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1. Motivation

Compaction effects in RTM tools for complex parts
* Wrinkles in T-section

« Corner thinning, thickening

« Over compacted areas

« Gaps and overlaps of preforms

03.06.2019 | SICOMP Conference, Trollhattan | D. Bublitz | Implementation of a viscoelastic material model 3



Lehrstuhl fir Carbon Composites

Fakultat fur Maschinenwesen

Technische Universitat Minchen

1. Motivation

What causes these effects?

* Closing of RTM tool

» Thermal expansion of tool

« Thermal expansion of inserts
 Movement of floating inserts

Over-compaction
due to friction
Increasing gap
size

How do these effects influence the final part quality?

« (Gaps and over-compacted areas act as additional flow channels

* Fiber volume fraction (FVF) gradients as main driver of distortion effects
» Influence on mechanical properties
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1. Motivation

Viscoelastic behavior of preforms
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2. Material Modelling

Literature review — Viscoelastic material modelling

« Compaction and relaxation modelled separately: Kim 1991 [1]

« Compaction and relaxation of glass fiber preforms: Kelly 2004 [2]
 Phenomenological models for glass fiber preforms: Kelly 2011 [3]

» Relaxation model for glass fiber preforms: Someshkar 2012 [4]
» Generalized Maxwell model for woven carbon fibers:  Danzi 2018 [5]

Evaluation

* Model from Danzi et al. is most suitable
« Compaction and relaxation can be
described in one equation
* Results could be reproduced analytically

- Implementation in ANSYS
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2. Material Modelling

Preliminary work - Material modelling
« Stress as a function of strain and strain rate [2]

Eot + 1,E; (1 — e_%) + 1,E, (1 — e_%) + 13E; (1 — e_%)
tr—t ty—t

o(t) =& _
+0(t —t,) [Eo(tr —t)+1,E; (e 1 — 1) + 1,E, (e T2 — 1) + 13E; (etrT—st — 1)]

* Relaxation is activated by a heaviside function J\/\?\/\/ T4
« Only applicable for constant strain rate J\/\’?\/\/ t2
« Compaction behavior is defined by 17 constants Es T3
« 2 constants / spring E;=a- efreuP J\/\/\/\/
- 3constants / dashpot 1, =m €™ +o Eo

Generalized Maxwell model
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3. Implementation in ANSYS

Implementation of material model
« ANSYS offers a viscoelastic material model with linear elastic springs
« Combination with hyper-elastic material model

Viscoelastic model Hyperelastic model Combined model
E, T1

E1 71
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Linear elastic springs Eg, Eq, E3, E3 Hyperelastic spring Hyperelastic springs Eg, E¢, E3, E3
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3. Implementation iIn ANSYS

Implementation of material model Time [s]
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3. Implementation iIn ANSYS

Implementation of material model Time [s]
0 50 100 150 200 250 300 350 400
« Good results 0
* Using the workaround \. \ﬂ
-50
Drawbacks

* High modelling effort
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» Only isotropic behavior £
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« Writing a user defined material 200
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4. User defined material model

Implementation 1D Model Time [s]
. . 0 200 400 600 800 1000 1200
* Implementation of Danzi’'s model 0
in a Fortran code \"2.0 mm/min; Ve, pimar = 045
* Translation in an incremental . .
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time g
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Numerical results of the enhanced model vs. analytical results from
Danzi [5]
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4. User defined material model

Application for NCF material
« Validation with compaction data from previous measurements [6]
« Biaxial carbon fiber NCF
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Experimental vs. analytical compaction stress of the enhanced model for biaxial carbon fiber preforms
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4. User defined material model

Extension to a 3D Model 03
« Behavior defined by 9 independent constants

/ | d 0,
/.

Material symmetry planes for an orthotropic material

» Qut of plane shear stiffness G,3; and Gs;
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4. User defined material model

Extension to a 3D Model
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5. Conclusion and Outlook

Conclusions

» Implementation with standard materials not possible in ANSYS
« Implementation of a user defined material in 1D
 Enhancement of the literature model

« Validation with two different materials

« Materials characterization
* Fully implementation in 3D
« Validation with complex geometry

The authors would like to thank the European Union’s Horizon2020 research program
(ProTHIC project — project ID 821019) for funding this study.

3

CleonSkg 2 European Commission

03.06.2019 | SICOMP Conference, Trollhattan | D. Bublitz | Implementation of a viscoelastic material model 15



Lehrstuhl fir Carbon Composites
Fakultat fir Maschinenwesen
Technische Universitat Miinchen

6. References

[1]
2]
[3]
[4]

[5]

[6]

Kim YR, McCarthy SP, Fanucci JP. Compressibility and relaxation of fiber
reinforcements during composite processing. Polym. Compos. 1991;12(1):13-9.
Kelly PA, Umer R, Bickerton S (eds.). Compaction of Dry and Wet Fibrous Materials
during Infusion Processes; 2004.

Kelly PA. A viscoelastic model for the compaction of fibrous materials. Journal of the
Textile Institute 2011;102(8):689—-99.

Somashekar AA, Bickerton S, Bhattacharyya D. Modelling the viscoelastic stress
relaxation of glass fibre reinforcements under constant compaction strain during
composites manufacturing. Composites Part A: Applied Science and Manufacturing
2012;43(7):1044-52.

Danzi M, Schneeberger C, Ermanni P. A model for the time-dependent compaction
response of woven fiber textiles. Composites Part A: Applied Science and
Manufacturing 2018;105:180-8.

Tagscherer N. Material Characterization for a Numerical Compression Resin
Transfer Molding Simulation. Master’'s Thesis. Chair of Carbon Composites.
Technical University of Munich. Munich; 2018

03.06.2019 | SICOMP Conference, Trollhattan | D. Bublitz | Implementation of a viscoelastic material model 16



Lehrstuhl fir Carbon Composites
Fakultat fir Maschinenwesen
Technische Universitat Miinchen

Questions?
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