- The status of the 18 cm RadioAstron receiver

The 18 cm RadioAstron receiver had been produced in compliance with "Memorandum of
Understanding" between Australia (CSIRO) and Russia (ASC FIAN, former IKI) that was
concluded in 1987 year.
As a result engineering model, two flight models (FM1, FM2) and two test sets had been
delivered to the ASC.
Each model has the following parts:

1) low noise amplifier (LNA);

2) receiver box;

3) DC-DC converters produced by Russia.

The engineering model of the receiver had been integrated to the engineering model of the space
radio telescope, and it had passed the radio astronomical test in the Pushchino successfully in
2003.

Flight models were delivered in July, 1994 to the ASC.

Flight model FM1 has the following parts:
1) LNA MY-18, serial number Ne PN 01-0252A, factory number Ne FM1;
2) receiver box KRT-18, serial number Ne PN 17660-01, factory number NeFM-001;
3) DC-DC converters IVEP1 and IVEP2, factory number Ne05.

Flight model FM2 has the following parts:
1) LNA MY-18, serial number Ne PN 01-0252A, factory number NeFM2;
2) Receiver box KRT-18 serial number Ne PN 17660-01, factory number NeFM-002;
3) DC-DC converters IVEP1 and IVEP2 factory number Ne(6.

Manufacture date of the both flight models is April, 1992, operating time is five years.
Manufacture date of the DC-DC converters is June, 1990, operating time is five years.

Testing (short functional test) of the flight models was carrying out every year periodically.

Decision about carrying out of work for prolongation of the operating time was accepted in July
2003. See Appendix 1. Within the bounds of this work we have made a contract with the former
firm for producing new DC-DC converters for 18 cm RadioAstron receivers, and the test
program draw up. See Appendix 2.

The test was carried out in November — December 2004 with beneficial effect.

Decision (See Appendix 3) about prolongation of operating time untill 2007 was made taking
into account following aspects:

the positive results of the test,

no indications of degradation output parameters were found,

life time of the electronic components is more then twenty five years,

calculated safety factor is 0.9987,

according to the point of view of the designers the safety factor is not changed during the
storage period, See Appendix 4,

ASANENENAN



v' at the moment the 18 cm RadioAstron receiver is worked out 4 % of the active functional

time only,
v" new DC-DC converters are produced.

The 18 cm RadioAstron receiver FM1 had been integrated to flight electronic complex of the
RadioAstron in November 2006.

We are planning to repeat the abovementioned test in order to prolong the term of the operating
time up to 2011 year.



Appendix 1

Pemrenue o mpoBeieHNH PadoT MO MPOIJIEHHIO HA3HAYEHHBIX MoKa3aTeeil
NMpUOOPOB HAYYHOT0 KOMILIEKCA
npoekTa «PagnoacTpon»

1. OcHoBaHMe 1151 NPOBeeHUs PadOThI

[Ipoekt «Crnexktp-P» ocymectBisercs B pamkax PenepanbHON KOCMUUECKON POrPaMMBl.

K nacrosmemy BpemeHu s psina jeTHbIX npubdopoB KPT rapaHTuiiHBIN CPOK CITy»KOBI,
yKa3aHHBIH B JOKyMEHTAIlMM Ha MpHOOpHI, 3akoH4YmIcs. HOBBIN cpok 3amycka, oduiuanbHoO
o0bsBierapliin POCABUAKOCMOCowm B 2002 1., - 15 mapta 2006 roxa.

B cBa3u ¢ »tuM rapantum paborocrnocobHocTH JeTHBIX TpubopoB KPT  momkHbI
pacnpocTpaHiaTbCss MHHUMYM 10 cepeaunbl 2009 1. HMcnosib30BaHME TEXHOJIOTHYECKUX
npubopoB KPT ¢ OKOHYMBIIMMUCS CpOKaMM rapaHTHH Ha BCEX BHJaX HA3eMHBIX HCIIBITAaHHUH
onpexaensierca Pemenuem ot 11 utons 1999 rona.

