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Overview

~Acrylic Adhesive Recap
~Reaction Wheel Update
~OTIS System Integration
“JWST Commissioning



Tertiary Cleaning & Adhesive Particles

- Flight tertiary mirror (TM), part
of the AOS, was successfully
cleaned following the OGSE-2
test.

- Comprehensive review of the
the TM particulates led to
identification of acrylic adhesive
particles, which was not seen
before.

- Several adhesive particle source
containment efforts were

successfully completed which —— 7 B CUNA S
then enabled the AOS ST Pathfinder configuration = L L o for OTI
installation. Chamber A (2015) cryo-test inside JSC’s Chamber A

(2017)
- Observatory reach-across efforts

underway to identify and .
. . Tt e *See full adhesive review on NGIN here:
m|t|gate futu re SUSCGpthIhty tO https://ngin.jwst.nasa.gov/displaydoc.asp?RevisionNum=LATEST

acrylic adhesive particulation. Sdoc=02935-potx



https://ngin.jwst.nasa.gov/displaydoc.asp?RevisionNum=LATEST&doc=029351.pptx

Acrylic Adhesive Observatory Reach Across %?

¢.1'1'1’51'

© Cross-discipline NGAS team
meeting twice per week to
assess acrylic foreign object
debris (FOD) across the | JWST Flight Core at NGAS/M2
Observatory = !

- Hinge joints, sensors
~ Core2

- Detailed inspection of JSC
facility on-going

« ACF, USF, PG cameras,
SMSS, CMUs

~ Thermal Pathfinder will be
visually and
photographically inspected
before and after the test
for adhesive fallout.




Hardware Residing In/On Initial Delivery to Delivery to |1&T W Delivery to OTIS |&T@Delivery to OTIS |&T Db?;:;:{;;i:T&T NGAS to NASA EoL®
i NGAS / I&T at GSFC (SSDIF) at SSDIF atJsc Handoff
Flight OTE at NGAS
PAC NVR [A] PAC NVR [A] NVR [A] PAC NVR [A] PAC NVR [A] PAC NVR [A] PAC NVR [A]
Optical Assemblies
PM (PMSA Average) 1122 0.04 100 0.050 105 120 0.420 135 0.620 185 1.047 250 1.5 300
sma'‘Y 0.04 100 0.050 105 120 0.140 135 0.240 185 0.455 250 0.5 300
AOS
™A Y 0.04 100 0.15 125 0.240 155 0.340 205 0.455 250 0.5 300
Fsm ) 0.04 100 0.15 125 0.240 155 0.340 205 0.455 250 0.5 300
AOS Interior Surfaces 0.04 100 0.15 125 0.240 155 0.340 205 0.455 250 0.5 300
AOS Exterior Surfaces 0.04 100 0.050 105 0.420 135 0.620 185 1.047 250 1.5 300
Structure and Mechanisms (PMBA, SMSS)
Structure Interior Surfaces 0.04 100 0.050 105 0.420 135 0.620 185 1.047 250 1.5 300
Structure Exterior Surfaces 0.04 100 0.050 105 0.420 135 0.620 185 1.047 250 1.5 300
Mechanisms ! 0.04 "9 [ 1001 | vc-uv | vc-uv VC-UV | VC-Uv | VC-UV | VC-UV | VC-LV | VC-UV N/A N/A
DTA
Structure Interior Surfaces 0.04 100 VC-uv | vC-uv VC-UV | VC-UV | vC-Uv | VC-UV | VC-UV | VC-Uv N/A N/A
Structure Exterior Surfaces 0.04 100 0.050 105 0.420 135 0.620 185 1.047 250 1.5 300
Cable Trays 0.04 100 VC-uv | vC-uv VC-UV | VC-Uv | vC-Uv | VC-Uv | VC-UV | VC-Uv N/A N/A
Mechanisms & 0.04 19 [ 1pp 2@ | vc-uv | vc-uv VC-UV | vC-Uv | vC-Uv | VC-UV | VC-UV | VC-UV N/A N/A
Cryocooler (2)
Cryocooler RLDA Exterior 0.04 100 0.050 105 0.420 135 0.620 185 1.047 250 15 300
Cryocooler RTSA, HTSA 0.04 100 0.050 105 0.420 135 0.620 185 1.047 250 1.5 300
Thermal Management / TMS (6)
Insulation, Blankets, Closeouts, PMBA
) ) w | vcuv 100 VC-UV 105 VC-UV 135 VC-UV 185 VC-UV 250 N/A 300
Closeout, Shields, Bib, Doghouses, etc
Radiators (ADIR, FIR, etc) ' 0.04 119 | 100 1@ | vC-UV | VC-UV VC-UV | vC-uv | vC-Uv | VC-Uv | VC-Uv | VC-Uv N/A N/A
Cryogenic Electronic Boxes/Assemblies )
Interior Surfaces VC-UV | VC-UV | VC-uv | vC-uv VC-UV | vC-uv | vC-Uv | VC-Uv | VC-UvV | VC-uv N/A N/A
Exterior Surfaces 0.04 100 0.050 105 0.420 135 0.620 185 1.047 250 1.5 300
Other OTE Hardware
Cryogenic Harnesses/Cables ¥ VC-UV | VC-UV | VC-uv | vC-uv VC-UV | VC-Uv | vC-Uv | VC-Uv | VC-UV | VC-Uv N/A N/A
S/C Far Omni Assembly ) VC-UV | VC-UV | VvC-uv | vC-uv VC-UV | vC-uv | vC-uv | vC-Uv | vC-Uv | VC-LV N/A N/A




