cm?sr
for 1P and 0,003 cm®sr for 2P.

The electron sensors 1E and 2E are equipped with aluminium-metalized polyester foil filter
that prevents the ions from entering the detector. The cutoff energies are tbd keV for
Hydrogen (proton), thd keV for Helium (a-particle) and tbd MeV for Oxygen ions. The
geometry factor is 0,0001 cm?sr for 1E and 0,003 cm?sr for 2E.

The surface treatment of the sensors is provided by conductive black paint
ELECTRODAG-502. The sensors are equipped with red-color dust covers that must be
removed before the flight.

2.4 MECHANICAL CONTROL DRAWINGS
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Figure 3. Mechanical control drawing — top view.
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Figure 4. Mechanical control drawing — back view.
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Figure 5. Mechanical control drawing — side view.




Figure 6. Mechanical control drawing — isometric view.

3 STRUCTURAL THERMAL MODEL DOK-M/STM

The STM provides the same mechanical a thermal properties as the flight model.

Figure 7. The Structural Thermal Model of DOK-M.
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Figure 8. Internal structure with Dummy mass and Dummy power dissipation elements.

The STM electronic box is built from the same aluminium-alloy parts as the flight model,
however, the internal details are not provided and the electronic boards are simulated. The
mass of the electronic boards is simulated by aluminium dummy-mass plates fixed to the
bottom plate. The power dissipation is simulated by two power resistors in serial that are
thermally coupled to the bottom plate (100 Ohm, 1,5 W dissipation) and to top plate of the
box (120 Ohm, 1,8 W dissipation). The internal structure of the STM is shown by a
photograph in Figure 8. The STM sensor platform (SP) is thermally insulated against the
electronic box (EB) the same way as designed for FM, i.e. with 6 thermal insulators made of
PEEK 450G high performance plastic and M3 x 20 stainless steel screws.

The sensors and platform are painted by ELECTRODAG 502 electrically conductive
black paint.

4 ELECTRICAL DESIGN

4.1 FUNCTIONAL BLOCK DIAGRAM

Functional diagram of the DOK-M is illustrated in Fig. 9. DOK-M incorporates 4 sensors
and four identical analog preprocessing channels. The charged particle that penetrates to the
detector, produces charge amount (electron-hole pairs) proportional to the energy deposited
in detector active (depleted) volume. The free charge is drained and converted to voltage
pulse in the Charge Sensitive Amplifier (CSA) type of Cremat CR110. Its sensitivity is
1,4V/pC, providing 62 mV/ MeV energy-to-voltage conversion ratio for silicon detector. The
CSA output voltage pulse is then amplified by a wideband Pulse Amplifier (PA) with gain
approx. G = 4. The signal is then shaped and amplified with Gaussian type shaping amplifier
type of Cremat CR200-250 with shaping time constant of 250ns and gain G = 10. The total
conversion gain of the complete analog preprocessing channel is 2,5 VV/MeV. This value is
subject of an exact physical calibration with real energetic particles from radioisotope source
or from particle accelerator.

11



The output of the analog preprocessing channel is supplied to the Peak Hold Detector
(PHD) that provides time extension of the peak amplitude until it is sampled by the Analog to
Digital Converter (ADC) of DPU. The PHD is reset immediately after the sampling and is
ready to record another pulse. The registration dead time 4 ps is derived from the DAC
sampling frequency. The particle events are sorted by the energy to dedicated bins in the
DPU memory, the basic accumulation time is 100ms and raw amplitude resolution is 128
levels (in linear distribution) and is identical with 128-channel amplitude analysis operational
mode. The lower number of energy channels in telemetry saving modes is provided by
summation of respective adjacent energy channels. This can be done individually for each
sensor. The longer accumulation times in slower operational modes of individual sensors are
always a multiple of the 100ms basic interval (i.e. 100ms, 200ms, 500ms, 1s, 2s, 5s, 105s).

The accumulated data are transferred to the telemetry system according to spacecraft
standard communication protocol (2032 bytes of data per packet).

