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1 TECHNICAL PART
1 TECHNICAL REQUIREMENTS AND SCOPE OF THE WORK

111 Understanding of the main fechaical obyjectives of the ITT

The Advanced Telescops for HghEnergy Astrophysics (ATHENA) s an X.ray telescops designed o
address the Coamic Vision sclence themme The Hot and Energetc Universe’. The primary gosls of he
mession are the mapping of he hot-gas structures of our Universe and delermining thewr physical properties
In viow 10 Undertand how ordinary matler assemtie ik the arge-scale skuchres we o0 odey
The of Shcon Pore Oplics (SPO) was selotied since 2004 as the baselne for making P Xeay
Maror . Consisting of approximatoly T00 misror modules 10 obian & nested Woler: ke optics. The
manimum dameter of the shells wil be 2.5 m whie the focal length s 12 m. The requirements for on-axis
ANpAN reschAon and efective aes ol 1 eV are 6 rosec HEW and 1.4 m', wivie the Seld of view wil be
A0 aromin in dlameter (50 % vignetiing) [RD1)
Whila an offort 10 demonstrate Ta feasbity of 8 80 lrge optics with 80 sirngent soanific regurameants »
a0 imgoniant aapect 10 be conskdarad regads the scentifc caltvatons of the Xsuy optios. The
requirements [RD2, RDJ| essontially consist n Pw sccuracy level 10 which the lokscope
response should e Anown 10 achiove the misson scence goals and dvecly foliow from B sclence
requrements [RDJ)
Table 1:1; The required absolute knowledge error (AXE) in the miror calibration shall be smaller
han the values here indicated [RDI)

[l number Hegquirement VA vl

[RETTCOE ] Tocal lengh (on ground) T ren

[RETTCOS | Ootesl hus (w7 | WA CS) o

w Tioaion of e Gelecio w1 & memer 0 e

LA L TR T D Corweianded cormwwngs
PSF 02 PSF 20 whape or

L Abachie shecive ares on ss [

[TIFR0Y Tikative efective wes on-asn F2)

Ly Tisiative o¥ective aes oA-axm e

LU Tiwiathve efective aes. e SUChTe ™

DRG0 Svay b .

The total budget requirement is spil among the diferent components of B lelescope, whch are

ofrer

detectorns, MA, S\C and GS [RD3J). The required absolute knowiedge eror (AKE) in the mirmer calibration n
torms of PSF and efective area ave lted in [ROJ] and hare reported in Table 1-1 for simplaity

While the requirements for ground calitrations are nol axplicily set (with respect 1o Tight values), some of
the parameters can be betler measured on ground. Indeed, accoeding 1o [RDJ|, most of the calibration
speciically relevant for MA should be betier performed on ground these are the PSF wings and the off-
axis performance (vigneting). In our view the absolute caltvation of the effective area at the reguired level
can also be performed only on ground, since, as shown in recent Merature, on fight calibrations are
alfected by systematic uncorantes which are exremely Sfficult 15 be elminated (see for example JRDS|
and references horen).

The alignment, lesting and scentific X-ray caliteations of the designed ATHENA Xty Mirscr, in s fully o
partal assembly, will require & check of the overall misor performance in X-rays. The tests in X.cays of he

nAmummwmmnnwmumdmm
(RD3)).
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i
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toriha of housands photons (~40000) are needed ot each energy n order
modeling. This number s moatly deiven by the PEF wings charsctarizaton This number fully meels he
required accuracy for the efective ares Yoo

The same goals can be reached with & pure bremastratiung CoONBNUAm spechum as iIncdent fa provided
that the detector has 8 sufficient spectesl resoluton.

In #d3B0n 15 the lower cost and lower beam Everpence, such & configuraton would have the advartages
of slowing locel messurements of some of e Meror Modules (heresfter MMs) and wil siso alow end-lo-
ond testing of he nlegrated system MA and Science Instrument Module (SIM) logether. since the MA can

confgurabon of X
should be noted, & similar systom ot & conceptual lovel, was proposed by G Pareschs (INAF-OBA, member
of team of proposers) during the ATHENA TCWG meeting of Apal 2018,
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20 frame sholch and 30 conceptua! modw! of the vecuum chamber of the Xvay Vertice! Faclity (VERTEX),
condaning the Xvay sowce, colmafor and x-y raster scan stage. the ATHENA Meror Assembly and the
S (or the service camana) with respecive nferfece 10 the vacuum chamber (CREINTS £54)

1.1.2  Proposed approsch fo reach the main fechnical abjectives of the ITT

In order to accompish e task of acoumuiating the reguired number of photons at afferent energies we
are designing an Xeay system which shal guaraniee a good colimation combined with an adequate
intensity. 'We have identified as X.ray source & device based on a Bremsiahiung spectrum radiation, with
& temperature 20 keV and & fux of 107 ph 5" o' Sux in 0.2- 12.0 keV energy range. Also fuorescence
Ines on op of he continuum specirum, cpportunely fllered, can be used for the scope. WIEh the am of
Improve source fux datribution and collmation we wil Use targets < 30 microns, using X-ray Sowrces
already avalable on the market (possibly combined with a pin-hole of & fow um size, put in the focus of an

the Xoray foous in the 155 m range., and & will produce a paraliel beam with divergence < 107, an
intensity lasger that 10 o/s, & sze of about 5 mm Bmes 50 men at the ATHENA optics.

The beam s scansion will be able 10 measure with a good redundancy & PSF with an expected HEW of §
arcsec for the ATHENA MA and of a few arcsec s foreseen for the single MM,

The vertical optical bench wil be based on the folowing elements:

*  ATHENA Mirror Assembly mounted in verScal positon inside a vacuum chamber about 20 m high.
The focus of the ATHENA optics s placed at Bw wpper end of the chamber. The suppont of Te
opics wil make use of achasions i needed, In order 1o subkact B contibution of gravity Tt
would deform the ATHENA Mimor Assembly,

* an Xoay source, with micrometric targel and high fux is placed onto a movable X.Y transiation
slage at a dstance of 24 m bom the opics, in the lower pant of the X
produces & polychromatic isotopic beam via “Dresastrabiung” in the 0.1 - 15 eV range, with he
possitiity %o play with diferent targets, Mlers and biss volage In order 10 tallor the emasion
specira depending on the needs for the calibratons;
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First Iteration of Task 1
First Reration of Task 1 allowed the definition of preliminary Product Tree of XRS, shown in

Figare 1.1, Fer the purpose of this tender the share of responsibilities along he XRS proposed consortium
Is e folowing EIE for the flems Yoe grouped a8 XRS Housing, MLT for XRS Source and INAF for he

mmmmmmm.
XRS sorvice camars. INAF wil contribute aiso with an overall supervision of the entire concapt.
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Figwre 11 XRS Product Tree Ray Source and performances

With respect the ITT conceptual sketeh (

g
.wmmr:m

AHHT
Atk

14 The Vacuum Tank and the XRS Housing

This section provides a first Beration on e following parts of the vacuum system:

o Vacuum components
*  Vaouum vessel

Thermal plant

Measuring & Momrtorng system
Control System
o Adanonal features

Utidies roquired
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Figure 1:2 shows 8 Thermal Vacuum Chamber with somae of the main components hal can be consdersd
08 common with the required system. A more detalled descriphon is provided in the folowing paragraphs.

Figare 1:2- Example of thermal vacuum components (for referemce only)

1.3.1 Vacuum Components
Vacuum Components are chosen according 10 the required vacuum vel and the reguted depressurang
tima (10 1o in § hours starting bom Pu)

The evacustion is done In two sleps. realzed by dry prmary vacuum pumgs and high-vacuum burbo-
MOlaCLUA PUmps.

Primary vecuum pumps. In he first evacuation stage. the pamary pumps comgress the ar coming
drecty from e chamber, feducing ™e inlernal pressure from amblent pressure down 10
appromately Sx107 mbar,

Turto-malecular pumps. In order 10 feach the Ngh-vacuum condtons in the chamber, the vacuum
systom uses turbo-molecular pumps.

Cryogenc pumps. Cryogenics pumps will work oguipped with Hellum comprossons system.

1.3.1.1 Vacuum Vessel

The vacuum vessel is designed and manufactiured in complance with high vacuum level rules and state of
the ant for vacuum calculation, components selection, manufactuning process, X-ray venfication and lesk
tost.

The vacuum vessel is composed of five elements:

auwN

5.

The XRS vacuum chamber with iis rectanguiar cuboid shape of 6.4m x 7.0m x 3.5m (LxWxH) with
Its one accoss main door.

The MA vacuum chamber with its Cylindrical shage of 4.2m x 3m (DM ) with its 0ne ac0ess S0Or.
The intermadiary vacuum chamber with &3 cylindrical shape of 4 2m x 8 6m (OxH). no door

The SIM vacuum chamber with B3 cytindscal shape of 4 2m x § 4m (Gx) removable top iIncluded
The vecuum vessel support structure

Without s suppornt structure, B entife vacuum vessel shows at Bis level of study, & base of 6.4m x 7.0m,
@ height of 20.5m and & weight of 70T,
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Figure 1:3: Configuration of the vessel after the first Reration. The grey volumes on the left
represent the IS0-5 clean rooms.

Figwre 14 Example of primary vacuum system (for reference only)
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Figore 18 Example of turbe vacuum system complete of gate valves and backing lne (for referemce
saly)

Figure 1.6: Example of cryogenic vacuum system complete of helium compressers and cloctrical
cubbcles (Bor reference snly)

Figure 1.7: Example of vertical shiding door complete of antomation system for spening 'closing (for
reference only)
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Figure 1:8: image for refer. only! omﬂo“uh”d”mhmﬂbﬂudhm

1.3.0.2 Thermal Components

In order 10 guaranies the performances regured n terme of lemperstue Gsiruton, lempersture
unformity, and lempersiure varabon (“Cimin) dusng the tesl on the test obyect (e nearimround the MA,
Wound the Xamy source and B Colbmabor, and around the SIM) we propose

o Sihvoud technology with Bguld sirogen (UN2) for the performance tests, and chiled waler for
Mablzation lests (10 be defirmd in & later phy )

o Thormal plate In case conductive heal ransfer is required
¢ Advenced specimen thermoreguaton lechnology and high temperature homogenety (f needed)
1.3.1.3 Measuring and Monitoring System

Both the Vacuum aad Thermal systems will be equipped with all the sensons for measuning and
moasioning the system, and all the additional sensors neoded by the customer

Figure 19: Image for reference only: example of theemal shroud

1.3.1.4 Control System
The chamber ncludes & PLC (Programmable Logic Controlier) based control system, used 1o manage
Individual subsysiems. Sequencing, safely interiocks, and operator interfaces are implemenied Brough he



1305 Additional Features
The detads of the Tarmad vaouam system wil be defned and desgned during he Engrmenng & Desgn
phase In any case, & short bt s provided below:

o Vibrston edeton i reguired. & s possibie 10 sepply Dellows and sl damping systems
betwean the themmal vscum sysiem and B sesmic mass (F any)

o Clhanng. The chamber s hlended % be inslated In an 1508 cdesvoom Cleaniness and
contamination control wil be camed out accordng to ECSS.0.70.01.C

1306 Utilities

The veouum chamber design wil Inciude ol the susbary systoms for B chamber operation — Lo
compressed ak, chiled waler, nirogen (LNZ and GNZ) and power — conskdenng also the avalabisty on
wlo. The preliminary power budgel is. 3pheN+PE, 400VIS0 Hz, approximately 250 kW,

1.3.2 Raster scan mechanism
1.3.2.1 General deseription

Figure 1:10 shows a 30 view of the raster scan with the man components highlighted. The machine can
be divided Ino two logical pants:

1. The lower part from the Base % the Gambal mount, which is thought 1o bear, postion and onent he
Xay beam with the required acouracy. The man slements of this part are the fowr moBion s
that ransiate and rotale e Beam (see below).

2. The upper part with the Sermurier russ camying the Xray sowrce and colimater (Le. he Xeay
beam). This pan is thought o be as and Ight as possitle: manians the akgnment
between X-euy source and colbmator, Ightness smpifes he of the undertying motion
s The Semudar scheme helps In maintaning the source-colimalor alignment under gravity
(see sec 1.32.3)

The raster scan has four axes 1o postion and cnent the X-ray beam

o Transiation slong Y. the bridge moves over the base.

o Transiation afong X the trolley moves over the bridge.

¢ Rotations sround X and Y the Sermurer iruss rotates inside e Gimbel mount

Every axis is defined by Bree dlamonts: the bearing (which conatraing every DOF but the desired cne), he
motor (which provides the molive force), and B encoder (which feedbacks the cument postion 1o the
control system) Sectons 1.3.22 and 1.3.2.3 describe the setup of e four axes In detall

The Semurier truss hosts teo high-precision BRmeters 1o measure the atttude of the X-ray beam wrt he
gravity vecior. During the eaperiment. he signal of the SEmeters is wsed 10 comect e Xray beam
orlentation. bypassing the encoders of the Gimbal mount. Sec. 1.3.3 describes he titmeters sotup and
operating procedure.

1.3.2.2 Base, bridge, and trolley

The Base & the fxad pant of the raster scan, the one supporting the ramslating bridge. It shall lay on he
ngd points of e vacuum vessel, in such & wary 10 discharge the loads properly. Two alamatives hold:
1. Geanite table. which has high stifiness and high viteation damping capabilitios.
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2. Sisirdess sleal, which grants good siffness with lower waght. 1 is also saser 10 nleriace with he
vesso!

The granite Is the baselne for this Sender. bocause It is hypcally used for the surface plales and high

precision bases. However, a rade-off wil be carried out in the prelminary design phase

The Bridge Is 1he frst moving part of the raster scan (ransiation slong X). I siides over the Base and 1

hosts the Inear guides for the Trolley. The Bridge Farsiaton axis has Pw following mechanisms

Xray
COMmaton

Gembael outer
ring (Dlack) Serrurier
truss (red)
NMotor Motor Trolley Gimbel inner
magnets Uneer . nng (red)

guide rail
Cable wrap

Cable
wrep

Figure 1:10: 3D view of the raster scan with the main slements highlighted.

*  Two high-precision inear gudes (0ne per sde, 0.9 THK model MSR 35 LAM)

o Two or four motors. The motors can be inesr drives of rack-and-pinion. In the former case, ether
0Ne o WO Mmotors per side can be used EMC compatitdlty with ATHENA shall be investigaled. In
the later case, two counter-acting molors per side shall be adopled In order %0 avosd backiash.
more allention shall be pad 10 hitvication ssues. The baseline for tis proposal are two near
drives per side (lor instance, ETEL model LMS20-100).

o Two encoders (one per side). The Baselne are he lmedr abschte oplic encoders fom
HEDENHAIN

As 1t regards the materials, efher stainless sinel, sluminum, or carbon Stee can be used. As per B Base,
8 ade-off will be carried out In the profminary design phase In case carbon fibre is chosen, B culgsssing
properses shal be comphant with ATHENA requirements

The baseline for this propossl |8 stainiess steel. bocause £ i sasy % marufachre and provides high
sifiness. We underine that the Bridge moves horzontally with low accelerations, thus mass s a second

order ssue.

