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Cycle-3 STOP and lJitter
Integrated Modeling Assessments
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Key Cyc-3 STOP Assessments

* Inclined GEO Orbit introduces variable Earth thermal loads
— Sensitive to the Observatory’s Earth orbit position and attitude.

* Assess impact on the WFI PSF Ellipticity stability margins

— Evaluate at WFI Imager focal plane
— Evaluate at a fixed attitude with margin on Earth loads on WFI radiator
— Evaluate for a worst-slew with worst case Earth loads on WFI radiator

* For the Coronagraph Team
— Provide motions and shapes (Zernike’s) of the T1 and T2 mirrors as a
function of time
— Provide above for a fixed attitude case (at worst angle for Earth thermal
disturbances to the Telescope)

— Slew cases are of much less interest, given the long (2 week?) fixed
attitudes expected during CG Operations
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Key Cyc-3 Jitter Assessments

* Assess Impact of RWA Vibrations on LOS/WFE Stability Margins

— Assess LOS/WEFE stability margins at Telescope Intermediate Focus to
provide best inputs to the jitter-sensitive Coronagraph Instrument

— Assess performance with/without D-struts (+ fine balance RWAs in
some cases)

— Provide LOS x/y and WFE jitter vs frequency (and by harmonic)

— Provide LOS x/y jitter vs frequency broken out by Telescope RB, T1, and
T2 contributors

— Provide cumulative LOS x/y and WFE by optic for worst wheel speed
— Provide LOS x/y and WFE cumulative PSDs for worst wheel speed

* Provide above to the Coronagraph Team to aid in Low Order
WaveFront Sensing and Control (LOWFS/C) system
development
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WFI PSF Ellipticity Stability and WFE Stability Requirements

* From the April 2013 WFIRST SDT Report, the PSF Ellipticity
Requirement, driven by Weak Lensing, is:

— PSF ellipticity (Ixx-lyy, 2*Ixy)/ (Ixx + lyy) known to < 4.7x10* rms (shape/
color filters only)

— The requirement is to be stable to this level over 1 integration time ...
per the SDT report, the nominal WL imaging integration time is 184 s

— We have not yet allocated this to lower levels, so all margin factors
presented are relative to the full budget

 The WFE stability requirement is provisionally broken down to
Jitter and Drift:

— Total is 1 nm rms over a HLS imaging integration (April Report)
— Jitter =0.707 nm ... (only assessed at Telescope Focus in Cyc-3)
— Drift =0.707 nm over one WL imaging integration time (184s )
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Observatory Jitter Requirements

* The Observatory Pointing Spec is 20 mas rms/axis, rss’d to:
— Jitter = 14.0 masec rms/axis (22 Hz, uncontrolled by Observatory)
— Drift = 14.3 masec rms/axis (<2Hz, controlled by Observatory)

* The Coronagraph Team is anticipating LOWFS/C of the 14
mas rms/axis Jitter to <1.6 mas rms/axis, with a goal in the
<0.8 mas rms/axis range

— Realizing the former requires knowledge of Observatory jitter vs
frequency, and both may benefit if Observatory Jitter margins are
large

— Results today address both Jitter margins and Jitter frequency
characteristics, and are assessed at Telescope Intermediate Focus
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Cyc-3 STOP Results Overview

e Stability of WFI Imager PSF ellipticity and WFE have
significant margins even for a STOP WFI Worst-Slew case

— X9 margin on WFE drift rqt (0.707 nm drift/184s at WFI Focus)
— x108 margin on PSF ellipticity total rqt (4.7 e-4/184s at WFI Focus)

 T1/T2 Position/Shape Stabilitiesfor STOP Fixed-Attitudecase
— T1 dominant shape Zernike is focus, ~¥0.2 nm A over 12 hours
— T2 dominant shape Zernike is focus, ~7 pm A over 4 hours
— T1/T2 motions are all sub-micron over 24 hours
— All results well-received by the Coronagraph Team

* MUF (Model Uncertainty Factor) x3 included in all above
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Cyc-3 Jitter Results Overview

LOS Jitter (from RWA) at Telescope Intermediate Focus:

— Peak LOS lJitter < 4 masec rms/axis
* x 3.6 margin on HLS 14 masec rms/axis jitter reqt (at 10 Hz wheel speed)
* Otherwise, jitter < 2 masec rms/axis over 0-50 Hz wheel speed range

