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Activity Goals V.

A Improve the production of Highly
aspherical mirrors for small/medium
series

Materials e
Design of lightweighted mirror
Metrology
Manufacturing and treatment cycles A A
Polishing and figuring approach = i
N J
Y

Deterministic
convergency

B
N

TRR HW?2 - Light Weight Mirror
" HWS3 - Low Roughness Mirror

WP10

A Demonstrate the thermal behaviour of the
lightweighted mirror under TVAC

+/- 30°C themal qualification cycles
Metrology at 200K = e A
_a—— TN9 - Test Results Assessment Report

ES - Executive Summary Report
FR - Final Report




Mirrors Description IM@B
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From Statement of Work

A Lightweighted mirror (LW) with the specifications of a primary mirror of an aspherical telescope
(200mm)

A Low Roughness mirror (LR) suitable for an element of a spectrometer

A2.1. Mirrors Specifications

1D Requirement LW Mirror LR Mirror
0100 Wavefront Error (WFE) | <20 nm (rms) < 10 nm (rms)
0200 Roughness <1nm < 0.5 nm
0300 | Diameter 200-300 mm 50-100mm
0400 Aerial Density < 25 (goal 15) kg/m= < 40 kg/mz?
0500 Asphericity (Sag) > 100um > 100um
0600 Wavelength Range 270 nm — 2.6 um

Table 4 - Table of mirror requirements

—
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Instruments description ﬁM@s

A PV-EVO is a 30m GSD evolution of the Vegetation instrument onboard Proba-V, with
compact design, straylight reduction and improved alignment strategy

M1 Mirror

\ A Main Specification
A Material : Nickel plated AlISi40
A Radius: £0.13mm

Y| dameter1ea3mm  , Sur face form error:
’ 633nm

A Surface roughness:
from 1.5mm-to 1000mm-!

» Surface quality: 40/10 per MIL-PRF-
P ST 13830B

T—f = 4 Coating : Enhanced UV protected
S Silver coating

XxYxZ=220x285x220

165.9mm

SWIR

—



Instrument Description ﬁM@s

A CHIMA is a compact imaging spectrometer (freeform design) with high spectral resolution
(0.15 nm) over 600-800 nm range

M3 Mirror A Main Specification

A Material : Nickel plated AlSi40

A Radius: +0.08mm

A WFE : <10 nm RMS (860 mm sub-pupils)

A Surface roughness: Olt® . 5
1000mm-1

A Surface quality: 40/10 per MIL-PRF-13830B




LW Mirrors Mechanical Design

A Initial Design (AMOS) A Final Design (OIP)
Areal density 25 kg/m? Areal density 38 kg/m?2
First frequency 588 Hz First frequency >1000 Hz

2.9 nm rms quilting effect




LR mirror Mechanical Design
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A LR Design
Useful area : 100 x 94 mm?
Areal density : 40 kg/m?

. . Front view
First frequency : 608 Hz Scale: 11
(137.5) |
121 | E
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02 Lightweighted mirror




LW mirror Manufacturing

Nickel Plating

Raw material
procurement

Milling
Lightweighting

Polishing

'

Thermal treatment
Stress relieve

v

Review mirror or
tool design

Single Point
Diamond Turning

(Smoothing)

NO

YES

Figuring
(Shape correction)

NiP Plating

Single Point
Diamond turning

NO

Mirror Testing
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Diamond Turning




Mirror mechanical tolerances

Mirror mass M1 interface planarity tests

Vi Diff. wrt |
Irror Radial: 43.8 prad Radial: 54 prad

drawin ,
g Tang: 41.7 prad Tang: 83.6 prad

1107.9g 124089  9.55% u

38.6 kg/im?  43.2 kg/m?

Radial: 59.8 prad
Tang: 35.6 prad

Radiahnd Tangentiatilts are within the specification

This document candt be neither duplicat
without our authorization.