The Troley is Bw second moving pant of the raster scan (ransiation along Y) It sides over the Brdge and

It consSiutes the fixed part of the Gimbal mount. The Trolley ransiation axis has the folowing mechanisms

o Two high-precision inear gudes (0ne per sde, same model as the Bridge krear gudes)

o Two or four motors. The molors can be knear drives of screw drives. The baselne for thas prop
are two knear drives per side (ETEL model ILF15-080)




o Migh-procision bearngs. See sec. 0 for the potental problems and the foreseen trade-offs on he
Gurbal bearings. The baseline is Timken bal model SHARYTIOPT, which is anguer
contact type in mardenstic stalniess sieal, o be with ceramic balls and phencbc cage.
precision class ABEC 7

o Diect molors, A possible schuion is provided by the ETEL model TMB+175.70.

*  Rotating optic encoder from HEIDENHAN.
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rms-ﬂ.mmm;uvmmm,

The Semurier uss manians the akgnment between the X.ray source and the X.cay colimalor under he
action of gravity, provided that the two platforms with the Xeay devices are rigd enough wrl the s
hinges. In frst approximation, the deflecton of the russ vertax due 15 gravity is given by (ses Bely, The
mmmuwwrmwms s00 64,1, 09 63)

+1lana

P 2P0 PN
FA  EAMT lh

Profiminary calculations show that the sowrce-colimaior misalgament dus 1o gravity is on the order of 02
arcsec, even wihout! an optimized Semurier dosign. Please note thal this value s complotely repeatable,
thus a ponting model siméar 1o those bult for the lelescopes can compensale for it
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X-ray collimator
(hidden by the
Trolley (e SUpporn)

CGambal outer

. Cimbal
Trolley shiders
(ranslation intormeduate
along X) frame (lip)
Sermurier Yo ™
russ Gimbal inner
frame (ult)

Figure 112 Gimbal mount and Serrurier truss with the Xvay sowce and the Xaay collimator.
Figure 112 shows he Gimbal mount and the Searunier russ with the Xaay beam and the X.ray collmator
The Semurier uss s rotaled by 3 deg on both aces 1o show the maximum operative inchne of e Gimbal
Figure 1:13, instead, shows the detad of the Gurbal shalt. with the bearnngs, the motor, and the encoder
hghiighted. It is only & concept, which shall be comecied on the base of functional. manuaciuring, and
assembling considornatons
As por e and the Troley, ether stainiess stoel, aluminium, of carbon Stve can be used. On e
contrary of the nd w Trolley, the Gambal and P Sermuner rolate during P funclioning. thas e
Mass — of bolier ther inartia — has grest impor The basebne for Ty proposal is staniess stesl

Figure 113 Shaft section of the Gimbal mount (concept cnly).



POsEIon whia the Colestial body Moves of B Barm 1Mo, In the XRF case, B opersior who
Wants 10 perform maasuremants along & certen deescton of the feld of view of ATHENA commands e
Serrurer 0 reach e

the
The mechanical operating principle of the Sermurer s that the Sexwre coouring ot its 1op part and Pt
oCouTing At s Bollom part are denticed, 50 Pal e colimaton is mantaned. We make here he
assumption that the compliance of B Semurier 10 such ideal behavior is fiest checked by analysis, and
second It is verified on the as-bult structre, Usng 8 lemporary metrology set-op that hat (1) he
colbmation emor s kept witin e requiremant and (2) any gravity-induced rotason of the structure i

|

We also make T sssumglion hal. once the Semunier complance is venfied In hat way, e nomad
operating principle of the system does nol reguire 10 actively Moniionng the entre structure. in other words,
the development of the Sesrurier struchure shall be such 10 guaraniee that, with respect 1o the rotatons, he
systom Seforms I such & wary that it behaves lke & figid Body 1o the purpose of B BRIt metrology, this
AssumpBon i jusified by the prebminary FEM results (see §1.3.52) Consegquenty, rolation induced
by P toley wsed 1o move | song the working ares s direclly Imparied 1 the whole Mruchoe.
and we are free 1o select the pont whare he rotation measurement shall be done. From the pont of view of
the moson control system, the closer 10 the motor, the befer,

A practicsl of he tip-tit metrclogy consists in the usage of timeters. A dfferent approach
makes use of an optical metrology based on an autocolimation systom. This paragraph descrbes both
approaches.

1.3.3.2 Tiltmeters

The Si-emeters are mounted on the Serrurier russ ot the level of the Gimbal mount inner Fame (wee Figure
1:12). They measure he atitude of the Semuner truss (Le. of he Xaay beam) wrl !he gravity vecior, In
order 10 comect i by acting on the Gimbal mount. As stated above, this means that during the expeniment
the Gumbal encoders are bypassed and the Simeters signal only s used.
See soc. 0 for the potential problems and the foreseen trade-offs on the tiimelers. The baselne for his
proposal is the electrolytic Sitmeter Jewell T55-high-gain (Figure 1-14, left), which has a range of 205 deg,
@ reschition of 0.02 arcsec, a repoatabiity of 0.2 arcsec, and a e constant of 0.5 5. This means it canmot
face o whole cperstive range of the raster scan (13 deg). But it shal be used with tw following
procedure

o  One timetor is mounted directy on B Semrusier truss. This tiimeter s referred 10 as “Taed

titmeter” and & faces the whale incine of e Serrurier russ,

* A second Smeter (referred 10 as "mobdie titmeter”) is mounted on the 1op of two servogomniometer
in series. The two goniometerns can recover any inltial incline of the Serrusior truss, In onder 1o
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Mmaniain B SRmeter horizontal within a certain tolerance. Figure 1-14, fght provides an sxample
of commercial gonkomaeter,

o  STEP 1 the fed Bmeter intiakzes the maching by algning the Serusier with the gravity veclor
(olerance of 0.2 arcsec)

o STEP 2. the Gumbal encoders its the Semurier 10 T right inckne for the saperment. Al the end,
the Serrusier has the required onentation with an emor given by the el folerance (0.2 arosec)
phus the ancoder offseting emer (which is small, being the angle small)

o STEP 3 whie the Semuier moves, the servegoniometers counter-move the mobile Simeter with
AN CpPoste command, In onder 10 malntan the BRmeter hoslontsd. AL the end, T faed meter s
o sloped as e Serurier (possitly outofacaile) bt e mobtde tmeter s horizontal withn e
Qonsomaiers Wolerancs (0 the onder of mary arosec)

o STEP & the gonkometarns e locked in the horzonial postion, and the sxperiment can stat The
ofentation of e moble Wimeler i the few 200 Tor Measuring e Serruser SpAE varatons
durng P et

With s procedure. Serrurer onentation it the nominal one witin B Wimeler accuracy phus the encoder
offsating emor (ca. 0.2 sosec). whie I deviaton fom the invtal onentalion is messured with hw Wmeler
soowracy (0.2 srosec) and resohtion (0 02 arosec)
mwmunmnnmumwm.»»mm
mechancally o heough P AP BOOMR0Y s Not important (1 must be smal w2 L e
dewiﬂLMthmmMWWW
possitity of compensation.

f ﬁ
Figure 1-14 Left: Jewell electrolytic titmeters series 755 and 756, Right: example of commercial
servogoniometer (P model WT.85).
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>

Figure 115 image for reference only: example of a potential implementation of the optical
metrology for attitude determination in autocollimation. The pentaprisms are represented by cubes
for simplicity.

1.3.3.3 Optical metrology

The optical metrology shall be abée 10 moaswre Pw rolasons of the Semuner dunng Yacking, so the oplical
train shal be configured in such & wiry 10 foliow the moton of the rasier scan. We consider here an

two axes lying on the detector plane, with 0ne of them directed along e local verical.
The aulocolmator sends the beam lowards a dwection paralel 1o the X.axs of the raster scan. A
pertaprism nstalled on e Bridge folds the Sght by 50 degrees along the bridge and towards the troley.

correct direction

6293 (2006]] reports the sensithvity of siopes measurements 1o the roll and yaw angles of the pentapriam,
leading % & slope emor of 10 03 milkarcsec | arcsec



mw-o.lmmnr}nu"h anguiar range of 20 arcsec and working on a
n&m-hndm‘mﬂm
Incihudes Saxures due 10 the Bridge, the rolley and the Semunier), Lo, within B mnge whare the error of Be
sulccolimalor s specified.

Al he sdge of Pw emor fange, The added oror due 10 e pentaprisms i « 0.002 scsec and « 0001
wosec, for he measurement of the rotatons aound X-axs and Y.axis, respectively. The conclusion s hat
1he Maasuremant SOOUacy o0 & B s laeps a8 20 arosec (fve mes that supected) will be aflected by an
orror of sbout 0,102 arcsec (X-axin) and O 101 arosec (Yoanin) The resl emor is Mhaly 10 be smalier, s e

15 of course relaied 10 e Necesslty 10 keap e ofeniation of e muTon within e measuring rangs of he

sutocolbmalor, which s far below & 3 regured on e achievable onertation of the Semunes We

remark once more that e pupose of meobology i 10 Fack any possitie vanedon of the ponting

dvecton due 10 he mechanics while the bolley moves in P working area. The possitly Mored mebrology

Mmeasurements are nputs 1 the control system. 1o dive the Motors and fecover the cormect onentaton. it is

then not recessary 15 have & very accursie Bting system 10 recover the orentation of he minors
of the

3
|
§
i
|
?

The real issue is aboul the sladiity of the Sp-tit mount once & compleled the motion: we might expect Bat
»ome Noise ocours, depending on the charactenatics of T actustons and the mechancal confguration of
the assembly. This ssue shal be addressed in more detad during the design phase, by both colecting
Information drectly from The vendors of by moving towwds & custom which mught also inchade
Instance & hard stop that eners into function once he moton of the murer

7

measured with the autocolimator on the roll angle of the prism. (c) measured as a function of
umwammmm.mwmhwm
Deflectometry”™, Proc. SPIE Vol. 6293 (2008)). The error dependence on pitch angle is zero up to
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1.3.4 Control system

1.3.4.1 Overview

The nleracton with the XRS Faciity Control System will be done publshing an OPC.UA domain located n
the network comnecting e systems.

OPC Unifled Architecture is a communication profocol developed by the OPC Foundation. s scope is o
provide a lechnology agnostc Machine 1o Machine (M2M) communication. The protocol & sutable for real
tema el Jow liency Sywiems, Decause & defines # tenary protocol

Since OPCUA s fectnology sorver and chents can be imglomenied UsNg ANy EROQIMTINNG
longuage  Diferent and product can be sready found on the market Both In commescis

n“‘m“

The gobal network schiechurm can be comparnd 10 & Mermechonl SUAMANON WONNOOgy COmmunoaton
network. Al the fevel there s e XIS Facity Coniol system communicoating with the Subsysiem
Suporvisor useg protocol

The Sub-sysiems supervinc: will be responaibie for e lollowing man tasks
o Single pot of access provide & Ungue and consstent nlertace 0 He extemal workd aloweg the
Al control of every Subsysiem funciionalty, The only connecton needed by an sxtemal user o
Ol oper Wione is with he Sub-systems Supervisor
*  Ovchestraton the Sub-systoms Supervisor is responsible for keeping Frack of the status of every
wbeysiom, and for implement macro lunctions which may need 10 cperate & group of subsystem in
the comect order.

The Subsystems Superviscr, In lums, communicates with the Industsal PCs that have o control all Be
machine functonsities

* The XRS Control System (XRCS) is responsible for e movement of the bridge along s rall, of the
trobey slong s ral. Gambal outer ring around s axis and Gimbad Inner fing around s aes.
*  The XRS Monitoning and Acdbary Control System (XRMACS) that has 1o feich and pubiish he
tnlametry tamperature dats, crane status, Nteriock status
Bulsing Management System (BMS)
Vacuum Vessel, theemal control (TRCS)
Vacuum Vessel, pneumatic ciroult Mimer Assemitdy Cart (MACS)
Science Instrument Module Carnt (SIMCS)
Detectior Postioner (DPCS)
Meralogy
The communicaton between the industrial PCs and e feld will be based on ™ EtherCAT protocol. which
guaranioes the folowing requirements:
o hard real-tme fast cycle times (sometimes within us) and precise synchvonizaton
*  standard Ehemet cabling. cost eflective components
o Master-Slave & Slave-Slave Communication
The comection betwoen the two induatial PC will be implemaented with EtherCAT Automation Protoceal
(EAP), and wil guaranies T lollowing requirements:
o Sof roal-time. RO NSt requirements reganding Cycle time and synchwonization, Cycle time in he
range of millseconds
*  standard Ehemet infrastructure components
o Masier-master comemunication
Where & faster communication is needed, a TTL interface 1o exchange nformation can be provided.

1.3.4.2 Control HW
The Sub-systems Control System hardware will consist of
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*  The varous sensors hal delect e enclosure status, such as encoders, contact and end switches,
flow and temparature sonsors, elc. £ wil define & comprehensive measwrements plan of ol
Malus and Input Sgnals.

o Al ohectical drives, valves. ok, which dove the molion mechanisms and the thermal conirol
sysoera (f appboable)

1.3.43 Interfaces

The SUb-systems Control Sysiem Communicates with he Sub-syslonms supervisor Usng the LAN.
BN Wi design and supply the softwire imerfaces for communication between the control unts, (e he
software that sends commands and putidshes the telemetry rom the Industral PCs

The communicaton prolocois have % be agreed logother with the Customer.

134310 Gerwral Roguremants
In ganersl 8w wystam wil process e following input:
o Sgnals rom the sensing devices.
o Commands and guaries bom the Sub-systems Supervmor

The cutput will gereraly consist of
o Status dets s queried by B Sub-systems Supervisor
o Sgnals 1o the hardware units (motors, heat exchangers. elc.)

The folowing general requirements wil apply 10 he control solware:

o Al relovant signals (voltage levels, currents, swilch positions, lemperatures elc ) must be avallatie
8 nput signads for e Industrial PCs and avalable in the sw interfaces for upper level

o Al moving of adustable devices wil be avalable for iIndividusl, ndegendent movement
(adpatment) for lest and manienance purposes

*  Thote will be sofware checks 10 prevent & requesiod cperation from being dome If not salety.
compatitle wih the subsystem status

o Each Subsystem Control System has 10 lake Do oguipment 10 o sale siale n any emor,
omergency of dangercus siluaton. All he interocks and emergency sgnals and the resulting
machine status will be documented as a pan of the sw inlerlace and of he Enginsening Geaphic
User Interface.

o Al possitie falures hal the softwire can delect will also be handied by the softwire, which will
bring the sysiom 10 a safe and wel-defined state.

o Thete will be an ndepth falure analysis during the design phase, identiying and descrbing
fadures and actons whon delected.

o EIE Wil produce a kst of erors, slarms and warnings (polential alarm siuatons ) reporied by he
sbsystem. The lat will contan all that the software can detect It lerms of matiuncions (n software
and hardwire). There will also be a help lext for sach entry in the kst describing the reason and
recommended acton.

