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System Engineering: Agenda (‘zfg

= CDMR Recommendations

MST Structure-Camera Interfaces & other External ICDs

Requirement Management and Design Verification

= Status & on going actions



Syst. Eng. CDMR Recommendations (‘z@/

= High priority: should be completed as soon as possible and prior to start procurement

NectarCAM shall complete the work needed to demonstrate conformance with applicable EU
Directives with the support of the CTAO Product Safety engineer (#42329).

NectarCAM and MST structure teams need to complete the external interfaces with the MST
structure and resolve the mass non-conformance (#42380).

The panel supports the approach proposed by NectarCAM to apply EN 13659:2015 to verify the
compliance of the shutter with the environmental requirements and recommends the MST teams and
CTAO work to find an acceptable solution.

CTAO and camera teams need to complete the other external ICDs such as with ACADA and the
array clock system. The NectarCAM team need to demonstrate compliance of the NectarCAM design
with the applicable interface requirements.

NectarCAM project team need to demonstrate that there is negligible technical risk in their proposal
to proceed with hardware procurement before the development of the control software has been fully
defined (#42335).

The verification plan needs to be released (#42850) and the design compliance demonstrated in an
updated verification matrix (#42745).

= Normal priority: to be completed before the first acceptance review
Draw up specifications for chiller (#42334)
Add description of maintenance access platform and write missing ICD (#42381)
Power budget : check consistency between documents (#42647)

Design non compliances: trigger deadtime > 5% (#42413), commercial components not specified to
be compliant to the altitude requirement (#42520).


https://forge.in2p3.fr/issues/42329
https://forge.in2p3.fr/issues/42380
https://forge.in2p3.fr/issues/42335
https://forge.in2p3.fr/issues/42850
https://forge.in2p3.fr/issues/42745

External Interfaces with MST-Structure ng/

= Many recommendations related to External Interfaces with MST-Structure
Camera weight limit
Camera shutter and high wind protection system
(Common) Chiller Specification
Power Budget
Safety Interlock
Maintenance tools (including maintenance tunnel, Camera Mounting System)

= Ongoing Actions
Weekly meeting within MST TCG (MST Technical Coordination Group)
Includes people from MST Structure, FlashCAM & NectarCAM
Aim to complete the MST Structure-Camera ICD by June 2021
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External Interfaces with MST-Structure: Status 2,

= Camera weight limit
NectarCAM estimated at 2,2T while interface limit defined at 2T
Issue in case of seismic load
FlashCAM mass: 2,05T but needs be reinforced (shutter + structure).
Cameras have been asked to check if weight reduction is possible
-137 kg estimated for NCAM for Camera n® 2 & followings
Possible reinforcement or amortization of Telescope Structure studied

= Camera shutter and high wind protection
system

NCAM shutter has not demonstrated its compliance
with CTA environmental requirements yet (200km/h
wind gust)

A wind test is foreseen

LST shutter performances taken in consideration too

In case NectarCAM and LST shutters fail to pass class
5 requirement, an on-ground wind protection system is
envisionned. At the time being, no final design, neither
human resource available

CTAO concerned by reliability aspects

A concept of on-ground wind protection system
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External Interfaces with MST-Structure: Status 2,

= Chiller Specifications @= =
Common chiller for camera, telescope UPS and drive (cta
List of specifications established
Being revised by experts (DESY experts + external company)
CTAO agrees to procure the shutter if funds covered by MST VST Conlng System Specicatons
= Power Budget — G

Structure and camera power budget revised and shared with CTAO T e

= Safety Interlock

List of safety relevant points being identified with a focus on interactions
between telescope structure & camera MST Cooling System Specifications

In contact with CTAO Safety Engineer. Expected at Saclay asap

= Maintenance tunnel
Degradation of PMT & Plexiglas window performances with sun
Maintenance tunnel required for camera front maintenance
Design maturity versus environment to be demonstrated
On site workshop (re)discussed with CTAO

— A

Maintenance Tunnel used at Berlin
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External Interfaces with MST-Structure: Status 2,

Camera Mounting System (camera trolley)
Camera loading & unloading system design available
Details being tuned

Maintenance tools
Usage of boom lift considered too risky

Front maintenance: camera will be unloaded and maintenance done under the tunnel (expected ~
every 2,5 year)

Rear Maintenance: most performed while camera in parking position. Interface of maintenance
platform/trolley to be defined

CAD views of the setup behind the NectarCAM camera during maintenance



Other External Interfaces (‘zs

Recommendations

CTAO and camera teams need to complete the other external ICDs such as with ACADA and the
array clock system. The NectarCAM team need to demonstrate compliance of the NectarCAM
design with the applicable interface requirements.