WEE Jitter (from RWA) at Telescope Intermediate Focus:

— Peak WFE jitter £0.114 nm
* x 6.2 margin on WFE jitter rgt of 0.707 nm (at 26 Hz wheel speed)
e Otherwise, WFE jitter £ 0.06 nm over 0-50 Hz wheel speed range

Above valuesfor spec RWA, and D-strut Forward Optics Assy mounts

MUF of 2.48(<20Hz) to 5.86 (>40 Hz) is included in above results
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Structural/Thermal/Optical Performance (STOP)
Integrated Model Analyses

* All performance assessed at the Focal Plane of the WFI Imager
* Description of Fixed Attitude and Worst-Slew Thermal Cases (p. 9-14)

» Stabilities of WFI WFE and PSF Ellipticities for Fixed Attitude and
Worst Slew Cases (p. 15-16)

* Telescope T1/T2 Position and Shape stabilities (p. 17-20)
 STOP Assessment Summary (p. 21)

NOTE: MUF of 3 included in all STOP results shown
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Worst Fixed Attitude and Slew Thermal Cases Overview

e Use Chris Hirata’s Thermal Triage Cases

— See next page ... 20 cases envelope pure Pitch/Roll variations,
and then choose Azimuth to maximize or minimize Earth inputs
to Telescope Aperture or WFI Radiators

 Worst Fixed Attitude Case: (selected BEFORE triage results)

— Pick one case that has near worst-case angles of Telescope LOS
and WFI Radiator normal relative to the orbit plane so that
maximum Earth-driven thermal disturbances result

 Worst-Slew Case: (selected AFTER triage results)

— Pick Case with hottest WFI Optical Bench (OB) and, at point
where OB is hottest, slew to Case with coldest OB
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The Cyc-3 Hirata Files

e 20 Cases provide a triage of thermal attitudes for Beta = 11° Orbit

e Cases C1 through C5 in each of 2 Tables Set Observatory Pitch/Roll
— C1 has Sun normal to Solar Arrays ... 0° Pitch and 0° Roll
— C2 points Telescope LOS towards the Sun ... -33.5° Pitch and 0° Roll
— C3 points Telescope LOS away from the Sun ... +33.5° Pitch and 0° Roll
— C4 rolls Telescope about Telescope LOS ... 0° Pitch and 12.5° Roll
— C5 rolls Telescope about Telescope LOS ... 0° Pitch and -12.5° Roll

 “Hot” Table Cases Set Azimuth for C1-C5 to Maximize Earth Inputs
— V1 subcases maximize input to WFI radiators
— V2 subcases maximize input to Telescope aperture

 “Cold” Table Cases Set Azimuth for C1-C5 to Minimize Earth Inputs

— V1 subcases minimize input to WFI radiators
— V2 subcases minimize input to Telescope aperture
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Worst Fixed-Attitude Thermal Case

» Pitch and Roll
— Sun normal to Solar Array
— Pitch =0°, Roll =0°
— Pitch/Roll extreme casesfrom C. Hirata had not been explored whenthis casewas
chosen

» Azimuth: (rotation about normal to the Solar Array)

— Sets Telescope LOS 38.9°0off the orbit plane (yLos)
e Thisis as close as is currently allowed given stray light constraints
* Maximizes orbital variation of Earth load into the Telescope barrel

— Simultaneously sets WFI radiators normal 33.92°0off the orbit plane (Yrad)

* The closest approach of the normal to the orbit plane that must be tolerated to
accommodate HLS/WL observations is 47.5°(April 2013 SDT Final Report), so
significant margin in assessing WL PSF Ellipticity stability

* Full range of WFI radiator angles, down to 0°, explored in Worst Slew and Triage
cases
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Worst Fixed-Attitude Orbit Graphic

28.5°%inclined GEO stationary orbit
175°RAAN

11°Beta Angle; near Beta = 0, but no
eclipse (April 1, 2023, 00:21 UTC)

S/C “X” =red axis
S/C “Y” = green axis
S/C “Z” = blue axis (pointing to Sun)

Keplariaon: ClVZ Ao lyvsis Group: WFIRST External
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WFI Worst-Slew Thermal Case

