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ISIM + OTE = OTIS

Integrated Science Instrument Modul @ GSFC ISIM Radiators- NGAS/Ball
+Structure - GSFC/ATK

*MIRI- JPL & ESA/European Consortium /__Ontics elescope Elemen NGAS/Ball
NIRSpec- ESA/Astrium A

*NIRCam - U of Arizona/LMATC !

*FGS/TFI- CSA/COM DEV " OTI S

Backplane Structure — NGAS/ATK

ISIM Electronics Compartment (IEC)- GSFC

Deployment Tower - NGAS
Sunshield - NGAS » “ T - 'M
Membrane — NGAS/NeXolve e L_153

Spacecraft - NGAS

MIRI Cryocooler — JPLINGAS
Instrument C&DH - GSFC

Launch Vehicle & Adapter- ESA/Arianespace
Overall Observatory - NGAS
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TAT Scope

1&T Responsibility

OTE/ISIM Execution Facility
y 7T —
NGAS
ITT -——
— -

Arianespace

Structure =P

LA *
SFC SSDIF
oOTE m,

Pathfinder *-+ Optlcs

NGAS M8 GSFC SSDIF
Propulsion
Observatory Module I&T
EM Test Bed =
(EMTB) NGAS M3
NGAS R8 Spacecraft —
Panel 1&T Complete Launch LV
NGAS M8 Observatory 9 Site = el
Spacecraft I&T 12T
Sunshield T P ——
Pathfinders =--» 1&T Element I&T NGAS M8, LATF, M4 Vibe CSG S5, BAF, ZL3
(EPF/IVA)
NGAS M8 NGAS M8 NGAS M8, M4 TV

August 20, 2010



Test Complexity at JSC

Center of Curvature Optical
Assembly (COCOA)
COCI(MWL interferometer, null,

» Isolation System-Minus K o ;
hexapod, calibration equipment)

Autocollimating Flat Mirrors (ACF
Assembly)

* DownRods + 3ACFs (actuated motion)

+ Upper Suspension Frame (USF)

+ Telescope Tension Rods Rogue Path

Cryo Position Metrology
Photogrammetry Cameras
> PM lllumination LED’s

+ Hardpoint Offloader Support
System (HOSS)

+ HOSS Structure and Hardpoints

+ Offloaders

+ SDERS
i
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Thermal Verification Overview

— Provides demonstration/risk reduction and supporting data for model validation

Yellow (Y) Provides direct test data for partial model correlation and perfermance verification.
Provides direct measurement/model correlation in flight like thermal environment and as flown configuration.
2009 2013
A B c D E G H I J K L M Flight
Final
Thermal Architecture Flight Flight Flight Flight | Flight | Flight Verification
Performance Engineering | Engineering | Engineering IEC Flight Flight Heat I1SIM ISIM oTIS 55 |Flight T- Test
Parameters Description Full Scale Core| 1/3 Scale SS | Layer 5 Lidar | Baffle | SI TV/TB IEC Straps Radiators SES Jsc Core | Bus | A - Analysis Notes
via analysis. OTE
function of several v v v v A temp.erature isa
architecture thermal function of several
1/OTE Temperature features architecure
Core Isolation critical to overall
2 Performance temperature of OTE and ISIM
IEC Isolation critical to overall Y
3/ Performance temperature of OTE and ISIM
critical to overall v ¥ via analysis. Only Lidar
4|IEC/Core SS Backscatter temperature of OTE and ISIM and baffle test provide
dictacts total load capability
5|Radiator Performance |of passive cooling system
Heat Strap dictates total load capability
6|Performance of passive cooling system
Radiator/Strap end to
7 end radiator to strap interface is
ISIM contributor to total load
8 Cooler - ISIM Loads on cryocooler
Observatory contributor to
9 Cooler - Line Loads total load on cryocooler
Harness Radiator major mitigator of IEC to v v A via analysis . Only lidar|
10|/ Performance ISIM harness loads and baffle test provide
i Load kdi
ol via analysis . Strong
A function of OTE
Total Load (253) mW, FGS Ex. Description temperature
Qa1 Mounts - C (42)| radiator supports to OTE - _
via analysis. Only lidar
i ¥ o and baffle test provide
a2 Ext load - R (88) test data.
a3 Int Backload - R (0)
OTE generated heat
Y loads are via analysis
Q4 Strap Load - C (123) total load thru strap only
Q4A Supports - C (0) strap supports to ISIM/OTE e
Q4B Radiation - R (0) OTE ISIM cavity ¥
Q4ac Instrument - C (123) Load thru instrument Y
Q4ci Mounts - C (13)| Bench to Instrument Mounts Y y g
Q4ac2 Radiation - R (25) OTE ISIM cavity Y Y
r TASTrument Generated 1
Q4C3A  |Dissipation (55) _
assumes harness
radiator performans as
Q4C3B  Harness (30) Harness Total specified.
Q4C3B1 IRSU(5) IRSU to Instrument
Q4C3B2 Instrument (25) FPE/ICE to Instrument
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Optical
Verification
Overview

