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BM-PLM #&3& 3tk Feasibility Analysis
: with Spacecraft FE model
Identification and Measurement %I&iﬁ (LF) , &S g‘”:) (10 times margin)
of all p-vibration sources 1 . _
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LF 0.01 0lr=—==—- 11 10 HF Verificati h BBM
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Type S

Max.
Momentum [Nms]

5-10

=0.2@6000rpm
Max. Torque [Nm] (=0.3@~3500rpm, =0.06@5000rpm
=0.4@~2000rpm)
Mass [kg] =11.5@80Nms =9.1@30Nms =5.22@10Nms
Dimension [mm] = 0366 X 148 =280 x 148 =®0224 %100

Power Consumption

[W]

Peak:<250@0.2Nm, 6000rpm

Steady: <35@6000rpm

Steady: <15@5000rpm
Peak: <69@0.06Nm, 5000rpm

Disturbance Force

[N]

< 2*104*f 2[N]@10<f<=100Hz

< 2[N] @f=>100-200Hz

< 0.02[N] @f<=10Hz

< 1.4[N] @f=>83.3-200Hz
< 2*104*f 2[N]@10<f<=83.3Hz
< 0.02[N] @f<=10Hz

Type Mission launch year
Type L-A Next ISAS ASTRO satellite series; ASTRO-H in 2015
Type M Next GCOM satellite series; GCOM-C1 in 2016
Type S Super Low Altitude Test Satellite (SLATS) in 2016
Type M-A Next GOSAT satellite series; GOSAT-2 in 2017 ’

17 [5] Izawa et al., New Reaction Wheel Assembly Series with High Reliability and Low Disturbance, 2014
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Waterfall plots of disturbance force/torque

@ |t is noted that the magnitude of disturbance force/torque is amplified by
structural resonance to max. 1.54N/0.39Nm at about 200Hz at speed of 1070rpm.

® The structural resonance is well known as “Rocking Mode” and involves rocking a
wheel around a orthogonal axis against a rotation axis.

Note;Q is wheel speed frequency

My axiz

Max.0.39N R
Amplitude of Amplitude of 1 T T 1 B e
disturbance disturbance 0390 1Q ||| T
force[N] torque[Nm] i
02
! 000 6000
UB 5000 o 5000
_‘Dﬁ E 01
ém IFI]DE
’ wheel : PR = ™ wheel
W ’ speed[rpm
1 SpeEd[rpm] ROCkIng Frequency[Hz] - . p [ p ]
Rocking ' freaensit step by 100rpm AUEnEy step by 100rpm
Mode Mode f Y
frequency[Hz] requency[Hz]
force Torque

Waterfall Plots of the Disturbance Force/Torque at initial function
18
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Test & Fx Fy Fz Fx Fy Fz
#Hz Nrms Nrms Nrms Nrms Nrms Nrms

1-1 15 1.17 038 0.03 0.17 0.53 0.01

2B RA—1) 7 R 4K K ITHE#aY Ty
-BR BN IR #15Hz - ER & & ;K $k52Hz / 52Hz(TBD)
e[S e RS ) s 080 (e R T LMIT ATV LT Lyt (28 1 38)
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BELGIRER : T REEET (VL —F

FAIL—3L AT LEEFTER:
» To reduce the force and torque level by 1/100 at 15 Hz (the
drive frequency of 2ST cryocooler) in all DOF
* The strut stiffness parameters tend to be softened

PLM
(cut-off freq. ~1 Hz)
e Very cold and wide temperature (operational from —65 to —10
C, and survival to +60 C)
» which drives the size of the thermal chamber since a
large stroke is necessary to compensate for fluid
Cooler volume change over temperature
Plate
K AEBEBETAIL—EL AT LOLFRER
Isolator

Passive isolator, having launch lock system

Transmissibility <0.01 in all DOF @ 15 Hz,

Amplification factor at resonance Q < 3

Operational: —65 to —10 C (—45 C as normal)

Survival: =65 to +60 C

It should be fitted to the cooler pedestal mounting portion
<30 kg

BM

[7] Mitani et al., Spica Micro-vibration Control System Design for Precision Pointing Stability, 2014
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Thermal transmissibility results

1E+1 S R
T —10C E
1E-0 == —46C |
—65C 3
1E-1 '
1E-2 ° >
P~ :
1E-3° . L
T 1E4 || Attenuation < 0.01 at 15 Hz ! e
ain bellows, To pedestal side o enuation = LUl a ===
Yamper shaft frequency (Hz) 'f\'
Ll [ -
Figure: Picture of the SPICA isolator brassboard model 1E0 Freqml,f:'j 1E+2
Table: Isolator design requirements compliance
1576.1 — 2626.9 N/m 1714.5 N/m Compliant
1926.4 —2977.2 N/m 3152.3 N/m Conditionally compliant
366 N/(m/s) +/- 7.5% 297.7 N/(m/s) @-46C Conditionally compliant
2 mm pull-down + launch load +/-3.3 mm Compliant
Operational: =65 to =10 C —65 to +23 C tested Compliant
Survival: =65 to +60 C
<203.2 mm 200.7 mm measured Compliant
< 2 kg/isolator 0.76 kg Compliant

<30cS 5cS Compliant m
25 ? :



BELBETER 2R RAKEELICK BRI EKE)