LW Mirror Surface Form Error (SFE) ﬁM@s
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SFE measured before coating

Spec PV EVO : <21.2 nm RMS V€6CO

200
Measurement Parameters 180
JseRileVTX_right_SFE_Minimum_180608
Wavelength 632.80 nm
Wedge 160
XIY Size 324 X 510
Pixel size 403.70 um
Date 08-Jun-18 140
Time 14:45:00
120
Analysis Results
Ra 16.738 nm 100
| Rms 21.146 nm
20 Pt. PV 160.224 nm 380
2 Pt. PV 188.74 nm
. 60
Analysis Parameters
Terms Tilt
Pupil 100 % 40
Masks:
Filtering None
Data Restore No 20
Valid Points 129300
0
Title: 0 20 40 60 80 100 130
Note:

i cat

This document candt be neither dupl
without our authorization.
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Monte Carlo 100 sub -pupils analysis

ADVANCED

/W05
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Sub-pupils:

Parametres du fichier

Spec: <10nm RMS

. - SFE RMS:

.0 13.026.139.152.265.276.251.3104.317.430.4

58.324 nm

-50.30%9 nm

Fichier : 2261 _M1-001 Use

Date : 08-Jun-18

Time : 14:

45:00

Valeur PV : 189.23 nm
Valeur Rms : 21.12 nm
Lx SP: 85.00 mm

Ly SP: 85.00 mm

Val. Max : 16.17 nm

Coord X :
Coord Y :
Val. Min :
Coord X :
Coord Y :

=20.40 mmn
-57.19 mm
9.53 nm
-15.32 mmn
22.82 mm

Moyenne : 12.69 nmn
Spec. haut : 15.50 nm
Spec. bas : .00 nin

% hors spec haut : 9.00 %
% hors spec bas : .00 %

1

T T T T T T T
.0 i0.0 20.0 30.0 40.0 5O0.0

Thi s

&60.0 T0.0

document canot be

without our authorization.

neither

80.

dupl i cat

0]

a0.0

100.0




Mirror RoOC results

Vertex position and Radius of Curvature

Actual, mm Nominal, mm Deviation, mm
Vertex position
X 101.051 101 0.051
(wrt ref C)
Vertex position
Y 171.967 172 -0.033

(wrt ref B)

Radius of

This document candt be neither duplicat
without our authorization.



Mirror Surface Form Error (SFE) of M1 ﬁM@5
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Before coating After coating

Veeco VGGCO

200 128

Measurement Parameters 180
Measurement Parameters 180 M1:88d. VTX_right_SFE_Useful_180712 100
JseFileVTX_right_SFE_Minimum_180608 Wavelength 1.00 nm
Wavelength 632.80 nm Wedge 160
Vistgs 160 X/YSize 364 X 383
’:Ysl"? 3244’;35;3 Pixel size 34511 um
ixel size .70 um . 140
Date 08-Jun-18 140 Date 12-Jul-18 50
Time 13:35:17
Time 14:45:00
- 120
Analysis Results Analysis Results
Ra 18.328 nm | 100
Ra 16.738 nm 100 0
Rms 51.146 nm |[Rms 24.182 nm|
20 Pt. PV 160.224 nm 80 20 Pt. PV 209.967 nm | g0
2Pt.PV 188.74 nm 2Pt PV 236.29 nm
60 - 60
Analysis Parameters Analysis Parameters -50
Terms Tilt Terms Tilt Power
Pupil 100 % 40 Pupil 100 % 40
Masks: Masks:
Filtering None Filtering None
Data Restore No 20 Data Restore No 20
Valid Points 129300 Valid Points 113473 _ _108
0 0
Title: 0 20 40 60 80 100 130 Title: 0 20 40 60 80 100 125
Note: Note:

cat

This document candt be neither dupl:
without our authorization.



Roughness measurement

White light interferometry: Zygo NOMAD
In x5 [0.6-600Jmm-* and x25 [3-3000]mm-t magnification

Surface map to Power Spectral Density (PSD)
Rqg calculation from PSD (within Vision 32 software)

Combination of x5 and x25 magnification Rq: RSS

14l ]

1. 8 ] \/=|A[8 ]

document canot
without our authorization.

