IMPROVEMENT OF THE DENSIFICATION PROCESS OF SITYor  CENTERFOR

CARBON/CARBON COMPOSITES EIAWARE.  COMPOSITE MATERIALS

Tania Lavaggi (Ph.D.M.E.), Prof. John W. Gillespie Jr., Prof. Suresh G. Advani
University of Delaware | Center for Composite Materials

Introduction Pyrolysis Schedules Characterization of Porosity Simulations of Re-infiltration
Carbon/Carbon composites (CCC) 1900 Comparison of pycnometry and micro- « Software Liquid Injection Molding
manufacturing: O 1000 computed tomography (CT). Simulations (LIMS) to solve the finite
o 800 : element/control volume simulation of the
Carbon Fiber Preform § 600 >I\fleasured Porosity by Pycnometry connected pore filling.
% ‘2‘88 '@ 020 * Numerical mesh is generated from CT
2 . = 0.20 images of physical samples.
O 0. 0.15 i s ..
R l ................................... E |— 0 20 40 60 80 8 016 Sens|t|v|ty Study on |nject|ng
= Liquid Phase Infiltration Time [hr] S 0'05 Pressure
- —CycleA  —CycleB  —Cycle C c - C i -
5 Thermoset E ycle ycle ycle é 0.00 F.IrSt .'c;tudyéI |'ﬂ”'?d ?Icl)t[.es with constant
S - : viscosity and limit on fill time.
= Resin W20 (IR (A (P e® e ’
= L . N oW one ouet T G G _
= 1 Characterization of Permeability o 2 P 2 \;G\GP \Jo\e‘* X 40%
P 0 Solid Phase Pyrolysis Pulse-decay experiment at different levels 3 30%
l ..................... Repeat of degradation. Pycnometry is more accurate than CT, but | B 20%
1 _ 4 times CT is necessary for visualization of 3D i 09
. > A
Carbon/Carbon Composite — 100 microstructure. =
D“j & 0%
=<, C ati £ p bilit d 0 0.5 1 1.5
g 50 orre _a ion o ermeabiiity an Injecting Pressure [MPal]
® Porosity
a | | o | ®1hour e2hours 10 hours |
Densification Process o Necessary for simulations on re-infiltration
. Repetition Infiltration/Pyrolysis 0 and matrix degradation during pyrolysis. Second study: fill time with viscosity
| 0.1 1 10 100 __ 5.00E-14 Changing over time.
» Takes several months to complete. Time [s] NE 1 00F-4 5 1o
- Sample A5 - Dwell 250C --Sample A5 - Dwell 350C o i 5 10
— Sample A5 - Dwell 450C —Sample A5 - Dwell 550C = = 3.00E-14 c 8
O .’ 6
cee o —Sample B5 —Sample C5 o 2-00E-14 O
Improvement of Densification : - © W= £ 4
c 1.00E-14 | .- = 2
» Tailor pyrolysis schedule to control . S 9 00E+00 ' IR = 0
connected porosity development. Measured Permeability O 0.10 0.15 0.20 0.25 H- 0.5 o 1 1.5
» Find re-infiltration parameters to reduce  4.00E-14 Connected Porosity Injecting Pressure [MPa]
time to fill connected porosity. i< OA5 350 mA5 450 B5A5 550
S 3 00E-14 N Acknowledgements
- s, 2 OBS OCS -+« Fit 5 plies
Pe rmeablllty of CCC = Thanks to Dr. Steve Sauerbrunn and Dr. Pavel Simacek for
o 2.00E-14 their contribution to this research. The composite panels and
« Key parameter for characterization of 8 the resin used for. this project are provided by Huntsman
connected porosity. £ 1.00E-14 Improvement of the Re-infiltration Chemical Corporation.
Describes gas evacuation during O P Research was sponsored by the U.S. Army CCDC Army
* Q. 0.00E+00 rocess Research Laboratory and was accomplished under
rolvsis. o _ _ Cooperative Agreement Number W911NF-18-2-0299. The
DYIOY - - - : \\?J6 W\ B ADO \66Q Q\G Q\G Measured permeability is used in numerical views and conclusions contained in this document are those
) D ?;[ern.“nes resin permeation durmg re- P\O\Ne P\O\Ne P\O\Ne G G simulations of the RTM process to find the of the gqthorsla{?d shpuld not be interpre.tedlas representing
nfiliration. 0% o9 v process parameters 1o fill the connected | e offla polcies eher xpressed o mpied o e Ay
pores In the least amount of time. Government s authorized to reproduce and distribL./te.

reprints for Government purposes notwithstanding any
copyright notation herein.




	Slide Number 1