L3432 Imterlocks

Hardware intoriock systems will be foreseen lo:

- Provert Sub-Systems movements when locked.
- Fulll the safety requiremaents

1.3.5 Preliminary calewlations (FEM model)

In order %o check the consistency of the proposed concept. 8 FEM model of the Rasier Scan has been set
up and used o calculate the vitrating modes and the deflection under 30
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view of the Raster Scan FEM model, whie Tabie 1.2 reports e model main Iacts. The model has been
bult in Ansys

¥
Flgure 117 30 view of the FEM model.
Table 1:2: FEM model main facts.
Insue Description
Sobd slemants or the prande bane. Seams for T Garbal shafts and the Semuner Tuss. pont
Elermerta for he collen and e Xomy sowrce. shells & 8 De other components (Badge,
Troley. Gumbed, plates of the Semunier)
MOVOPe. el slavie M“Vmwmwmmmnn
Matnad (P 2000 kg, E « 40 G, v e 025 For the staiiess steet p » B52S kgm'
vmuwnwe-mouv-on
Modeled as sprngs. The stfineds & o d by e - 4% m, Mdecnl 450
Linwar guides 1960 Neideg (o )
Linoar motons MoOehed 88 NK CONMMBCBONS 1N The Grecton of Mmoson
Cardal boarngs Modeled a8 $0rngs. The sifniess & Drovioed Dy T suppier radad 190 MNmn, sl 30 W\
Modeled o 5p0ngs with vary high stfiness (107 Nmideg) acting only In e drection of motion
Gimbal moters (e rotaton around the axs of nterest) The spang has Deen calbeated In order not 10 afect the
W MOSes, Approaimating & figid conmection. This & 10 model rotsting molons i & semiler
mumm*mm
Encocers Not modeliod (90 8ervo analyss If parformed for Pes offer).

1L3.5.0  Vibrating modes

Figure 1.18 and Figure 1-10 show the frst four vibrating modes of the Raster Scan. The Trolley is set in an
unbalanced and rotated posiion 10 catch possitio asymmetsc phenomena.
The following considerations apply:

o Natral frequencies are pretty high. even ¥ £ s only 8 concepl design. In particular, natursl
frequencies are higher than the probable forcing on the structure — mainly the gudeline shape
omors and he bridge bending during the X.Y motion (see below).

*  The firt two modes are B rotations of the Semurier around B SpAR axes. Conteary 1o what
may seem, the two modes are nol dus 10 the rolating molor springs (which are calibrated 1o act &
rgd connections, see Table 1.2), but 1o the compliiance of the inner Gimbal ing. This is evident in
Figure 1.20: the inner Gimbal coloured in red shows it is the part hat contributes the most 1o he
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vibining mode. In erder 10 ncreass natursl frequencies, & revision of Gimbal IMermediale and
Inner fings Is 10 be performed

o A changes of malerial from sheel 10 aluminium & Naly 10 have only minor effects on the vitvaling
frequancies (the Young modubus 15 dersly ratio is sierilar ). Instend, & change of matensl 1o caton
fitre & Maly 10 increase the frequancies, since the Young modulus 1o density rabio is higher On
the other hand. carton fbre poses many lechnologcal issues (Trst of al, the ouigassing) Tat slesl
and akurminkam do not

As sialod above, the man forcing on the siruchre are Te Inear guides shape omors and e bridge
bondng durng e XY moton It is mportant Bl the nathursl roguoncies of the siuciure are e sbove o
the signiicant forang components (meaning ol the frong harmonics with & sbrong enengy coment) # this
CoNndlion apples. the conrol sysiem can act al the Fequencies of the foroing % compensale for e beam
renabgrermn! without Infectng energy 1 the structure vieating modes. wheoh would Cause resonance snd
Invlabdty phenomena This means that — in case e reguency separlon condbon apples — e conrol
wyslom closes the conbol op Mmore saslly and more eflechvely

The folowing apply

o The bridge bending has & characloric wavelength egual 10 the tridge span (4000 mwn) with no
Nghwarder harmonos
The Inear guides shape omor has & charchenstic wavelongth n the order of 250 v, Bul measurements
provided by B suppber show thers are sigvicant components wp 10 the 26™ harmona

Consdernng a scanning speed of 10 man's, he forcing has an wpper signiicant requency in the onder of 1
Mz (nen guades, 25 harmonic), which is far below B Srst naturad equency of the struchure (ca 20 M2)

First mode (198 M2) Second mode (20 9 H2)
Figure 1-18: First and second vibrating modes.
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Thisd mode (203 M) Fourth mode (3.2 W)
Figwre 119 Third and fourth vibrating modes

Figure 1.20: First mode (19.8 Hx), ven Mises stress. Note the high relative stress on the inner
Gimbal ring (coloured In red)

Vet e sed

. © 1A M

l’_—

Figure 1.21: Total deformation {mm) due to gravity.
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1.3.5.2 Deformations due to gravity

Figure 121 shows the lolal deformation of he stuchure due 10 gravity, while Figure 1.22 shows e
Correaponding retabons sround axes X and Y

Rotations around axes X and Y are mportant because Wimelers and optical merology messure these
Quantiies (see 8ec. 1.1.32.4) More precisely, the Bimeterns and the opticsl metrology are sersitive 1o he
varetons of X and Y rotations wivle the Trolley and the Bndge move

Because of this, calouiatons has been performed with the Trolley in thiee postions along the
(contral. imermedate, and oxtreme, the inermediate being the one shown n the figures above) Table 1.3
and Table 1.4 report Bha resulls, respeciively for he rolations around X and ¥

Figure 1:22: Rotations around X (left) and Y (right) due to gravity. Values in rad

Table 1:3: Varlation in retation acound X axis of the collimator, the sowce, and the metrology mimor
during the motion of the Trolley. Values in arcsec.

Extreme to Extreme to |Mu
Unit Intermediate | Central Trolley | Central Trolley
Trolley position POSTIon
position
Colimator A B4 876 481
Sowrce -4 04 475 -4 m
Optical metrology murer 1 487 560 AT2

Table 1-4: Varlation in rotation

of the collimator, the scurce, and the metrology mirror

during the motion of the Trolley. Values in arcsec.

Extreme to
Intermediate
Trolley
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position
Colimator 012 0.1¢ 008
Sowce 012 016 00s
Optical w e 2 £0.32 01 022

Because of this, caloulations has been performed with the Trolley In thiee positions along the Bridge
(contral. imdermodiate, and oxtrems, the intermediato being the one shown n the fgures above ) Table 1.3
and Table 14 report B resulls, respectively for he rolations around X and Y

The following consderations apply.
o Even If It s only B Srst design atlempl, the Sermurer Fuss works well, because Collmator and
Source undergo simdar variation n rolation durng the Trolley motion

o Bocans of he Gimbal configuration, X rolations depend manly on the sifiness of the intermediate
Cumbal fing. wivle Y rotations depend malnly on the sifiness of the inner Gimbe reg

o Since rotation X of minor 1 (P one for messutng X rolations) has & similar Yend as P Collmator
and e Sowce (Table 1:3) P intermedate Gurbal ring & s snough and do not infusncs the
overal parformance of the struchire

*  On the contrary, since rotaton Y of mirmor 2 (the one for measuring Y rotations) has dilerent Send
than P Colimanor and the Source (Table 14), the inner Gimbal ring is not w31 encugh and it s
dotimentsl for he oversl performance of Be sracture. This s the same resdl s the mode
analyss (see the provious secton).

With proper optisization of the Gimbal mount — In particuler with peoper siflening of the nner fing — it is
Iely that also rotation arcund Y wil have simdar paths between Colimator, Source, and Gurbal Thes
means that ttmeters and mebology mimors can be placed Inderenty next 10 Colimanor and Sowrce or on
the Gimbal iInner Ang, and By would provide simdar readngs. The latler possitilty (mirors on the Gimbal
fing) is by far e sinplost, and 1 is e one descrided Insec. 11324,

1.3.5.3 Deformations due to linear guides shape errors

No calculatons have been performed In this lender phase on deformations due 10 other forong. Inchuding
the linoar guides shape omors.

Of course, during the design phase detaled calcudations wil be performed with all the signficant forcing A
trade-off wil also be performed on the Gimbal bearings % delect the best mounting option (f blocking ot
the degrees of freedom tut the axis rotation, or If blocking only the Famsiatons leaving he axis free 1o %
and Bt within e bearings housing). See sec. 1.2 3.1 for other trade-offs on the Gimbal bearngs.

1.3.5.4 Servo analysis

A detaled servo anslysis of the motion system wil be developed n the couse of Bw activity In he
folowing we outine the main guidelines for the realizasion of the control design.

The servo analyss gives hhe possitilty 1o estimate the behaviour of the system in terms of performances,
structural vibrations and help % design the control law starting fom PID controlier 10 maximize system
Mmmmwnmmmm«mm
During this design phase it is also possible 1o make a fiest tuning of B control parameters and when he
sysiom wil be completely assemblod, £ wil be possible %o st P tests and final uning With Tese
ostimated valas



This section descrites he strateges Pal wil be imglemented 10 develop B control design and

performance analysis of the raster scan, and which are typically used by EIE 1o design the moSon systems
of hgh perlormance telescopes.
The process follows these steps.

which are more for the modeling of P behaviowr of the
wuchare  For . e Wiep s the Matat
function “baked” that muvmize the M= norm of the hrchon between ol Pw npuis and
o e outputs  Croms chack with other reduction "

=
s

-
B - L B
1 ey N

Figure 1.23: Damping versus Frequency of the oscillations.

dynamics. In particular, for She control s important %5 estmate the frst resonant
leﬁlwmn common 10 consider hhe very frst resonant frequency as he
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o

T Is)

10 ass08s the sysiem sensibvity

L840 Nevor budget
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T
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Tabde 15 and Table 146 provide the error budget for the Xy beam atiiude In partouder, Table 18
MPOs the Man amor sources and thelr probeinary svalustion, while Table 14 reports the fal e
oalcuiaiod by componiton of Ihe varous sources,

Thise scenanos have been considernd. lsbeled case A I, and C

o Caso A han only tmelers (n0 opcal metrology) placed on Be Gurtal e ring Since he
Wumeton are on the Gimbal, the Semunier buss deflection is summed as separate em.

o Case B has only timelers (no optcal mevroiogy) placed next 1o the Colimater and the Sowce. The
deflection of the Sermuser russ is read by the Btmeters, thus £ s inchuded in the Btmeters acouracy
and it is not sumemed as soparale lem.

o  Case C has oplical mebology on he Gambal ing. As per case A, he deflection of the Semuner
russ is summed as separale lem.

The scenars with opticel

mevalogy
Scoount Because 1 s Aot 1o set up (sec. 1.1.324)

placed next 10 he Collmator and the Sowrce has not been taken into

Table 15 Ervor budget on the X.ray beam attitede (RMS error sources).

X rotation ¥ rotatien
Description wrror RMS | arror WS Notes

[aresec) larceec)
Serrurier deflection, gravity oor oos From FEM.
Sermurier deflection, ineer Lialy 10 be sl wort granity | See sec. 1132 73 on deformanion
Quides Shape oo ool 000 10 WNedr QUGS SHADe OTOrs.
Thmeterns 02 02 Tirveter Joweld 755 high-gan

Soe 800 1.1.32.4 on the o

Opcal metsckogy o1 o1 e
s — @1 @1 Soe sec. 1.1.3.25 on e contl

Tabde 16: Ervor budget on the Xray beam attitude (final errors).

Total ervee
Description RMs. Notes
[arcaec)
Tameters on Gerba. no optcal
Total emor, cane A °on M!
Titmeters on Colmator and
Total error, case 8 ox Source. no optcal mevology
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Totel emor, come C on mm
Emor sources Rave Deen composed TWough @ SHSS, which i & vakd method only for RMS values of
uncommelaled sources. In frst apgrommation this hypothesis s acceptable, and it leads 0 RMS emors
Marting from input datla considensd as RMS vlues

The baselne for ths tender is with the optc meiroiogy on the Gimbal iInner ring and he Wimetens in support
(case C o0 s 1.1324) hus the sxpecied emer for the beam attiude s 0.22

compared 15 the specification kel of 1 arcsec (R31)

L The question of the MA support and gravity distertions

nemato mount condion of supported st o the ouler sdge

Furthesmore Aunctionad reguiremants resding rom the optical desgn poses addtional constrants 1o MA
Wruchure design If one & . refers 10 the Muror Module (MM) patiem, the confguration doss not penmit o
reakze contirwous redal wals (exceplt In s azimuthal locatons 60" spaced) Dmoontinuous rade wally
resul In poor sfiness performances. Moreover, the high MM packing density leaves just a small room o

MA struchore consisting n @ sort of spatiad frame In the anmuthal plane, composed by thin walls
sarroundings fully open celis, which constitute B MM housings. See the structure concept in Figure 1.24
The use of &l patiern and thickness e mainly nied out by the optcal design (In order 10 avold vignetiing),
whie mare freedom s avadatie conceming the depth in scal drecson

Figure 1:24. Concept of MA structure. The picture refer to an overtaken MA sizing

Hence for VERT-X there is the need of designing & dedicated and optimized supporting system, in order 1o
mitigate e gravity dstortions. In the vortcal facity we are proposing the MA is subtyect o gravity n axial

perpendiculer 1o the optical axis). In panticular, the following aspects should be speciically considered .

o The MA structure seoms stiffer in the case of adal (rahver Pan lateral) gravity. Such a statement
has been proved in past actvites camied out for simulating petal MA structures in the conlext of
the ESA program ASPHEA (e simulation was carried out with e MA structure dhvided in six
Independent seciors. each of them was 60" wide) The HEW under laters gravity of the single
potal with kinematic supports in points al outer and Inner tadus, was & facior 10 worst with respect
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Avalable anodes allow also Cud, Th Ko Mo Ko and Ag- K fuorescence ined superimposed 1o e
continuum. The source withsiands ol ast 10.000 h of operation Lime and despate 8 power lower than 30
W. The incoalec Source can work in 8 high vacuum ervironment and it is characterized by a) mo moving
parts, b} ong Melime withoul mantenance; ©) No waler coolng. d) short warmeup Sme. o) & very high
stabity. Incoatec WS source & powered by @ small generator unit which easly s inlo a 19 iInch rack. The
complote sysiom is radaton safe and vacuum lesied. The focus spot se of 100 pm FIWHM (ses Fig 1.25)
can Be reduced with a pinhole, In fieed positon, commecind 15 The vacuum ube via & fangs It should be
noled that the pinhole will be placed very dosed 10 P amiing surlace because otherwise B beam
divergence (575 mvad) is further imied by the pin hole. Assuming an average distance from the source o
the optics of 0.0. 0.5 m (soe maxt sochion), v onder 10 achieve & colimation of ' arcset ~ § prad, the pn
hote should have o radus of 2.5 pm maximum. Since e pesk Nux denaity of the souwrce s about 20 W0°
photonwymmd (see Figure 1251 the ot number of smilled photons oul of the pn Mol s sbout 800 000
Photonws. Assuming the smission s in 8 cone of 7.5 mead (s Figure 1:25) of about 4 40107 w, en e
Inhanalty of the source s of the order of 1.3 10™ pholora'sts

