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HERMES MODEL PHILOSOPHY
FROM DM TO FM

Demonstration Model (DM) - #1
Subsystem level tests (DA + PCB mock-ups)
Qualification levels

Protoflight Model (PFM) - #1
Satellite level tests (PL + SVM)
Protoflight levels

Flight Models (FM) - #5
Satellite level tests (PL + SVM)
Acceptance
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DM PRE-QUALIFICATION CAMPAIGN
ENVIRONMENTAL ANALYSIS/TEST

Demonstration Model (DM) - #1
Subsystem level tests (DA + PCB mock-ups)
Qualification levels

Mechanical tests of most critical items/processes
Detector assembly
 FEM analysis of static and dynamic loads
 Random vibration test
 Thermal ambient cycling

Optical Filter
 Burst pressure test

Radiation analysis/tests of most critical items
Electronic stack

 Radiation analysis for “known” components (i.e. 
Cyclone V FPGA)

 Radiation tests of most sensitive, untested, 
components (e.g. HV DC-DC converter, others?)
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DM PRE-QUALIFICATION CAMPAIGN
ENVIRONMENTAL ANALYSIS/TEST

Demonstration Model (DM) - #1
Subsystem level tests (DA + PCB mock-ups)
Qualification levels

Mechanical tests of most critical items/processes
Detector assembly
 FEM analysis of static and dynamic loads – RP slides
 Random vibration test – RP slides
 Thermal ambient cycling

Optical Filter
 Burst pressure test

Radiation analysis/tests of most critical items
Electronic stack

 Radiation analysis for “known” components (i.e. 
Cyclone V FPGA)

 Radiation tests of most sensitive, untested, 
components (e.g. HV DC-DC converter, others?)
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HERMES SCHEDULE
PRE-QUALIFICATION

We are here
Jan 22, 2020

PL CDR
Jun 22, 2020

Thermo-mechanical design
FEE Design
PDHU Design
Dec 13, 2019

BEE Design
Jan 31, 2020

PSU Design
Feb 28, 2020

PDHU ready for I/F test
Feb 15, 2020

May 15, 2020

PSU procurement
BEE procurement
Apr 24, 2020

Detector Assembly MAIT completion
Apr 03, 2020

Mechanical procurement
FEE procurement
Mar 2, 2020

Dec Jan Feb Mar Apr May Jun

2020

PDHU (EM) procurement
Feb 15, 2020

Jun 6, 2020
BEE ready for I/F test

Detector Assembly 
Thermal Ambient
Apr 15, 2020

Radiation qualification (p+)
at component or board level
May ???, 2020

PSU ready for I/F test

Detector Assembly 
Vibration test
May 22, 2020
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PRE-QUALIFICATION
TEST PLAN

Assembly, integration and test plan (AITP) 
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PRE-QUALIFICATION
TEST SPECIFICATION

Test specification



High Energy Rapid Modular Ensemble  of Satellites

PRE-QUALIFICATION
TEST PROCEDURE

Test procedure
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PRE-QUALIFICATION
PREPARATION

 Test schedule
 Requirements to be verified
 Test set-up definition/description
 Test facilities
 Fail/pass criteria (and func. test description)
 GSE/tools 
 Anticipated procurement of needed items!
 Test conditions
 Step-by-step procedure

So, what we need?

Task Name Start Finish Duration

Payload DM Mon 01/07/19 Mon 15/06/20 234 days?

Payload DM design Mon 01/07/19 Fri 28/02/20 164 days?

Thermo-Mechanical Design Thu 01/08/19 Thu 05/12/19 91 days

FEE Design Mon 01/07/19 Thu 12/12/19 119 days

BEE Design Mon 01/07/19 Fri 28/02/20 164 days

PSU Design Mon 01/07/19 Fri 28/02/20 164 days

PDHU Design Mon 01/07/19 Thu 05/12/19 114 days?

Payload DM procurement Fri 06/12/19 Thu 30/04/20 90 days?