The OTE integration
now complete.

Flight OTE
completed on
March 8, 2016.

ISIM Pre-ship
Review from

March 8-10, 2016[

Primary mirror
comprised of 18
segments completed
on February 2, 2016

Secondary mirror
installed on February
29, 2016.

Aft Optics Subsystem
installed on March 6,
2016.

Aft Optics Subsystem

JWST OTE




LLaunch Segment

JWST Observatory

Ariane Launcher

Launch Vehicle

Payload Adapter

Launch Site Services

[ Provided by NASA/GSFC [ Provided by ESA
[ Provided by NGAS [_] Provided by CSA
[ 1 Provided by STScl




OTE Architecture

Electrical Subsystem

i Aft Optics Subsystem (AOS
Secondary Mirror Support Structure (SMSS) L ptics Y (A0S) 7 21 cold multiplexer units
+ Deployable four-bar linkage strut assembly * Fixed tertiary mirror . Cold iunction box
+ M55J composite tube struts * Fine steering mirror .

* Fine steering mirror control electronics

Thermal Management Subsystem (TMS)
* Honeycomb panel +V3 radiators

* ISIM enclosure (MLI)

» Backplane support frame floor (MLI)

+ Aft deployable ISIM radiator

« Baffle and pupil mask

Secondary Mirror Assembly (SMA)
* Monolithic light-weighted Be mirror A
* Hexapod actuators for 6 DOF rigid

body control for wavefront sensing

and control (WFS&C) /

Primary Mirror Segment Assembly (PMSA)
» 18 monolithic light-weighted Be mirrors

» Hexapod actuators for 6 DOF rigid body
control (WFS&C)

+ Actuator for ROC control (WFS&C)

OTE Primary Mirror
Collection Area > 25 m?

Deployable Tower Assembly (DTA)
* Deployabletelescoping tube

* Two deployable harnesstrays

+» Cryocooler line accommodation

Primary Mirror Backplane Assembly (PMBA)
+ M55J composite tube frame construction

+ Fixed center section with torque box design
* Two deployable wings

N
- Isolator Assembly (1A)
* 1 Hz passiveisolators

* Tower support

Thermal Management Subsystem
* Deployable “batwings”

+ Fixed diagonal shield

* Deployable stray-light “bib”

+ PMBA thermal management (SLI)




ISIM Prime WG ISIM Prime WG

R * Install ISIM Heat
Deliver Integrate * Reordent 33 %0 -V Integrate the
straps to BSF & * Lift from ROF to 8

OTE to OTIS ';‘g‘m"x:" the FIRs AOAS ISIM Prime

CoC / Sys Func WGs

Integrate the
ADIR

Deployments WG

* Lift from AOAS to
ROF (NGAS HIF)

* Reorient V1 to +V3

* Batwings / Bumpers

COC Test

* Stow Wings with GSE bolts
* Reorient +V3 to +V2
* Pre-Env ADIR Deployment test

setup .
+ Omni Boom and Antenna y :‘0\: DY:‘A
st * Walkout ADIR

Integration i
* Pre-Env ADIR deployment Test s avanbls * Pre-Env ITOR

* Reorient +V3 to +V1

* Stow PMSAs

* Install SMA
sunshield

* Lift OTIS from
Aronson to Dolly
(Switch from NGAS

* Reorient +V2 to +V3
* Pre-Env Wing Deployment Test
« Lift from ROF to IIS (Harris HIF)

Metrology

* Stow ADIR

« Lift from UIS (Harris
HIF) to Aronson
(NGAS HIF)