The Sigray FAAST Mer (Fig. 1-29) has & declared spot sre of ondy § um and polentialy may have an sven
Ngher nlensty. Dosper analysis of Ihe source will be performed durng the propect It should be noted hat
the sowrce is apparendly (from Figure 120 Pctonal image of the Sgray FAAST Ao ™ X.ray seurce

Figure 1:25, X-ray source and performance.
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(Fime Aoury Anode Sovate lochaslogy

Boamin of AT B rwy g
Figwre 120, Mctonal image of e Sigray FAAST Mero™ X

i
;

1511 The Xvay Collimator

1.5.1.0.1  Design of the parabodc coimalor

We assume that the Xay sowce (XRS) consists of a small source that can be approximated by a
point-source and a colbmator obtained by placing the source s the focus of a parabolic mirmer. At

x Is requived to memu
mmdelmm.oo mirror of 1 mem rms

roughness is shown in Figure 127 Theoretical reflectivity of 1 keV X.rays on a Gold-coated mimror
(source Canter for X.ray Optics, www cxro. bl gov)

ol - . ——

e DU
&3
P
/
-
PUIDUEDUEDUE SN

Raghe (g

Figure 1-27 Thaoretical reflectivity of 1 kaV X-rays on a Gold-coated mirror (scwrce Center for Xvay
Optics, www . cxro bl gov)

Given & parabolc surface of equation 7 = r /41, where 7 is the axis! coordante and r the distance fron he
opial axis, T granng incidence angle of 8 Sght ray propageting from the focus at 8 given point (r.7) of he
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parbols surfnce I8 o & taa o » dr/de. By derivation of Bw pambola equation, we ool r = 2/ /a. Finally,
s Dack 50 the parabols aguation we obisn & = [ /e’ Bince B focus s M distance [ from he
vertex. the axal detance betwsen the source and Pw Incident pont on the paratols for 8 given grazing
Incidence angle a Is given by
f 1-a*
dus=Iel=g—

WQNWM'M!aMNMduﬂIUWMda-
or 1% and 27, Cloarty, for the practicel implementation of B mumor, the focal length must be smaler than
fow mikmetorns

113 1o¢ 1000

Focal length [mm)

Figure 1:28. Axlal distance between source and reflection peint as a function of the focal length, for
three values of the grazing incidence angle, 0.5°, 1°, 2°.

If we require that he grazing incidence angle on e parabolc surface ranges botween &, and «,, hen he
o s the section of parabola betwoen the axial coordinates 2, « [ /ai and 2, = [ /ui. the comesponding
radial coordinales are r; » 2f /e, andr, = 2f /e, The length of e optics Is

If the mirrer is azimuthally limited Between ~p and ¢, Ben B Cross section of the beam is an arc of
annuius betwean tadk r, and r, and between ~¢ and 9 The radial dmension of the annulus s

Dwn-n ===t

and the area of the beam cross secton is

A ol = i) = 4pf (2, — 2s) = 4pif
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Forexample, o, »05" =87 mead and a, = 1" =« 175 mend Bwn L = 98484 f and D = 1486/ The
focal langth is determined by practicnl Reilation of L and. possitly, by the desred vakm of D I, for
axample, L =05m Pan [ « 0051 mmand D = 58 me

The aziruthal extension of the asaulus & kmiled by the maximum scceplable sag of the optics, which s
ghven by Aw r{l < cong). The relative sag 4/r = 1 < cos ¢ iIndapendent from positon along e mirrer. The
width of the misror s thea W = 2raing. i 4/r » 0.1 n the above axample, Ben ¢ = 26" and W, = 102
mm

18002 Mtensity distribution of the colimared beam

Isoropic ammsion from & point source In the focus of he parstols. he beam & unilorm
the azimut drection of he annubus arc. Along the radial drection, inslead, the ntensty s modulsled

the reflecivity of the coating and try The geomelry of T mirmor

b |

If L, s the incident intensity on the mimor (mumber of pholons per Uil sold M“ﬂmnl
cmuumuommw(:n mma e number of reflected photons
POr S000NE Bl & PN IMHTON PORBON
L) st dtdeg = 40N (a)adady,

where § = 24 is he omission angle with respect 10 he axis of the parabola (2-aos). Since r = 2/ fa, this
AN be writhen

1647 2

I u( ’)M
By 10 locel othogonal coordinales by seling &/ = rdg, B inlonsly of the colimaled beam
(number of PO Unt ares and per second) s
1607 2
100 s )

shong dependonce on the radial posiion r can be noled. Even ignoring the dependence on he
m In the previous examgie the intensity vares by a factor 16, since «, and 50 r, changes by a
factor 2. Moreover, for a given value of the grazing incidence angle, @ = 2 /v, the intensity s proporional
10 r~%. Thus, € is uselul 1o koep r small (and 50 [) 1 Increase the beam inlensity.
Fig. 127 shows e dependonce of the transmisson /(r, £)/1, on the radal coordnate of the colimated
muuwmmumlwmwwwmm—‘
the source configuration described in the previous section, the intensity on the murer is about I, « 1.33.10'
photons/sr 5. The infensity of the beam on the ATHENA optics Is then obtained multiplying the curve of Fig
1:27 by k. The resull is shown in the same Figure 1.28. Dependence of the intensity of the colimated
Boam fom the radial coordinate al 1 keV for the example discussed in the lext.

One can oplimize the systom by opportunely choosing a parabolic colimator with reflecting angles
sulficienty small in crder 10 got an X-rary Sux with & good spectral hamogeneity alter the reflection, as o.g.
e loliowing examgle:

Distance from the source: 2 m
1=0.15

Mirrer Longht: 850 s

Foolprint hight: $.22 mm

Foolprint radkus - 39 87 - 34 65 mm
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o Fluc 18234112008 (Avoa spheve r=2migeo_ares)
s represanted in he following Sgure.

[ /

- i - - .- ..
(e & ams |

Figure 1:30. Geomelry of e Sux comespondng 10 the sxamgle of colimaior described s the text.

. 1e 18]

.
Nrwrgy mov

Figure 1.31. Geomelry of he fux comespondng 1o the example of colimalor described in the teat

- Measuring dfferent portions of the Effective Area va. Energy profiles in separate runs with diferent input
pectra

- the X-ray spectrum for each mun will be properly sel laking into consderaion legel, apphed bias,
reflecting angles of the colimating misror and Slters in order 10 achieve the requirement.

Jray cameras with a high energy resolution and high angular resolution wil be used for VERT.X,
detection syslom would itsell be able o dsentangle and normalize in the proper way possitie
dferences in the homogeneity of the beam, provided that The flat feid is well characterized with fiat Seld

i
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fo— ——

Fgure 1:29 Dependence of the intensity of the collmated beam from the radial coordinate at 1 ke
for the example dscussed in the text

One can optimize the system by cpporkunely choosing @ parabolic colimator wilh reflecting  angles

wfcanty smal in onder 1o et an Xvuy fux with & good spectel homogenety sfler the reflection, & ¢ g

the folowing example

Distance from the source 2 m

=015

Miror Langht: 850 mm

Foolprint Nght: 5.22 mm

Foolprnt radhas - 3087 ~ 34 85 mm

Flux: 1 8234112008 (Aves sphere r+2migeo_ares)

a8 repr ted in he lollowing Sgure.

L L I

- . 000 0 PR . LS
Ootao smn [mem

Figure 1-30. Geometry of $e fux comespondng 1o the example of colimator described in the text
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Figure 131, Geomelry of e Sux comespondng 10 the sxample of colimaior described I the lext

The corosponding reflecivity as & Anction of the Xemy enotgy o8 Ihe minumum, Macmum and sversge
reflecson Is reporind on the fgure here above As can be seen, the difarence in reflecivity is very
wmal. A deaning, In partcular for enorges beyond § keV, can be cblsned with an opporiune
Mlering of the beam.

On the oher hand, one should take into account e fact that thehe sirategy that wil be used for pursung
the calibrations using polychvomatic beam foresees.

. mmmdummummnmmmmm

ummhncnmﬂhmummm*w-.
reflecting angies of the collmating misror and Siters in order 10 achieve the requirement.

Since X.ray cameras with a high resolution and high anguiar resolution wil be used for VERT.X,
then the detection syslom would able 0 dsenlangie and normalize iIn he proper wiy possitie
differences in the homogeneity of the beam, provided that he fat feld is well characterized with fat Seld

151,13 Manufactuving and tolerance of the collimator
Diferent matenals can be considered for the manutacturing of the X ray mumor colimator. As material

reforence for rade-of during the project development, we considered "glass” (Le. fused sikca, Zerodur®,
ol ) and NiP-coated Aluminum miree. The latier choice has the daadvaniage of the high cosficent of

takan ino considerations. Another possitle materisl 10 be consdered is Slicon, wiche has & CTE small and
@ high theemal conductvity.

An example of parabolic colimator s shown in Figure 1-32. X Ray Colimator Mieror
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N

Fgure 132 X Ray Colmator Mirror

Given the application under consideration In & conrolied envieonment, the mechanicsl and shruchursl
dosign and the manulaciuring of P mirrer do mol fise senous concems oscept for the required shape
and roughness.

The targel specilication for the colimation of the Xauy beam al the axit of the muror is sel 10 1 arcsec HEW
am&:n The Bwee man contrbutions o the accuracy of the beam colimation ae the fnke
dmanson of the sowce, the relatve slgnmaent between source and the murer and the figure emor of he

;

Frre b e - gy b T A v

= oo s T N e N ——
e e M

ML

DR ) -

DO E L R - -

Figure 1.33. Tolerances in terms of Power Spectral Densities (two broken power laws).

The fabrication Wlerances are similar 10 the parabobc minor being realzed %o colkmaled the X.ray beam at
1 arcsec HEW in the BEATRIX faciity, reponied in the Sigure hereafier. Two different broken power lews for
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machine and the lon iguring Isciities for the fnal corecton)

1.6 The X-ray service camera

The service camera should be able 1o sampie the PSF with a proper spatal acouracy, large area (0 onder
10 make fat feids 0o a large and reprosentative detecton secton), @ sufficent energy rescluson and abde

readout noise (aflectng the 1080MIN Bnd the kow Tvesrort
the frame rate (which & sty 0 P maximam B

A possble basolne has been Hertifed in the Fast CCD Xoray Detocior produced by Sydor. The camen i
based on & custom, LINL developed, back.sde Suminated CCD manviactured usng the TeledymaDalse

SANs0r 10 Inolate the sersdr Imaging aea rom e Fame slore wes), | o with he serslive ares ol Pe
center of the device and two frame siore sections al the lop and sl he botiom

96 Analog
Outputs to
Dwgitizer
Board

96 Analog
Outputs to
Digntizer
Board

Figure 1-34, Sydor CCD picture.

To provide maximum sensiivity for Soft X.Rays, the sensor is thinned 1o 200um and then lonsamgianted on
the back side with a 10 nm entrance window 1 provide ransmisson eficiencies of greater than T5% fom
2006V, 5% at 6006V, and appeoaching 99% at theV. The readout architecture is Nghly paralel, with 96
oulputs on sach of both sdes (0ne avery 10 columes, with sach column spitied on Wwo outputs). The front-
ond eloctronics is based on custom ASICs developed ot LENL, slowing & very high fame rale with
moderale readout noise (< 30 o at 120 frames's AUl fame). This ransiates nto:

o plowp < 10% for Bux up 10 12 countaplael™s)
* Hhweshold for photon counting ~0.5 KeV
o energy reschtion FWHM-250 oV

The Sydor camera main blocks are:

* 8 vacuum-<ompatbie (<107 tor) camess head which includes. in addiion 1o the sermcr, B front-
ond electronics, the mechanical mounting with a lemperature stabilzaton subassembly

e 2 coobng subsystem consisting of an Immersion Probe Cooler system and a closed loop
tompersture controller system, 1o maintain the senscr at the optimal working lemperature (~—-50°C),
with stabilty within 1°C

* 2 data acquisition readout system based on a ZNYX 1800 ATCA System Crate and Y0GLE1GRE
Hub Blade
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In order 15 aasess the preliesinary design of he (v, y, 2) Stage (XYZS) B regurements RIS4I were
analyzed an ossessod
The XYZS shal be abie 1o move & mass of about 4 kg (TBC) on thees perpandcular drections (x. y, 2),
Inmide & vacuum chamber ol appraximatively 10°(-8) Teer (TCB)
The XYZS movement shall be guarartesd with the required precision, within Bw following values:
o Zdwection: movement of al loast +/ 50 mm, with steps of 0.25 e, accuracy <=0.25 mm
o XonY drections: considering the /- 3* values (180 arcmin), at an height of 12 m (sccordng lo
pars 14 2), T movement shadl be batwesn 630 and 1200 men (THC), with an sccursoy <= 000
mm

Comdernng the reqursments and the avalatie lechriosl vahues, P movement of the XYZS wil requre
procision made screws (mandactured ad-hot o offtheahell wit be assessed during the sludy. wih &
ool shdng, seo conmdening acowracy and Mmoved mass In (s perspecive, and considenng he
VAOWAT SOVIHOAMent, assessmants will be made durng the study 10 undenviand if %o Ubkse

o Vaouum resstant lubeicant, for the mechanicsl part movements, ile the Nye Torr

o Low Miction, sel-hbnoam mechanism with sintered plasio maternss

hosting he X-ray sowrce and parabolc maror
In our proposed spproach we wil have 8 ~30 keV bremastratiung continuum Incident flux, producing &
count rate of 50 cis. In e 0.2 -12.0 keV range It should be noled that one can opersle s using

§
:

fuorecence nes emenging from the continuum (depending on the target)
the rale of 50 o/s s consorvatively a facior of two less than e ple-up dil allowed by
camenn. In fact, B delecior proposed in Section 1.1.3.5, with a pixel size of 0.5, & fame time of 001 s

2
H
:
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. . . -
- e

Figure 195, (Left) Concept Raster scan moasuroment, with the fat-field calibestion in the emply
cirche at the centre of ATHENA's MA. (Right) Pelychrematic spectra considered for simulation.
Reguiroments on PSF caltvaton are given for core, exiended core and wings ol seven different
ol over e FOV. In order 10 estimate e counts necossary for the Ky compliance, we simulaled &
with HEW of 5" and a siope of the resembiing the one of XAMM. As shown n Fig 1.33 the output of

the simulations indcate & need of for each energy for each positon in the FOV,
For each requred we wil moasure the PSF expioiting the spectral resolution of he delecir. We
wmndated 8 SOUICE Wilh an energy dependent PSF and cbaerved with & delecior with 300

oV spectral resobtion. As shown In Figure 1-33 we found that we can sccursiely reconstruct e enegy
dependence of the MEW.