» Variation in gradient between WFI OB Top and OB Bottom temperatures was
looked at, over all 20 Hirata Triage Cases

» Attitude resulting in biggest Top/Bottom OB gradient and warmest OB Top

temperature was selected as the Hot Case for the WFI Worst-Slew Case
— 33.5°pitch away from the Sun, no LOS roll, yrad = 0°(in the orbit plane)
— 163.6 KOB top, -0.8 K gradient to OB bottom

» Attitude resulting in smallest Top/Bottom OB gradient and coldest OB Top

temperature was selected as the Cold Case for the WFI Worst-Slew Case
— 33.5°pitch towards the Sun, no LOS roll, yrad = 48.4°(0ut of the orbit plane)
— 163.0 KOB top, -0.5 K gradient to OB bottom

» Instantaneously switch from Hot to Cold attitude at Hottest Point for WFI OB and
track hourly for at least 12 hours (total of 23 hours analyzed)



ROT AFTA-Wide-Field Infrared Survey Telescope

Hot Attitude
Pitch = 33.5°(away

Yios = 40.49°
from Sun)

YRad = 0°
Roll=0

Azimuth maximizes WFI
Radiator Earth input

28.5°Inclined GEO stationary orbit

175°RAAN

11°Beta Angle; near Beta = 0, but no
eclipse (April 1, 2023, 00:21 UTC) C Analysis Group: WFIRST_External

.

* yios = 38.90°
*  YRad = 48.39°

Cold Attitude

Pitch = -33.5°(to Sun)
Roll =0

Azimuth minimizes WFI
Radiator Earth input
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WFE and PSF Ellipticity Stability Margins for STOP Fixed-Attitude Case
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WFE and PSF Ellipticity Stability Margins for STOP Worst-Slew Case
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T1 Rigid Body Motions Over 24 Hours for STOP Fixed Attitude Case
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T2 Rigid Body Motions Over 24 Hours for STOP Fixed Attitude Case
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T1 Zernike Amplitudes Over 24 Hours for STOP Fixed Attitude Case
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T2 Zernike Amplitudes Over 24 Hours for STOP Fixed Attitude Case
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STOP Assessment Summary

 The STOP results are summarized in detail on p.2

 They show excellent WFI PSF Ellipticity stability and solid
WFI WFE stability margins, the best DRM results that we
have seen (even for the worst-slew case)

— X9 margins on WFI WFE drift stability rqt

e x25 better than HST WFE variations, which can be +30 nm over an orbit

— x108 margins on WFI PSF Ellipticity total stability rgt

 The T1/T2 Shape/Position Stabilities, from fixed-attitude
case, are viewed positively by the Coronagraph Team

— Zernike instability dominated by focus at a fraction of a
nanometer to a few picometers range over 24 hours

— Sub-micron rigid body motion ranges over 24 hours
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Structural/Vibration/Optical Performance
(aka “Jitter”) Integrated Model Analyses

* All Performance Assessed at the Telescope’s Intermediate Focus
e Jitter Analysis Assumptions (p. 23)

* RWA-induced LOS and WFE lJitter (p. 24-25)

* Jitter Assessment Summary (p. 26)

e Jitter and STOP Future Cyc-3 Work (p. 27-28)

* Credits!

NOTE: A MUF of x2.48(<20Hz) to x5.86 (>40
Hz), with a linear variation between these
frequencies, is included in all Jitter results
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Assumptions for Jitter Analyses

 Observatory Modal Structural Model (Nastran; Cory Powell):

Major participating masses represented with realistic stiffnesses suitable for flight loads
Isolation mounts represented (Telescope D-struts; residual vectors used)

Fuel slosh omitted from this run (no jitter impact expected)

Open OBA door and both HGAs on gimbals excluded (lien)

Outputs: normal modes to 200 Hz provided to Dynamics Response Model

 Reduced Dynamics Response Model (Matlab; Carl Blaurock and Alice Liu):

Modal damping (0.25%) applied to all structural modes
RWA isolation modeled as disturbance shaping filter
* 10 Hz, 10% damping (needed to increase from 5% b/c close to jitter modes), 2-
decade floor
Disturbance input: HR14-75 RWAs (standard spec balancing)
Responses £2 Hz are in ACS control bandpass, and not included in jitter estimates

