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Precipitation hardened steel

SSTIMATIO~ oF RESCIVAL CLREEPR

With Maraging observe the creep speed

to increase x 30 for 10°C rises

Bake blades under stress at >= 80°C for a week

Observe creep at < 1 um / day @ 80°C
Observe creep at < 50-100 nm / day @ 65°C

Estimate residual creep at < 1 nm / day @ 20°C

1 “ijstal;slippage / day_

Most residual creep may be due
to pure dislocations

(slippage wunder threshold)

R. DeSalvo Amaldi conference 1/4 July 1997



Non Stochastic Noise (NSN) sources

all sources that inject energy

in the interferometer

in a non controlled non thermal mode

Generate. events

outside the exponential noise distribution.

A) Internal sources

Couplings to outside world

}) Couplings to outside world

R. DeSalvo Amaldi conference 1/4 July 1997



NSN Sources

A> IV TERNVAL

Creep noise on wires and springs

Thermal movement noise and upconversions

Cabling problems mechanical noise
contact noise
triboelectricity noise

B> EXTERNVAL  coyuPlinsps

R. DeSalvo Amaldi conference 1/4 July 1997
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Creep noise

STAUSE

Dislocations inside single crystals

accumulate stress on

Crystal border impurities_

———

— - o o~
/ -
r ,\'_FL—V

Eventually will exceed stress yield point

all crystals will slip

YWBSERVABLA (MachoSCoPlCaLy)
Integrated continuous motion.

ORSERVARLE (Mwﬂpszo/’za/;u?}

TeRkin e ATV

R. DeSalvo Amaldi conference 1/4 July 1997
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Creep noise

Energy releases in the S.A. chain

can generate nano-seisms

Suspended masses are inexhaustible reserve of energy

Consider Crystal slippage ~ 107 2T'

one single Crystal stressed near the metal yield
point of the metal contains (and releases at
slippage) energy equivalent to the dropping of
the suspended optical component by several pm

A pico-meter is a Mega-nano-nano-meter

It’s the ""big one"

R. DeSalvo Amaldi conference 1/4 July 1997
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the creep noise mechanism

unstressed crystals

stress applied.
elastic strain

dislocation drif t
concentrates stress.
slow continuous
semi-elastic strain

typical grain size
5-10 microns

‘typical slippage 10-100 nm
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Creep noise

The only ways out are:

b)

bl)
b2)

Infinitely small crystals

(

gain with & but unfeasible)

frozen crystals

freeze by cooling

- >
B L[ v

chemical freezing

R. DeSalvo

Amaldi conference 1/4 July 1997



Creep noise

Dislocations have activation energies

of few Kcal/mole

FreQ'slippage

Creep Speed x 16 for AT = 5 - 20°C

Creep speed is controlled by the temperature

R. DeSalvo Amaldi conference 1/4 July 1997



Mean creep rate (microns/day)

AISI 1070 blade creep vs temperature / CREEP
— T (t—/)/V T/lvrops)

100 g

y = c* exp(dE/K T) ]
Value Error ]

[.0.90449! 0.080815 | [eV]

oxp 37.815

1 1 ] 1

10 20 30 40 50 60
Temperature (°C)



Creep noise

Freezing crystals by cooling

Metal brittleges§

Spontaneous - fracture

freeze only high AE dislocations

low AE dislocations can still move and

generate  catastrophes

R. DeSalvo Amaldi conference 1/4 July 1997
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Creep noise

Chemical freezing of crystals

Precipitation hardened steel

Maraging

Fe + Co + Ni o+ Ti

/s R 1c 5 %

High purity (no precipitation centers)

- Solution stable in Fusion

- Solid solution stable at > 850°C

—

-Solid solution thermodynamically unstable <450°C

—

in 10™*" years would precipitate

Ti-Co nano-crystals inside Fe crystals

R. DeSalvo Amaldi conference 1/4 July 1997



Precipitation hardened steel

Precipitation process is impeded
at room temperature
by lack of Co and Ni diffusion

iiside Fe crystals

Solubilised form metastable at 20°C

At 450°C Fe Crystal are still stable but

Co, Ti, Ni atoms can diffuse

typical diffusion distance 30 nm

Every 30 nm a nano-crystal forms inside the

otherwise un-perturbed Fe Crystal

about '10% nano-crystals/Crystal

R. DeSalvo Amaldi conference 1/4 July 1997
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Precipitation hardened steel

Nano-crystals inside crystals

form dislocation drift barriers

Dislocations are_trapped throughout the Crystal

Dislocations impeded to reach the Crystal border

cannot trigger Crystal slippage

creep sto s__! 1)

R. DeSalvo Amaldi conference 2/5 July 1997
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Precipitatio on hardened steel

After precipitation hardening, “’C

}z:f“
"P

creep shows logarithmic behavior vs €.