Bt B T e e B e

T*'“ﬁ I

PV mserramny [ameten)
f‘
4
4
‘1:—1

- .-’_‘. Rk
!
v s - d ‘. ' ‘-vh:! * "
Figure 1-34, (Left) PSF statistical uncertainty versus total counts. (Right) HEW versus photon
energy.

During a 2-day cbservalions the moving source will scan he MA for ~95%, whie in the remaning 5%, e
emitied photons will drectly reach the detecior Twough the crcular sperture (80 cm dameter) #t the center
of the MA. The MA effectve area measure will be given by the rato of Bw spectrum regisiored in the Sme
Intarvals when Tho 30urce s scanning the oplics. wilh the spectrum regatersd in the indervals whan e
S0uUrce is over Te cirodar aperture (usually called “Tal-fleld”). We note that the statistics of this latier
spectrum (e falfeld) wil be the main factor In the uncerainty of the EA measure. To meet he
requirements in the EA calibration accuracy, we should ensure at least 10,000 counts in each energy bin
considered in B fal Sold spectrum,
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Since most of the bremastrabiung pholons wil be soft (<10% of pholors > § keV, with KT-30 keV) and

wnce the reflecivity of the collmator and of the MA wil soften T spectrum. dfferent siratogios
can be adopled In order 1o minimize the exposure Smes

As shown in Fig 132 sssuming & 30 keV maxim energy Spectrum with an high-pass fiter

(0.1 mm Borytium equivalent). assuming 8 2-day observation with a 50 o/s rale would we would neatly

mest the requirements of 40,000 and 10,000 pholons for sach 0. 5xeV bins for he MA reflected beam and
Nat feld respoctively.

Rastor Scan, the Meror Assembly and the Sclence instrument Module inside he vecuum vessel, rom he
Incoming area where oach package amves. 1o the 1505 roome

Boam has shong consequences on:

. The vecuum vessel structure. which has now e tigger part on the lop.

. The raster scan, MA, and SIM sssembing. algning, and maintanance procedures.

. The vacuum vessel doors and T cleanrcom genoral layout 1o grant access 10 the vanous levels

Wilh the proper handing lools.
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Figure 1:38 Path inside the building for the integration of the systems inside the vessel, from the
incoming area to the IS0-5 rooms.
A St Beration lead 1o he configuration outined in Figure 1-37. XRS hosting facilty

. This conceptual layout is based on the schomatic Incoming process outined in Figure 1.34. Path inside
the Bullding for the integration of the systems inside the vessel, bom the incoming area 1 the IS0-5 rooms.

1. Asrival 8l the incoming ares
2. Romoval of the exiermal package
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Figure 1-39. Bulding volume dedicated to the technical rooms.
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The Incar sbeckute encoders of the rasier scan give the postion of the Sermurer and the Xaay collemalor
Instalied on board £ In our understandng e purpose of this oplcal metrology consists n ensuring hat
during the ontire measurement he relative posiion of the vee systems (raster scan, MA, SIM or delecier)
s contnuously under control and any possitie varation is adusind by the actustons.
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1511 Mechanical Ground Support Equipment
The MGSE includes at least the following systems:

MA cart (MAC) this system is used 10 insert e Muror Assembly inside the vacuum vessel It s
equipped with all e degrees of freedom, which are necessary 1o propedy hande the posisoning
and the algrment of MA inside e vessel without braking the vacuum, inchuding e control of s
posiion on the basis of the messurements made by the metrology system. The concept of
operations is the following:

MA arrives at the facilty

MA is ¥aragornted o s 1ISO-5 room

The gravity releass system & ransporied in the IS0-5 room

The gravity releass system & connecied 1o the MA

The assembied system & attached 1o the MAC, siready placed in I1ISO-5

MAC is moved inside the vessel: the MAC shall be already completely cabled on the
VaoUM side

MAC position & locked inside the vessel

The adjusters nstalled onboard the MAC are used 10 adust the position of the MA

oo eQO0OQO

o0
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SIM cart (SIMC): T has he same 1ole of the previous one, and 1 is used for the SIM.
A problem aren 10 1 equipment consists in the necesslly 16 provide the sultable Nierisces

WiIlh the cooling systems of the SIM (mullistage cooling chaln) A possible development, which
doserve o deep inrvestgaton. is that SIMC s equipped with sultatie rigkd pipeines. One side of he
SINC pigalnes are connecied with the respective pipelines on-board SIM. This operation can be
during the installation of SIM on-boaed SIMC. The other end of B SIMC pipeiines shal
connecied with vacuum side of a fud feedthroughs on the vacuum vessel. This shal be
BOOOMEARHed Te0UNg a8 MUCH a8 POARDN 1he (AN Detween (e Two and Lang fexbie ppes.
hersting e mmuch s possible the interventon of personnel

il

Detectior Moton Systam (OMS) thes systom is used 1o contral he position of the detector i the
WOrkng e Such system can be reaized by Usg # CombNEton of YoM Compatinie
Commaroal Inesr slages and 1H-stages The laege Inear range required by he applcason
provents Som the possitiity 10 Use & sngle hexapod.

EI has comnsderatie sxperience i the design and construction of these devices Hereafler the design and
the real M1 carl, the device used 10 remove the 4.meter primary mimoe of the DAG telescope

Other MOSE inciudes ol the rofays. which e Necessary 10 Move e aqupmant naide e Cean aress,
from B axlt of the good Mier 1 the Snal 1508 room. Handing devioss might slso inchude hosis for Ming
the MA or other relevant systems.

Figure 141, Example of a trolley equipped with motion systems, used to handie the 4-emeter primary

mirror of the telescope DAG.

Figure 142 Commarcial motion system that can be used 1o integrate the DMS.
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Figure 143 An 1508 compatile homt with § lons load capecty

0 POTENTIAL PROBEIM AREAS and TRADILONE

Vacuum Vessel

Tabie 1-7 provides the man polential problems for B vacuum vessel, whie Table 1-8 reports the
Cormesponding proposed soktions.

(o Problem Description
Arry access 10 he vessel shall guaranies 1505 continuty
betweon the inner pan of the vessel and the clean rooms.
This continty shal be guaranteod by the MGSE used 1o
Insert the varous sub-systems of ATHENA and the Raster

Scan
1 1505 Contnuty If the tacity operational Concept requires the presence of
pononnel inside B volume of e vecuum chamber during
the instafiation of the MA and the SIM, hen in order 1o
1SO-5 In this stuaton I is necossary 1 evaluate
the presence of sutable laminas air-flows insde he vessel

unmwum*&

R16 specifes the required Semparsture control within the
vacuum chamber volume. RD1 provides some detal about
2 | Thermal Control the cooking chain of he Focal Plane Assembly. No speciic
documantation of the theemal interfaces of he MA is
avalatio

mm&-unmmoumm

3 |snape except T botiom part which is a rectangular cubold. This
shape reduces the inner volume of the vessel chamber as
weol a3 its ground foolpeint.

This creates st surfaces. 10 be handied with caution under
VG
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Most of high-volume vacuum vessels are genorally in
horizontal confguration with Pwi global weght discharging
on hatl of he cytinder shape. In s case, configuration s
verscal 1o help the MA gravity relesse. The four cyindrics
segments ke above he cuboid base with her
maximum gravity. A supporting structure cannot be placed
Just under the cyinders wall dus 10 the XRS presence. The
weigh! can be axcessive for the base chamber, and needs 1o

Having & haght of 20m and & diameter of 4. 2w, becauss of
POGUCBON IrAnsporiation, and Nslalations reasons Pw
VAORAT) vessal is dvided N0 5 segments This germraies
Many imerfaces with Increased rai of vaouum loskage

Instatation

Ling up hoavy vacuum segments of high attude (18m)
WIS 0 long lever arm due 1 the faciity bulding requires the
use of specific Wirg cranes Tal may not access ol faciy

AROAphanc pressure
reluming

The acton of redurming back 10 slmosphen pressurs must
bo underiaban with eatreme Cation when deaing wih tey

Table 1.7 Potential problesss for the vacuum vessel

1805 Connuty

- Description

The procedures ior the inlegraton shall axchude 8% much as
possitie e presence of personnel form e scene. Such
approach shall be nvestigated and analysed n ferms of
required hardwire complaxity ve. sysiom rolabiity.

theemal imterfaces. The design of the theemal stvoud shall
am ot achieving ful complance o R16, taking into account
the varous Tharmal loads which are placed inside Te vessel
(X-Ray Source, SIM, MA thermal hoators, olc. ).

A rectanguinr cubold vacuum vessel of big stoe smilar 1o he
one proposed here has been produced for Arcelor stesl
coating vecuum Sne (SxSalim, 1207, 10 mbar, Cockerit
Sambre, Belgum). To handie this type of design, doep Finlle
Eloment Analysis is needed.

In crder 10 reloase the weight on e base chamber, an
extomal support structure shall seppont 3 of the 4 1op

segments, the 4™ one being the top cover of the entre
vessn

Sealng are usually cbitsned by compressing the sesl in
shaped groove between two bolied Sanges. Due 1o the
verscal configuration of Bhe vacuum vessel, he soal
compression cannct be achieved in its gravity drection. A
seal sde compression has been thought, which is also
oaser o maintan.

Becasse of the unususl configuration of the vacuum vessel.
In order 10 reduce the lever arm, the compiete assembly
hoiding structure vacuum vessel shall be placed as much as
mmumuh&;mm
#
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A precise procedure wil be writlen describing the sequence
7 of B valves cpening 10 secure human ves and

mw%mmm

RASTER SCAN
Tabde 110 provides the man potental problems for The rasler scan, while Tatle 1.90 reports e
COreRpOndng proposed soktions
] Problem Description
Eloctrolylc Bmeters are sccursle and reschie, tht they
1 | Thmeton dynamic have sow dynamio eaporss. This resporse My be o
vow 1or the forcing on the siruchere
Performance degradation of the Guanba mount Y
2 W blndndmomdumm"wcru
wmal motion range (1) deg)
Table 19 Potential problems for the raster scan
o Problem Solution
Usage of servoinciinometons, which have Ngh accuracy and
1 | Tiumetors dynamic QUICK GyNamic regonse.
2 Bearings performance Procedure  recommendations  (penodc  high-ampitude
degradaton oscllatons ). use of shding bearngs or fexures.

Table 1-10: Proposed sohsions for the raster scan potential problems

As it regands the titmeter dynamics (problem 1), electralytic titmetors have Mgh accuracy and rescktion,
but they have 8 Sme constant in the order of fow seconds, which may be 150 slow, The following spply:
1. The main forcing on beam alignment are the guideline shape emors and e bridge bending during
the X-Y motion,
2. The bridge bending has & characteriatic wavelength egual 1o B bridge span (ca. 4000 mm)
3. The inear guides shape emor has charactenistic length in the order of 260 mm. Since It has shorer
wavelongth !han the bridge bending, i is the oriscal forcing on the Bitmeter.
4. The scanning speed will be an cutcome of he scanning procedure trade-off, but it is lkely 1o be n
the order of few men's.
Mommawm and & Stmeter tme constant of 2 5, It resuits Pl e lnes

gudes’ charactenatic frequency is 0.04 Mz and Pat the resporse of e titmeler — considered as & frsl-
mm Is ca. S0% of the input signal. Wilh a ime constant of 0.5 s (that of Jewel model 755

high-gain), !he response goes beyond B9% of he input signal.

This means that elecirolytic timeters are fast enough % capiure the forcing on the struchure, thus they
have been chosen as baselne for he londer. An oplcal metrology system for BpAR delecton s also
envisaged, and it will act together with the Simeters 1o ncrease melrology performance.

As It regards the bearings performance degradation (prodlem 2). the smal motion range (£3 deg) prevents

contact surfaces. The resull is localzed wedr on both Bhe rollers and the bearing rings, which leads
Incressed statc friction and dfficulty in motion contrel.
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Possitle schusora are:
o Exscutng pedodc high-ampitude oscilations of the Sermurier russ, in he order of 230 deg. This
Should cause the intermal rollars 1o make some complete revolutions, leveling out the wear
. m-. {Le. bearings wihout roling elements) This class of bearngs are much less
than roller 10 the issus of the localzed wes
o Using Nexures (0.0 Riverhawk flex pivol), which are completely free from woearing isswes.

Figurs 144 shows an axample of faxure bearng (Riverhawk flax pivol, seres 5000), whie sec. Brror!
Reference source not found. discusses Te Fade-ofl 1 be perdarmed on he Gimbal mourt bearings

Figure 144 Example of fexure bearing (Riverhawk flex pivot. series 5000)

TRADE OFF
Raster scan mechanism

The foliowing tables report the main trade-0ofs %0 be performed on the Raster Scan mechanism. Other
trade-offs could be identfied on the basis of ESA recommendation in the carly design phase.

T s P

* Stepwise machins capable of cperating
most important hnmmunmm’luuma
stepwise. Continuous scanning performs the miumor test while the Xrary boam is moving at constant spoed,

“mmmmmnmwmmmmmmummu
caclatons
In general terms, continuous Scanning allows & more uniform characterizaton of he mirer, but i reguides
Quicker sensors, Sronger motors, and £ reaches & poorer boam alignment.
In B Fade-off, the folowing aspects shal be Laken into account:
o Tost schedulng and Sme constraints, he stepwise scanning being much more siow and time-
CONSUMING.
*  Beam algrment rescltion and accuracy, the stepwise scanning having higher perioemance (e
measurement is Quash-statc).

o Sifiress and dynamic bebaviour of the Serrurier russ. n particudsr the dfferential transiation
between 1he lower part and B upper part due 10 e Nertial forces generated by the motors. Note
that B bending of he Seruser Fuss is downstream the opScal metrology, thus it is not seen by



VERT-X

ESA AD/1-9549/18/N1L/AR

VERT-INAPOAB-004

Page 159

the control system uniess Siimaeters e placed nexl 15 Collmatorn and Source (see sec 113285,
orror budgel case B).

o Natwral frequencies of he raster scan, and separation of these frequencies from all he possitie
anciting Fequencies (manly the ines guides’ foughness and imeguiarity).

| ChokesComparisen | Setection for proposst |
mmmmm

2 | Thmeler dynamcs

|

A
.
-
A £ regards T Wmeter dynamics. (he pertormance of res ypes of 1imeters wil be compared
1 Dectroh®o tmeters (0.0 Jowed 1 sansor T8S-high-gan), which have high reschtion snd
ropeatabibty tut poor dynamic responss (e consiant n the order of 1 8),
2. Servoinchnometens (0.0 Jowel seres LSOC), whioh have high-anough resohubon and very queck
Aynamic toaponas.
3. Inerted rodor inchnomalens, which ae insensiive 10 Inesr sooslersions snce the Nege poit s
Codncident with e contre of mass (DU the Inclnometer is parfoctly balanced )
In cane comvrmrcl devioss cannol be Used because of Symamic resporme issues, YCLINE ncinomeler
oan be teken o scoourt. PCLINE s 8 specil incinometer developed by EIE for the ALMA progect It s
componed by hwo paris 8 sorvolnciinomelor (Dased on the reverse pendulum concepl) and an nertel rolor
IncAnometer. Both the components are opiimized % have hgh acouracy, high resoluton, and quick
response. The goal wars 10 measure the wind-induced cacliations on the ALMA antenna.

