AMERICAN SOCIETY FOR COMPOSITES -+ 41ST ANNUAL TECHNICAL CONFERENCE -+ PAPER 93

A Conjugate Heat Tra_nsfer _Model for ] PURDUE
Autoclave Process Simulation Eressnsr Yo, UNIVERSITY

Talk: 9/29, 4:45PM

School of Aeronautics and Astronautics

Yao Sun', Hongsen Fang'!, Lu Li?2, Dianyun Zhang Beereaters (3316)
1School of Aeronautics and Astronautics, Purdue University, West Lafayette, IN 2Convergent Science Inc., Madison, WI Bio: Scan QR Code Er f
_ _ o _ _ _ _ CONVERGENT CONVERGE
Manufacturer-recommended cure cycles carry conservative margins that limit autoclave throughput. This work adds resin cure kinetics to a m SCIENCE CFD SOFTWARE
OV E RVI E W thermocouple-validated conjugate heat transfer (CHT) model of a full-scale autoclave in ConvergeCFD, so that temperature, Degree of Cure
(DoC), and exothermic heat release are resolved together. The kinetics integration is verified against three independent solutions and then applied
to an IM7-8552 laminate on an L-shaped aluminum mold.
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validated CHT model with no internal heat generation [12], and
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Part modeled as a homogenized solid (Rule of Mixtures) with Degree Of Cure. DoC levels off near 85%; the rate of cure peaks near 8400 s.
cure-coupled FEA with prescribed convection [13].

The band across the 4 mm laminate is narrow (Fig. 7).
assumed perfect tool-part thermal contact; bag, breather, and
release film not currently modeled. N U M E RICAL M ETH OD VE RI FICATION
Within each CFD time step, DoC and RoC advances in part

Objective: a single physics-based model that resolves the
turbulent thermal environment and the in-situ cure response.
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RESULTS: FULL AUTOC LAVE, IM7-8552 LAMINATE Adiabatic single solid element: 1 mm3 neat 8552 resin, T, = 433

AUTOCLAVE AND CURE CYCLE
A . K, ¢, = 0.001, fixed-s.tep RK4.
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within seconds; it comes from fixed sampling instants against a
— near-vertical Arrhenius rise, not from accumulated error.
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Modified Cure Cycle: 5 “F/min to 380 K, 60 min hold, 5 "F/min CFD Model Calibration. Experimentally calibrated CFD parameters -
- - . . lon. Experi y call Thermal Lag. Mold and part lag the air during both ramps and converge to it at
to 450 K, 120 mm_ hold. Pressure 30 psi, then 100 psi; vacuum comparing with thermocouple reading from Modified Cure Cycle. both holds (Fig. 5). CONCLUSIONS
relaxed after the first hold.

Cure kinetics now run inside the validated CHT model as a

IM7-8552 MRCC with P Profil 10 8r . . .
. Wit Fresstre Frone Cos —Stack volumetric source, advanced cell by cell with RK4 and verified
= |emperature . h Pﬂl’t
T Acve Pressurs / ) S L S R - < —Mold across MATLAB, ABAQUS, and ConvergeCFD.
440 H= =Vacuum Pressure 6+
. < B In the final hold the exotherm raises the part about 1.2 K above
0. —-10" “ . . . .
Q‘”5‘ _ = §4 the circulating air, a response a convective-only model cannot
= v L 8
% 390 % ? -20 - ﬁ Captu re.
= 104 @ - < . . .
5355- S 2, The largest through-thickness difference, about 7.5 K, is a
2 30+ | Q4l - :
g & : Part - Air S convective transient governed by the thermal mass of the
e i {02 40 | | | [=Moid - Air /\ k aluminum mold.
. 0 2000 4000 6000 8000 10000 12000 14000 0 : ' : ' ' _ _ o
3*5// . Time [s] 0 2000 4000 60‘;@ F?OU 10000 12000 14000 The predicted final DoC of about 85%, which is short from
I e \|s o/ : .
290 2500 000 p— PP prp— 2000 ° Exotherm Crossover. Lag reaches 33 K (part) and 37 K (mold). Near 9000 s Through-Thickness Difference. The stack difference peaks near 7.5 K at the 92.2% In experimental DSC.
Time (s) the sign reverses: the exotherm, not the controller, sets the peak part start of each hold and decays to zero: a convective transient, not a reaction Next: DSC and coupon testing to validate the predicted cure,
Fig. 2. Modified IM7-8552 Cure Cycle: Temperature, Autoclave Pressure, And Vacuum. temperature (Fig. 6). effect (Fig. 8). then cure-cycle refinement toward closed-loop optimization.
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