Thi s

neither

Veeco

Measurement Parameters

File: 1
Wisvelength 56.00 nm
Viedge 0.60
XYSize 1024 X 1024
Pixel size 164 um
Date 010111980
Time 12:00:00
Analysis Results
Ra 1.214 nm
Rms 1.639 nm
20 Pt. PV 21.517 nm
2PLPV 37.85 nm
Analysis Parameters
YYYYY Cylinder & Titt
Pupil 100
Masks:
Filtering None
Data Restore No
Valid Points 1048576

Veeco

PSD Plot

/W05
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Surface Map

PSD

X Average PSD

Analysis Results

2D Low Cutoff 1.50 /mm
2D High Cutoff  1350.00 /mm
2D RMS 1.066 nm

X Average PSD Stats:

XRf

A

B -

X Low Cutofl 0.00 im
X High Cutoff 0.00 fm
RMS -

1601000 10CHT 10T 100
Spatial Frequency

Title: Zygo test data
Note:

dupl i cat

g3
El

= 103
- 50
- 00
- 50
- 100
- 150

- -20.0

- 215

Date: 011011980
Time: 12:00:00

Y Average PSD

............... -
o+ T
S
i
.
U )".
a .,
g 1 E-E ._‘\
UM \\
NE \
S
0% o AL
10EUT LUESDOC LU0 LUESDE  LUE
Spatial Freguency
Y Average PSD Stats:
YRI
A
B —
¥ Low Cutoft 0.00 im
¥ High Cutofr 0.00 M
¥ Avg PSD RMS -




M1 Mirror roughness
Values
O in nm ) . . )
‘ms | [1.57 150] | [1507 1000] | [1.51 1000] | [0.6 i 300]
4 N
2 4o 523mm e SN EN 1.066 0.365 1.127 1.539
. | SNl  1.288 0.534 1.394 1.915
o Sl 0.956 0.373 1.026 1.187
1
100mm .
Roughness.
B2mm . i .
A slightyabovethe specification(Llnm) overthe 1.5
\ / to 1000mnT!range
O O A dominatedby low frequency

A decreaseslinearly (in loglog scale) with the
increasingspatialfrequencies

document candét be neither duplicat

without our authorization.
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LW Mirror convergency

SPDT : 31.20 nm RMS




LW Mirror convergency ﬁM@S
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SFE evolution Convergency
600 90%
80%
500
70%
vl
= 400 % 60%
£ w
e & 50%
S 300 80
5 5 40%
© =
£ 200 S 30%
vl
20%
100
10%
; 0%
SPDT  Post-polishing  Run#1 Run#2 Run#3 Run#4 Runsl Run#2 Runi3 Run#s

Operation sequence

Operation sequence




Convergency on Spare LW mirror

After SPDT

RMS 142.516nm|

PV 976.993 nm
Power4.199 nm
Focus 164.857 nm

Astig X-6.149 nm
Astig Y5.177 nm
Tilt X139.422 nm
Tilt Y 279.790 nm

~ |Coma X246.343 nm

Coma Y 315.362nm
Wedge 0.50

ADVANCED MECHANICAL & OPTICAL SYSTEMS

RMS 18.915 nm
PV 331.278 nm
Power-18.917 nm
Focus-12.650 nm
Astig X-2.321 nm
Astig Y17.397 nm
Tilt X-6.904 nm
Tilt Y18.503 nm

' |Coma X-20.521 nm

Coma Y 25.519 nm
Wedge 0.50

After IBF#1

—




LW Spare mirror Surface error VOS5
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= i y : Fichier : 2345-apres.asc
Sous-Pupilles Paramétres du fichier Date : 29-Jan-20

Time : 10:34:26

Valeur PV : 195.67 nm
Valeur Rms : 13.86 nm
Lx SP:350.00 mm

Ly SP : 350.00 mm

Val. Max : 9.30 nm
Coord X : 76.02 mm
Coord Y : -74.81 mm
Val. Min : 6.19 nm
Coord X : -235.01 mm
Coord Y : 42.70 mm
Moyenne : 7.17 nm
Spec. haut : 10.00 nm
Spec. bas : .00 nm