BIAS l F
XT
CSA LPA SPA ’ X N ~
PHD [— < EX " IIF [&——RX
DR RS232 & Reset
HK1 +——GND
RESET PLLS
L .
FOIL 4_.1 100¢
BIAS TRIG — _‘|_1 X32H|
CSA  LPA SPA DPU [*&x };; 4 CMD-M
PHD |—» “ 3¢ +><CMD-R
1000
BOX ? reser = 3¢ > DATA-M
» |3 > 3><_ DATAR
BIAS TRIG v 0TM
D CSA LPA SPA L ig AUX
DET2E | ] D D SHD R +3.3V (L: | |pepe GROUND
Yy E— STUD
RESET I
' — X31H
FOIL BIAS « || +27V-M
—TRIG,, ¢ 7.2V ')g 51 : +9TV.R
. 3 I % 27V
DET 2P . -
PHD » ‘_GB_l*Jﬁ)i || :I:_z7v

F reser L VAN oope [

INSTRUMENT BOX

MAGNET

Figure 9. Functional block diagram.

4.2 POWER INTERFACE AND POWER DISTRIBUTION

The power interface to the spacecraft power system is located on X31H connector (RS-7
type). The interface consists of multi-stage EMI filter, an active inrush current control and
insulated DCDC converters. The converters are running at frequency 200kHz in flyback
operation mode with current mode pulse-width modulation. Acceptable input voltage is in the

12



range 18-34V, total efficiency is about 80%. The power distribution (PD) voltages are as

follows:

o +5V for the digital electronics powering

o +7V for the analog electronics powering

o -7V for the analog electronics powering

e +2.50V aprecision bandgap reference voltage
e +140V detectors bias voltage

CONNECTOR LL/ 10n
X31H -T-
SB160 —_—22n
+27V(1) ’l 10n
+ —
SB160
L27V(2) ” 10K
bead 2,2uH
IRFR220NPBF
TNS5158
i L1 ) A
_\6/_ IN5159 quF +|C|'DI1
i A — — 100n
A i <~ ]s
4 ne IN2222 T2 L6 100n
1A — [}JKE\I T3
-27V(6) — {] T1 bead 2, 2uH
27V 1A 1R 68R
| | e | S J_
—=—22n 22n __22n
/77
/77
IC2
10uH 10uH e
10uH Jp2 jz ~ +Vin : +Vout 14 _ _ _ +5V
oo IRENE
100n £2u | 22u
100n 34 Vin 100n
JCE = -Vin : -Vout 16 T T T T + DGND
A4 Traco TEN-3
| _ o - +7V
1 - /
: i Lroonli 1
! —|_ T 8k2
. 163 |I 1 10uH 10uH ! . AGND
10uH JP3 ::2,, = +Vin | <Vout 100n| 10ul, v I
_{"Y"Y'Y“\__O —r- +Vin 1 1t
100N 3.1 100n
[ va 16 T TV
= Vin ;| -Vout
Traco TEN-3

Figure 10. Power interface and power distribution.

2,50V

1cs J_D[}n
LMISS E £22u

A detailed electrical scheme of the PD is illustrated in Fig.10. A common-mode EMI filter
is placed immediately by input (PWR) connector. The polarity protection is performed by
Schottky diodes. The inrush current is limited by FET transistors with 10hm sensing resistor.
The converter primary side is galvanically fully insulated from the rest of DOK-M

electronics.
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4.3 COMMAND & DATA INTERFACE

The command and data interface to the SUSPI telemetry system is provided in compliance
with RS422 standard running at 125 kbps bitrate. The interface is located on X32H connector
(RS-10 type) and is dual redundant.