Figure 145 shows some commencial tiimelers sutable for the appicaton under shudy, while Figure 146
hows the JCLINE inchnometer and its location in B ALMA antenna.

The baselne for this proposal is the slecirolytic timeter Jewel 755-high-gain VAC (see aiso sec. 1.21.2).

<
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3

Figure 146 PCLINE Inchnometer () in the ALMA antenna (righ).

| ChosenComparnon | Belestion tor propose |
Gembad mount besrngs * Bald beanngs Angude contact bal bearngs N
¢ Cross-roller bearngs mantonstic stankess sieel (with
*  Slding beanngs coramic balls and phonokc
* Faxures Cage) and penodic gh-
ampitude cacilations of the

he GIMDN mount Deanngs (Feoe-oll J), the crscal aspects Tt lead the Fade-of e he

folowwrg

Vacuum envieonment, tha! prevents using standard ods and greases e beanng hbricaton (they
wbmmmwwmmmxmmm-ow

vaGAIM-Compatble gf (09 Braycole 60%eF, based on Perfluornated Polylither) or sold
hbricants (0.9 Dicrondle, Graphite, Teflon, Molybdenum Disuifide). Of course, solutions that do not
noed bricaton (e.9.: Nexures) are completely vacuum compatitle.

environment.

[ Selection for proposal |
4 | Raster scan and miror *  Abschde sligrrment (wrt Optcal metrclogy for the relative
algnment gravity vector through some algnment.
meters)
o Relatvo amgnment (Brough
30ma stocolmaton)

AS £ regards T rasier 5CAN v MUTor abgrment, teo man possitiities Wil be checked

Indapendent algrment of bolh he raster scan and the mieror assembly wr L the gravity vedior —
which i3 an atackie reference — thanks 10 the use of dedcated high-precision SEmeters
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2. Relatve algrment of the rasier scan and the minror assembly w r Ll one ancther thanks 10 Bw use
of an sutocolimator and dedicated targets. The autocolimator shall be placed on the raster scan,
while the targets shall be placed on the miror assembly .
The sbechsie alignment wr i gravity does nol require new ierfaces on B mimor assembly (0.9 Pe
reflecing larget). & s done independently on the various devices, but it requires higher acouracy on he
sngle aligrmment o reach the same global acouracy on the relative akgrment
The baselne for this proposal is 10 use opioal metrology for the relative algnment (see sec. 1.12.8).

— s e L

and high viwabon capabites. It also slhows »
COMPact deskgn, 1aking up s space inmde e vacuum chamber drawbacks we high
ransporiation and handing dMouties, and dfferent thermal Behaviowr wrl P vaouum

o The sisrdess sl (o sluminium) sinucthure ofers gh stfiness, fow weight, sasy renaporiation
and handing It slso slows sary mechanicsl nleriaces 1 the vacuum vessel and the Inesr gusdes.
Besdos, ¥ stalvions stool s used for ot the Base and e Brdge, the Base would have the same
theemal behaviour s all B slomants which is connected 10 (vessel, inewr gudes, Brdge), thus
avoiding dfferential Tharmal expansion among the vanous components durng baking.

The two solitions are both foasiie, and Pwuy will be assessed n the preliminary desgn phase. The
baselne for he proposal is B grandle lable.

X-RAY scanning facllity

Raster scan posison in the
rstor soan mount can reverss oasly the Xray team (fom drecied upward
10 drecied downward): it is sufficient 1o switch the Xray source and the Xray collimaton within each ofhwr
Nevertheless, placing the raster scan on the 10p of $w vessel has sirong consequences on:
*  The vacuum vessel structure, which would have he bigpest and heaviest part on the top.
o The MA gravity release, which would have 1o work by puling instead of pushing
. ammwm.mumm.mwmuhu

o The assombing. algning, and mantenance procedures.

o The facity genersl design — In partculsr vacuum vessel doors and cesnroom lyout — 1o grant
200ess 10 the varous levels with the proper handing %ools.
The baselne for the proposal & with the Raster Scan st the botlom of the vessel and the X-ray beam
dvecied upward. In the oary design phase also the reversed configuration will be taken inlo accourt, but
prefminary considorations say ™e upward configuration is by far the preferable solution.

FFFE%FWZ

* From the botiom
>tiom he gdog
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*  Combination of the 3 fiest
Pas TpOant consequences on the experment sel-up e and on the

procedute
layout (0 particular on the vacuum vessel doors and the deavoom schame). Among the various layout
possitiites. ol loast the folowing wil be compared

Overtead crane in deantoom on the top of B vessel Not & soluton considering he sie of he
rAsier SCan assembly.

L.wﬁmh&md”hﬂundhw Not a solution for he mainienance of he
MA, Ahove P sl soan.

The baselne proposed in this tender consints of & mix of 1P and sde Acoess BIMINg & reducng M
oanvoom volume and e mumber of cranes (Figuse 147) Two main clean 2ones et
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Ugper overtead orare

SIM upper doarroom

Vacuum vossel op

MA & Raster Scan lower deanroom
Lower overtwad crase

MA vessel aperture

Ravter Scan vessed aparture

N AN -

Figure 147 Handiing overhead

110 TECHNICAL COMPLIANCE:
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2 IMPLEMENTATION STRATEGY AND PROGRAMME OF WORK

21.1  Proposed Work Logic

The proposed work organization apples the struciure of activities delalied In the SOW [ADT). The activites
wil be performed iIn & close inberaction with ESA, with the possitiity %o adapt and redivect the activiles
axscution st each review according 10 the investigations results, lollowing ESA indcation and only afler
E85A Aumonzaton o proceed. A dewpn 40-0ost’ approach s adopted for the isentficaton of ‘cost-efective’
sohtions. Cost drivers will be Nghighied and atlenton drawn on possitée cost messses The
mmmmummmmnnu
Wmummnm.mnnmunwuuw
TASK 1 Requirements Specifications and Conceptual design
o Task 1.7 Requiremant Specifiostions:

« Sublask 11 XRE detector & Ralson fachty requirement w 2 | ATHENA calbration reeds.
< Subtask 1.2 XRE Housng siruchare requiroments foview
1.3 XRE source reguromonts review

i

o D1 "Requirement Speciication Document”™
+  Task 1.2 Conceptual Design

1:1: XRS detector & raster scan strategy Yade off and concepiual design.
1.2: XRS housing struchure & raster scan trade off and facilty conceptusl desgn,
.3

i

o D2: "Conceptual Review"
o m:ﬂmdw
N.B.: Milestone at end of Task 1: Requirement Specification and conceptual Design Review (SRR)

TASK 2 : Preliminary Design:
«  Sublask 2-1: XRS detector prelminary design and fnalizaton of XRS prelminary design
« Sublask 2-2: XRS housing structure & raster scan prelisinary design
= Subtask 2-3: XRS source preliminary design

{

™2

TND.

TNA. MA and SIM mechanical suppor and MA thesmal system
TNS, X-ray debector and (x, y, Z) stage

TNT.

TNS. Geound Equipment

NG

TN13. Rogurement Complance Matrix

0990 O0OOO0OCQOSOOODOORS
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o TN1S. Criscal e List
N AL ond of Task 2. Prefiminary Design Review (POR) milsstone will be achieved

TASK 3 | Detaited Design:

2.1: XRS detector detaliod design and fnalization of XRS final design
3-2: XRS housing structure & rster scan detaled design
33 XRE source detaded desgn

- Sublask
< Sublask
- Sublask
Output:

o DS "Detaied document’
o Technioal Note

TASK 4 Development plan and cost estimates

© Sublask 4.1 XRS detector development plan & overall cost evaksation
« Sublask 4.2 XRE XS oversll dovelopment plan and support cost ovakaton for the XS

« Sublask 4.3 Suppon development plan and cost avakaton for XRS source

Output

TN16. Developmant Plan

TN1T. Schedule estimate for he XRS Facilty development
TN18. Cost estimate for he XRS Faclity development

TN10. Schedule estimate for e MA OMFM verficaton and
calibration campagn

TN20. Cost estimate for Be MA QMM verficaton and calbraton

mn.aﬂmww

FR. Finadl Roport
SR. Summary Repont

1% Project Organization

23 Praject
nor T Pragect Toam
To perform the work proposed in response of he ESA ADM-S5401ANUAR & team. under Bw lsadershp

of INAF, has boen formaed based on & highly sophistcated. recogrised and motvated group of experts fom
the following Insthutes and Companies:

Coo0oeeODOOOS

« INAF with both Institutes located in Miano (Rady) (OAB ~ Osservatons Astronomico & Beers — and IASF
~ Insthuto di Astrofisica Spaziale)

« EJE Geoup ~ Mestre (Raly)

« Media Laro (Bosisio Parir, Raly)

* GP Advanced Projects Sd - Gussago (Brescia, Raly)

Moreover, BCV Progettl sd (Miano, ltaly) will provide extermal services o INAF conceming FEM analyss
and optcal smuasons



Media

Lario

GP Adv.

Projects
Fig 20 Prygect vem

Meda Lavo, well known 1o ESA for a8 8 leader of the production of Xoray sstronomicsl optics in Eucpe
(and akready in charge of the of e Athera MM in e MA) will be responsitie for the design and
oplmzation of the X.ray sysiom he X-ray source, the collmating mirors, the filers) .

EIE mmw»mmnumumumu
Astrophysics cbservatony, with responsibilty for systom design of e XRS faclity and infrastructure,
Inchuding source raster scan and metrology. mmnnwuumdnm
and of B relsted nfrastructures.

GPAP, with its experience in ESA and oher space-related projects management, will support INAF peoject
in schedule, deliverables costs management and detector (xy 2) stage.

BCV Progeth has a Wrge experience in B design, FEM aralysis and ray-acing simulstions of Xy
opica, having purswed Important activities for AS| and ESA n the BeppoSAX. JET-XUSwt, XMM-Newion,
Simbol- X and 1X0 projects.

The members of the proposed organization have & well proven experience of joint collaboruson in previous
irponant project ke 0.9 Beppo SAX, JETXUSWIt and XM the INAF Institutes, Media Laro
“&VW&M%&MMNMM Lano and BCV Progest and
the EIE Group

A detaded description of the experences and capabiites of INAF (OAS and IASF) and il its subconiracions
s presented in ANNEX 2, including also the faciltes operaled by these Instiutes and Comrpanies. The
location of Prime and Subcostractons in the area around of North Raly assures an casy and cost effective
coordnation / integration of the activites especially, alowing us the cpporlunity of frequent F2F meetngs. A}
these Insttides & ndusiies are economic entites registered in ESA with proper bidder code. Hereafler &
short description of thelr background s ghven.

2311 Background of the companies

In this secton a synBelic peofile of Be Mmain confractor and its subconiracions is presented, evidencing he
background experdence in e fSeld of this technology. A detalled report about the axperences and
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organizaton of each lmttute and Company, indudng an axended description of ther faclites, i

prosented n the Annex 1.

VEXT-INAPOAB-004
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14 Organisation, Responsibility and Key persons

The team has assgned 10 the project quakfied personnel with recognized experence Pal is comenitied o
the accompishmant of B project. The sl of key personnel for the project, thelr affillation and position
Inside he companyinatiule is detaled in and Talse 2.2 show B time allocalon sstisaied with respect he
Profect duraion and with respect 10 the hours for sach WI* or Ihe fotal hours of the project,

For the axecution of this peoject INAF.OADL wil have & dedoated progect manage Moreth) who wat
coordinale an nlemal team of siled Procoss. engneos and tlechnicanm, o " he extoms supply
chain and test facilty. The project manager wil also be e hason and man coniact poist with the Agency

and wil involve the asppropnate imemal personnel and suppbers for the required lechnical ducussions The
Qualty and Product Assurance functon (laken by Ncols La Palombars ) snd Pe [rgree (Steleo
Banso) wil support B project manager for B quaiity aspects of the proect. A Advinor
WWNM“WNN The INAF team wil compieled by Pe
Camen (Michela Uslengt), Glorgla Sroni (responsitée for the optical confguration) and Rachele
M (configuraton manager). Finally the OABAINAF Director, Glangearo Taghatlers, wit also monior he
activites and wil ke care of ensuring an effective management of the admvsiative activiles. It shoud
be noted that the INAF team |s composed of persons with & very Ngh axperence n B leld of X.ray optios
and insrument development. smulabon and cabtr stons

Dr. Massimdiano Tord, physicist and astronomer, will load the team of EIE Space Technaloges Si. Mr
Francesco Rampire wil be responaitie for the development of the XIS facilty, coordnatng he leam
dedcated 5 the design of the facilty, inchuding plants. Me. Frangos Dury will be responsibile for the leam
dedcaled 10 ho development of the mechanical design, Inchuding mechansms. The Fire Element
Modeling group will be led by M. Stefano Mian, while Dr. Exvico Marcuzzi wit be responsitée for he leam
dedcaled 0 the control systems, includng melbrology. M. Mana-Cristing Gazzalo wil suppont for he
contractus aspects with the Prime Contracior,

For Meda Lano, the desgn and optimization of the X-ray system will be coordinaled by Fablo Zoooh, with
the strong suppor by Gaseppe are very skiled angineans, with & an espenence of more
than 20 years in the Seld of X-Ray optics. The contribution wil be coordinaled by Gudo Parissens,

Wil aready an IMPOrant expenence IN COOINANNG space related activites.

In managing the contract. the PM wil have the full control of, and responsibity for task assignments,
support, production, subcontracts and he wil act iIn close collaboration with he Dwecior of

OABINAF, who will be kept informed also about all the administrative matiers. The Senior Adviscr wil give

@ coninuous support 10 the PM for all he stralegic decision 10 be taken.