NectarCAM project team need to demonstrate that there is negligible technical risk in their proposal
to proceed with hardware procurement before the development of the control software has been
fully defined (#42335).

Status
List of External interfaces have been completed
List completeness to be agreed with CTAO
Several interfaces being discussed currently with ACADA
o ACADA - Camera_Event_ICD
o ACADA - Array Element Logging ICD

o ...
Compliance of NectarCAM design with external interface requirements to be demonstrated, as well
as the “negligible technical risk” to proceed with hardware procurement before the development of
the control software.

o Camera control demonstrated during Adlershéf Campaign

o Very similar to LST

o Complete camera readout scheduled in May to validate DAQ switches


https://forge.in2p3.fr/issues/42335

REQUIREMENT VERIFICATION



CDMR Recommendations & Reminder (‘zfe/

CDMR Recommendations:

= The verification plan needs to be released (#42850) and the design compliance
demonstrated in an updated verification matrix (#42745).

“‘Formal flow-down to lower-level requirements has not been provided and the panel struggled to
understand the status of design verification ”

“No specification tree was provided”

= NectarCAM to provide a preliminary list of design verification tests that will be
performed on QM (#42646)

Reminder:

= Flow down based on paper work, since JAMA sustainability was not guaranteed
since 2018
NectarCAM requirement verification demonstration based on the NectarCAM Verification Matrix

And at workpackage level: Requirements & Specifications document, Performance Verification
Document, WP Verification Matrix
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https://forge.in2p3.fr/issues/42850
https://forge.in2p3.fr/issues/42745
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NectarCAM Verification Matrix goctarcan

Component
Applicabilit

Description Applicable State  Conditions WP Applicability

. . Method .
Verification PR — Compliance Test Plan S P——— Related level C spec if Status