CONNECTOR
VQCZ X32H
. o i Vez| 8 ' i
INSULATION A  BARRIER 2
: 1 |RO ] COMIB (4)
: EME | B :}_':? 4K7 .I
: 3 |oe Al § = 100R
= K=
! .
COMIA (3
Vel ! vee? 4 |o Vo2 o— 1 l ©)
le} o 5 ;
L { ypp1 | vDD2 27 | GND ?\' w
COM1 2 _q_@_q_ 7 | N vaxEss
1 Vee? ;
. q VeC?
DATI 3 } } L 6 vee| 8 @
~ 1 i RO
J__4 GNDI | e |2 —
i 2 |RE B| 7 DATI1B (2)
ADuM1201] & =
| 3 |oe al g — DATIA (1)
i B =+
: 4 |o 0TM (5
veet I vee? - | aols
(I’_l- +Vin ~Vout S _t&
. MAX485
£ | com
— Vin vee| 8 '

J__ Vout ] . Wi
RO .
TMAD50551 1 <]_|: COM2B (8)
' 2 [RET B| 7 4K7
DE

Al g = IDUR[]
Vel | vee? - <
DI COM2A (7
]J—l VDD1 : VDD2 3 T = vec2o—{ 1 @
2

= | 5

) “‘ : MAX485 - _§|7 "
DB

¥}

COM2

DAT2 3

Damm 3 | 6 vee2 vee?
4 oot | aoe |2 1 |ro i et
I ! ?7 —
ADuM1201! S 7= o] 7 DAT2B (10)
1 ™ =
3 |oe Al s — DAT2A ()
100F 4 | 0TM (6)
5
INTERNAL  INTERFACE | - Q7
GROUND GROUND MAXASS RS-10

(BOX)  (INSULATED)
Figure 11. Command and data interface.

4.4 TECHNOLOGICAL INTERFACE

The technological interface is provided in compliance with RS232 standard running at
115,2 kbps bit rate. The interface is galvanically connected to instrument internal electronics
(ground GND is connected to instrument box - chassis). The technological interface is
available on XT connector (RS-4 type) and is devoted for connection to Ground Support
Equipment (GSE-DOK-M) for software development and monitoring activities. In this
configuration, pin 3 of the XT connector serves for DPU reset. The technological interface
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can also be directly connected to serial port RS232 of standard personal computer (at 115200
bps). The XT connector is blinded for flight with a metallic cover.
(]

16 100nF VCCL (V)
vee — )
P Cls
) ,
Cl4 | ve |2
L __I-cs
3 C17 ==
10oar —- c1. _
4 ) i [ 100nF | 10uF
a 2+ V-
C13 |
N 15 Cl6 -
. GND _
umL ©% 100nF CONNECTOR XT
IxD FI [ T10UT b IXD (1)
L 1o T20UT [ SRILAES
: 2 3 SET (3
RxD 12 (R i |ME RESET (3)
RESET 9 rrouT N LS GND (4)
MAX232

J_Imemal Ground, Chassis J_ RS-4
Figure 12. Technological interface.

4.5 INTERFACE CONNECTORS

X31H X32H XT
(RS-7) (RS-10) (RS-4)
1 +27V 1 DAT1A 1 TxD
2 +27V 2 DAT1B 2 RxD
3 - 3 COM1A 3 Reset
4 - 4 COM1B 4 GND
5 - 5 0TM
6 =27V 6 0TM
7 27V 7 COM2A
8 COM2B
9 DAT2A
10 | DAT2B

The instrument has also grounding stud for reliable low-impedance connection of the
electronic box to the spacecraft platform and for grounding of outer shielding of the interface
cables. The stud is provided by stainless steel screw M4 x 12mm.

4.6 FRONT-END ELECTRONICS

The detector is biased from the bias source by high-resistance (10 MQ) resistor and
connected to the input of charge sensitive amplifier CSA (CREMAT CR110) by a coupling
capacitor. To the same point also electrical testing pulses can be injected by a small (2pF)
capacitor. The output signal of the CSA is then amplified by a wideband pulse amplifier PA
type of EL5163. The signal is then shaped-amplified by a Gaussian shaping amplifier SA
(CREMAT CR200-250ns) with shaping constant T = 250ns, providing peaking time 500 ns.
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Total conversion gain of the front end electronics is calibrated to value 2,5 V / MeV
(calibration performed on 60keV gamma-ray peak of Am241 radioisotope).

