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UHYV qualification of VIRGO
components

R. Poggiani
(VIRGO Pisa Vacuum Group)




VIRGO Pisa Vacuum Group

m Physicists & Engineers : M. Bernardini, C.
Bradaschia, H. B. Pan, A. Pasqualetti, R.

Poggiani, Z. Zhang
m Technicians: R. Cosci, A. Ragonesi




VIRGO vacuum system

m Tube dimensions (each)

¢ bore 1200 mm
¢ length 3000 m

m Towers (each)

¢ diameter 2000 mm
& height 10000 mm

m Partial pressures:
& hydrogen : 1.x107 mbar -> 1.x10 mbar
# sum of all other gases : 1.x10-8 mbar -> 1.x10-'9 mbar
¢ hydrocarbons : 1.x101* mbar (single layer in 4 years)










Seismic 1solation; the
superattenuator

m cascade of seven pendula providing
attenuation of 40 dB (vertical and

horizontal) each
m mirror steering system (marionetta)

m complex system involving a large number
of components




-
—t

1= Ve oamomminse H

b= 3 * wn g 0 ¢

/man‘mﬁ'a, |

lest mess
'/04/»450/&




: No stored View
Assenbly
19 -BID+LAM+BELL+COL+CEN

SDRC

I-DEAS VI.i:

50lid _Modeling

Tpaete Level:

30-MAR-93 13:10:55

Units : 8T
Display : No stored Option

317 3-NIW

P

-
2
*

£
%
7
43




Vacuum compatibility

m screening methodology: measurement of the
outgassing rate and composition

m necessity of a large number of tests during
R&D phase for components selection

m outgassing of components before
installation




Required tests

superattenuator filters, marionetta

signal cabling, coil wires (a few km for each tower)

¢ different geometry: cables vs. ribbons
¢ different insulation: Kapton, ceramic, PTFE...

magnets: ferrite, rare-earth-magnets....
glues: Torrseal. Vacseal....
motors, gears and lubricants (grease and solid)

total number of candidate components is some
tens |
test on assembled filter and marionetta




Experimental facilities

m [arge vacuum tank for superattenuator
filters

m Three small systems (one in operation, two
under installation)
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Figure 1. TEST SYSTEM
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Measurement method

m outgassing flow 1s Q = (P;-P,) C

m base pressure 1.3x10° mbar after 15h
pumping, unbaked

base pressure 1.7x10° mbar after 144h
baking




Components tested to date

m Kapton insulated cables
m Alumina insulated cables
m Torrseal

m Vacseal

m Ferrite magnets

m Krytox |
m AML motors




Kapton

m 30 m Kapton cabling, 0.25 mm diameter
conductor diameter, 0.12 mm insulation
thickness

m Manufactured by Raydex CDT, UK,
distributed cleaned for vacuum by Caburn
MDC, UK
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Alumina

m 50 m alumina insulation cabling, 0.5 mm
diameter with 10 micron alumina thickness

m Manifactured by Dispol Chemicals, Japan
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Ferrite magnets

m Phillips Ferroxdure 330 (strontium ferrite)

m two different cleanings methods
# alkaline soap cleaning + baking at 150 °C in air

# baking at 150 °C in air
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typical vapor rressure~lemperature Characteristics http://www.lubricants.du...kvacpump/kvacpumpgl.html

Technical Information

Typical Vapor Pressure-Temperature
Characteristics

Temperature,'F

1! L] e “® 60 80 188 120 140 168 130 200 228 2403260286 349 360 420

-3

Vapor Pressure (mm Hg or Torrs)
]

20 -8 0 16 26 30 40 50 60 70 80 90 100 110 120140 160 180 200220

Temperature,OC

Krytox ® is a registered trademark of E. I. du Pont de Nemours and Company -

Copyright 1995 E.I. du Pont de Nemours and Company, 1007 Market St Wilmington, Delaware 19898
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AML motors

m UHV compatible stepper motors produced
by AML, UK

m Step angle 1.8
® Bakeable up to 175 °C
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IMPROVED UHV STEPPER MOTOR ~MODEL B23.1 |

1,/

—

AML’s improved UHV-compatible stepper motor has a signi

ficantly-reduced thermal resistance between the

windings and the case and generally improved materials. In conjunction with the SMD2 drive this enables
continuous running with reasonable torque and low outgassing to be achieved in UHV.

