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Interlaminar Shear and Joint Strength Evaluation of C/SiC Composites
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for Application to Regeneratively Cooled Scramjet Combustors

Ji Beom Choi*, Soo-Hyun Kim*’, Seyoung Kim*, In-Sub Han*, Hyung-Joon Bang*,
Young-Hoon Seong*, Seulhee Lee*

ABSTRACT: This study investigates the structural integrity of C/SiC composite structures with internal pressure
channels for use in regeneratively cooled combustors of hypersonic scramjet engines. Pyrolysis segmented carbon
preforms were bonded using the Liquid Silicon Infiltration (LSI) process to fabricate integrated C/SiC structures.
Three bonding methods—phenolic resin, ceramic slurry, and prepreg—were compared. Shear tests were conducted to
evaluate the interlaminar shear strength of the C/SiC matrix and the interface strength at bonded joints. The slurry-
bonded specimens showed the best performance, due to their thin and uniform bond lines. Finite element analysis of
the combustor geometry showed sufficient safety margins (>2) in the lower interlaminar regions. In the upper bonded
regions, only the slurry-bonded case (case 3) was likely to meet structural safety requirements.
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Fig. 1. Diagram of the internal flow path of the CMC combustor
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Table 1. Definition for each shear strength specimen cases

Case ID Evaluation type Bonding method
case 0 | Interlaminar shear strength n/a
case 1 | Bonded joint shear strength | Prepreg application
case2 | Bonded joint shear strength | Phenol resin application
case 3 | Bonded joint shear strength Slurry application

Fig. 2. Double-notched shear test equipment and specimen
geometry
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Fig. 3. Finite element structural analysis model of CMC combus-
tor panel with internal flow channel

Table 2. Mesh size study results for finite element analysis model

Modell | Model2 | Model3 | Model4

Element size

0.05-0.1
(mm)

0.02-0.05 | 0.01-0.05 | 0.01-0.02

No. of elements

0 8,661 | 36369 | 51,958 | 210.280
Max. stress
-9.98 -9.98 -10.0 -10.0
(S11, MPa)
Deformation |, /0 4 | 2.022e.4 | 2.025¢.4 | 2.027¢.4
(mm)
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Table 3. Mechanical properties applied for finite element analysis

E, 60.1
Young’s modulus (GPa) :
E, 48.4
G, 25.0
Shear modulus (GPa)
Gsns 20.0
. s ny, 0.1
Poisson’s ratio (-)
n,,, 0.05
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Fig. 4. Comparison of fractured sections before and after shear
strength test — case 0
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Fig. 5. Comparison of fractured sections before and after shear
strength test - case 1
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Fig. 6. Comparison of fractured sections before and after shear
strength test — case 2
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Fig. 7. Comparison of fractured sections before and after shear
strength test - case 3
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Table 4. Shear strength evaluation results for each specimen case

Shear strength | Bonding
interface
Case ID| Average | CV thickness Remarks
(MPa) (%) (mm)

case0 | 353 9.4 - Interlaminar shear strength

Bonded joint shear strength

1 21.7 10.9 0.312
case (w/o interlaminar failure)

case 2 23.6 13.8 0.334
case 3 24.4 8.5 0.157

Bonded joint shear strength

Bonded joint shear strength

29.9 MPa

Fig. 8. Shear stress analysis results at channel corners - Original

Fig. 9. Cross-sectional micrograph of the internal flow path of a
CMC combustor
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Fig. 10. Revised finite element structural analysis model of CMC
combustor panel with internal flow channel
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Fig. 11. Revised Shear stress analysis results at channel corners
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