R103 T
3R

.

c103

R105
ciue ) || | AR |
R101 i 3, 3uf
SMA 10M 100 o 3
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68 GRID ! = =
N a [CR200-2500s
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R100 R115
100R 10K
R109
R104 T30R
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]RHZ
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™

Rtst 13K

—1 TEST
e

Figure 13. Front-end electronics (one of four channels).

4.7 PEAK HOLD DETECTOR

The amplitude of the pulse is detected by a Peak Hold Detector (PHD) based on AD8065
wideband operational amplifier (Fig. 14).

¥

—C?
Cap
InF

e =
I
]

?
es2
10K

TV

Figure 14. Peak Hold Detector.

The detector works in dynamically stable non-feedback operation mode with thermally
compensated pair of Schottky diodes. The pulse amplitude is stored in the 1nF capacitor until
DPU readout. The storage capacitor charge is restored to zero (small negative value) by the
DPU immediately after readout.

4.8 DATA PROCESSING UNIT (DPU)

Detailed electrical scheme of the DPU unit is illustrated in Fig. 15.
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Figure 15. Data Processing Unit.
4.9 HOUSEKEEPING ANALOG CIRCUITRY

The housekeeping analog circuitry provides accommodation of monitored technical
parameters of the DOK-M to the voltage range, suitable for the A/D converter. Voltage range
of the ADC is limited by the reference 2500 mV, so that input voltage range 0 — 2500 mV is

converted to the O - FFpex output code. The housekeeping analog data include following
parameters:

e VB ... made by resistor divider (attenuation coef. = 0,01) from the bias voltage
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e V+ .. made by resistor divider (attenuation = 0,25) from +7 V power. voltage
e V5... made by resistor divider (attenuation =0,25) from +5 V powering voltage
e V-.. made by active inverter (gain = - 0,25) from -7 V powering voltage

e TEMP-E (temperature of electronics)... made by AD590 integrated absolute temperature
sensor with sensing resistor 6800 ohm

e TEMP-D (temperature of detectors) ... made by AD590 integrated absolute temperature
sensor with sensing resistor 6800 ohm.

5 OPERATIONAL DESCRIPTION

The operation of the instrument assumes significant level of flexibility allowing relatively
independent operation of individual sensors with regard to sampling rate, number of energy
channels including complete disable of the sensor. In the interest of this flexibility each sensor
has dedicated its own data frames that may have different occurrence in the instrument data
stream (including no occurrence if respective sensor is disabled). This allows optimal use of
the instrument telemetry quota.

5.1 SAMPLING RATE (Time resolution)

The fastest sampling rate is 10 s* (100ms accumulation time) and all the slower modes are
created as multiple of this time period. Thus eight sampling rates are introduced:

10 Hz (T = 100 ms)

5 Hz (T =200 ms)

2 Hz (T =500 ms)

1Hz (T =1s)

0,5Hz (T=25)

0,2Hz (T =55)

0,1 Hz (T =105s)

0 Hz (T = oo, sensor disabled )

5.2 ENERGY RESOLUTION

The number of energy channels is selectable by command as follows:
16 channels (non-linear threshold distribution)

32 channels (non-linear threshold distribution)

64 channels (non-linear threshold distribution)

128 channels (linear threshold distribution)

5.3 TELEMETRY RATE

Pure data telemetry rate for one individual sensor:

Ch\fs[bps] | 10 Hz 5Hz 2 Hz 1 Hz 05Hz | 0,2Hz | 0,1Hz 0Hz

16 ch 1280 640 256 128 64 25,6 12,8 0
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32ch 2560 1280 512 256 128 51,2 25,6 0

64 ch 5120 2560 1024 512 256 102,4 51,2

128 ch 10240 | 5120 2048 1024 512 204,8 102,4

5.4 STANDARD DATA FRAME

Mk1, Mk2, Mk3, Mk4 Marker 'DOKM' in ascii code

Fl Frame Identifier - sensor index or housekeeping

OBT1, OBT2, OBT3, OBT4, OBT5 | Onboard time - related to beginning of measurement