% hors spec haut : .00 %
% hors spec bas : .00 %

Rms Tilt

A Compliant sub-pupils Monte-Carlo analyses of the Spare LW mirror: Max = 9.3 nm RMS,

Mean = 7.2 nm RMS



Cosmetic Inspection

A A serie of about 30 small dots (~ 0,01 mm
diameter) is present on the top-left corner of the
mirror (in red). These are below the diameter of 0.1
mm specified by the digs specification. A detailed
picture of this cosmetic defect is nevertheless
presented here below.

A Four isolated digs of about 0.04 mm diameter are
reported on the drawing (in green). These are also
below the maximal admissible diameter.

A Three scratches of grade 40 are reported (in blue).
The length of each scratch is characterized and
noted (in mm). The sum of all length is 48 mm, just
below 1/4 of the useful diameter.

A A pinhole of 0,16 mm diameter have been reported
after the coating of the surface (in black)

/W05
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LR mirror Manufacturing

- e

Raw Machining

Nickel Plating

Raw material
procurement

|

Milling
Lightweighting

Polishing

'

Thermal treatment
Stress relieve

v

Review mirror or
tool design

NO

Single Point
Diamond Turning

(Smoothing)

Rq<0.5nm rms?

NO

YES

Figuring
(Shape correction)

NiP Plating

Single Point
Diamond turning

Rg <0.5nm rms?

Mirror Testing

/W05
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Diamond Turning

Final




LR mirror Mechanical tolerances VOS5
ASS

Nominal mass according to drawing 0.580 kg Inspections with 3D CMM

Measured mass with NiP Plating 0,630 kg Feet co-planarity (after unmounting and re-processing)
Difference wrt drawing 7.9% Plastic deformation observed on one feet

Actual, mm Nominal, mm Deviation, mm

om am Vertex position X

ADVANCED MECHAMNICAL & OPTICAL SYSTEMS

In optical axis
referential

Vertex position Y -0.014 0.0 -0.014
(wrt ref B)

REGITEN MO -246.524 -246.678 -0.154

- TheRadiusof curvatureis abovethe required specification
The deviation is neverthelessacceptable as it can be
compensatediuringthe alignment

- Theresidualimpactof the MTFis lessthan 1% (sensitivityis
Back face planarity < 60 nm rms SFE 0,4%for 0,1 mm RoCerror).

—

0 10 20 30 40 50 60 70 80 90 100 114



LR Mirror SFE

A Full pupil : 7.7 nm RMS SFE

A SFE on Sub-pupils (Spec <5 nm rms)

Mean value : 4.6 nm rms
Max Value : 6.38 nm rms
80% of sub-pupils <5 nm rms

= -44.889 nm
.0 10.1 20.1 30.2 40.2 S0.3 60.4 70.4 80.5 90.5 100.6

Parameétres du fichier

Fichier : Final M3 AsCii.asc

Date : 01/01/1980

Time : 12:00:00

Nx : 1007. pix

Ny : 949. pix
Statistiques

Minimum : -44.889 nm

Maximum : 56.952 nm

Valeur PV : 101.841 nm

Valeur Rms : 7.714 nm

Volume : 4.199E-01 mm’

moyenne : -1.523E-02 nm

Parameétres de la pupilie
Lx : 100.600 mm
Ly : 94.800 mm
OfX :.000 mm
OffY : .000 mm

ADVANCED MECHAMNICAL & OPTICAL SYSTEMS

Sous-Pupilles

Parameéetres du fichier

56.952 rm

Fichier : Final M3 AsCii.as§
Date : 01/01/1980

Time : 12:00:00

Valeur PV : 101.84 nm
Valeur Rms : 7.71 nm

Lx SP: 60.00 mm

Ly SP : 60.00 mm

Val. Max : 6.38 nm

Coord X : 19.51 mm

Coord Y : -12.61 mm

Val. Min : 3.72 nm
Coord X : -2.65 mm

Coord Y : 11.00 mm
Moyenne : 4.61 nm

Spec. haut : 5.00 nm

Spec. bas : .00 nm

% hors spec haut : 22.00 %
% hors spec bas : .00 %

[ Y

Rms Tilt Courbure

3.0

%0.0 0.0




LR mirror : Roughness measurement

OPTICAL APERTURE
/

N\ I < »
< . .