level u AT,R) u status u u u any u [[:Icnsedfc-peu

em Producedby  Julie Prast CT4 Requirements (zurrant strusturs) Jama
Envi tal Requi t Cherenkov Telescope fimay
nvironmen equirements on 26112018
Observatory
Compon [l Ver Methodll Compl » Verification 7 ]
o o ~ | e Testpise Rl Yerification B metsteateraic B sww il
y B-ENY-0625 Survival . e Analysis or CTA-LLRTRO0RLCAmers oot uny o
Ta-anrz B Diumage bepond the Serviceability Limit State must nok occur dus ko an ice thickuezs (on all swrfacez) of up b 20 mm. Al Srable ¥ MechaGosling MechiGooling i o LLRTIIDS LT CpeT-CaM-NE-0054
B-ENY-0TI0
TA-200128  Obzervation Wind Parformance requitements For obeervations musk ba met under 10 minuts wwersge wind spesds of up bo 36 kmih Obzerving Dbeerving T MechCaoling Thruckurs Taste MA;&EI":T}?T?"‘"“
“Spacd Stable v
B-ERY-0720 CAMSP- 045
P01 During ransitions, damage muzt nok @cur an-cike dus ko 10 minits aversge wind spsads of up bo 50 kmih and damage . L Awalydizer Shuthar cam be cloced with windz up te S0kmih ckics 31
STA-SO01H Transition Wind Transitional ¥ MechitCooling MechiiCooling CENFG FAE NoctrBAM.
<end the Serriczability Limit State musk nak occur dus ko 10 minube averags wind spseds of up ke 60 hmdh. Simulation by deign.
Speed Stable Frou Door
m*';:i::":‘;ffi‘;ﬁf“‘“‘ Camera structure fully compliant with poszibl neces
i E-ENY-0730 Survival Damage must not aceur at the CT AN zite due to 10 minut average wind speods of up £0 100 ki, and damage buyend the . oo dwalyiz o Partially S AN ET-CARLNC. reinforcament of the firation of the largs rear door
TA-200132 Ty cpecd (Rlorth) | Serviceobility Limit State must not ocur due to 10 minute average wind speeds of up to 120 hmih when in the Safe State Fafe Suriesl v MeshiCosling g ion Compliant CEK‘;"’&";‘:::S;"'S;M C-MST-CAM-NC- 0055 e Shutter should be protected by on on ground mind prot
e system [comman with FCAM)
Stable
m*';:i::":‘;ffi‘;ﬁf“‘“‘ B s e pes e
Ta-z00133 O N;"'Om Sureteal g beyond the Serviceability Limit Srate must not ocer on the CT A-N sits dus to wind gusts 1) of up ko 200 knih Safe Sursival ¥ MechiCaoling  *halvsiz or Gl PAST-CAM-TH-0455- Qpen oo o i et ol s s o)
gust (North) Simuktion  Compliant e e Shutter should b protected by an on ground wind prot
e system [comman with FEAM)
Stable
mﬁgtixmufibﬁf“““ Camers structrs fully zompliant with pozzibls neces
i E-ENV-0T40 Survival  Damage mact not occur ot the CTA-S cite dus ko 10 minuks 3varags wind speeds of up e 50 kmih, ind dumags beyond the e _ T echionting | Awalrdis or Partially uctural dralyst - rainfarzamant of the fixation of the largs rear door
THEDMIL i rpasd [South) | Tarvicesbility Limit Stoka musk nat accur dus 1o 10 minuts veersgs wind 2pesds 3F up 1o 100 kmih awhen in the Saf State St Sursival ¥ Mechiaoling MechCoolig | gimulotion | Compliant e O Shuttar chould b protectd by an on ground wind prot
At ayzhem [comman with FGAN)
Stabls
B 0 B e pese e
B-ENY-0T45 Survival Analysis or Partially et reintorcement of the fixation of the large rear door
TaeooEs O Daumag bipond the Serviccability Limit Stake mask not accur an the GTA-S site dus to wind guats (12] of ug ko 170 hmth afe Sursival ¥ MechaGosling MechaGosling : ! WIST-GAM-TH-0455- Open A
wind gust [South] Simultion  Compliant P Shutter should be protected by an on ground wind prot
EN aystem (commun with FCAN)
Stabls
. N i N . CTo-LLR--5P-023_HCAM All camira parts & connsckars have besn choaen ko be in
Ta-ponizs | EMY-0RI0 Sl Damage muct wat occur dus b colar radistion of up 1o 1200 Wi (ureraged over { hour] ot 3 masimum smbicnt Safe Survival ¥ MachiCooling A Anslyeiz or Fochanical System Declarce | C-AMST-CANM-HC-0056 U resistant. alidated by design. Some pieces have be p
radistion vl Yemperaturs of S when in the Safs state. Simulstion " :
Stable Material List replaced (cf maintenance plan)
. CTA-LLR--3F-023_HCAM All camars part: & connsctars have bsn chocen £o ba in
B-ENY-0520 LIY Analysis or @
TA-200137 hvoooen All components expased ko direct celar radistion muzt be UY raciztant. Al Al ¥ MachaCosling Anv b Machanizal Syetem Daclired UV rezickant. Validated by dacign. Same pisces havs be p
=i Stable Mlubarial Lizt repluced (<f mainkenance plin)
E-ENY-0515 Dustand  Damage must uot ocour due to an environment with up £ 2.3 3 10°5 particles of =5um size par m of air for 50% of the AN plin, 86 Waterpreotess Camers is sealed. Tested by watering 3t Saclay + 2reng
Th-200138 zand at 2m sbave ground, Note: This limit correzponds b the definition of 130-Claz 3 of IS014E44-1 For particles of thiz 2 All Al v MechiGooling [P Gal Adlsrzhof
Stable stanchiits
EHELIHE Dramaqe must not accur on the CTA-M site dus to the Fallowing Agqgressive Atmacpheric Concentration ranges when in the MR LT
TA-200133 Aggrassive e e Al Al ¥ ALL Mechanical Systom Declirad
stmozphere (North) oz, o Srable Material List
-ERIY-1020 . . . CT-LLR--3F-023_HTAM
200180 po Damage must ot occr onthe ST A e o the Flluing Aqaresiv Acmospheri Concenration ranges whenin the i - v m P
atmazphere [Sauth] g . PP Stable Ielsterial Lizt
The talsccope structurs significantly amplifisr the zeizmi
acaslarations 2t the levsl of the camers, with 3ceelaration
L . . - The rezulb of the analyric chow 3 pocsible waskns
E-ENV-0  Damage beyond the Damage Control Linit State must nok occur at the CTA-S site dus to the Folloning around accelerations: OERACTA-URTN: o0 g 5 bl i
TA-200141  Earthquake damage  Peak horicontal ground acceleration up ko 0:26g, peak vertical ground acceleration up to 013 g, with a 10% probability of Al Al ¥ ALL Al pfhoc st I Tt e 1S, Iy g o O IR ey Eperin hos Eul
limitation (South] excending these figures within 10 years (referenee raturn period 35 years) Analysis LSRRI Wiy et il brms o Be i ol o [
Renforcement of the camera siachiment b should
In Rerien
?’E"{‘V':“s Na damages must not eccur 3t the CTA-N zite dus ta pask herizental ground scceleration up te 0.05 g and paak vertical " n ' e O2k-A-CT e LLRETH - C-MIT-CAM-NC-0301 -
make damane i 2 trits MectacT AR Structural
Envir | Requir Comman Telescope | MST requirements CommaonOn-Site | Structure Interface | Readme ‘ WalidationData ‘ Rapf .. () [4]