Outputs: Rigid body motions (as a function of frequency to 200 Hz) of Telescope optical
elements (T1, T2), WFI optical elements (F1, M3, F2, FPA), and Telescope intermediate
focus center
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RWA-Induced LOS lJitter at Telescope Intermediate Focus

> Without D-struts we do not meet our LOS

Jitter spec of 14 mas rms/axis

» With the D-struts, Peak LOS lJitter is <4 mas

rms/axis at ~10 Hz

» Xx3.6 margin on 14 mas rms/axis rqt
» Otherwise <2 mas rms/axis 0-50 Hz
(ignoring 10% factor), a x7.2 margin

» Fine balance wheels reduce Peak LOS lJitter

from 4 to 3 mas rms/axis
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» Peak now at 25 Hz (worst wheel changes)
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RWA-Induced WFE lJitter at Telescope Intermediate Focus

RW 3: max 0.303 nm RMS 0-50 rev/sec (+10%)
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Jitter Assessment Summary

* The Jitter results are summarized in detail on p. 3

e Significant margins on RWA-induced lJitter are predicted:

— Peak LOS lJitter £ 4 masec rms/axis, x3.6 margin on 14 mas rms/axis
LOS jitter rqt

— Peak WFE jitter £0.114 nm, x 6.2 margin on 0.707 nm WFE jitter rqt

e But only evaluated at Telescope Intermediate Focus

— Margins almost x2 better at all other speeds out to 50 Hz

e D-struts critical to Jitter performance

 MUF of 2.48(<20Hz) to 5.86 (>40 Hz) is included in all results!
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Future Cyc-3 Work (Jitter)

Add HGAs and Open Door to Nastran FEM

HGA disturbance to be evaluated for WFE/LOS jitter impacts

— Single step response to understand response amplitude and
component frequencies (modes)

— Realistic HGA command profile
» Step rate range in steps/second is a critical parameter
— Bounding HGA responses

D-struts
— Verify model against Honeywell data

RW lIsolators

— Use physical isolator model that will more accurately capture
gyroscopic coupling

Re-run for LOS/WFE for both Telescope Intermediate Focus
and WFI FPA (latter a goal)
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Future Cyc-3 Work (STOP)

* 1K WFI Optical Bench grad/bulk dT (in work)

WFI Cooldown (in review)
— Aimed at informing I&T and error budget development
— Both LOM-based, and x-validation with SigFit

— SigFit can better capture high-order deformations around optical
mounts

e Gravity-release (in review)
— Aimed at informing I&T and error budget development

* Considering a fixed-attitude eclipse case

— Is the target to assess thermal/structural dynamic disturbances,
or deformations/motions of optical elements?



Cycle-3 Integrated Modeling (IM) Team

(Roll the Credits!)

» Optical Model
* Bert Pasquale, David Vaughnn

» Linear Optical Model (LOM) Generation

e Joe Howard

» Structural Design/Model/Analysis

e Cory Powell (Andrew Jabola) ... both static and dynamic

» Thermal Design/Model/Analysis
* Hume Peabody (Carson McDonald)

» Structural/Thermal Mapping
* Hume Peabody (TD)
* Cory Powell (Nastran Thermal Analyzer linear interpolations)

» LOM-based WFE/LOS/PSF Model/Analysis

e Carl Blaurock (NightSky Systems)
e Alice Liu
* Includes RWA disturbance inputs

» Payload/Instrument Systems

* Dave Content, Cliff Jackson
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Tentative AFTA MUF vs Frequency Curve
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WFH.T AFTA-Wide-Field Infrared Survey Telescope
RWA-Induced lJitter, by Harmonic

RW Isolation, No D-struts, No Fine Balance

LOS Rx RW | WFE RW3
2 OS Rx RW3 h=0.3846 10°
10 3 (—— L L
h=1 : h=1.0 FE
RSS(h=2-59.72) h=5.105 s
h=5.1538 i
) RSS(h=rest) | |