FM Frame Mode - number of energy channels and
sampling frequency

Chi, Ch2, Ch3,..., ChM channel counts - compressed by semilog. algorithm

CHCKSM checksum

FI (Frame Identifier)

Sensor 1P Sensor 2P Sensor 1E Sensor 2E Housekeeping

31h (1) 32h (2) 33h (3) 34h (4) 48h (H)

FM (XY) - one byte, X=four most significant bits, Y= four least sig. bits

X 1h 2h 3h 4h
Number of Channels 16 32 64 128
Y 1h 2h 3h 4h 5h 6h 7h
Frequency 0,1 Hz 02Hz | 05Hz | 1Hz 2 Hz 5 Hz 10 Hz

5.5 CHANNEL COUNT DECODING

Channel count is compressed by standard quasi-logarithmic compression with 4 bits for
mantissa and 4 bits for the exponent. Decompression of the data can be performed by the
following formula:

N= M (if E=0)
N= (M +16).2E" (if E>0)

Where E is represented by four most significant bits and M is represented by four less
significant bits of respective data byte.

5.6 HOUSEKEEPING DATA FRAME

Mk1 Marker 1 44h ('D") Constant
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Mk2 Marker 2 4Fh ('O Constant
Mk3 Marker 3 4Bh ('K") Constant
Mk4 Marker 4 4Dh ('M") Constant
FI Frame Identifier 48h ('H") Constant
OBT1 Onboard time TBD TBD
OBT2 Onboard time TBD TBD
OBT3 Onboard time TBD TBD
OBT4 Onboard time TBD TBD
OBT5 Onboard time TBD TBD
HK1 Voltage V5 0.0229 * val (HK1) \%

Hk2 Voltage V5cpu 0.0229 * val (HK2) \Y

HK3 Voltage V3cpu 0.0715 * val (HK3) \Y/

HK4 Voltage Vbias 0.283 * val (HK4) \Y

HK5 Voltage V+ 0.034 * val (HK5) \

HK6 Voltage V- -0.034 * val (HK®6) \Y/

HK7 Currrent of CPU Icpu 1.481 * val (HK7) mA
HK8 Temperature electr. | Te 1.37 * val (HK8) — 275 °C

HK9 Temperature sensors | Ts TBD °C
HK10 Temperature Tcpu val (HK10) - 128 °C
HK11 Threshold 1P ThiP TBD * val (HK8) keV
HK12 Threshold 2P Th2P TBD * val (HK9) keV
HK13 Threshold 1E ThlE TBD * val (HK10) keV
HK14 Threshold 2E Th2E TBD * val (HK11) keV
HK15 FM1P operation mode of 1P

HK16 FM2P operation mode of 2P

HK17 FM1E operation mode of 1E

HK18 FM2E operation mode of 2E

HK19 FMHK operation mode of HK

HK20 Status Thd (after reset bit)

HK21 STG Selftest generator ststus

HK22 Res

HK23 CHCKSM
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5.7 TELECOMMANDS

Two-byte telecommands (CMD1, CMD?2) are used.

CMD1-asc CMD1lhex | CMD?2 Action
1 31 FM Set operational mode for 1P
2 32 FM Set operational mode for 2P
3 88 FM Set operational mode for 1E
4 34 FM Set operational mode for 2E
H 48 SEC Set period of HK issue in seconds
A 41 ThrlP Set energy threshold for sensor 1P
B 42 Thr2P Set energy threshold for sensor 2P
C 43 ThrlE Set energy threshold for sensor 1E
D 44 Thr2E Set energy threshold for sensor 2E
S 53 NN Start Automated Selftest nr. NN (TBD)
G 47 SAF Set test generator (Bit7-Bit6 =sensor,
Bit5-Bit3=ampl., Bit2-Bit0=freq.)
F 46 00 Save configuration to EEPROM
L 4C 00 Load default configuration
T 54 00 Start Time mode
h 68 00 Send forced HK
R 52 00 Reboot
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6 GROUND SUPPORT EQUIPMENT GSE-DOK-M