Thermo/mechanical item procurement Fri 06/12/19 Fri 28/02/20 10 wks

Detector/FEE procurement Fri 13/12/19 Fri 28/02/20 9 wks

BEE procurement Mon 02/03/20 Thu 30/04/20 8 wks

PSU procurement Mon 02/03/20 Thu 30/04/20 8 wks

PDHU procurement Fri 06/12/19 Fri 14/02/20 8 wks

BEE board ready for SC-PL I/F test Thu 11/06/20 Thu 11/06/20 0 days

PSU board ready for SC-PL I/F test Fri 22/05/20 Fri 22/05/20 0 days

PDHU board ready for SC-PL I/F test Mon 17/02/20 Mon 17/02/20 0 days

DM MAIT Mon 02/03/20 Mon 15/06/20 70 days

Detector assembly MAIT Mon 02/03/20 Fri 03/04/20 5 wks

Electronic stack MAIT Mon 04/05/20 Fri 15/05/20 2 wks

Intergation Mon 18/05/20 Fri 29/05/20 2 wks

Test Mon 01/06/20 Mon 15/06/20 2 wks

DM Environmental tests Tue 21/04/20 Fri 05/06/20 32 days

Detector Assembly Thermal cycling Tue 21/04/20 Mon 27/04/20 1 wk

Thermal Cycling functional tests & test report Tue 28/04/20 Tue 05/05/20 1 wk

Detector Assembly Vibration Fri 15/05/20 Thu 28/05/20 2 wks

Vibration functional tests & test report Fri 29/05/20 Fri 05/06/20 1 wk

Radiation Tests (components/boards) Wed 20/05/20 Tue 02/06/20 2 wks

Payload CDR Mon 22/06/20 Mon 22/06/20 0 days
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PRE-QUALIFICATION
QUALIFICATION TEST LEVEL AND DURATION
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QUASI STATIC LOADS

VEGA-C quasi-static load design limits Soyuz quasi-static load design limits
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RANDOM VIBRATION LEVELS

GEVS random vibration test levels Soyuz random vibration environment
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FAIRING PRESSURE VARIATION

VEGA fairing pressure profile Soyuz fairing pressure profile



High Energy Rapid Modular Ensemble  of Satellites

TEST LEVEL
VIBRATION, QUASI-STATIC LOADS, PRESSURE, TEMPERATURE

Bottom line:

 Vibration and quasi static loads levels to be defined.
Baseline GEVS, but to be verified compatibility of PL design by means of FEM simulations/analysis.

 Pressure profile similar for most common launcher
Optical Filter test can be performed using worst conditions

 Thermal testing
DM AIT schedule doesn’t allow for integrated PL to be tested before CDR
DM detector assembly can be tested in Climatic Chamber @ IAPS (Thermal ambient) using:

 levels/durations defined in ECSS-E-ST-10-03C and (8 cycles, 5° C margin)
 HERMES non-operative temperature requirement → HERMES‐PHYS‐R‐005: -40° C ÷ +80° C
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RADIATION TESTING

 SDD detectors

 LYRA ASICs

 Latch-up transistor on FEE

 Cyclone V FPGA

 SA.45s CSAC

 ADCs

 HV DC-DC converters

 …

PL most critical components for radiation damage/SEE
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RADIATION TESTING

 SDD detectors

 LYRA ASICs

 Latch-up transistor on FEE

 Cyclone V FPGA

 SA.45s CSAC

 ADCs

 HV DC-DC converters

 …

NIEL and CCE for LOFT, flown on NICER, irradiated for HERMES @ TIFPA, TID to be performed for
eXTP (but negligible by analysis)
Radiation hard technology (AMS 0.35), TID to be performed on VEGA, latch-up protected on-
board
Qualification status/radiation hardness not known (?)

Tested for SEU/SEL with protons (Qingyu Chen, IEEE, 2019). SEL immune (but protected on
board), redundant memory, low (<1/month) SEU rate in LEO, can be reconfigured regularly.
Radiation tolerant up to 20 krad. SEL, SEU tested up to 64MeV-cm2/mg

Qualification status/radiation hardness not known (?)

Qualification status/radiation hardness not known

…

PL most critical components for radiation damage/SEE
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SEU VS LET

LET: Linear Energy Transfer
LET = -1/ρ × dE/dx
usually measured in 
[MeV cm2 mg-1]

Cross section:
probability to have a SEU

Threshold effect

Saturation effect

Probability of a Single Event Upset for an electronic component, as a function of the energy deposited by a heavy ion

For proton irradiation the behavior is similar, but different probabilities and thresholds
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UPSET RATE FOR A GIVEN ORBIT

Figure of Merit (FOM) parameter:
depends on threshold LET and saturation cross section
for heavy ions (Petersen 1998)

Upset rate for a given orbit: R (upsets/bit/day) = C × FOM 

For protons: FOM = 4.5 × 104 × sP (i.e. depends only on saturation cross-section for protons)
In this way, measurements with heavy ions can be put in relation with measurement using protons

Rate coefficient C will depend on the orbit (altitude, inclination)
(tabulated values)

Bottom line:
if you measure SEU saturation cross section for protons, 

you can estimate the foreseen SEU rate in orbit for your component
(a proton beam with >50–100 MeV energy is needed)

Best practices in ESCIES_25100 document
(beam energy, fluxes btw. 105–108 pr/cm2/s)
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RADIATION TESTING

 Analyze the full PL electrical BOM (FEE, BEE, PSU) identifying all the most critical components

 Search for radiation data/test in the Cumulative Index (1992-today) of IEEE Radiation Effects Data Workshop (RADW)

 Plan radiation tests for critical/unknown components:

 Use of protons for SEU/SEL is possible (and easier than heavy ions)

 Tests performed at TIFPA? (test planning!)

 Estimate environmental conditions, so to define proton flux and fluences to be used

 Build dedicated test breadboards (few components need to be tested) or perform test at board level (several 
components need testing)?

To do list:


