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* Introduction

» Manufacture of C/C-SiC sandwich structures
» Shear test

» Out of plane compression tests

« Summary
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Sandwich Design for Lightweight Structures

4t

Flexural

Stiffness 1 / 37
Flexural 1 35 9.2
strength

Weight 1 1.1 1.2

Hexcel Composites, 2000; Y.Klett 2013
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Target Application Areas for C/C-SiC Sandwich

* Thermally stable optical benches and telescope structures
(CTE = 0 ppm)

» Thermal protection systems and control surfaces (e.g.
body flaps) for reentry space vehicles

* Internally cooled hot structures for propulsion systems
« Charging carriers for high temperature furnaces
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Manufacture of All C/C-SiC Sandwich Structures

Siliconization
Si+C = SiC
1650 °C / vacuum

Pyrolysis
1650°C/ N,

Pressing / Autoclave
210°C

CFRP Preforms C/C Preforms

Intermediate Joining
(Polymer + C), 220 °C

C/C structure
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Core Types

Fold core Grid core Honeycomb core
(FC) (GC) (HC)

C/C preform based on 1 or 2 layer of prepreg (C Fabric: HTA 40, 6K, twill, 245 g/m? + phenolic rein)

i DLR




www.DLR.de ¢ Chart7

Core Manufacture

> ESA Workshop, Noordwijk> B. Heidenreich> 21.04.2016

Fold core
(FC)

Grid core
(GC)

i DLR

Honeycomb core based on Tubes
(HCT)

Prepreg

CFRP tube

Honeycomb core based on panels
(HCP)

C/C panel C/C core

!

oL

I Joining paste
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Shear Testing (DIN 53 294 / ASTM D 4255)

« Sample size: 73 x 50 x 15 mm?; core height c = 13 mm

« Two samples glued to Al-bars (pure shear load)

Fold core Grid core
Core type FC FC FC FC GC GC
Core orientation L L W W = &
Fibre orientation in web 0°/90° +45° 0°/90° +45° 0°/90° +45°
Cell width w  [mm] 16 12
Core density pc  [kg/m?] 90 74.1
ol om
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Shear Properties of Sandwich

Strength Strain Modulus
1.6 12 _ 800
g 1.2 E 5 600
; 1.0 ofo % B 7h g S 5;0 5 ;% 3
%gg 08 - E 6 —ub § 400 re
E 06 ; 4 36 7/ é S / 233 .
g 4 £ %/ 7 / 2 1723 / /
> 0.0 0 // // é Z 0 // %%
FC FC FC GC FC FC FC FC GC GC FC FC FC FC GC GC
L w W L L W W L L w w
0°/90° +45° 0°/90° +45° 0°/90° +45° 0°/90° +45° 0°/90° +45° 0°/90° +45° 0°/90° 145° 0°/90° +45° 0°/90° +45°

» FC offers higher properties compared to GC
« Fibre orientation of £ 45° leads to 44% higher shear strength (12 - 30 %) and modulus (40 — 280 %)
» Fibre orientation of 0° / 90° leads to higher shear strain (36 - 260 %)
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« Fibre orientation of £ 45° leads to 44% higher shear strength (12 - 30 %) and modulus (40 — 280 %)

» Fibre orientation of 0° / 90° leads to higher shear strain (36 - 260 %)
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« Fibre orientation of £ 45° leads to 44% higher shear strength (12 - 30 %) and modulus (40 — 280 %)

» Fibre orientation of 0° / 90° leads to higher shear strain (36 - 260 %)
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Shear Properties of Web (GC)

Strength Modulus

100 18
‘© T |
% T max, cc/-sic = 80 MPa ?5 '
= 80 = 44, -
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E = 12
£ & o
§ 8 10 - 9].6
o w
= S 8-
2 40 5
(] 32.2 ©
2 g °
w
o 20 g 4
g = 2
£ %)
2 0 - 0
GC GC
0°/90° 0°/90° +45°

» Ultimate shear stress and mdulus of GC webs below C/C-SiC material properties due to buckling / slits
* Fibre orientation of + 45° offers 15 % / 44% higher shear strength / modulus (as expected)
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Stress / Strain Behaviour and Failure Mode