"W

10

Y
o
=
TR
-
C==

B—
=

2 | —-
z ‘ i  AANE- |
% 100 I . L} A7 g I | u
% | \ l:',Hl‘ WY '\lx g | l Y \ \
S ‘ Iy ' M 107? | | \ |
\ ! ] o 1 i i
sy & h | 1 I b 1 n [
; || Il’l!l\ | A A | T1A R H_ I'l ’
FEEAY I Wik P
/ \. | I y S/ ' J y V A A
102 / \ ” M\JK : 10° : i A ' :
o 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Wheelspeed [rev/sec] . . Wheelspeed [rev/sec]
, LOS Ry RW3 RW lIsolation, D-struts, No Fine Balance WFE RW
10 r ; 10
h=0.3846 ki h=1.0
h=1 T h=5.105
RSS(h=2-59.72) | | h=5.1538 A
10" RSS(h=rest) ‘V’M
I 10™ A, ‘I
z Wl e e
| |
8 10° { h \ E | | v
g — i B J YL = = 1A
£ SR | T S W i
! F A 14 Y | 49 LA W = »
= Lf \f A 10 1 HEiy
: NG v - ; ;
10 A ¥ A
i A \ ——'|
/S LS, 1 b\ N IR
g // )‘ | 1 \ I\,\, / \
1020 — M \ ll 3 102 3 [ | .\ 2

(0] 1-0 20 30 40 50 60 70 80 (0] 10 20 30 40 50 60 70 8-0
January 9-10, 2014_v14 Wheelspeed [rev/sec] AFTA-WEIRST SDT#2 Wheelspeed [rev/sec] 32



W F ’T AFTA-Wide-Field Infrared Survey Telescope
RWA LOS/WFE Cumulative PSD, Worst Wheelspeed
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No D-strut

RW

Cumulative LOS by optic for RW3 at 16.11 rev/sec

LOS/WFE by Optic
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0.325
0.32
_ 0315 \\ With D-strut
< 0.3t
0.305 \ Cumulative LOS by optic for RW3 at 51.80 rev/sec
4
0.3 L ~
T1 T2 OTA F 3 -
Optic Y
p (o]
» 2
3]
IS
1
0 L
T T2 OTA F
Optic
Cumulative WFE by optic for RW3 at 25.67 rev/sec
0.2
0.15
g 0.1
c /
0.05 /
0 L
T1 T2 OTA F

Opti
pHie 34



, Rigid-telescope LOS: RW 3, max 16.17/12.96 masec RMS XY 0-50 rev/sec , Rigid-telescope LOS: RW 3, max 3.67/2.30 masec RMS X/Y 0-50 rev/isec

]

LOS [mas rms/axis]

T : 10 ——
-~ . A C Wi Ax ¢
No D-strut Ry |1 — With D-strut Ry [1
2 10’
o
3
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. . I o I § 100 7 8%
' - W e — l — I 1 B S é-"_ "" ll‘\‘l‘
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""""""""" WAl ] I T ;’V
L F -2 L L
10 20 30 40 50 60 70 80 1075 10 20 30 40 50 60 70 80

Wheelspeed [rev/sec] Wheelspeed [rev/sec]

Wheel Speed [rev/s]

Result for AFTA-WFIRST IM Cyc-3 Telescope LOS jitter (RB contributor only)
Total jitter spec is shown: 14 mas rms/axis

RW 3 chosen as representative worst wheel disturbance input location

A MUF of 2.48(<20Hz) to 5.86 (>40 Hz) is included in values shown
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T1 LOS: RW 3, max 6.90/4.38 masec RMS XY 0-50 rev/sec (+10%)

10 T1 LOS: RW 3, max 8.61/14.80 masec RMS XY 0-50 rev/sec 102
: : — e r r Rx %
No D-strut i With Destnut o
10 i . 10’
.Q ) ‘ R P
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Eo g W ol VAL ¥
5] i f
O ' |
-l
1078 10 20 30 40 50 60 70 L 10 20 30 40 50 60 70 80
R oo Wheelspeed [rev/sec]
Wheel Speed [rev/s]
e Result for AFTA-WFIRST IM Cyc-3 Telescope LOS jitter (T1 contributor only)
e Total jitter spec is shown: 14 mas rms/axis
e RW 3 chosen as representative worst wheel disturbance input location
e A MUF of 2.48(<20Hz) to 5.86 (>40 Hz) is included in values shown
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T2 LOS: RW 3, max 7.07/4.26 masec RMS X/Y 0-50 rev/sec T2 LOS: RW 3, max 3.41/3.81 masec RMS X/Y 0-50 rev/sec (+10%)

—
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Wheel Speed [rev/s]