Given our measurement errors creep

can be directly measured at < 50-100 nm/day

Need an indirect measurement.

Need to guarantee much lower

creep level

R. DeSalvo Amaldi conference 1/4 July 1997
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CREEP (MICRONS)

MARAGING VS C70 @ 50 C CREEP RATES:

-0.0610.01 microns/hour for Maragin
(preliminary) -5.040.5 microns/hour for C70 gng
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Blade a2 test
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[ y = a+b*log(x+10) ]
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t Value Error _'}
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Blade a2 test

200 300 400 500
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Hours
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- Maraging activation energy determination
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activation energy

X
| Minimum|0.51405948
| Maximum|0.95582467
| 'sum| 22.237414
| Points| 31
| Mean|[. 3
Std_Deviation | 0.10820836
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11 blades and
3 temperature steps

(eV)

[« V]



Slope (microns/hours)
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Stress (MPa)

1800.0-
1700.0-
1600.0-
1500.0-
1400.0-
1300.0-
1200.0-
1100.0-
1000.0-
900.0-
800.0-
700.0-
600.0-
500.0-
400.0-
300.0-
200.0-
100.0-
0.0~
-100.0~

-

Strain -Stress Curve

I
0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0 4.5

Elongation (mm)

5.0

# Name: MTLOS
# Type: METAL
# Material: MARVAL 18
# Shape: BUTTERFLY
# Baking Method: 4h, 480C
# Height: 3.56 mm
# Width: 3.98 mm
# Length: 99.65 mm
# Testing Speed : minimum
# Sensor Accuracy : +/- 200N
# Yield Point:
1750 MPa
24795 N
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Defences against creep noise

A)

Maraging steel used in all stressed components

B)
>15 9—0’(_3‘ bakmg of assembleJ attenuators

relieves excess stresses and

consumes all possible slippage

C©)
If will detect problems with Virgo operation

further safety factor by chilling

K —

— ——
———

No low temperature brittleness with Maraging

R. DeSalvo Amaldi conference 1/4 July 1997
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Thermal movement noise and upconversions

if quantised fraction is 10°© S
if thermostatisation < 10 moK

and if creep like (10712 m) steps

then thermal movement noise will generate

1 step / hour

but if quantised fraction is 10°%
if thermostatisation < 100meK
then thermal movement noise will generate

100 steps / hour

R. DeSalvo Amaldi conference 1/4 July 1997



Thermal movement noise and upconversions

w,

>
Filter motions of 300 um/oC X
a4
with a thermal stability of 10 meK => NI
. — — 3 I
3 um motions with a time scale of 3 Hours g A
2
— . s |
> 1 pm/hour > } § |

e —

of this 1 um/hour motion

what fraction is smooth?

what fraction is quantised?

103 2 10° 2 10°% 2
N

/
> Ry R

can expect :
- creep like steps

/.

larger steps (screeching noise)

R. DeSalvo Amaldi conference 1/4 July 1997



Precipitation hardened steel

Additional comparisons between

standard spring steel and

precipitation hardened steel

Comparisons of histeresis cycles on wires.