August 20, 2010

PM Low Freq/PMSA-PMSA Alignment

OTE
Subsystem
Level

PM Mid Freq

5l Level

WFE/Fig

ISIM

ure Performance

IsC Notes

Backplane SES test at Subsystem Level;
Integrated structure/PMSA alignment measured
using acutator range for phasing at JSC

PM High Freq

PMSA Astigmatism

PM RoC

PM Conic

SM WFE

SM RoC

SM Conic

TM WFE

TM RoC

TM Conic

FSM Figure

S| WFE

Orange  Risk redn/demo/blunder
N/A NfA N/A Yellow Test data for partial model validation/performance verification
N/A N/A ¥ Provides flight like test data
wa wva [
| NOTE: All Low frequency terms and PMSA astigmatism factor into
N/A N/A Y actuator range
N/A N/A o
N/A N/A o
N/A N/A o
N/A N/A (2]
N/A N/A o
N/A N/A [s]
o
(o]

Backplane SES test at Subsystem Level

Backplane SES Test, SM55 ambient testing
including deployment repeatabilty measured at
Subsystem Level

PM to AOS Alignment ¥ N/A N/A
SM to AOS Alignment / SM Actuator
Range N/A N/A
Internal AOS Alignment
(TM, FSM, Mask, Aperture) N/A N/A
I1SIM to ACS Alignment
Y N/A
Sl to ISIM Pupil Shear N/A ¥

Sl to ISIM Focus

Backplane piece measured during Backplane
testing in SES; ISIM piece including KM strut
adjustments measured using OSIM

Internal SI Shear measured at Sl level

Internal S1 Focus measured at Sl level

Thermal Distortion - PM WFE & RoC
Change 0 N/A N/A Y BSTA testing
Thermal Distortion - OTE Alignment
Change [o] N/A N/A ¥ Full Strut CTE test at Subsystem Level
PM Collection Area
N/A N/A (2]
Rogue Path AOS mask alignment measrured at Subsystem
N/A N/A N/A o] Level - captured under "Alignments" above
PM to FSM Mask Alignment / Truant
Path o) N/A N/A (o] Frill test atJSC
Plate Scale OTE alignments thart impact plate scale are
N/A X Y captured under "Alignments" above
WFSAC Algorithms/Process Full SW Verification w/ ITM at Subsystem Level;
o o] o End-to-End WFSC Demo at J5C
WF8&C Influence Functions
a N/A N/A ¥ TBT validation at Subsytem level

WF Control Signal Path (PMSA, SMA

motion control sign check test) N/A N/A N/A Mirrors see flight electronics for first time at JSC
WF Control - Hexapod performance

pod p N/A N/A o
Fine Guidance Loop Y N/A (o) o] DITCE/ADU/FSM test at BATC; JSC uses ADU EDU




ISIM Cryo Test Configuration at GSFC

SES chamber
(27 x 40 ft)

LN2 Shroud
GHe shroud installation and

£ test completed July 09
GHe shroud

ISIM

OSIM

Vibration
Isolation
Supports

Fold Mirror 3 Tip/Tilt
Gimbal Assembly

QSIM Primary Mirror

Alinnment Niannnetic Module
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ISIM |&T Flow