Result for AFTA-WFIRST IM Cyc-3 Telescope LOS jitter (T2 contributor only)

Total jitter spec is shown: 14 mas rms/axis
RW3 chosen as representative worst wheel disturbance input location
A MUF of 2.48(<20Hz) to 5.86 (>40 Hz) is included in values shown
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AFTA-Wide-Field Infrared Survey Telescope

LOS Motion over 24 Hours for STOP Fixed Attitude Case

20,

LOS, no ACS
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/_
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.
)

LOS [masec]

\\\
"\

-30

40t

AN 7

~

0 1 2

Blue = x-axis
Green = y-axis

3 4 5
Time (s) x 10*

» Max uncorrected (no
ACS) WFI LOS drift rate
is ~0.15 mas/min

» This low rate is easily
correctible by S/C ACS
to meet the 14 masec
rms/axis drift (<2 Hz)
pointing requirement



AFTA-Wide-Field Infrared Survey Telescope

W IE ‘f’

Carrier CG Latch Point Stabilities for STOP Fixed Attitude Case
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0.00E+00 P4

> Total Translations

» No thermal control of
Carrier in Cyc-3

—&— Average Motion

—— A-Latch
C-Latch

=i B-Latch
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January 9-10, 2014 _v14
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AFTA-WFIRST SDT#2
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WFHR}‘LT Wide-Field Infrared Survey Telescope o
Wide Field Instrument Thermal Model




WIRT[IR@ T  AFTA - Wide-Field Infrared Survey Telescope

FEM

500004
: \ l

500004

™ e

wfirst-DRMO-Jitter-V5-resvec200Hz.bdf
300,687 nodes; 403,817 elements

Per ACWG, LOS/WFE is at telescope exit (intermediate focus),
represented by node 500004 spidered from IC.
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AFTA - Wide-Field Infrared Survey Telescope l@‘ﬁ

Solar Array/Sun Shade

WF Instrument
and Radiators
Cycle 3

Instrument Carrier

(Yellow) Spacecraft Bus and

serviceable Modules
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W IR oT AFTA - Wide-Field Infrared Survey Telescope @‘ﬁ

What is included (or not) in initial jitter results

All except coronagraph
should be added In

next few weeks OBA door {open} & door extension

AFTA telescope,
including OBA extension

Solar array/ sunshield

Payload

isolation struts Instrument carrier & WFI

[coronagraph detalil to
L come later]

High Gain Antenna
AFTA spacecraft
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AFTA-Wide-Field Infrared Survey Telescope

Coronagraph (CG) Layout Overview

* No Coronagraph design for Cyc-3

 Thermal model has a radiative CG enclosure at fixed temp (293 K)

e Structural model has the CG enclosure supported kinematically at 3
Carrier latch points, similarly to the WFI: -

L .
'f“',-, Pt
‘)

* Telescope Intermediate Focus reference, used for LOM to assess
Telescope LOS litter, is on next page
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AFTA-Wide-Field Infrared Survey Telescope

Carrier Attachment of Telescope
Intermediate Focus Reference

3 H |l L J .,_.[‘Li
'1 -
& . :

Aot i -1 - i

e A RBE3 element (interpolation element, rigid to the averages of all the
nodes, provides no structure) is used to secure a node at the intermediate

focus to the bottom of the Instrument Carrier (IC) at the AMS mount
locations.
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AFTA-Wide-Field Infrared Survey Telescope

12/21 Galactic %:% TS ———- -

_~"Bulge
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WIFIIR®T wide-Field Infrared Survey Telescope

WFIRST-AFTA’s Central Line of Sight (LOS) Field of Regard (FOR)

Observing Zone: SNe SNe Fixed
54 -126 " Pitch off Sun Fields Fields be +20°

off one of the
Ecliptic Poles,

+10° Roll about L +15° Roll about
(off max power roOll*) LOS from 90° -
* Larger roll allowed fgr °
e \ I 110

+126( 7

Galactic Bulge
Keep-Out /G (Available Keep-Out

Zone 6) twice yearly) Aol

Microlensing can
observe Inertially
Fixed Fields in the
Galactic Bulge

WL/ BAO-RSD/
GO/Coronagraph
Surveys can be
optimized within (GB) for 72 days
the full Observing , SNe \ twice a year
Zone Fields .