Ground support equipment GSE-DOK-M provides simulation of the spacecraft power
distribution system and the SUSPI command-data telemetry system. The GSE requires
external power supply (27 V power adapter or laboratory regulated source), and control PC
computer with the USB port and the DOKM.EXE control software installed.
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Figure 16. GSE — physical RS422 interface and cables to DOK-M.
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Figure 18. Ground Support Equipment of DOK-M (without external power supply.

The external power source (adapter) provides powering of the DOK-M, while the GSE
itself is powered from USB port of standard PC. However, the GSE is able to control the
power for DOK-M, i.e. ON/OFF control and voltage-current monitoring.

7 ENGINEERING MODEL DOK-M/EM

The engineering model (EM) was constructed to represent mechanical configuration and
electrical interfaces with regard to their basic functionality.

The power interface is very close to expected flight model (FM) performance with power
consumption, electromagnetic interference (EMI) performance, inrush current characteristic,
etc.

The data-command interface (dual redundant RS422) and embedded software simulates the
expected FM performance with regard to particle registration, science data formatting and
transferring to the SUSPI telemetry by agreed communication protocol. Also the
housekeeping information is collected, formatted and transferred the same way as is expected
for FM. The command receiving and processing is the same as expected for FM.

The EM software functionality is in compliance with the description in Chapter 5.

The EM is equipped with the DPU board only, the particle sensors and front-end electronic
board are only simulated.
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Figure 20. DOK-M / EM (engineering model) - rear panel view.
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8 AUTONOMOUS TESTING

The autonomous testing allows on-desk verification of the instrument functionality apart of
the spacecraft power and telemetry system. The testing configuration is in Figure 19.

POWER
~220V SUPPLY

@) - |X31H
v

GSE « DOK-M
DOK-M = L [xsz+

t
IUgB|
PC

DOK-M.EXE

RS232 )| XT

Figure 19. Autonomous test configuration.

The DOK-M is connected to GSE with dedicated shielded cable (DSUB-15 to RS-7 and
RS-10) with the shield grounding leads. The external power supply for DOK-M is connected
to GSE with standard 6,3/2.1mm jack connector (plus pole on central contact). The GSE is
connected to control PC with standard USB cable. The technological connector XT of DOK-
M can be connected with GSE with dedicated cable (3,5mm-four pole jack to RS-4), however,
this connection is reserved for software development and debugging only.

8.1. SOFTWARE INSTALLATION

Software doesn't require any special installation, just the DOK-M.EXE software needs to
be copied to dedicated folder together with all associated files (supplied in DOK-M.ZIP file).
For communication via USB port (FTDI-chip technology), the PC computer needs installed
FTDI-chip drivers (this is already included in Windows 7 operating system). The drivers are
normally installed/activated automatically on first connection of the GSE to the PC, the
confirming message is USB-QUAD SERIAL CONVERTER installed. In the case of
problems with other operating systems, the driver can be installed from the FTDI-chip
website http://www.ftdichip.com/FTDrivers.htm. The quad serial converter has all four serial
channels occupied as follows:

Channel 1 = Link 1 (RS422 operating at 125 kbps), main GSE-DOK communication link
26



http://www.ftdichip.com/FTDrivers.htm�

Channel 2 = Link 2 (RS422 operating at 125 kbps), redundant GSE-DOK comm. link
Channel 3 = Technological link to XT connector (RS232 operating at 115,2 kbps)
Channel 4 = Power on-off control, voltage-current monitor (serial at 115,2 kbps)

8.2 RUNNING THE TEST

After loading the DOK-M.EXE software the main window "DOK-M Control center"
appears:

_iol x|
FlGEE ] [DOKM]
Powser |
Start 1+ Link1

= Link2

~[Fle]|———— [Packet]
IDDKM-2D1 30510 .dat Qo

=) <] <] gote] > |

[ Loa M Cmd ¥ Packet v Data ¥ HE

{ip
=1
o=
NN P
—
(Wl NN
—
ey [l
==
D

[ Wi ]

Figure 20. The main window DOK-M Control Centre.