The project is managed Brough & project plan, which is maintained throughout its e, The project plan is

will be carried ot Each WP & sssigned a Budget, derved from B cost model. All charges % the project
are posted 15 & specific WP allowing T accumulastion of costs by WP as he work Indradusd
WPs have a WPM who makes specific work assignments 10 speciic indviduals. The s accountable

located with project dedicaled facities (compuler. phone fax' e-madl eic)
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Table 21 Oversll team compenition. Key persons are indicated in Bold
Nare Afaason Postion within the company Mol i B progect
Albarto Morettl INAT OAD Senicr Ressarcher Project manager, reap WP 5900
Giavarni Pareschi INAF OAR Senior Resasrcher Sarvor Advisor
Olorgra Siron INAF OAR Senior Resesrcher Resp. WP1120, 2000, 20204020
Chrgenre Taghaterm INAY OAD Saren Resonrter avd Drechy Bupport WP 5100
felaco have) INAY O Bervor Technolopst Byslem engreer
Banca Sakras INAY OAS Servor Mesosher Suppon W'Y 120 2000, 3020 4020
Marta Cretan INAY OAn Servor Mesosrcher Suppon W'Y 120 2000, 3000 4020
Hacheso Mss INAY OAS Management Suppon WP £100, 8200
Michels Uslengni INAZ LASF M1 Seniir Mo nrchr Resp. WP 1100
Nicols La Puombars INAS (ASF M Beniir Mesearcher Resp WP 200
Mauro Fromrs INAS - LASH Servcr Meavercter Suppon WPT120 2000, 3020 4020
Franco Amisano aPAP Techaica OMtce Resp WPSI0
Gusso Parissens aPAP |Program & bidder manager office. Suppon WPL0
Guancano Paca Bcv m::mm |Support W1 120 2000 3000 4020
Guseppe Valsecchi Medha Larso Chiel Technical Officer Resp. WP 4050
F ateo Martond Media Larso Serwor Optical Enginesr RESF WP 1130, 1230, 2000 3030
Massimibano Tordi s Project Manger RESP WP 1120,1220,
Stelano Mian BE Sr. Swructural Englneer Suppont WP 11201229,
Francols Dury o S Mechanical Enginaer Support WP 1120,1229,
Enrico Marcurs (23 Sr. Control System Englnesr Support WP 1120,1229,
20203020 4020
Francesco Rampin 33 S Mechanical Engineer Suppon WP 1120,1229,




VERT-X
ESA AD/1-9549/ 18/ NL/AR
VERT-INAPOAR-00

Page 278
2611 Time dedication of key personnel
tﬂaimmummmmwmnwmm"uw
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Fig. 2-3: Work Breakdown Structure of the project
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2712  Werk Package Description (WPD)
WORK PACKAGE DESCRPTION  PSS-A-20
PROJECT X Ray Scan PHASE: NA WP REF 110
WP Tithe: XRS detector & Rason of facilty regquiremants w.r t ATHENA Sheet 1 of 1
cabty ason needs
Contractorn INAF Issue Reot 1
Major Constiuent Requrement specficatons Issue Date 22.0ct- 18
Saart Lvent KOM Pareed Dale: 7-Jan10
End Event: SRR 1 month Panred Date: 13-Apr- 19
WP Manager. Michela Uslenghy
Objectives of IVs sty i o derve (he apecifications kv Me defecir and K the deleckr slage
and 1o wiite the and Speciicadton Document

Irputs.
* AD and RD documents identfied in the SOW
*  Addtional inputs provided by the Agency st KOM
* X Ray Scan techwical proposs
* Contract
o Ingut om WP1120 and 1130

Detadod task descrpton:
*  Defirstion of the detector requirements.
*  Defirstion of the detector stage requirement.
o Collecting inputs hom WP1120 and 1130 and writing D1

+ D1 Regurement and Specification document

WORK PACKAGE DESCRPTION PSS-A-20

PROJECT: X Ray Raster Scan PHASE WPREF. 1120

WP Tithe: XRS housing structire requinement roview Stwet 101
Contractor: EIE Issue Ret 1

Majer Constituent: Requirements Defintion Issue Date: 22.0c1-18
Start Event: KOM Panned Date: 7-Jan-18

End Event: SRR-1 month Plansed Date: 13-Ape-19



VERT-X
ESA AD/1-9549/ 18/ N1/AR
VERT-INAPOAR-00

Page 298

WP Manager: Massirmibano Tord
Objectives: Scope of (s actvity /s 1o derfve the speciications for the X Ray housng structue
Inputs.

* AD and RD documents ientified in the SOW

*  Addtional inputs provided by the Agency st KOM

o X Ray Scan tochwical propossl BOD-PO-INAF .

o  Contract
Detadod task descrpton
o Defirvtion of the housng sruchare requirements
o Defirstion of the conlamination lovels compatitie with the requrements of ATHENA
o DefArvtion of the rasher s0an Postioning SCCursy requirements
o Defirstion of the metrology acosrscy feguremonts
o Defirstion of the vacuum vessel thermal conirol sysiem reguiroments
o Defirstion of the vacuum vessel pumping requirements
o Defirstion of the handing procodures requirsments
Outputs.

« M Ingut 15 Regurements Specificaton Document

WORK PACKAGE DESCRFPTION PSS A20

PROJECT: X Ray Scan PHASE.  NA WP REF: n»
WP Tithe: X Rary source requitements review Sheet 1011
Contractor. Meda Laro Issue Ret 1
Major Constiuent: Requirement specificatons Issue Date: 22.0c1-18
Start Event: KOM Planned Date: 7-Jan-19
End Event: SRR Planred Date: 13-May-19

WP Manager: Fablo Maron

Objectives: Scope of s acthity i 1o derve the specifications for the X Ray source and collmator

Inputs:

AD and RD documents identified in he SOW
Addtional inputs provided by the Agency at KOM
X Ray Scan tochical proposal

Contract
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Detaded task descripton:

o Defiervtion of the minkmums scanning Sme for sach MM of the ATHENA MA,

Defirstion of the minkmus reflected photons nesded 1o perform the SPO MM PSF evaluation

o Parform erstute survey of slready sxating X Ray sources with focus on power, emitied pholon
counts. emission angle.

o Defirvtion of speciication for the mirroe collmator for & give grazing angle

*  Define shape, dmension and optical perfosmances of the mirror collmator

Outpeats
o Inguts 1o Regurement and Specification Document
Inchading
¢ X Ray sowrces state of st
o Colvmabor mirror optice moded
o Selection method and oitens
DL LR R L R R L R L R L R R L R L R R R R L)
WORK PACKAGE DESCIRFTION  PSS.A20
PROJECT: X Ray Scan PHASE: NA WP REF. 121
WP Tithe: XIS deloctor and raster scan sirategy tade-offs and XRS o, ) 4 o1 9
conceptual desgn
Contractor. INAF Issue Ret 1
Major Constituent: Conceptual Design Issue Date: 22.0c1-18
Start Event: KOM Plarned Date: 7-Jan-19
End Event: SRR Plarned Date: 13-May-19
WP Manager: Gorgia Sirond

Objectives: Scope of this activily is the concepliua’ dosign of the defocior and of the delecior stage and
writing e Conceptue! and Trade-off reports

Irguts
AD and RD documents identified in the SOW.
Addticnal inputs provided by the Agency at KOM.

* X Ray Scan lochwical proposal.

o Contract

o Output of WP 1110, 1220, 1220
Detadod task doscripton:

Identify on e markel ™o detoctons with features which mee! the requirement defined in WP 1110
Analysis of the diferont charactorsios and trade off

Conceptual design of the delecior stage

Compiation of D2 and D3
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¢ D2 “Conceptusl design report’
¢ DI Trade-off Report”
WORK PACKAGE DESCRPTION  PSS-A20

PROJECT. X Ray Raster Scan PHASE WP REF. 1220
WP Tio JUS housing structre & raster scan irnde-off and faclty o o oy
concephel desgn
Contractor 1IE Issue Ret 1
Major Constituent Conceptual Design Iwsue Date 22.001- 10
Saart Hvent XOM Parved Date 7-Jan-19
End Event. SRR Panred Dato. 13-May-19
WP Manager: Massimilano Tord
Objectives: On the basis of $he analysis on the reqursments, e objective of s activiy &s & idenity
8 concepiu Myout of the feclity
Inputs:

* AD and RD documents identfied in the SOW

* X Ray Scan lochwical propossl BD-PO-INAF.xx.
+ Contract
.
-

D1 Reguiremants Speciicaton Document
Addiional inputs provided by the Agency at KOM
Detaded task descripton:

Developmaent of the conceptusl yout of the raster scan

|
!
:

* Inguts 1o Conceptuad Design Report and 1o Trade-off reports

WORK PACKAGE DESCRPTION  PSS-A-20
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PROJECT X Ray Scan PHASE: NA WP REF 12%
WP Tithe: X Ray souwrce Trade Off and conceptusl design Stwet 1001
Contractor. Meda Laro Issue Ret 1
Majer Constiuent: Concaptusl Design Issus Date: 22.0c4-18
Start Event: XOM Planred Date: 7-Jan-19
End Event: SRR Parvwd Date: 13-May-19

WP Manager: Fablko Manond

Objectives: Dasod on the X Ray source and colmaltr speciication. the concepiual desgn of the X Ray
source Iy seloclod

Irguts
o AD and RD gocuments entfied in he SOW
o Addtional inpuls provided by the Agency al KOM
* X Ray Scen lochwical propossl
o Output of W 1130

Detadod task doscripton

. w‘m on the market he X Ray souwces with features which meel the requrement defined in WP
Select the minor colmator concept
Defirvtion of the mimor colmalor geometry

Verily leasibsbty, lochnology and cost for the procurement of The mumor colimator
Perform a rade-off of the combinaton sysiem X Ray source/mumor colmalor

Defirvtion of spociication for the miror collmator for & give grazing angle
Definve shape, dmension and opical performances of the maror colmator

Outputs:
* Inguts to Conceptuad Design Report and 0 Trade-off reports

WORK PACKAGE DESCRPTION  PSS-A-20

PROJECT: X Ray Scan PHASE: NA WP REF: 2010
WP Tithe: XRS detectior and XRS preliminary design Sheet 1011

Contractor. INAF Issue Ret 1

Major Constituent: Prelminary Design Issue Date: 22-Oct-18
Saart Event: SRR Planned Date: 14-May-19
find Event: POR Pianned Date: 17-Dec-19
WP Manager: Gorgla Sirond

Objectives: Prodmimary design of the defoctor and of the dedecior stage and produciion of the Prelminary
design document and Techvscal Notes TN1-TN1S
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Inputs:
*  AD and RD documents identfied in he SOW
o Addtional inputs provided by the Agency sl KOM
o X Ray Scan tochwical propoas
* Contract
¢« D2and D3

Detated task doscripton

Detacton parformance avabaton and oplemzation of the readoul stralegy
Irtarfacos defirstion

Development of the prelimnary design of the detector sage
Development of the Product Tres 10 the v leved

o D4 "Probminary Design Document’
o Tochncal notes: TNS, TNE TNTY, TNIZ TNTD TNI4, TNIS

WORK PACKAGE DESCRPTION PSSA20
PROJECT: X Ray Raster Scan PHASE WP REF. 2020
WP Tithe: XRS housing struchure & rasier scan prelminacy design Sheet 1011
Contractor. EIE Issue Ret |
Major Constiuent: Prelminary Design Issue Date: 22-0ct-18
Sut Event: SRR Planned Date: 14-May-19
End Event: PDR Panned Date: 17-Dec-19
WP Manager Massrsbacs Tord
wzmu»mwdnmmmw-wa

Inputs:

* AD and RD documents idenified in the SOW
Addiional irputs provided by the Agency at SRR.
X Ray Scan tochwical proposal BD-PO-INAFxx.
Contract
D2.D3
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Detaded task descripton:

Development of the preliminary design of the raster scan (3D, FEM. servo analyss)
Development of the preliminary design of the metrology system (3d, FEM, sensor modeling)
Developmaent of the Bulidng prebminary design (ol works, plasts, desn rooms)
Preliminary design of the MGSEs

Vacuum vessel prefisinary desion (FEM, vacuum plants)

Theemal control profeninacy design (Tharmal shvoud)

Handhng equgrment preleinary desipn

Outpats
o Tochnical notes: TNY, TND TNA, TNT, TNA, TNS. TNYWO
o Inguts 1o TNLTNIS
o Inguts 10 Profminary Design Document

WORK PACKAGE DESCRIPTION  PSSA-20

PROJECT: X Ray Scan PHASE: NA WP REF 2030
WP Tithe: X Rary source preliminary design Sheet 1 of 1

Contractor. Meda Lano tssue Rat: 1

Major Constiuent: Prelminary Design tssue Dale: 220018

St Event: SRR Planned Date: 14-May-19
find Event: POR Panned Date: 17-Dec-19

WP Manager: Fablo Maron

Objectives: Based on the conceplual design of e X Ray source, the prolmenary design of the system
source/tolimalor is propared

Irputs.
* AD and RD documents identfied in the SOW.
*  Additional inputs provided by the Agency at KOM.
* X Ray Scan lechwical proposal.
+« Contract
e D2and D3

Detaded task descripton:
+ Define shape, dmension and opical performances of the miror colimator
*  Defirvtion of the mimor colmalor geometry
* Prepare and reloase the prebminary manutacturing drawings of.
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*  Select and inmerface with verdors for:
« X Ray sources
«  Colbmator Miror
Mochancal components
Outpats
o Tochncal notes: TN
o Inguts o TNS.TNYS
o Inguts 1o Prefminary Design Document
LA AL R R R L A R R R L R L R L R R R R A R )
WORK PACKAGE DESCRFPTION PSSA.20
PROJECT: X Ray Scan PHASE: NA WP REF. 3010
WP Tithe: XRS detector and XRS detaded design Shweet 1011
Contractor INAF Issue Ret 1
Major Constiuent: Detaded Dosign Issue Date: 22.0c1-18
Start Event: POR Plarned Date: 18-Dec-19
End Event: DOR Panced Date: 7-May-20
WP Manager: Gorgia Sirond

Objectives: Detadod design of e delecior and of the dedecior stage and production of the Detaded Desgn
Documant

Irputs.

AD and RD documents identfied in the SOW.
Additional inputs provided by the Agency.

X Ray Scan tochwical proposal.