,Observing Zone\




W F "T AFTA-Wide-Field Infrared Survey Telescope

Cases Chosen for IM Thermal Runs

* Orbital Variation Case (fixed attitude)
e Worst Case Slew Pair
e Caveat

— Cases are run to equilibrium at one fixed attitude ... in reality
there is a 1 degree motion of the Earth around the Sun each day,
so the equilibrium is never reached

— This needs to be considered, particularly for the CG cases where
1-2 weeks may be spent at one pointing, but the slow changes in
flux distribution should not be an issue for the Observatory’s
thermal and pointing control systems



Rotation Axes and Order of Operations

The initial Observatory attitude prior to rotations is shown in COVO;
All rotations follow the right hand rule;

The three rotation axes are the vector normal to the gold colored
solar array (+Z out of the array; for Azimuth), the Telescope LOS
vector (+X out of the aperture; for Roll), and the vector defined by
the right handrule of the previous two vectors (+Y; for Pitch);

AINSNSNINNIIN v Azimuth rotations (about +Z) are

- ~rbit 2 e first, rotating the Observatory
about the Sunline;

v Pitch rotations (about +Y) are
second, pointing the Telescope LOS
towards (-Pitch) or away (+Pitch)
from the Sun;

v Roll rotations (about +X) arethird,

rotating the Observatory about the
January 9-10, 2014 _v14 AFTAJNFIRST SDT#2 Telescope LOS 49




Hot C1V1 — C5V2 Hirata Table

Hot Cases prioritize Azimuth to maximize Earth input to WFI Radiators
(V1) or to Telescope Aperture (V2), for given Pitch and Roll values

Table 1: The Group 1 thermal cases. The middle of the simulation is at 2023 April 1, 00:21 UTC:; the ecliptic
orbital parameters are I, = 51.89° and 2. = 176.97°; and the Sun angle parameters are 3 = 11.00° and
1) = —51.04°. The position of the Sun is RA, = 10.12°, Dec., = 4.36°, and the position of the orbit normal
is RA; = 85.00° and Dec; = 61.50°. Note that the yaw angle is given in two forms (both A and 6z); only
one is required, but A is more useful for understanding where the telescope is pointed relative to celestial
objects, whereas 67 is used for Thermal Desktop inputs.

All angles in degrees
Label Pitch Roll Azimuth LOS RA LOS Dec PAqunshade YLOS Yrad
P p A 07,

_Hot C1V1 0.00 0.00 57.48  263.56 106.44 55.33 277.67 77.27  0.00
Hot C1V2 0.00 0.00 101.27 219.77 101.02 11.75 274.44 38.90 33.92
Hot C2V1 | —33.50 0.00 208.25 112.79 3.10 —51.83 8.40 | —40.49  0.00
Hot C2V2 | —33.50 0.00 204.65 116.39 7.94 —52.11 2.60 | —38.90 3.19
Hot C3V1 33.50 0.00 73.83 247.21 142.54 28.94 298.03 40.49  0.00
Hot C3V2 33.50 0.00 77.43 243.61 141.02 26.26 295.34 3890  3.19
Hot C4V1 0.00 12.50 227.53  93.51 289.59 —65.17 67.08 | —78.46  0.00
Hot C4V?2 0.00 12,50 101.27 219.77 101.02 11.75 261.95 38.90 41.47
Hot C5V1 0.00 -—-12.50 61.30 259.74 105.62 51.54 289.51 75.00  0.00
Hot C5V?2 0.00 —-12.50 101.27 219.77 101.02 11.75 286.95 38.90 25.30

Blue is fixed attitude orbit case; Tan is hot case of the worst-case slew pair.
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Hot Cases

COVO has no
rotations from base
orbit attitude

January 9-10, 2014




Cold C1V1 — C5V2 Hirata Table

Cold Cases prioritize Azimuth to minimize Earth input to WFI Radiators
(V1) or to Telescope Aperture (V2), for given Pitch and Roll values

Table 2: The Group 2 thermal cases. The middle of the simulation is at 2023 April 1, 00:21 UTC; the ecliptic
orbital parameters are I, = 51.89° and . = 176.97°; and the Sun angle parameters are 3 = 11.00° and
iy = —51.04°. The position of the Sun is RA; = 10.12°, Decys, = 4.36°, and the position of the orbit normal
is RA; = 85.00° and Dec; = 61.50°. Note that the yaw angle is given in two forms (both A and 6z); only
one is required, but A is more useful for understanding where the telescope is pointed relative to celestial
objects, whereas 7z is used for Thermal Desktop inputs.