The Control center allows DOK-M power ON/OFF control by the POWER button. While
the DOK-M is powered, the green lamp is ON and three green displays indicate powering
voltage [V], the current [mA] and the power [W] consumed by DOK. The RS422
communication link (Link 1, Link 2) can be selected by respective checkbox. The overall
communication between GSE and DOK is controlled by START and STOP buttons. When
communication starts, GSE is recording all received data to the file DOKM-YYYY-MM-
DD.dat. It means that all the data are recorded to the same file in the current day (next day a
new file will be created). The DOK-M.EXE software also serves as an off-line viewer for all
the recorded data. The check boxes in the bottom line of the Control center allow to display
following windows.

LOG - shows general log of performed on-line activities, the quantity of details depends
on the level preset from 0 to 5 (the higher level, the more details). The activity is recorded to
DOK-M. LOG file. LOG serves for diagnostics and debugging only. At normal condition,
only level 1 should be displayed/recorded (error messages). The figure below shows details at
top (5) level.
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x

2013-05-10 13:35:29.718 Send packet: AS 03 00 00 8B A3 ;l
2013-05-10 13:35:29.735 Packet received: BS 00 00 00 52 88
2013-05-10 13:35:29.746 Received packet CRC OK
2013-05-10 13:35:25.811 Sending packet 'zapros statusa’
2013-05-10 13:35:29.822 Send packet: A5 03 00 00 8B A3
2013-05-10 13:35:29.831 Packet received: BS 00 00 00 52 88
2013-05-10 13:35:29.838 Received packet CRC DK

201 3-05-10 13:35:29.923 Sending packet kod vremeni'
2013-05-10 13:35:29.931 Send packet: A5 01 00 05 51 8C F7 A1
2013-05-10 13:35:29.540 Sending packet ‘zapros statusa’
2013-05-10 13:35:29.949 Send packet: A5 03 00 00 8B &3
2013-05-10 13:35:29.975 Packet received: BS 00 00 00 52 82
2013-05-10 13:35:29.983 Received packet CRC DK
2013-05-10 13:35:30.031 Sending packet 'zapros statusa’
2013-05-10 13:35:30.037 Send packet: A5 03 00 00 8B &3
2013-05-10 13:35:30.055 Packet received: BS 00 00 00 52 88
2013-05-10 13:35:30.061 Received packet CRC DK
2013-05-10 13:35:30.142 Sending packet 'zapros statusa’
2013-05-10 13:35:30.151 Send packet: AS 03 00 00 8B A3
2013-05-10 13:35:30.167 Packet received: BS 00 00 00 52 88
2013-05-10 13:35:30.175 Received packet CRC OK
2013-05-10 13:35:30.190 Stop

|5 ‘I Clear |

Figure 21. The LOG window.

CMD - allows sending of the commands to DOK according to the list in section 5.7.

| Command

Command Crndl  Crnd2

ISetmode‘IF’ j IT Send |

Cormmand file
| Elowsel Send |
|

Figure 22. The Command window.

The command window also allow to run the command file where respective commands
and their timing is recorded.

PACKET - shows statistics of the current (recorded) packet and its content in hexadecimal
and ASCII form.
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Figure 23. The Packet window.

The statistics indicates how many data frames and how many housekeeping (HK) frames
are included in the packet, the data frames are moreover divided according to respective
sensors 1P, 1E, 2P, 2E. The proper CRC code is confirmed by green indicator, the CRC error

is indicated by red indicator.

DATA - shows content of the science data inside the current packet frame by frame.

1215

<] soo] > |

= HEX " Decompress

Detector

Channels

CHCKSHM

Freq.