BLE LSRN R ARRAET (LSRR RERMLIILARERET L
(FEM) 2R - BELRRHT R

-| =—©— Coolers p-vib at BOL
1E-2f —6— Coolers p-vib at EOL [t
1E-3 :?:;;éggggziﬂzz;zé;g;gg@zzgi:;z:;zi;@;ig:zz:zi;zz;zz:zsﬁszzgzgz:iz:gg;:;g:sg:zz:z!;z_ 195 Hz CAES EE L
1E-4 ? #i i ) Q *%L,\?)&E#__L'Cb\é
20 40 60 80 100 120 140 —>BEXRHERIT—XT
1E-1 REYZEThEATEE

1E 4f$ e@ A g6 e e % i HhEn! H S

. : 5 - %%

A0Z (arcsec,0-P) AeY (arcsec,0-P) AeX (arcsec,0-P)

20 40 60 80 100 120 140 160 180 200 220
Frequency (Hz)

Figure: Power spectrum of the pointing error by mechanical coolers
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BELATIER  Z22RA—LICKDIERZKE

BIFRICEBHIEARA—LBELICEDZEENRER ., TR HERFEERT—I (108) 25 1-
BAIZIE. RA—ILIZET AV L =2 E,, S5IZEEREHE A HIFE (<2400RPM) 10 E

4 RWs p-vib (RSS)

25 EE E: 1<, :EE;?E% !g!!g!!g!!g!!g!!g!!g!!g!!g!g!!é!!é!:c::::' SSECCECCEIIECCSECCECIECCICCICIACISCCTICIaCIa
: SR Ao
L A o
80

tE Eb S WHEHHE EHE L |

A A .
140 160 180 200

1E-2

S et 33 o SRRt o F o 1 R Sttt e e A SRR e R

1E-3k

1E-4 L VT C A W i
20 40 60 80 100 120 140 160 180 200

1E-6 : FM LTy :

SRS Fi
20 40 60 80 100 120 140 160 180 200
Frequency (Hz)

A0Z (arcsec,0-P) AeY (arcsec,0-P) AeX (arcsec,0-P)

10.8 (55.1 Hz) 15.2 (84.1 Hz) 0.20 (118.4 Hz) with isolator, tenfold margin
2.4 (<40 Hz) 0.98 (<40 Hz) 9.6x1073 (<40 Hz) & Limit (Max. 2,400 RPM)
27 10 10 10 Allocations (tentative)



5 [l 2 18 2= 6l ) : Tip-Tilt Mirror (TTM)

PIA side view

Side view of FPIA

\— A
.\"‘i" L IJ L'

TTM package of SCI

& TTMHRER

Common design for MCS and SCI

0.005 arcsec (30): converted to optical axis
0.15 arcsec (30): converted to mechanical axis
>1 Hz (10 Hz: Goal)

>3 arcsec: converted to optical axis

>0.025 deg: converted to mechanical axis
Operational: 4 to 10 K

Survival: 4 to 300 K

<1 mW at 4.5K

50 X 75 mm

28 [8] Mitani et al., Precision pointing control for SPICA: risk mitigation phase study, 2014 54




Rz EEHE: TIMEBIE RN FERER

ﬂ'—ﬂpé* stepping motor

Figure: Picture of TTM BBM mechanism for MCS and SCI Figure: Cryogenic chamber for the TTM mechanism test [9]

Table: TTM design requirements compliance

1 mW per 2-axis @4.5 K 4.4 mW per 1l-axis @ 10 K Non-compliant

0.15 arcsec (3 o) < 1.8 arcsec Conditionally compliant
1Hz 1Hz Compliant

0.025 deg, P-P 0.016 deg, P-P Non-compliant

4to 10K <10K Compliant

50 X 75 mm 50 X 75 mm Compliant

50 X 50 X 100 mm ¢ 50.1 X 104.92 mm Conditionally Compliant
600 g <420g Compliant

It was confirmed that TTM BBM functioned properly, even at an environment below 10 K.

10KLA T CEMEI ATTMZRFELT=
29 [9] Enya et al., Prototype-testbed for Infrared Optics and Coronagraphs (PINOCO), 2012
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n L
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10 /- N
IRU-A (Z8ItL—F & /// i, 4
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Future Missions and Systems Eucl |d:/Z7_'Aﬁg *ﬁ D 15“
System Performance — AOCS

Fine Guidance Sensor integrated into VIS focal plane
* Bandwidth: 0.5 Hz -1 Hz
* Performance: sensor noise not performance-limiting

Fig 12: MPS thruster (left), MPS thruster locations (for one branch) on sun facing side of spacecraft (night)
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Contro 00Op design 10r science mode Al (0 (Mps)xaxg: #50.5mN ([12] Chapman, 2008)

* Bandwidth: ~0.1 Hz ... set by low thrust of cold gas system

* Relies on sensor fusion of FGS and IMU

* IMU (Astrix-200, 10 Hz bandwidth) propagates attitude to achieve higher attitude rate
* Pointing requirement (APE < 25 mas) can be safely fulfilled
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JWST, 2018
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Fig. 6 NASA concept for the NGST.! Serviceable Instruments

= Externally Accessible
36 JWST Size Segments

= Glass or SiC, Thermally
Stabilized

Telescope Isolated from the
Spacecraft

= G-axis non-contacting isolator

= Signal and power fully isolated

JWST-like deployment
approach fits 10m-
class aperture into
Delta 4-H shroud

volume /
ATLAST, 2025~? [16] 3 Layer Sunshield kept at a /
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Figure 10. ATLAST 9.2 m aperture Engineering Reference Design concept.
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