20mm

PSD Plot

X Average PSD

IR IPSTT 1T
Spatial Frequancy

Y Average PSD

T TR LT Tl
Spatal Fregusancy

-------

Very uniform slope of the PSD on Log-log scale
(no residual periodic structure)

ADVANCED MECHAMNICAL & OPTICAL SYSTEMS

R,[1.57 150] R,[150 7 1000] | R,[1.57 1000]
'ms

1.29nmRMS  0.17nmRMS  1.30 nm RMS
1.34nmRMS  0.18 nmRMS  1.35nm RMS
X25
Point 1
Point 2

Rg=164nm RMS

Rg=0631nm RMS

0.5 nm rms achieved only for spatial frequencies <3 mm-
Large contribution for spatial frequencies 1.5 to 3 mm-!

—




LR Mirror convergency ﬁM@S
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SPDT : 32.4 nm RMS Post-Pol : 47.94 nm RMS IBF#1 : 17.6 nm RMS

™=
710.0 L . L L 5 . L ' 415.697 nm =
110 398.0 117.284 nm
639.0 4
358.2
50 568.0 - 6.4
497.0 218.6
0
426.0 o !
199.0
20 355.0
159.2
284.0
-100 19.4
213.0
79.6
-150
142.0 4 39.9
71.0 o 0 - -58.517 nm
220 b 0 42,0 94.0 126.0 168.0 210.0 252.0 294.0 2336.0 378.0 420.0
.0 4 T T T T T T T T T T - -129.809 nm
0 10 20 30 40 50 60 70 80 90 100 110 123 0 75.6 151.2 226.8 302.4 178.0 453.6 529.2 604.8 680.4 756.0

IBF#2 : 7.7 nm RMS

56.952 nm

-44.889 nm




LR mirror convergency

/05
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A Much better conservation of SFE between SPDT and Post-polishing

A Stable convergency of IBF run ~ 60%

A 2 runs ! (Spec <6 runs)

Surface Error, nm RMS

60

50

40

30

20

10

SPDT

SFE Evolution

Post-polishing Run#l

Operation sequence

Run#2

Convergency
100%
90%
80%
70%
60% —e———
50%
40%

Convergence rate

30%
20%
10%

0%
Run#l Run#2

Operation Sequence

—



Cosmetic Inspection IM@S
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A No digs of specified diameter have been detected in the useful area
A Two scratches within the specified grade have been identified on the top right corner with a length of 13 mm and 5 mm respectively

A Some faint scrapes are notice on the bottom left corner but below the specified grade.

/

Scratches

Q’es

[ S — i —  —




04 Thermal Test LR




Thermal Vacuum Test setup (LR mirror)

A Goal

To qualify the wavefront error of the LR
mirror at cold temperature (200K).

window
ZYGO

Interferometer

A Test facility
AMOS TVAC chamber.

— > Interferometer
alignment table

A Requirements

Interferometric image entirely included in
the interferometer FoV

Surface temperature control
Suitable Observation window
Capability to re-focus

Any distortion induced by mechanical AMOS TVAC facility
support

—



Sub -systems definition

ADVANCED MECHAMNICAL & OPTICAL SYSTEMS

Copper Shroud:
side walls + ceiling

Sub-system test setup

Copper Table
e e e e e e e =) transmission sphere f=1,5

' A ey aa aa I
] | IYGO
| interferometer
]

[

I Tvac T

| chamber:

L _Vessel _

Copper
shroud
Interferometer
alignment table
Copper Shroud
Main coolin Support and ili
i g . PP . Fused SI|-IC3 Measurement subsystem:
source: internal alignment observation
. . Zygo Interferometer and
radiator subsystem for window (210mm " L here f=1 5
panel mirror aperture) ransmission sphere f=1,




Mirror accommodation and re -focus mechanism

ADVANCED MECHAMNICAL & OPTICAL SYSTEMS

| LR Mirror |
Mirror _ Travel range Resolutions
support
bracket TX + 20 mm 0.1lem
Mirror
alignment Ty + 20 mm 0.1em
system:
Hexapod Tz + 10 mm 0.1em
RXx +10° 2 rad
Thermal
insulator o
S Ry +10 2 rad
Rz +15° 2 rad

Mirror accommodation on Hexapod
(qualified until -40deg)




Inspection of the Viewport VOS5

ADVANCED MECHAMNICAL & OPTICAL SYSTEMS

A Transmitted wavefront impacted but
expected invariant with Temperature

|

Date : 03-May-19
Time - 16:25:41

Nx - 923, pix
Ny - 889. pix
Statistigues

Minimum - -57.994 nm
Ve B 334 758
< 3 nm
Velewr Rms - 22.781 nm 22 III I'l WFE
Volume : 3.511E+01 mm’ n r S
moyenne : 1.968E-05 nm
Paramétres de la pupille

re:

- I T R S
s 5k o8 & L 2

' Interferometer
= I’. -

Viewport + Spherical Abb (conv. beam)
+ Coma (parallelism)

1,0

b )| front

/ 0,93

4 \ ~ 0,75
/ ) 0,56

= 0,38

- E x : 0.20

= E— . 0,01
I ——— :qz) 0 -0,17

E & -0,35

[ -0,54

f;i a -0,72

Q. -0,91

o Wav
-1,0
-1,0 0 1,0
Flat reference




As -run Test ﬁM@s

A LR Mirror temperature tracking during the TVAC test.
A 3 thermal sensors on the mirrors : Back center i Back corner i Close to optical face

Mirror Tem perature [°C] Mirror gradient [°C] versus

23°C - _z-_ p——
i

mirror temperature [°C]

Atm + Vaccum

-20°C ¢
® and -

wwu" ," MIH “W

Thermal gradient ~0.6 K
(back vs front)

—



Optical Viewport effect IM@S
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A Variation on PtV error for Amb->Vaccum and Vacuum -> Ambiant
A Mainly Astigmatism effect due to differential pressure on Viewport faces
A Other errors below reproductivity of the measure

Effect of the differential pressure on viewport

Ambiant to Vacuum Vacuum to Ambiant
80
60
40
z 20
£
=
= 0
2 1 1 g 5 g Yz
© =) = 3 3 = N
= i ) =) = w5
ol -20 > = a = o=
= 8 [T
L = 3 =
5 2z
-40 &
-60
-80
-100

Zernike coefficient

—



Thermal stability of the mirror ﬁM@s

Limited variation of most Zernike coefficient (PtV)
Main contributors : Coma X and Residual Zernike (>Z9)
Hysteresis effect observed -> stress relaxation ?

MEASURED SURFACE ERROR, NM PY

LR Mirror Surface error vs Temperature
©Ast0 [nm] PV ©Ast45 [nm] PV ComaX [nm] PV AEMEUIIALS
©ComaY [nm] PV ©Spherical PV RMS [nm] 71-79 removed
Coefficient 100K Before/after test

200
| 5.3 nm 4.8nm
- E—32 - 16.7 nm 115 nm
° 19.8 nm 13.8 nm
8.1 nm 12.8 nm
-200
102 nm 2.3nm
-300 Residual RMS Z1-79 removed 18.6 nm 7.1 nm
500 @® © -&— -&°
-600 &
@
_ (o]
700 3.5 nm rms per 10°C
-800
-80,00 -60,00 -40,00 -20,00 0,00 20,00 40,00

TEMPERATURE IN°C

—



Conclusions of thermal tests

A Test equipment and procedure can probably be improved but is considered reliable for
the demonstration

A The deformation of the LR mirror in cryogenic temperature (200K) is in the order of
magnitude of _f¢ mtms SFE.