OET Date

07 [CH8]
08 [CHT]
0% [CH10]
0A [CH11]
0B [CH1Z]
oC [CH13]
[CH14]
0E [CH1:]
0F [CH1&]
[CH17]
11 [CH12]
12 [CH1%]
13 [CHzZO]
14 [CHZ1]
15 [CHZZ]

(=TT R B R e =
=]
=)

oo Ld D Ry R RX ORI RY RD ORI RS R R
(AU

=

[=]

=l
|

Figure 24. The DATA window.
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The data are displayed in hexadecimal mode and the channels counts also in graphic plot.
In the engineering model (EM) the channel counts are just simulated - generated as a
incremental sequence from 0 to MAX, providing simple ramp function. There is also an
option for displaying the data in decompressed mode (switch by checkbox). The Data window
also shows respective detector, number of energy channels, sampling frequency and onboard
Date and Time. The respective data frames are selected for review by <<, <, Goto, >, >>
buttons. As the OBT format was not known at the time of the DOK-M/EM delivery, there
was provisionally UNIX-like format used (number of seconds from 1st January 1970) for four
most significant bytes while fifth (least significant) byte is counter with 200ms increment.

HK - displays content of all housekeeping frames contained in current packet. The data are
displayed in hexadecimal code as well as in the form decoded according to table in section
5.6.
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Res W
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Figure 25. The Housekeeping Data window.

8.3 POWER CONSUMPTION TEST

The power consumption test can be performed by an external laboratory regulated power
source that is connected to GSE instead of supplied standard 27V power unit by standard
6,3/2.1mm jack connector (plus pole on central contact). There is polarity protection diode
embedded inside the GSE, so there is about 0,6 V voltage drop on this diode. The on-off
switching and voltage-current-power monitoring is provided by the GSE under DOK-M.exe
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software control. The DOK-M consumption values are verified in the voltage range 21V -
33V and at normal condition (25°C) should be in compliance with the following table:

V V] 21 23 25 27 29 31 33
I [mA] 160 149 139 131 125 120 115
P [W] 3,38 3,43 3,49 3,54 3,62 3,72 3,79

(Test was performed with EM at 25°C with external power supply Agilent E3634A).

At normal circumstances, practically no influence should be observed on DOK-M
functionality and Housekeeping parameters over the full voltage range 21 - 33 V.

8.4 INRUSH CURRENT TEST

The inrush current test was performed with the RS-7 breakbox, Tektronix P6042 current
probe and Tektronix TDS3044B oscilloscope. The GSE was connected to external laboratory
power supply with 2200 uF capacitor in parallel to provide low dynamical output impedance.

The power ON-OFF switching was provided by the GSE under DOK-M.EXE control. The
inrush current was recorded at the current scale 200mA/div on two time scales:

e 10ps/div- recording of the short spike due to charging of EMI filter small
capacitances.

e 1ms/div - to record startup of the DCDC converter with active inrush current limiter.

Home: TDS 3044B SPACE (147.213.198.39

W 10.0u5] A Chi o~ —280mV|
12 May 2013
10:53:58

BRI 50.0mv '

iy 24.8000ps

Figure 26. Inrush current (200mA/div) at the time scale 10us/div.
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Figure 27. Inrush current (200mA/div) at the time scale 1ms/div.

8.5 BURN-IN TEST

The EM was tested for reliable operation for extended time at normal temperature (20°C -
25°C for 4000 hours during software development. The burn-in test proved flawless, stabile
start-up and continuous operation over the entire testing time.

8.6 AMBIENT TEMPERATURE TEST

The EM was tested for reliable operation at three temperature cycles between -25°C and
+60°C at normal atmospheric pressure and reduced humidity.
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Figure 28. Ambient temperature test at low extreme -25°C.
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The temperature cycles test proved flawless, stabile start-up and continuous operation
over the tested temperatures. Notable is observed dependence of the consumed power on the
temperature, showing increasing of consumed power from nominal 3,5 W at normal
temperature to 4W at -25°C ambient temperature.
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Figure 29. Ambient temperature test at high extreme +60°C.
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