2. lleab padoThl

Ienbto paboTHI SIBIIETCS ONpPENETIEHNE BO3MOKHOCTH MPOAJICHHS CPOKOB CITy>KOBI JIETHBIX
puOOPOB, U3TOTOBJICHHBIX U MocTaBieHHBIX B AKL] ®MAH.

3. Kpatkasi xapakTepucTUKa U31euil

Jlernsie mpubopsl nocie nocraBku B AKLl mponumi BXOJHON KOHTPOJIb M aBTOHOMHBIE
ucneiTanus. [Ipubopsl HaxoAsTCs HAa XPAaHEHWU B YMAKOBOUHBIX SIIMKaX B HOPMaJbHBIX
KJIIMMAaTHYECKUX YCIOBUSIX.

4. 3aKka34uK U UCIOJHUTEJH PadoThI

3akazunkom padoTsr sBisieTcss POCABUAKOCMOC, a ucnionaurenem —AKL| ®HUAH.

5. OcHoBHbBIE dTanbl pA00THI U CPOKU UX MPOBEIEHUS

HaumenoBanue paboT ¥ CpOKU UX MPOBEACHUS npeacTaBieHbl B Tabmuie Ne2.

Taoauma Ne2

NeNe HanmenoBanue paéot Cpoxu ucnosiHeHus *)

1 | Beimyck cXeMbl, ONpeleNsIomen  napamMeTpsl
HaJIeKHOCTH JIEKTPOHHOTO HaydyHOTO KoMIuiekca. | OkTa0pr-aexadps 2003r.
Pacuer BO3MOXHOIO YBETHUYEHHUS] CPOKOB CITYXOBI
pruOOPOB.

2 | COop nmaHHBIX MO OTKa3aM U HewucrnpaBHocTAM *) | Oxta6ps 2003 r.
COOTBETCTBYIOUIMX TEXHOJOTHYECKUX O0pa3loB H




IpOTOTUIIOB.  BrlpaboTka  pekoMeHJanuil 1o
IIPOBEEHUIO0 aBTOHOMHBIX MCIIBITAaHUM.

3 | CocraBnenue IIporpamm aBTOHOMHBIX HcnbiTanuit | Hosiops 2003 r.
JUTSE K&KJI0T0 proopa.

4 | CocraBnenue  KameHaapHoro  IuiaHa-rpaguka | lexkaGps 2003 .
IIPOBEICHUS UCTIBITAHUH.

5 | ABTOHOMHBIE HCIIBITAaHUS TPHOOPOB SAnBapb-mapt 2004 r.
(kmumatndeckue, Mexanudeckue, OMC u n1p.)

AHanu3 COCTOSTHUS TTapaMeTPOB MPUOOPOB
6 Y MIPOTHO3 UX AETpajaluu sl HOATOTOBKU Amnpens 2004 r.
PerieHust o mpoyIeHUU CPOKOB CITY>KObI TPHOOPOB.

7 | Beimyck pemenus o npoasieHuu (WIM HET) CPOKOB Ampers 2004
CITy>KObI IPUOOPOB. P '

*) Ilppumevanus: 1) lox orkazom B padote mpudopa NMOHMMAaeTCsl OTCYTCTBHE WJIH
BBIXO/J 32 Npelebl HOPM CHTHAJIAa, BbI3bIBAIOIIEr0 HEBO3MOKHOCTH €ro
HCNOJb30BAHMSA N0 (PYHKIMOHAIbHOMY HAa3HAYEHHIO.

2) Ilox HeucmpaBHOCTBIO B paboTe MmpuOOpa MOHUMAETCs OTCYTCTBHE
WIIN BBIXOJ 3a TPEJesibl HOPM CHUTHANA, HO HE BBI3BIBAIOIIETO HEBO3MOXXHOCTH
(YHKIIMOHMPOBAHUS IPYTHX MPUOOPOB KOMIUIEKCA.

IIo pe3yjibTaTaM aBTOHOMHBIX HUCHBITAaHUHU HpI/IGOpOB MPOBOAUTCA OLCHKA UX COCTOAHUS U
Ha TOM OCHOBE BhITTyCKaeTcs Pemenne o mpoyieHnu (MM HET) CPOKOB CITy>KObI IpHOOPOB.

