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PREDICTING PRINT-THRU
for the
SUB-SCALE BERYLLIUM
MIRROR DEMONSTRATOR
(SBMD)
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SBMD NGST

Thermal load of —263 K
uniform temperature change

Be O-30 mirror is applied to entire model.

representated with plate
finite elements

Model is constrained over test

triangular
pock%:t NASTRAN model  stand base surface
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SBMD Print-Thru Study

e Fillets between facesheet and cell walls
were 1nvestigated.

* Thin surface layer (due to polishing) with
different material properties was
investigated.

 Individually neither produced print-thru.
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NGST

Finite Element Analysis Method

— surface layer thickness

Face sheet neutral axis Surface layer

element

Surface layer offset —

Fillet element

thickness
v

— Face sheet thickness

Face sheet element

Fillet neutral axis

actual fillet
tllustration

Cell wall

Fillet element offset —
dimples cell facing

Fillet element

Face sheet/cell wall cross-section geometry and finite element representation
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kS C.Patran 2000 2 01-Apr-02 11:06:14

Fringe: 30K, Static Subcase_b: Displacements, Translational-MNOMN-LAYERED) (v

Deform: 30k, Static Subcase_b: Displacemeants, Translational

Cross-section Model to Determine
Fillet Element Thickness

-6.35-010

-1.27-n04
-1.97-009

.

e N | N N | | A | N | N € | O | W

-2.54-004
-3.18-009

-3.81-0094

-4.45-004
-5.08-009
-h.72-009
-6.35-009
-6.95-004
-7.63-009
-8.26-009
-3.90-009

-9.53-009
default_Fringe :
e 0. @MNd 138
hdin -9.53-009 EMd 2
default_Deformation :
hax 2.00-008 @M 143

With as designed fillet, Y displacement (m)

5-23-2002

WMSC. Patran 2000 r2 05-4pr-02 16:56:58
Fringe: 30K_rect_fillet, Static Subcase_2: Displacements, Translational-NON-LAYERED) (v

Deform: 30K_rect_fillet, Static Subcase_2: Displacements, Translational
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NGST

-6.46-010

-1.29-009
-1.94-003
-2.58-009

—3.23—009.

-3.688-0094

-4.52-009
-5.17-009
-5.62-009
-6.46-009
-7.11-009
-7.75-009
-5.40-009
-9.05-009

-9.69-009
default_Fringe :
s 0. (&N 138
hdir -9.69-009 @Md 1
default_Deformation :
hdzx 1.96-008 @Md 143

6.5 mm thick (face sheet + fillet) rectangular fillet

Cross-section model parameters: surface layer CTE = 0.513 ppm/K,
surface layer thickness = 12.7 microns
MSFC/ED22/Larry Craig
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NGST
Fillet and Facesheet Finite Element Representation

MESC Patran 2000 12 26-Apr-02 13:28:03 2.60-001 MESC Patran 2000 12 17-tay-02 10:18:18 -8.00-002)
Fringe: Thickness Scalar Flot 5 45001 Fringe: Flate Offset Scalar Flot 2 47-002
2.33-001 -6.93-002)
2.28-0011 -6.40-002
2.17-00 -5.87-002)
2.0?—001' —5.33—002.
1.96-0011 -4.80-002
;-';:: 7 ?;"3“ 1.85-001 -4.27-002
1.75-001 -3.73-002
1.64-001 -3.20-002)
1.53-001 -2.67-002)
1.43-00 -2.13-002)
1.32-001 -1.60-002)
i h'g
1.21-001 -1.07-002)
1.11-001 -5.33-003
1.00-001 1.21-008)

Fillet and facesheet thickness (in) Fillet and facesheet offset (in)

Thin surface layer not shown
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SBMD Print-Thru Prediction

Ball SBMD_30K_fillt_fs_swf - 30K +preloadHillets-rsuf’

¥

Color Legend wicrons)

00563945

-0.00335618

Statistics (zwiczons)

Huraber of Grovps: 1
Peak to Valley: 0.115301
Deflection RMS: 00131203

-0.0631069

Ball SEMD_30K_fillet_fs_suf - 30K-+preload-+illets-rsuf

Y

Color Legend (microns)
0040722

-0.000315671

Statistics {znicrons)

Wuaber of Groups: 1
Peak to Valley: 00935757
Deflection RMS; 0.0113657

-0.0496035

Residual surface —43 wavescope Zernikes
5.08 pm surface layer thickness. Surface layer

CTE same as face sheet.
P-V 120 nm, RMS 13.1 nm

Residual surface —43 wavescope Zernikes
5.08 pm surface layer thickness. Surface layer
CTE 10% larger than face sheet.

P-V 99 nm, RMS 11.4 nm

Left plot shows result without surface layer CTE effect (no quilting).
Quilting is beginning to appear in the right-hand plot.
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SBMD Print-Thru Prediction

Ball_SBMD_30K_fillst_f5_swf - 30K-+preloadtHillets- ot

Y

Color Lagend (eicro
00510548

0.00677562

Statistics (wisrons)

Hurbez of Groups: 1
Feak to Valley: 00885524
Deflsction RIMS: 0100904683

-0.0375036

Ball SBMD_30K_fillet_fs_surf - 30K-+preloadHillets- ot

T

Color Legend (ruicrons)
00701135

0.00967135

Statistics (wisrons)

sz of Groups: 1
Peak to Valley: 0.120834
Dieflection RIMS: 0.0119331

-0.0507708

Residual surface —43 wavescope Zernikes
12.7 pm surface layer thickness. Surface layer

CTE 1

0% larger than face sheet.

P-V 89 nm, RMS 9.9 nm

Residual surface —43 wavescope Zernikes
25.4 um surface layer thickness. Surface layer
CTE 10% larger than face sheet.

P-V 121 nm, RMS 11.9 nm

As the surface layer thickness increases print-thru becomes more pronounced.
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SBMD Print-Thru Prediction

Ball SEMD_30K_fillst_f5_surf - 30K-+preloadHillsts-+smf

¥

Color Legend {microns)

00241468

Statistios (riorons)

Peak to Valley: 0191238
Deflection RIMS: 0017198

DDDDDDDDD

Ball SBMD_30K fillst fs_swf - 30K +preload-Hillsts-+owt

¥

00401605

Statistics {microns)

Hureber of Grougs: 1
Peak o Valley: 0277687
Deflestion RIVIS: 00235561

Residual surface —43 wavescope Zernikes
38.1 pm surface layer thickness. Surface layer
CTE 10% larger than face sheet.

P-V 191 nm, RMS 17.2 nm

Residual surface —43 wavescope Zernikes
50.8 pm surface layer thickness. Surface layer
CTE 10% larger than face sheet.

P-V 278 nm, RMS 23.6 nm
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SBMD Print-Thru Prediction

I YAC34KAVG-VACAMBAVYG Residuals

File Info  Colormap

30K 3 Oradl surf layer 10% dCTE -3WZ - 30K +preload-+Hillsts-+surf v

Color Legend (wicrons)

I 0.204042

00702643

Statistics {microns)

Nuber of Groups: 1
Peak 1o Valley: 0.446356
Deflection RIWS: 00368992

I -0.152313

Residual surface —43 wavescope Zernikes
76.2 pm surface layer thickness. Surface layer
CTE 10% larger than face sheet.

P-V 446 nm, RMS 36.9 nm

Zoom XY In § Zoom X Qut

Measured data
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P-V vs Surface Layer Thickness
43 Wavescope Zernikes Removed

500
400 Pt
/.
£ 300
100 %4_‘/‘/./
0

0 20 40 60 80 100 120 140

surface layer thickness, microns
- +10% surface layer CTE —o— +5% surface layer CTE
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NGST

Surface Layer Elastic Modulus Effect

Ball SBIMD_30K_fllet fs_swf- 20K-+preload Hillete-Hsurf

Color Legend {microns)

Statistics (misroms)

PFF
T EE
g

Ball SBVID_30K _filt_f_swf - 30K +prelosd+illsteteuf

Color Legend {reicrors)

Statistics {wicrons)

o=
prE
A

Residual surface —43 wavescope Zernikes

38.1 pm surface layer thickness. Surface layer
CTE 10% larger than face sheet and 10% larger
E modulus. P-V 217 nm, RMS 19.0 nm

Residual surface —43 wavescope Zernikes

38.1 pm surface layer thickness. Surface layer
CTE 10% larger than face sheet and 20% larger
E modulus. P-V 243 nm, RMS 21 nm

This shows that increasing the surface layer modulus E increases the quilting magnitude
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Surface Layer Elastic Modulus Effect
Residual surface —43 wavescope Zernikes Residual surface —43 wavescope Zernikes
12.7 pm surface layer thickness. Surface layer 12.7 pm surface layer thickness. Surface layer
E modulus 10% larger than face sheet and both E modulus 20% larger than face sheet and both
have same CTE. P-V 120 nm, RMS 13.1 nm have same CTE. P-V 120 nm, RMS 13.1 nm

These results indicate that a differential E modulus alone will not produce quilting.
The differential CTE is necessary for quilting.
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Alternate Analysis Method
MIC.Fatran 2000 r2 22-Apr-02 13:42:16 D'H
Fringe: Detault, Static Subcase_b: Displacements, TranslationaHMNON-LAYERED) (v) 5650108
Deform: Default, Static Subcase_b: Displacements, Translational -1.14-009]
-1.71-009
Surface layer and face sheet CBARs _z_mugl If this model were extended
3 \ | “e4%8  in and out of the page the
T g j:;zzz_ CBARs would become plates
_ 4=l and the CTRIA3s would be
Fillet CTRIA3 s1-mam| CPENTASs (wedge elements).

ssso09d  This model provides some
s25098  evidence that a hybrid model

/853-009 ©8198  will predict print-thru.
-7.33-009
cell wall 79

N -5.53-009

default_Fringe :
Max 0. @MNd 51

Min -8.53-009 @MNd 1

default_Defarmation
bl 1.62-008 @Md 51

Hybrid cross-section model parameters: surface layer CTE = 0.513 ppm/K,
surface layer thickness = 12.7 microns
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Conclusions

 Print-thru can be predicted with a mirror
model represented with plate elements.

* SBMD print-thru 1s produced by the fillets
between the facesheet and cell walls
coupled with a thin mirror surface layer
with a larger CTE and the mirror subjected
to a uniform temperature change.
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