R. DeSalvo Amaldi conference 1/4 July 1997
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Stress (MPa)

Relative Stress (MPa)
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Area (MPa)
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Creep(microns/meter)

Temperature 30°C
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o

10 12
time(day)

W Ke

y = a+b"log(m0O+c)

Value Error

a]-13.543] 5.4837

bl 13.214| 3.3455

cf 11.128] 3.9894

Chisq} 1564.9 NA

R10.74596 NA




Creep(microns/meter)

N
o

-
o

-—h
o

Temperature 45°C

6 8
time(day)

10

12

14

MIRE

y = a+b*log(mO+c)

Value Error

a 7.3535}] 0.094554

b 5.8276 0.11665

¢ ]0.0037034] 0.0028289
Chisq 5337.4 NA
R 0.82741 NA
R S LT T T oo S o S I



Creep(microns/meter)

25

20

15

10

Temperature 60°C

time(days)

Vae | Error]
a 11.346 0.060988
b 7.8179 0.081742
C -0.988531} 0.0041877
Chisq 1754.9 NA
R 0.95085 NA
RN




SUSPEASOw WIRE  TESTS

Temperature 75°C

’: 5 0 ' 1 A “T‘-“‘ e ' [ { [ -1““—_"‘
o = ]
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E - 4
v
= i : o wem ] | y = 8+b’log(m0+c) l
. Y.
O 45| w_ﬁ:_...-—_r-""’"k T Value Error
© - TR WY 1 3 801 | 0.04206
o ,!. . :‘ " M l a‘c -0 3
£ ! e ] b] 64114 0.050935
a i ] c|-2.2895 | 0.008277 |
o ] Chisq | 409.32 NA |
S 40 R}o.98063 NA
(&) - _
35 N
30 | { 1 | | |
2 4 6 8 10 12 14

time (days)



TEST S

W LR E

v Ston

A
-
Cd

l

Sy SP

Temperature 70°C

L 1 1 1 1 A 1 i 1 | 1 1 1
o o o
{p) <t (ap]

(1ejaw/suoldiw)daal)

15

10

time(days)



Fe

Co

Neutronised State

Ti

QOO00000000OOO00000O OOOO0O OO0
O 0000000 000000000 OOOOOOQOOO
%@OOOOOOO 0l0/0]0]0) 0l0/0]0]0]0]0,0]0]0)
olol 1ol lol leel el el e OOO0HOHOOO0
ololel 1111 Jllelel I '] I lele ﬁﬁ @O00O0O00
vlelolel ol ol lelel le] (o] lelololNe, el lol lelelele)
QCOO00000000@H0C0000 000QY OO0O
OOQOO® ©OBOOGO O@O“% OOOTOBOQOO
0GCO0R9060000000 CO 0000000000
QOOO00VOO00000O0O000 OOOOOO0O OO
90/0/0]0/0/0]0/0]0]0]00]01010]0) 0l0/0/0/0/0l0l0l0]e)
ol l1 1] | lelelelelelelelele eloel I I'] 1] Jo
O OOBGOO00 QO0000 O%%O@O@O@O
V00O O0OOO00000BHOOO0 O0COOCeDeO
QOOB0  QOO0000Q®OOO0 OOOOBOOOBO
O.@O@.@OOOOOOO@O%@ O Oﬁ% L 41 1@
O@O@O%OOOO%@OW“@ O 000COOBOGO
00000000 OOOOO® OOOOOOOOOOOOOO
oiololelo/o0/0l0elolele]l T I lelololeleleololele'elolel0le)
OOQOO0O0 9l0/0/0/0/0/0/0/0]0]0]0]0l0]0 01010
00 Q0000000000000 OO0 OOOO
OOOOOOOOOOOG@.@Q@O%%OOOOOOO 00O
QOOO0OO0OOOOBOGO m% 0l0.0]0]0]0]0]0]0]e;
L8 ol ool 1 [ 1] I elelelelelelel lel -l e
oll (1] 1 lelesle, @O@OOOOOO“@ 0000
95 9] lo] leleleelel 11 I'T I lololoJNele,e] le] Te] 10
ol 1 1 h%OOOO@O@O@OOOO%@O@.@O@CO
o) 10l lo] ,elolol0lelel0l0]e oleole, 000 lol lel e

ol 3 13 1] oloeleleeleleleleelelelelelel I I Y o1
OOO0OOOOOOOOOOOOOOOOOOOOOOOOO00



Defences against Thermal movement noise
SCREL CHIANL A OLS E

Differential thermal expansion coefficients

kept to a minimum

All points subject to movement

made with flex joints

- Best reasonable thermostabilisation

UeThRA L 0w  HISTERESIS  Marepigss

R. DeSalvo Amaldi conference 1/4 July 1997



R e Y NS RPN I 805




BN

| AN \“

;f\\ ANNNN|

| ENNANRNNNY

\_’,/\\‘““"—M/:

\

\\

Riccardo De Sal
LMGN/\! RO
qQ /a4a(a

\\

\V/+ .




ejejele

O
Ol
Q

‘?’a | "y !{n";". ! g
A?W@ Wite g ;f,a SISO,

‘

OQO

S 5

-“m

\
)

%

5;-..\*-“

L

)
o
|

l‘
i

BODNSNSSSNYT

SViSs

SNVSNGRNY
]

|
|
I
|
J
\

[’35 NN

| AN

1

|
I
|




W
. d
/ -
N
R .
‘4
¢
/d -
’ 'y G
'’
/A Y
O\ ig!
4 :
/g -
T~ N
(4 ® *
1 x ”~
x
[
e %
*
- . r]n
i
= e
\ B = o = =
JA : SE e
i ==
."ﬂ > T e e e e BT
1




1 WM’?W”/"’V“‘ bop s

e e m e T

"

E

Y
"
"

@)
.
Al
)
]
)
\

P ETTEAA R A IS NTRAAEINY AN,
e
[ [
-
\

I d
'

\

]
N > N , - - - ’ ’ ‘
SRS N /, B ]
oy A\t N N - - y o// AN
by S Yoo 2 2 S
v . y - R \
- e ' 1]
< PR “
’ \ N

’
4 [}
B i -
- e - 4
L TEE = aan = e = o 2 o~ — . —— = — o~ — o —m = = -
7. o >
p )
5 ™ =, -4
. N i A !
7 14
1
] H
'
"
! ’
w ’ > !
" 2N _ Iy
: s - - -, 3 h
w . ~ . ’ , g 4
, “ A #u N 4
w \ ‘ ’
8 . ’ . [N ’




T UNARIE PN T TN 0y BB N S B IR AN A0S s (i Ao s e et 5 St et 0 0.8

—&-— Stardard filter, tune 320 mM2
—a - Standard filter, tune 115 mHz

frequency [mHz]

150 200 250 300 350 400 450

100

— @ - Filter 0, tune 110 mHz

! y = a+b*'mo0* 2

i ( Value
- |___al s2274] |
5 %Q H b 29,558 ﬂ
- 4
ﬂ Yy = a+b*'mo0* 2 .
s o D T

Value Yy m asb*m0? 2

a 110.06 — Value

...................... al 115.46

L b 51.01
W I
| S ]

fmm e e e e rne ey veaeeeene aaee A"
! N ]
i & ’L ]
i N |
|- \" 1 .
-4 -2 4 6

Vertical displacement (mm)



power [W]

0.15

0.2

0.1

T AT Y S NN L 0 3 S A L AN T 8 AT e Bt

e

—€@®— measured powsr - filter 0
=®—scalcul. pewer - filter 0 68 mHz

0.05

—®—calc. powsr - standard filter tune 822 mmMa2
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position [mm)]



amplitude [ V]
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- FOO3time
Tau_= 199 sec

Fob = 47.4%

fifz <» Fom = 38.75 mHz
Qb = 2§.7 «» Qm = 24.2
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200 300 400 500
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100 150 200 250 300 350

50

-y = -19.81 + 0.99262x R= 0.99277

— -y = 188117 + 0.45645x R= 0.92017
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Ym=129,96 dBVrms

Hz
a=—91 ,528 dBVrms

X=34 K625
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Volt HzA-1/2

Y T iy e Y i ey NI £1)0 RSB ) e Py, WL \~er

.)_..._.-—-—.‘__‘_,,-—-——-"‘
Filter Z8r6'Prevatype
Accelerameter RESBoNES With Pewdbuok On
0.01 "
0.001 \ -
A
0.0001 | 1
0.00001
0.000001
0.001 © 0.01 o1 1 !
Frequency (Hz)
<O— >

34 'Jw]



Fleg. 1€

TF from Vessel to Cross
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10, —— Filter #0improved blades %
10 8 — e . A
107 ~=—=— One more filter
10"29 ____________________________________ T"
107 10° 10’ 10°

Tutte le soluziom sono il livello di rumore termico atteso,
ma & possibile che i livelli delle risonanze siano errati.

INFN Pisa section 7
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