DD011 MST-CAM-SP-0257 NCAM_ Verification_Matrix.xIsx 11



https://forge.in2p3.fr/attachments/download/66518/DD011_MST-CAM-SP-0257_NCAM_Validation_MatrixV1.4-2.xlsx

NectarCAM compliance with CTA requirements as N

shown during the CDMR

B wmsT Bl oOnsitef] STRUCTE] Total H

Req number 32 dd 22 36 57 191

Compliant 26 39 19 32 54 170 89%

Partially Compliant 4 1 2 1 8 4%

To be Confirmed 0 4 1 3 10 5%
Total 32 44 22 36 57 191 100%
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Requirement Verification: Status after CDMR ng/

NectarCAM Requirement Management plan written

To clarify NectarCAM Requirement management which appeared not clear enough
during the CDMR

Available on SharePoint & distributed to CTAO. Includes latest verification methods
advised

Verification Matrix Updated
Missing content (compliance, status, verification method) filled
Verification methods modified to be in agreement with CTAO ones
Updated version available on SharePoint & distributed to CTAO

Clean up of NectarCAM level C specifications summary file

List of design verification tests that will be performed on the QM in preparation

List of remaining tests to be done on the QM to fully demonstrate the compliance of
NectarCAM design with respect to CTA requirements (thermal, readout, mass, wind)

Different to the production camera validation tests
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CTAO SE Workshop on Requirements and JAMA Cg%/

Intended for all CTA Products, with a special focus on the respective Systems Engineers
and Requirements Managers as audience
3 afternoons on April 13-15t
Topics
Requirements Specification template update
How the Requirements Specification relates to New JAMA.
The Requirements Specification and its position in the document tree.
The new ICD templates and their relation to existing Interface Management documents.

The Verification Plan. Verification of existing System (B-level) requirements by the Product Teams,
presentation of a draft Verification Plan template

Requirements & Verification: More on the new approach presented at the last PC Meeting
The Glossary

The Norm Register

Configuration Control and Management.

Document Management and JAMA

14
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Conclusion (‘z’

NectarCAM CDMR meeting hold on February 16 &17th

High priority Recommendations are to be completed as soon as possible and
prior to the hardware procurement

Several actions on going:
Weekly MST TCG meetings to complete MST Structure-camera interfaces
Monthly CTAO MST SE meetings
Definition of external Interfaces with ACADA
Completeness of the design verification demonstration
Redaction of NectarCAM Req. Management plan, update of Verification Matrix

Formalization of Verification plan & flow down process and associated actions
will be clarified after the CTAO workshop on Requirements and JAMA

| am confident that the work done at the camera & WP levels will ease a lot further actions required
by CTA (as copy paste of NectarCAM specifications in JAMA)

NectarCAM agrees that verification demonstration should be improved, but requested actions
should clearly consider the level of development of the project
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