Receive Flight ISIM Electronics
Compartment Structure with

Backbone Harness

INS-20xxx

Receive Flight
ISIM Structure
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INS-20xxx TST-20900 TST-21000
FLTIEC IEC Sine & IEC Mass
Integration » Random > Properties
(FLT E-box) Vibe Test
TST-20600 "l $T-20700
et Deinb " TST-20910
Ali t ystem Haegrate TST-21000
N == Functional = For Vib and =
Metrology
Test Mass Props ISIM Gravity ISIMM
Release Test Prow:isess
Integrate:
CHA, HR, HSA
Harness, Sis
TST- TST-20800 TST-21100 TST-20900
,
Cryo Thermal Vacuum Test EMI/EMC Acoustics Test dI Sine Vibe Test _I'I
w/TMS and OSIM Test > (ISIM & IEC) > (1SIM Only)
TST-21300
" TsTomaQ INS-21301 TST-30000
OTE Integration
Cryo Thermal Vacuum Test Clean, Inspect, & Test Program OTECryo Vac
QfTMSand OSsIM Pack & Ship i At JSC
>

\/

rl

rl — Re-Integrate ISIM and IEC
dI — De-Integrate ISIM and IEC

10



ISIM Cryo Test Timeline
O

ISIM Cryo-Vacuum Test General Flow and Timeline — CVAC #1 Program Goal for Test Completion
W 1 [ WK 2 | WK 3 | WK 4 | WK 5 | WK 6 | W T | WK & | WK 9 | WK 10 I Wi 11 |wx1z | Wi 13 ]WKM |wms |wms | WK 1T | W 18 | WK 19 | Wi 20 |
T T T L T
— l | i — I — A Vo
*
P Y | | 1 IZIM Temp QOSIM Temp 1 MIRI Temp | K Charmbwer
5 N OSIM Temp ! ' [ i | g
E |20 . Stability ! ! i i | ‘,'
= 0 \ T T T T T K
Q‘E - \““ '.|. | [ TE 1 [ 1 | .,‘/
= L T T T T T . g
g |1 AN D7 : . i : L
2 YT 7 . "~/
@ 50K — : s f/ : H
= — e R ‘, | MIF £ Line
(i1 1 1 e e s — s m— s e s e s m— b m— Jecordamnation |1 2h)
_l—— st i 1 Continuous QCM Measurement @ Op Temp - : - -,_-_I-i
Desorption ¥ B
L I ] 1 L
] FE A Flnmcamall Puinlas (fia Famanl i [ i i [ — "'.
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JSC Activities Flow

S -

OTIS Transfer to Site Temp

|O-|—|g Arrivall HCROF | OTIS Transfer to HOSS | | OTIS Transfer Into Chamber | At Vacuum
A & AN | Cool Down |

KM strut Adjustments OTIS Functional

Install Offloaders OGSE/PG Checkout Tests

PG Target Installation

Payload Activation

OTIS Functional Tests
Source Exposure Setting|
SMA Deployment

o 151N CPT

» Post Ship Testing OTIS Electrical Integration

» Deployments

OG SE Initial Alignments

0GSE Checkout
PISA Deployment

Backplane Heaters Complete Offloading

Installation o Install DSERs o SIMIA Deployment
e Final Inspections P PIM Alignment
o Witness Plate Swap
OTIS Themmally Stable Optical Test Plateau |
ADS-15IM Alignment PM PM WFE S PSF OTEASIM Pupil Final Fine Guidance || WFS&C ||Day inthe| |Dayin the
Prelim Rogue Path ||alisnments Test alignment||Crosscheck]] Field Test || Alignment]] Rogue Demo Demao Life 1 Life 2
Test PathTest

OTIS Transfer to OTIS Shipping
| OTIS Activities In Chamber | | OTIS Exit From Chamber | HCROF Preparations

* Witness Plate Swap r Remove Offloaders I: Stowing |

| warm Up |

, e Initial Inspections e Install Offloaders
Meotor Latch . .
o OTISDeintegration o PG Target Removal
Testing N
# Remove DSERsS p Backplane Heaters
Removal

Thermal

Thermal Distortion 2

Thermal Balance 1/
Thermal

Distortion 1

Balance 0
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