Contract

D4: Profiminary Design Document

Detaldod task descripton:
* Prepamton of a detalied stalement of work for e delecir assembly, related cooling, camens
control dlectroncs and data acquisition system
Detaded design of the Delector stage
Development of the Product Tree 10 the fourth level
Update of the Compliance Malrix
Update of e CRL
1CDs
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* Writng 08
Outpats

o DS "Detated Desgn Document”

WORK PACKAGE DESCIOFTION  PSS-A-20

PROJECT X Ray foantor Scan PHASLE WEREF 0
WP Title: XRS housing siruchure & rasier scan delaliod Sesipn Shwel 1011
Contractor. LI Iosue Ret 1
Major Constituent: Detaded Design s Date: 22-0c8-18
Start Event: POR Parved Date: 18-Dec- 19
End Event: DOR Panred Date 7-May-20
WP Manager: Massmibano Tord
Obpctves

+ Development of the Setisled design of B XRS housing structure, raster scan and faclity
Inputs:

* AD and RD documents identfied in the SOW

* Addtional inputs provided by the Agency st PDR
* X Ray Scan techwical propossl BO-PO-INAF.xx.
+ Contract

Detaded task descripton:
* Development of the detaled design of T raster scan (33 modeling. FEM. servo analyss)
+ Development of the detaled design of T metrology system (3d modeling, FEM, senscr
madeling for servo)
Development of the buliding detadled design (oMl works, plants, clean rooms)
Detaded dosign of the MGSEs
Vacuum vessel detaled design (FEM, vecuum plants)
Thermal control detalied design (Theemal stroud)
Handing eqapment detaled devgn

Outputs:
o Irputs 10 Detalled Design Document
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WORK PACKAGE DESCRPTION  PSS-A-20

PROJECT X Ray Scan PHASE: NA WP REF n¥w

WP Tithe: X Rary source detaled design Shwet 1001

Contractor. Meda Laro Issue Ret 1

Majer Consttuent Detadod Design Issue Date 22-Oct- 10

Start vent POR Parvwd Dato 18.Dec- 19

ind Event: DOR Parvwd Date: 7-May- 20

WP Manager: Fablko Manond

Objectives: Based on Me predminary dewpn of Bhe sysiom sowcetolimair e fne' and defaled dosgn
and rawings are propared

Irputs
o AD and RD documents ermified in he SOW
*  Addtional inputs provided by the Agency at KOM.
* X Ray Scan lectwical propossl.
* Oulput of WP 2000

Outputs
* Inguts 1o Deladled Design Document

WORK PACKAGE DESCRPTION  PSS-A-20

PROJECT X Ray Scan PHASE: NA W REF 4010
WP Tithe: XRS developmant plan and cost evalustion Shwet 10f 1
Contractor. INAF Issue Ret 1

Major Constiuent Development plan and cost estmate Issue Date: 22-Oct-18
Start Event: DOR Panned Date: 8-May-20
End Event: FR Planned Date: 7-24-20
WP Manager: Gorge Sirond

Objectives: ; Development of & roadmap fr the construction of the XRS fecilty, including cos! evalustion
and propaning TN16-21 and Final and Summary reports

Irguts.

AD and RD documents identfied in the SOW.
Additional inputs provided by the Agency at KOM.
X Ray Scan techwical proposal.

Contract

Detadod Dosign Document
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Detaded task descripton:

*  Negotale with vendors delivery tiee and cost for procurement of the delector

o Provision of e cosl of the delecier sage

o Prepare GANTT for davelopment and implesantation of the XRS

*  Collecting contributes hom WPA020 and 4030 1o produce TN16-21 and FR and SR
Outpats
o Tochnioal Notes: TNIO, TNIT, TNIS, TNTO, TN2O, TN
o FR Fral Repont
o SR Surmary Repont
DL R R R R L R R R L L L L R R R R R R R R R R R )

WORK PACKAGE DESCIFTION  PSS-A-20

PROJECT X Ray Reastor Scan PHASE WP REF: 4020
WP Title: XRS overall development plan and support cost evaluation Sheet 1 of 1
for e XRS infrastructure
Contractor. EIE Issue Ret 1
Majer Consttuent. Development Plan Issue Date: 22.000-18
Saart Event: DOR Panned Date 8-May-20
End Event: FR Plarved Date: 70420
WP Manager: Massimibano Tord

Objectives: Devedopment of & roadmap for the construction of the faclity, inchuding cos! evaluastion

Irguts.
* AD and RD documents identfied in the SOW.
* Addticonal inputs provided by the Agency at DDRL
* X Ray Scan lechwical propesal BD-PO-INAF.xx
* Contract
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Detaded task descripton:
o Provision of man cost slements. This shall include ot least the folowing cost slements:

o Inputs to TNSO, TNAT, TNSE, TN1O, TNZO, TN2Y, Fined Report and  Summary Regort

WORK PACKAGE DESCRFTION  PSS-A-20
PROJECT. X Ray Scan PHASE: NA WP REF 4030

WP Tite: Support development plan and cost estimate for X Ray
S0Urce Shwet 1001

Contractor Meda Lano Issue Ret 1

Major Constiuent: Development plan and cost estmale Issue Date: 22.0ct-18
Start Event: COR Planned Date: 8-May-20
End Event: FR Panvwd Date: 7- 2419
WP Manager: Guseppe Valsecchi

Objectives: Develdopment of & roadmap for the development of the Source and colimedor system | including
cost evakmtion

Irguts
* AD and RD documents identfied in the SOW.
*  Additional inputs provided by the Agency at KOM.
* X Ray Scan lochwical proposal.
* Output of WP 2030

Detadod task descripton:

* Prepare GANTT for development and implementation of the X Ray source system
*  Negotiale with vendors delivery time and cost for procurement of
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o Inputs o TNIG, TNIT, TNIS L TN1O, TN2O, TN2Y, Fined Report and  Summary Regort

WORK PACKAGE DESCRPTION PSS-A-20

PROJECT. X Ray Sean PHASE WP REF 5100
WP Title Project Mansgemert Stwet 1 of 1
Contractor. INAF OAB Iwsos Ret 1
Major Constisert Project Management Inus Date: 22.0ct-18
Start Dvent KOM Planved Date: 7-Jan-19
ind Event FR Prarved Oule 7-5u-20

WP Manager: Aberio Moreth

Objectives: Top loved coovuination of Ihe fechmacal, admensiratve, and contracius lasks, plannng and
repONting, Fason Wi CUSIOMEY. Aoy CONYIOWONS, and Sub COMTacions.

Irguts.

AD and RD documents idenified in he SOW
Addtional inputs provided by the Agency st KOM
X Ray Scan techvical propossl

Contract.

Detatod task descrpton

+ Be e frst lovel contact with ESA for all project related matiens iIncluding assess 1o any plan,
procedure specicaton of other documantation relevant 1o P programme of work

* Define, irplement, and wpdate the project plan, inchuding dependencies, Gant chant,
midesiones, and rescurce allocaton

+ Coordinate and control the sxecution of the work packages according 1o B project plan

* Schedule and document pesodc intemal project review mestings with the WP managers and
kay projct contributon.

+ Schedue and document perodc intemal project review mestings with the WP managerns and
uymm

* Schedue, organite, and chalr the progress meetings and the project reviews with ESA
Mumdnmmmmmnm

. Mnmm

TOP Technical Data Package
SR Summary Report
ESR Executive Summary Regort

A8 Abstract
TAY Tochnology achievement Template
R Final repont

|
;
|

RFW  Requests for Deviation and waivers (¥ neaded)
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385§
i
{

WORK PACKAGE DESCRFPTION  PSS-A-20

PROJICT: X Ry Sean PHASE WP REF 8200

WP Titke: Safety and PA Stwet 1 0f 1
Contractor. INAF OAD Insue Ret 1

Major Constisert Project Management Inwus Date: 22.0ct 18
Sart vent KOM Planved Dato 7-Jan-10
End Event FR Paneed Date: 7.54-20
WP Manager: Ncols La Palombara

Objectives: The pupose of the P.A and Safely WP is 10 prowvide guidence as well a3 suppont R
procuremen! achivibes, in order 10 ensure Bhal ey ae performed in safe condiions and Il the
deiveratie dems arw comphant wih e sppbcabie reqaements
Irguts.

¢ AD and RD documents identfied in the SOW.

o Addtional inpuls provided by the Agency at KOM.

¢ X Ray Scan lechwical proposal.

* Contract

Detaded task descripton:

Criscal loms identfication and control
Procurement conteol

Test convel

Acciden! | Incidents
Non-conformance conrel
Acceptance and Selvery

* QA Repors

AR AR L AL L R L L A R R A A L L L L L L A L Al L A L R L R R AL R A R AR R A L L

WORK PACKAGE DESCRIPTION PSSA20
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PROJECT X Ray Scan PHASE WP REF. S300
WP Tithe: Project Management Assistance & Technical support Stwet 1011
Contractor. GPAP lssue Ret 1
Majer Constiuent Project Managesent Issue Date: 22.04-18
Start Event: KOM Parred Date: 7-Jan-19
End Event FR Parvwd Dale 7-04-20

WP Manager: Gudo Parssent

Objectives: &) Asuisl e Mrogram Manager i (he execution of s role and in e oneniston of the
md: 10 the Athone misson stafus and £SA project management standards | &) Assst
"

of dedecior (X y, 2) sage

Irputs.
*  AD and RD gocuments emified in he SOW
o Addtional inputs provided by the Agency al KOM
o X Ray Scen lectwical propossl.

* Contract

Detadod task descripton:

o Prepares, montors and racks the project plan thvoughout & implementation

o Coordnate the sxecution of the work packages sccording 1o the progect plan

o Manages (0n behal! of PM) and document perodc Inlernal project review meetings with the WP
managers and key project contritutons.

o Organizes the progross meetingsproject reviews with ESA includng the preparation of the
deliverable documents, agenda, Mmoeting minutes and action tems
Prepare and the progress repors.
Manages the Project Configuraton Control
Manage, issue, and conbol ECR, NCR, RFW, and red flag reports.

|
i
|
|

Support INAF in the defintion of detector (x.y.2) siage

272 Proposed schedule and milesiones

Table 2-3 summartzes the tertative dates and location for e KOM. SRR, POR. DOR, and FR méesione
reviews, and for the Fingd Presentaton The plan assumes & contract start date (KOM) no later than
January Tth, 2018. The project will be executed In a coordnated and conbrolled fashion, taking also into
account the action loms and recommendations provided by he Agency during he project. Moreover, In
order 10 ensure comatant alignment with the Agency, the wark progress will be montored thwoughout he
contract duration and peroScally repored 10 the Agency by means of monthly grogress reports.

Table 2-3 Progress and miesions review meetngs

|Reviews Jcose Tertative Date
IW lxﬂl Telocom |TO January 7, 2019
Reguroment Speafication and | SRR IMF TO+4m Iw 13, 2000

Conceptual Design Review
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[Prosminary Design Review 10411m  Oecomber 17, 2010

|m |m
[Dotmted Dasign Rerview DDR INAF TOs18m  |May 7 2020
FR ESTEC

TO+18m Sy T 2020

T —

273 Barchart

Figwre 2.1 Batratos P Gantt chart deiving the axecution of the WIS I shows he main groject events
(progross and mdesione review Mootngs) and e roposed duration and dependencies of the tasks.
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274 Deliverable Moms

We accept 1o deliver all required fems as lsted in Tab ! of the Statement of Work. Table 24 regorts he
documents that XRS team will deliver 1o ESA for completion of the development program. Electronic fles
and paper copies will be delivered 1o ESA two weeks before the milesione events.

Table 2-4. Deliverable document list ~
P Titte Mileston WP Contributing
o MM“-
(INAF | B | MLT | GPaF
D1 | Requrements Specication Document 119 | 120 | 120
D2 | Concaphsm Design Reepon sar [ 1310 | 1230 | 129
O3 | Trade-off Report 1210 | 1220 | 1290
D4 | Prebminary Design Document 2010 | 2020 | 2000
[TTNT | Vacuum Cramber 2020
3020
[TTNZ | X-ray Source and Colmancr System 2050
00
TN | Raster Scan System (incd x, y stage and 2020
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ol Gogy vert alnaton) DOR 2020
T4 | WA and SIN Mechanioal SUpport and WA Thermal Sysiem 2030
2030
[TTNS | Xoray Delector and (x, y, 7) Stage 2010 5100
3010
TNG | Gravity Release Structure/Mechanism 209
2030
TYNT | Mabroiogy Dy shem (sourcel opica/demecion 7050
3050
“YRA | Ground Buppont Lqupment (nd. MOST, OOSE, (800 | 205
3050
[“YWS | XD T city Wrasinochore 73018 | 2000 | 2000
3010 | 2020 | 2000
TNI0 | Wiorince Specificasons 2010 | 2020 | 2090
3010 | 3020 | 3030
THTT | Concapt of Opsraton 3018 | 2000 | 000
3010 | 320 | 3000
TN1Z | Technica Budgets 7016 | 2020 | 2000
3010 | 3020 | 200
TNT3 | Toaqurnmant Compiance Mats 3010 | 2030 | 7090
3010 | 3020 | 3050
TN14 | Prodect Tree 2010 | 2020 | 2000 | 5100
3010 | 3020 | 3000
TNTS | Gt fem Ut 3010 | 2000 | 2000
3010 | 3020 | 3000
[TDS | Detmied Design Document D0 3010 | 5020 | 3080
TN16 | Davelopment Plan 4010 | 4070 | 4000 | 5100
YNTT | Schacuie astimate for the W05 F acity deveiopment 4010 | 4070 | 4000 | 5160 |
TNTE | Cout ostimate for B 08 Facity development Ao, [#a0 | %670 [ 463 [ 5780
TN13 | Schodule ostmate for the MA GMP M verication and 4010 | 4010 | 4000 | 5100
TNZD | Cost ostimate for e WA 300 catrabon 4010 | 4070 | 4000 | 5100
campaign
TNZ1 | XRS Fackty User Manual 4010 | 4070 | 4000
TR [ Tinw Regon "4010 | 4010 | 4090
SR | Summary Regort 4010 | 4070 | 4030
CCD | Contract Closure Documentation Contract 5100
YAT | Yechnology Achs Tamgiata - B3
WAT | Webesito Aricle Tompiate 5100

275



A0 PRICEQUOTATION FOR THE CONTEMPLATED CONTRACT:

The hotal price for sl e proposed activiles amounts 1o 300,000 EUR.
The type of price s Fim Fixed Price and s free from taxes and cusioms dutes.

No kcances of intelechual Property Rights owned by any Thisd Party wil be purchased for the sxecution of
the contract and conseguenty have boen ncluded e cosl for the project

Al he prioes quoted In s dooument are In EURD,
The Geographicn darbuson of e project s lolally Beken

B0 SUBCONTRACTING FLAN
[Name | County | Wits sssigned ) Guow |
(INAF (P1RIME ) " 1110, 1210, 2010, 3010, 4010 .l:n o) [Te00 [
Meda Lano " 1190, 1230, 2090, 3030, 4050 | b Parry so000 |17
(LC) haly
3 Advanced 300 Brescia (B5) | 20000 |7
Progect Iaty
EIE 1120, 1220, 2020, 3020, 4020 n.o (VE) | 160000 | 53
DETAILED PRICE BREAKDOWN

321 PSS costing forms:
See ANNEX 1

322 Miestons Payment Pian