K4
4 OFF PUMPING HOLES _ o

23 E
I HOLES %%
w3x ¢00cf? 9 (O]
EQUISPACED

4227
4,024

OPTIONAL REAR SHAFT ‘/%

EXTENSION. OPTION “S”

4 HOLES
266.70 16
85.20 1676 2
EOUISPACED 1.473
0.0761A

51.00

J= 162

$7.00

1473
18 0.076(A]

—————Apu  HICEGELECTRONTES

i
i

Detent torque - 0.03 Nm

Rearings are silicon nitride ha'ls running in

] Proven technology, similar AML motors ¢ ¢ Al stainless-steel surfaces are etched and
have been in constant use since 1986. sputter-coated with a hard matt black
diamond-like film for increased heat-loss
*e All insulating materials are self-coloured by radiation and reduced outpassing.
polyimide or PEEK, with exceptional
outgassing and insulating performance. L4 Particularly suited to continuous substrate
—~p| Typically < 3x10* mBar | sec” after 2 \ rotation for deposition uniformity for load
“hours running at torque of 100 mNm. | inertias up to 1 x 10* g cm?. Use
_» Oniy hydrogen (90%) and CO can be Q reduction gearing or B23.2 for larger
resolved in the spectrum. o loads.
¢ ¢ Improved hyhrid ceramic bearings for ¢ Suitable for use below 1 x 107"° mb
longer life o.1 reduced friction after
multipie bakeouts. ¢ Bakeable to 200°C, opera\ble at 77°K.
¢ Electrical connections reduced to only 6 L Radiation-hard version available.
S s durable polyimide film-coated wires.
Simplified connection with MLF12 * Rear shaft and rear wire entry options.
bakeable lead and feedthrough kit.
* Full range of drives, accessories and
¢ ¢ Further reduced thermal resistance mechanisms 3re available.
between windings and case. Continuous
running in vacuum at 0.7A is now possible. ¢ Very low particulate generation.
Sieg.agale d .8°? Bakeout Temperature £200°C Wiring Diagram
Step angle tolerance Operating Temperature < -196 to 175°
{ unioaded )
Weight 750g
Rasistance per phase 10 ohms
Inductance per phase 25 mH Power leads { Poyimide ) 0.6mm
K-type T/C leads ( Polyimide ) 0.2mm Identify phases with 23
Wﬁ 6.4 Nm) Lead length 0.75m resistance meter.
phases, 1 A)

Reverse one phase to
reverse rotation The
| SRR PUn,



ION CURRENT

MoToOR 4 TEST

Black: After 17 hours of pumping with motor, p=1.2x10"° mbar. J
Red: After 4 hours of pumping without motor, p=1.5x107 mbar. d-23x]|0 mbut/f
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ION CURRENT

NOTOR ¥4 1esT

Black: Measurement at baking of 200°C at 28 hours with motor, p=2.3x10°mbar; = Q.leo'?\q[,ml
Red: Measurement at baking of 200°C at 17 hours without motor, p=2.3x10° mbar.
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1,4 x 40" mbar £
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Conclusions

m total outgassing flow from seismic
attenuation cascade as deduced from the
tests is of the order of 10-* mbar I/s (one
order of magnitude within requests)

m filters  : 3.0x10-3 mbar 1/s
m blades :1.7x10~ mbar l/s

m magnets : 4.3x10°> mbar /s
m cabling :1.0x10>mbar l/s
m others :<2.0x10°mbar l/s




Future options

m Perform optical surface contamination test

m Collaboration and data sharing with LIGO
very welcome