6. UcTounuk pyHAHCHPOBAHMSA M OPHMEHTHPOBOYHASI CTOMMOCTH padoT

dunaHcupoBaHUE — OMOKETHOE, 3a cueT cpeactB dDenepanbHON KOCMUYECKON
nporpaMmMmbl POCABMAKOCMOCa no teme «Criektp-Py.

OpueHTUpOBOYHAsI CTOMMOCTH paboT ¢ OKTsOpst 2003 r. mo mapt 2004 r. BKIIFOUUTEITHHO
10 U3JIOKEHHBIM B JJAHHOM peleHrH MepaM coctasiisieT 800 Toic. pyoOmneil.

PaGoTel moO ompenencHUI0 BO3MOXHOCTH TPOJJICHUS CPOKOB CIIYXObI TpHOOpPOB
BKJIKOYUTH B [ OCyAapCTBEHHBIM KOHTPAKT.



Appendix 2.
Test program
1. Functional tests Level 1.
Functional tests has to performed in normal environmental conditions:
v temperature: 20+5°C.
v" humidity: <80%.
v' pressure: 1013+£50 mbar.
1.1 Functional tests —details
1.1.1. Isolation test
1.1.2 Initial operational checks
1.1.3 Check joint test
1.1.4. Check channel compatibility
1.1.5 Check tone injection channel
1.1.6 Check control commands
1.1.7 Check heater protection
1.2 Read P-KRT-18 monitoring channels
1.2.1 Analog total power
1.2.2 Digital total power
1.2.3 Temperatures
1.3 LNA MY-18 bias parameters
1.4 Power supplies output voltage
1.4 Heater power protection
1.5 Read Test Set monitoring channels
1.6 IF total power
1.7 Input currents (27 v supply)
1.8 In-rush currents (27 v supply)
1.9 Measurements of receiver parameters
1.9.1 IF output level
1.9.2 Bandpass of receiver
1.9.3 Receiver stability
1.9.4 Receiver noise temperature using hot/cold method
1.9.5 Calibration of the noise sources
1.9.6 rms noise fluctuations by statistical method
2. Functional tests Level 2 (At 5°C and 40°C ambient temperature; 27 V max and min)

2.1 Read monitoring channels



2.2 Gain stability over 1000 sec period
2.3 Noise sources levels
2.4 Current consumption power supply parameters
3. Electro magnetic compatibility tests
3.1 Permissible emission from 18 cm Radioastron receiver

3.2 Electromagnetic susceptibility levels for 18 cm Radioastron receiver



Appendix 3

Pemenne Ne92-05 ot 11 mapra 2005 1. o
NPOJUICHUU CPOKA CITY>KObI JIETHBIX TPHOOPOB

(mpuemuuka [1-KPT-18 NePMO001, NePM002,
npoekTa "Pagroactpon")

B coorBerctBun ¢ Pemennem Ne58 ot 21.07.03 r. AKLL ®UAH B nepuoa HOSOPb-
nexabpr 2004 r npoBeneHbl paboThl (DTansl 1 U 2) Mo MpoJIEHUIO Ha3HAYEHHBIX MOKa3aTenei
npubopa HayuHoro komiuiekca AKK "Cnekrtp-P" npoexra "Paauoactpon" - neTHbIX Moneneit
npuemauka [I-KPT-18 NePMO001, NePMO002, 1992 roga usrotosnenusi. PaboTsl mpoBOAUINCH B
COOTBETCTBUU ¢ JOKyMeHTOM "[Iporpamma paboT B oOecrieuyeHre MpOJICHUsI CPOKOB CITYKOBI
mTatHbeiX O00pToBBIX TprOopoB KHA" ot 24.05.04 r. Ilo pe3ynbrataM mpoBeACHHBIX PabOT
coctaBiieH "OTYeT MO NMPOBEJCHHUIO MEPONPHUATHI B COOTBETCTBUH C [Iporpammoii pabot mo
MPOJUICHUIO CpOKa CIIyXObl mTaTHbIX OopTOBBIX mpubopoB KHA mpoekrta "Paamoactpon".
OdopMIIeHBI COOTBETCTBYIOIINE MTPOTOKOJIBI.