1.6
—FC --FC
L L
0°/90°  +45°
Pl B —FC  --FC

i W W
'?Q// 0°/90°  +45°

—GC --GC

0°/90° +45°

Shear stress [MPa]

T T T T T T

6 8 10 12 14
Shear strain [%o]
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Compression Testing (DIN 53 291)

Fold core Grid core Grid core AT
core

Core type FC FC GC GC GC GC HCP HCT
Cell width - core wall [mm] 16-03 12-03 20-03  20-06 22-06
thickness
Fibre orientation in 0°/90° +45° 0°/90° +45° +45° +45°
web
Core density pc [kg/m?] 90 74 45 100 131 100
Core height c [mm] 13 66
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Compression Properties
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» Fibre orientation of 0° / 90° in core web leads to higher compression strength (12 - 30 %) and modulus

(FC: 50%), compared to + 45° webs
* Grid and honeycomb type cores ((t,

0.6) offer highest strength (F ., = 56 kN) and modulus

68 mm), due to buckling at low loads

0.3;c

* Lowest properties for thin walled, high GC (t,
DLR
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Compression Properties

Modulus

Strain

Strength

: * I 7
i i _mnﬂw_ co_ﬂv:mwa -
40 snjnpow uoissaidwon

c=

GC
+45°

GC
+45°

13 mm

core height ¢

"

GC
+45°

0°/90°

GC

FC

16-03 16-03 12-03 12-03| 20-03 20-06 22-06 22-06
+45°

0°/90°

FC

[°%] yompues

JO ureJ}s uoissaidwod ajewin

@ 0 M~ © n < O N - O

[ediN] yompues

10 ssaus uojssaldwiod ajewn|n

» Fibre orientation of 0° / 90° in core web leads to higher compression strength (12 - 30 %) and modulus

(FC: 50%), compared to + 45° webs
* Grid and honeycomb type cores ((t,

0.6) offer highest strength (F ., = 56 kN) and modulus

68 mm), due to buckling at low loads

0.3;c=

* Lowest properties for thin walled, high GC (t,
DLR
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Strain Modulus

Strength
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Specific Compression Properties
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Compression stress (45 -102 MPa) and modulus (17 — 33 GPa) below C/C-SiC properties due to buckling

(Shi, Y., 2019: 6, g0- = 322 MPa; Hofmann, S, 2013: E, g+g0- = 56 GPa )
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ReStress / Strain Behaviour and Failure Mode (c = 13 mm)

* Nonlinear stress strain behaviour 8

« Failure in buckling mode ;
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Results — Compression (¢ = 66 mm, GC)
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Results — Compression (c = 66 mm; HC)
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Comparison of Core Materials (Shear in W)
Strength Modulus
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Source:
C/C: Ultracor Inc., Stockton, USA Al Hexcel Corporation, Stamford, CT, USA
CFRP: Invent GmbH, Braunschweig, Germany; Nomex: Hexcel (Aramid fibre paper + phenolic

Ultracor Inc., Stockton, USA coating)
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Comparison of Core Materials (Compression)
Strength Modulus
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C/C: Ultracor Inc., Stockton, USA Al Hexcel Corporation, Stamford, CT, USA
CFRP: Invent GmbH, Braunschweig, Germany; Nomex: Hexcel (Aramid fibre paper + phenolic

Ultracor Inc., Stockton, USA coating)
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Summary

» C/C-SiC Sandwich structures were manufactured via LSI, using 4 different core types and core heights

» Mechanical properties mainly influenced by fiber orientation in the core and by core wall thickness

« 0°/90° - High compression strength and modulus
- High shear strain
* +45° - High shear strength and modulus

«t.=0.6 mm - High specific compression strength and modulus

« Specific compression strength and modulus of grid core higher compared to honeycomb core (t; = 0.6).
Linear elastic stress / strain behavior of high core (c = 66 mm; t- = 0.6 mm). In a wide rage.

 Fold cores offer higher shear strength and modulus compared to grid core.

» Core strength and modulus lower than material properties due to buckling of thin walls (0.3 / 0.6 mm)->
adapt core design (cell width, height) for applications
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Presentations in the Afternoon Session

« Thomas Reimer, CMC Sandwich Development and Testing for High-
Temperature Space Application

* Yuan Shi, Characterization and modeling of bending properties of
continuous fiber reinforced C/C-SiC sandwich structure
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