Not negligible

A Provided that it is correctly taken into account in the error budget, this value may be
acceptable in a certain number of applications.

In particular, cryogenic temperature is usually required for Infrared application where surface quality
requirement is typically less stringent.

A The objective of <10 nm RMS variation, expected for UV-Visible applications, can only be
achieved on a thermal excursion of about 30 K, which is a reasonable limit for many
Instruments.

A Possible relaxation of residual stress between substrate and NiP layer.

—
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Background about Thermal Stability of AlSi40
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A In a 2014 paper, IOF reports stability test within the AlSi40

a”Oy plated W|th N|P The au'[hOI‘S ShOW that the d|menS|OnaI Dimensional stability of AISi_A and AISi_B in a temperature range from -196 °C to 20 °C.
stability of AISi composites is a major challenge due to 80 -
thermal mismatch stresses of the two phases, aluminum and 70 *AlSi A
silicon. Such plastic deformation of the materials must be 2 * AlSi B
. . =]
prevented completely in order to make the material usable for = ¢
space application. Thermal treatments for AlSi materials, s |
avoiding plastic shape changes at the relevant operating g 40
temperature over the lifetime of the optics are highly 3 30
recommended. & $
S ]
10
3 Y
“ 0 2 * *
-10 + ‘ ‘ ‘ ‘ T ‘ )
0 1 2 3 4 5 6 7
# cycles (-196 °C to 20 °C) [a.u.]

J. Kinast, K. Grabowsky, A. Gebhardt, R-R Rohloff, S. Risse, A Tlinnermann,
AiDi mensional Stability of Metal Optics or
10563, International Conference on Space Optics 8 ICSO 2014, 105635W

Microstructure of AlSi containing a 42 wt% share
of silicon (dark grey).

—



Implementation of Stabilization cycles

Thermal
Cycling Stability
Test

A Test performed on the Spare
model of the LW mirror

A Two stabilization sequences are itror Miling
Introduced in the Workflow I
One after blank machining and SPDT Thermal Treatment Mirror SPDT
One after Nickel plating Y v
N Mirror SPDT SFE Metrology
A Stability test performed after 1 T
final figuring (IBF) SFE Metrology BF figuring
v
SFE Metrology

Long term stability
test

SFE Metrology

v

NiP Coating

SFE Metrology
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ADVANCED MECHAMNI

LW Stabilization cycles on Blank after first SPDT ﬁM@B

A Initial Shape after SPDT A Shape after Thermal Stabilization

Surface map Interferogram

Surface map Interferogram

Surface Form Error
Surface Form Error
Step Raw AlSi40 after Thermal stabilization
Step Raw AlSi40 after SPDT
RMS 998.7 nm
RMS 52.4 nm
PV 5992.6 nm
PV 573.7




Nickel plating and Reshaping ﬁM@s

A After Nickel plating SPDT and
2"d thermal cycle

Surface map Interferogram Surface map Interferogram

IBF

—)

87%
convergence

Surface Form Error

Surface Form Error

i St After IBF #1
Step After SPDT on NiP ep er run
RMS 142 nm RMS 18.91 nm
PV 331.3 nm

PV 977 nm




Thermal Stability Test

Thermal Cycles applied
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Surface Form Error -20 Surface Form Error
) 0 500 1000 1500 2000 2500 3000 3500 4000 ) .
Step After IBF run #1 Time, Minutes Step After TVAC Cycling
EMS 1891 nm EMS 18.669nm
PV 331.3nm PV 324.15nm

Asa conclusionwe validatedthat the mirror is stableand there
IS no significantvariation of the SFEvalue before and after
thermalcycling

FE Met

Pixelto-pixel subtraction only reveals variable constraints

inducedby the mirror mountingto carryout the measurements




06 Other Achievements