YuurteiBas 4To:

1) TlomyuyeHbl MONOKUTENbHBIE PE3YIbTAThI HCTIBITAHUH,

2) OTCYTCTBYIOT SIBJICHHS JI€TpaJallii BBIXOJHBIX apaMeTpoB MpHOOpOB,

3) cpok ciyx0b1 OPU, Bxoasmux B coctaB nmpudbopoB He MeHee 20 JeT,

4) pacuetHblit K03 ueHt Haaexxuoctu npuodopa [1-KPT-18 cocrasnser 0.9987,

5) ycnoBHS XpaHEHHS - TPAHCIIOPTHAS Tapa U3TOTOBUTENS C IJIACTUKOBOM BHYTPECHHEH
YIaKOBKOH B HOPMAIbHBIX KIIMMATHUECKUX YCIOBHSX,

6) nHapaboTka npubopa coctaBisieT 4% BpeMeHH aKTUBHOTO (DyHKIIMOHUPOBAHUS,

7) B 2005 roay U3roTOBJIEHBI HOBbIE HCTOUYHUKH BTOpUYHOTO AekTponutanus (MBIII BY),
BxojsmmMe B coctaB npuodopa [1-KPT-18.

IIpyHuMaeTca peuieHue:
[Tpoamuth cpok ciry>k0bI TaTHBIX Mojenei mpudopa [1-KPT-18 NePMO001, NePMO02 10 2007

roja.
Brectu cooTBeTcTBYOMUE 3anucu B @opmysipel mpudopa.



Appendix 4
Darren SNODGRASS.28/2/97 12:44 PM.,RadA reliability -Reply

Date: Fri, 28 Feb 1997 12:14:14 +1030

From: Darren SNODGRASS <dsnodgra@awadicom.au>

To: kwelling@atnf.csiro.au, jonopko@bunya_smtp.awadi.com.au
Subject: RadA reliability -Reply

Kelvin,

I have looked at the Radioastron Reliability Calculation file (Excel 4.0 for
Macintish format), MIL-HDBK-217F (Reliability Prediction of Electronic
Equipment) and have talked with our reliability engineers and have come to the
conclusion that storage of the L-Band Receiver jhould be irrelevant.

For the Radioastron reliability analysis, I used MIL-HDBK-217F to determine
the failure rate / Mean Time Between Failures (MTBF) of the L-Band Receiver
while in space and at several temperatures. This involves determining the type
of each component and the stress levels and from that, calculating a component
failure rate. The failure rate for all of the components is summed to give a unit
failure rate.
MIL-HDBK-217F states "The failure rates presented apply to equipment under
normal operating conditions, ie. with power on and performing its intended
function in its intended environment''. Hence this failure rate is only relevent for
the time that the unit is powered and in space.

>I found a brief note on some reliability calculations done by Jean Casse ,

>in late 95 for the NL 6cm receiver. He looked at only the solder joints

>on the PCB's and determined that if the launch was delayed until 10 years

>after delivery then the overall reliability per channel decreased from

>(0.923 to 0.86. The estimate did not take into account storage conditions,

>presumably just the solder ageing.
I am not sure how this calculation would have been done, apart from
assuming that the unit was powered during storage and using MIL-
HDBK-217F.

In general, unless there are specific components with a stated shelf life (such as
batteries), the shelf life of an electronic system is considered to be indefinite.
However, if it was not stored in ideal conditions (eg. under fluctuating
temperature or humidity, being moved about often), it is possible that there may
be a failure. There is no method that we know of by which this type of failure
can be readily modelled and hence no predictions can be given.

Our position is that if it is stored in suitable conditions, it is unlikely that
there will be any failures during storage, but no probability figure can be
produced. When the unit is removed from storage, it should have a full
functional test performed before integration with the satellite to verify that
there have been no failures. Once the satellite is launched, the original
calculation for reliability is still valid.

Hope this is of some help,

Darren
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