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CONSIDERATIONS IN DESIGN OF INERTIAL SENSOR
FOR LASER INTERFEROMETER SPACE ANTENNA
(LISA)

BASELINE DESIGN (FACETED PROOF MASS) OF INERTIAL

SENSOR FOR LISA
APPEARS TO BE ADEQUATE TO MEET REQUIRED SPECIFICATION,
- 1S BASED ON SPACE-QUALIFIED ACCELEROMETERS THAT HAVE FLOWN
ON SHUTTLE AND OTHER MISSIONS (ONERA),
- HAS RECEIVED CAREFUL THOUGHT IN DESIGN OFER THE LAST SEVERAL
YEARS. ;

WHY CONSIDER ALTERNATE APPROACHES?

CAN SOME OF THE DESIGN CONSTRAINTS BE RELAXED WITH ALTERNATE
APPROACHES? Could ONERALL DiEsSieM B(E SiMALIF(sh

- WHAT CAN WE LEARN ABOUT THE BASELINE DESIGN BY CONSIbEHING
ALTERNATE APPROACHES?
- WOULD A SPHERICAL PROOF MASS BE USEFUL FOR OTHER MISSIONS?
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SPHERICAL PROOF MASS FOR LISA
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TWO FACETED SINGLE SPHERICAL
PROOM MASSES PROOF MASS

Faceted Proof Spherical Proof

Mass Mass
Number of Proof Masses 2 1 Slowly Spinning
Controlled Degrees of Freedom 9 out of 12 0 out of 6

Gap Between Housing and Mass ~1 mm ~1cm
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CAN A SPHERICAL PROOF MASS MAKE A GOOD MIRROR?

SPHERE NEAR SPHERE
Material AuPt AuPt
Radius . 2.3cm. 2.3 cm.
Density Inhomogeneity 10™ 107
Asphericity 50 nm | 100 nm
Mass Unbalance (center 2.3 um ] 1 pm radial
of mass — center of 3 um axial
spherical surface)
Fractional Difference in {107 0.04
Moments of Inertia
Spin Frequency 10 Hz 10 Hz
Polhode Frequency 1.4 x 10" Hz 0.4 Hz

Polhdde: Patw Jollnwed Dy Spin Awis " Body ~Finew . Reyjuect Fraue
- Duwmued by Buwlw's Fqvahin 1 Motk
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Optical Reflections From an Imperfect Spinning Spherical Surface
Spin
Axis

TO
DETECTOR

Analysis Method:
- In a rotor-fixed coordinate system aligned with principal axes,
expand rotor shape in spherical harmonics”

- Use rotation matrices to.transform
- to rotor-fixed reference frame with z-axis aligned with instantaneous spin
axis (polhode motion)
- to inertially-fixed reference frame where spin axis is aligned with z-axis (spin)
- to direction of incoming light
- Find average displacement weighted over reflected light beam
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FREQUENCY DISTRIBUTION OF MEASURED DISPLACEMENT
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EFFECT OF ROTOR SURFACE ON INTERFEROMETER SENSITIVITY
NEAR SPHERE, POLHODE DAMPED

LISA Sensitivity with Mear Sphare

1'D.“|‘ 4

10 1! 16° 10’

OTHER CONSIDERATIONS:

- Sphere is common reference for two arms of interferometer. Some part nf the
displacement will be incoherent
- Sensitivity Changes as plane of interferometer changes

- Effects of Even Harmonics (I=even) may be decreased by measuring opposite
sides of sphere
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DESIGN CONSIDERATIONS
Spin Up, Polhode Damping,
Position Sensing

Methods

Design Parameters

Spin Up

Eddy Current

Spin up rate 1.5 x 10 Hz/sec for 1 §-

field at 67

Polhode Damping

Passive Magnetic
Active Magnetic

Time constant 10hr. for 50 field

Forcing Eddy Current Specific force 10 g with 1 gauss field
and 1 gauss/10 cm. field gradient

Caging Mechanical .

Charge Control Ultraviolet

Optical Position
Readout

Confocal Microscope
Light from interferometer

Spin axid O p e 'ﬁrttwuaa
/@ Tovque

Teequinen of
0 bty qu Fild
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CoMPARISOM UF REQUIREMENTS TO
MAMNTHN ALCELERATIN NosE < 10 '° A Yz
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COMPARISON OF REQuireMEWTS TO
MMNTAN ACELERATN NoweE < L07'F "ot YHs
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ADDTIONAL QUESTIONS
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