HIF to Vibe Fixture)
* Stow Wings with

NEAs

System

Functional Test

Measure PMSA
Stowed Gap

January 2017

Deployments WG

CoC / Sys Func WGs

Mechanical
Environmental
Tests

* Build up OTIS for Environmental Testing

* Transport OTIS to Acoustics Test Facility

* Perform OTIS Acoustic Test

* Transport OTIS to SSDIF, prep and transport to
Vibe facility

* Perform OTIS Vibration Test

* Transport OTIS from Vibe Facility to SSDIF

* De-configure OTIS following Env Testing

Measure PMSA
Stowed Gap

+ Post-Environmental Wing Deploy

* Prep OTIS for removal from NASA vibe fixture

* Lift OTIS from Dolly to Aronson (NGAS HIF
preinstalled on Aronson)

* Post-Env Bib Deployment Test & Removal

* Reorient OTIS from +V3 to +V2

* Post-Env ADIR Deployment Test

* Reorient OTIS from 4V2 to +V3

+ Post-Env DTA Deployment Test

* Post-Env Deployable Frill Deployment Test

* Lift OTIS from ROF to Aronson Table

COC Test

System
Functional Test

Deployments WG

* Lift OTIS from Aronson to IIS (Switch from
NGAS HIF to Harris HIF)

* Walkout ADIR

* Post-Env ITOR Metrology

* Stow ADIR

* Post-Env IEC NEA Test

* Stow Wings with GSE bolts

* Lift OTIS from 1IS to Aronson

* Reorient OTIS from +V3 to +V1

* Post-Env SMSS Motor Flinch Test

Prep, Load, &
Ship OTIS to JSC

« Indicates Deployment Test




JWST Integration & Test Flow

o
l
- I&T Responsibility
ISIM 1&T Execution Facility
— GSFCZ
Completed /‘ JSC
”P1:-> Optics NGAS
n _ ITT [
OTE ESA/ [T
Structure == 1&T Arianespace
I&T Completes 2017 =
d)mpleted

&
OTE  » W S

Pathfinder *+#  Optics %

Structure
Completed Completed
Propulsion
Observatory Module I&T
EM Test Bed Completeg
(EMTB)
Completed Spacecraft
Panel 1&T Complete Launch |,
Completes 2016 Observatory = Sijte = e
‘/Sunshield : Spacecraft I&T I&T d
: Sunshield Element I&T —_—
Pathfinders 18T Completes 2018 Completes 2018
(EPF/IVA) Oct. 2018
Completes 2017 Completes 2017

Completed



JWST Commissioning: 2015 Timeline

LV Sep Telescope Commissioning
L+30m Alignment Complete
Deploy Complete Complete L+167d
MCC-1a L+20d L+F1)21 d ;
L+125h Slew to Cold Attitude
L+136d
MCC-1b R
60 McC-2 Thermal Slew Ends
L+60h L+294 +150 ¢
DO () ) ®

Deployments OTE Commissioning S| Commissioning
L +31 min—L+20d L+40d-L+121d L+121d-L+166d

O O @, @
Solar MIRI ICE MIRI at _NIRISS MR
Array Power ON Operating Temp Commissioned Commissioned
L+31m 1+0d 1+88d L+163d L+166 d
NIRISS & FGS *
NIRSpec MCE Power ON NIRCam
Power ON L+38d Commissioned N|RSP?C _
L+163 d Commissioned
27 L+164 d
MIRI FPE FGS
NIRCam .
NIRSpec FPE & Power ON Commissioned
ICE Power ON 1+33d L+163 d

L+26d

O Observatory Milestones/ Major Activities W Deployments I OTE Commissioning Activities [ SI Activities

thermal analysis: v5.3]_flxVDA1_trCool4 Cool2014b ISIM Contam

Commissioning Timeline Working Group Lead: Andria Welsh (NGAS)
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Deployments
L +31 min - L+20d

Solar
Array
L+31min

SSLD
FWD /AFT UPS
L+3.05 days

GAA Release
L+125 min

GAA Deploy
L+24 hrs

(]
MCC-1b

L+60 hrs

SC-OTE (3/14")
LRM Release
L+365d

CCA Release
L+4.87 days

CJAAIIEC +V3
LRM Release
L+4.84 dayls

JWST Commissioning: Deployments

OTE Commissioning
L+40d-L+121d

Aft Momentum Flap
L+5.05 days

SSLD Membrane Covers Release
L+5.11 days

SSLD Midboom +J2/-J2

L+5.47 days

SSLD Membrane Tension
L+6.07 days

S| Commissioning
L+121d-L+166d

DTA ReTorquing
L+15.34 days Deployments
Complete
ADIR Part 2 L+19.98 days

L+11861 days

T |
DRSA-H (+J2) \
ADIR Part 1 Release DTA Release Deplo
L+40 min SC-IEC LRMs Deploy  L+643days | |agme SMSS
L+351d L+4.6 days ) L+11.41 days
DRSA-H (-J2) STSA
Release Release
L+5.73 days L+6.73 days
(O SC Deployment ) OTE Deployment