All angles in degrees
Label Pitch Roll Azimuth LOS RA LOS Dec PA,,, chade YLOS Yead
P P A Bz
ColdCIVI| 0.0  0.00 081 32023 | 269.60 67.36 78.62 | 38.00 —48.49
ColdC1V2 | 0.00  0.00 51.04 270.00 | 108.25 61.70 279.22 | 79.00  —5.47
[Cold C2V1 | —33.50 0.00 101.36 219.68 66.76 12.15 267.17 38.90 48.39
ColdC2V2 | —33.50  0.00 51.04 270.00 18.48 50.91 22791 | 67.50  11.03
ColdC3V1 | 3350  0.00 180.72 14032 | 157.32  —54.20 220.37 | —38.90  48.39
ColdC3V2 | 3350  0.00 231.04 90.00| 22848  —50.91 132.09 | —67.50  11.03
Cold C4V1 0.00 12.50 0.81 320.23 269.60 67.36 66.12 38.90 —50.98
ColdC4V2 | 0.00 1250 51.04 270.00 | 108.25 61.70 266.72 | 79.00 —3.29
ColdC5V1 | 000 —1250  0.81 32023 | 269.60 67.36 01.12 | 3890 —43.25
ColdC5V2 | 0.00 —1250 51.04 270.00 | 108.25 61.70 201.72 | 79.00 —7.41
Tan is cold case of the worst-case slew pair.
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Cold Cases

COVO has no
rotations from base
orbit attitude

sis Group: WFIRST External
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WFHR}‘LT Wide-Field Infrared Survey Telescope o

STOP Small Perturbation Linear Analysis Flow

TD + Nastran
Thermal Desktop (TD) ™ Thermal Analyzer

Observatory Thermal Map Temps to
Thermal Model Analysis Nastran Grid Points

NASTRAN NASTRAN
PayloaczA f;;jlc‘ruml The::l\g;s/l:?;iczggall(ysis -—
\ 2 v
Discipline
| | Model

Analysis /
Process

MATLAB w/ DOCS

Process surface grid point inputs to confirm RB
motions; calculate Zernikes 4-11; Convolve both
with LOM; process WFE to estimate PSF_ellipticity

AWFE, ALOS,
APSF_ellipticity

inal Result
CODE-V I Fin u

Payload

>
A

Optical Model



Alice Liu, Carl

WIR|R@ "  AFTA - Wide-Field Infrared Survey Telescope N@‘ﬁ

AFTA-WFIRST Jitter Modeling/Analysis Flow

Observatory

Modal Structural
Model

Cory Powell

-
S Observatory
s Optical Model

X
Q
o

>

xg Mechanical
5 Disturbances
(e 5

= K )

Reduced
Dynamics Model

Telescope LOS Jitter
[2-10-100 Hz]

Integrated jitter vs wheel
speed, and cumulative jitter vs
frequency for set wheel speed.

Discipline
Model

Re-use in <2 Hz
ACS Fine
Pointing Control
(Drift) Analysis

Re-use in <2 Hz
ACS Fine

Pointing Control

(Drift) and
STOP Analyses

Final Result
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AFTA-Wide-Field Infrared Survey Telescope

Fine Pointing Analysis

Cory Powell (Andrew Jabola,
Miguel Polanco) {Pre”minary}

Eric Stoneking

Alice and Carl

ACS Mode| pummmre > LOS
Simulink Simulink Dl/\s/\(;)'ggre

Joe Howard, Carl Blaurock Final Result
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WWIRTIR@ [ AFTA - Wide-Field Infrared Survey Telescope

Cyc-3 Payload Design Highlights

~270K telescope
WF Channel 2.1um detector cutoff
Passive WFI thermal design

<120 K WF Channel focal plane temp (117 K in model)

WFI Optical Bench (OB) ~163 K, cooled top and
bottom via heat pipes

Instrument Carrier thermally uncontrolled (MLI wrap)
Coronagraph volume at 293 K (radiative coupling only)

Initial IFU end to end design (no thermal analysis)
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