*See NGAS deployment video here: https://www.youtube.com/watch?v=bTxLAGchWnA

PMSA & SMA
PMBA -V2 | Deployment
L+14.03days | L+16.24 days
PMBA +V2
L+12.64 days

OTE Supporting Activiies () 3 Deployment I SS Supporting Actvities

12


mailto:https://www.youtube.com/watch?v=bTxLAGchWnA

JWST Commissioning: OTE Baseline

Deployments OTE Commissioning

Sl Commissioning
L +31 min - L+20d L+40d-1+121d

L+121d-L+166d

Initial Image SIAF Update #1 Image Single Field Cooler Transitions to Steady State
Mosaic L+52.5d Stacking -2 Fine Phasing -3 MIRI at operational temp
L+40d L+63.9d L+71.3d L+88d
Segment ID Coarse MIMF Single Field NIRCam Multi-Field MIRI Activities in
L+43.6d L+55d Fine Phasing-1 | | monitor Module prep for MIMF-2
L+66.6d L+72d

L+88.4 d Telescope

SIAF Update #3 Aligned
L+96d L+121.4d

Seg Image
Array-1
L+454 d

Coarse
Phasing - 2
L+674 d

SIAF Update #2
L+74d

Image Global Coarse MIMF -1 MIMF -2
Stacking-1 Alignment -2 Phasing -3 L+77d L+98.7d
L+48d L+61.7d L+70.8d Cooler Transition to State 4
Secondary Segment L+76.5 d
Mirror Focus | Global Image Image Single Field
Sweep Alignment -1 Array-2 Stacking - 3 Fine Phasing -2 | Pre-MIMF in focus PSF Check
L+43d L+46.3d L+61.3 d L+67.9d L+70d L+76.3d

Wave Front Commissioning Activities

. MIRI/Cooler Activities

13



*Save image as .pdf to read text.
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JWST Commissioning: ITM

OTE commissioning sequence as seen by NIRCam A3. This simulated data
was made using the Ball Aerospace provided Integrated Telescope Model.
These early OTE commissioning simulations are used to exercise the
wavefront sensing and control software subsystem.

Movie credit: Charles-Philippe Lajoie (STScl)
15



JWST Commissioning: SI Commissioning

Deployments

S| Commissioning
L +31 min—L+20d

L+121d-L+166d

OTE Commissioning
L+40d-1+121d

NIRISS CFM Observatory Thermal

Focus Sweep Pointing Stability -1 Observatory Thermal

L+122d L+132.2d Pointing Stability -3
NIRCam Focus Observatory Thermal Science Instrument L+150.1d NIRSpec Multi-
Adjust Pointing Stability -2 Disturbance Tests Object, Single Object
L+122.2d L+136.2d L+140d - 144 d Stray Light & Integral-Field

Correlation Spectroscopy Commissioning
FGS-Guider L+150.3d Enabled Complete
Adjust L+160d L+167d
L+122.5d

Hot Attitude

()
L+150d

L+135d

Cold Attitude
MIRI
MIRI Plate NIRCam Imadin MIRI Imager Coronagraphy
Scale & Geo ging, Sci .

. Photometric Timeseries cience Enabled Science Enabled
Distort NIRISS AMI L+157d L+ 162d
L+122.8d E":g':g Science Enable

* NIRISS SOSS LH52d || Rcam ¢ hy | MIRILRS & MRS
. - am Coronogra
ELT:F:;:EE;'S NIRCam Imaging & Science in?l;';: Science Enabledg P | Science Enabled
. . :
LTy Grism Science Enabled L+ 153d L+161d

© Observatory Activities

(O sl Commissioning Activities
Thermal Slew

16




Thermal Slew CAR

* Objectives
— Measure and characterize the JWST thermal profile to 1) validate
observatory thermal models and 2) determine WFSC update
expectations.

* Activity Description (~14 days, after MIMF)
— Point in a hot/cold direction and thermally stabilize observatory (~4 days) followed by a
large slew (~50 deg pitch) and monitor the observatory as it thermally stabilizes at the
new cold/hot pointing (~14 days)

— Observables: wavefront drift via NIRCam WEFS, pointing stability from star tracker support
assembly, telemetry data from the observatory, heater sensors, transient behaviors

http://www.stsci.edu/jwst/overview/design/field-of-regard
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