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Meso scale: Represent. volume element (RVE
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Goals: Variational formulations whi iber damping

@ Design of energy-momentum schemes for stable dynamical FE simulations



Strategy (I): Matrix and fiber viscoelasticity
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Introduction

Fiber viscoelasticity with linear space § Numerical integration
#7 (‘intermediate configuration’) | of the viscous evolution

L] 0 Matrix material model:
solved pointwise (ODE) at

spatial quadrature points

9 Fiber material model:
solved elementwise with

spatial element nodes




#  Strategy (Il): Generalized continuum mechanics
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Three pomt bending test: experiment vs. Cauchy theory ~» ‘the
need to a Second—gradlent theory' (see Charmetant et al. [2012], Madeo et al. [2015])
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FEM with Cauchy
i mobile point C
Constralned mlcropolar contmuum with drilling degrees of freedom

Introduction
(cf. Hughes & Brezzi [1989], Ibrahimbegovic et al. [1990,1991,1993], Choi et al. [2002], Boujelben & Ibrahimbegovic [2017])

Y Ba 5 . .
; * /74 Ps ? /7 Timoshenko beam (with secondary effects)
. N 3
z g wa U g v B ? $ B2
Bs ? 8 / uz as )‘T @ vy
— s Z L 9;1—%
- uy oz
ws m uy Qr p " wi 72 w2
/ Ve wo /
78 a uy | wy [
v U2
()
31
5 Uus ‘ B
as us ? ag ? 2 0 Does not overestimate bending stiffness
W Vs We Us

ws
Vg
s 7 n q
"/ ? Bs e * Bs 9 Does not overestimate natural frequencies



w2 Cauchy continuum model (1)
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ST 2 Deformation of fibers and matrix (cf. Klinkel et al. [2005], Nedjar [2007])

@ Deformation of the fibers
Fp:=a;®ao = FA Ay =ap® ag Cr:=F4%Fp:=CrAg
@ Fiber and volume dilatation
Cr#Cp:=C: Ay Cly  Cyy = [det(é)]ﬁ
© Viscoelastic matrix and fibers

F=FF, C,=F.,F, Fp=F4FY, v =C% A



w2 Cauchy continuum model (II)
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Viscous evolution equations (cf. Reese [2001], Nedjar [2007], Kriiger et. al. [2011])
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@ Viscous matrix evolution equation and non-equilibrium stress tensor
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Thermo-viscoelastic free energy

@ Hyperelastic strain energy
v (C, Oy, Cr; Ag) = Ui (IF, IS, I , L) + 935" (Cy ) + 95 (Crr)
@ Thermoelastic free energy
wthe(Cy, Cp, 0) = U (0) — 24/ Cy2—naim By [6 — Ous] DEFP(Cy)

Ci ' Br [0 — 6] DI (Cr)
© Viscoelastic free energy

v1= ea cc,',;cc it coy vis ( Ao ela( A [Fv]—
(C C,) = ; (11 12 v 13 ) Vi (CF»CF) :WFI (CF[CF] 1)



w2 Virtual power principle (1)
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. Virtual power principle (I1)
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@ Additional balance laws
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Balance law of rotational kinetic energy T
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@ Discrete viscous fiber evolution equation
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Galerkin approximations in space and time

Discrete setting k_ finode J . k41 finode g
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Algorithmic fiber stress ~» viscous evolution/equations of motion
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s Dynamic bending/torsion of a long curved pipe
(Initial-boundary conditions; 121-em with H8-mixed-Bbar-drill)
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Yellow patches
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Driven dynamic bending \;\‘_,

X

Dirichlet and Neumann boundary conditions Initial conditions

Yellow patches: Temperature ©4 = O, Position 2-dofs fixed (bearing) ¢ = X% aff =0 64 =6
Blue patches : Temperature @4 = O, Torque load W/ = +W, f(t) vA—0 wA—0 O, —2815

- = = o = 298.
Green/red patches: no b.c. (thermal insulation Q* := 0) 0 0




@ Dynamic bending/torsion of a long curved pipe

(I\/Iot|on and Ioads/react|ons 121-em with H8-mixed-Bbar-drill)

A higher-order Current configuration with norm of rotation vector at ¢, = 0.5s
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Driven dynamic bending

Dynamic bending/torsion of a long curved pipe
(Energy-momentum error; 121-em with H8-mixed-Bbar-drill)

error L1 [TOL]

Post-/Intra-processing

Post-/Intra-processing

Post-/Intra-processing
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s Dynamic bending/torsion of a long curved pipe
| (Mesh convergence at t,, = 0.5s; 121-em with H8-mixed-Bbar-drill)
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Rotation of right pipe end (T =10,0.5]s)

Node= 197
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58 02
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2 5 25 5
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Relative mean-squared error of distance [TOL] Relative mean-squared error of rotation [TOL]
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Driven rotation of a square pipe under pressure
(In|t|a| boundary condltlons 121-em with H20-mixed-Bbar-drill)

"Bou ndary Status Monltor
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Material Status Monitor

Dirichlet and Neumann boundary conditions
6 f(t), Torque W = + W, f(t)
O f(t), Torque W = _Wfrif(t)n

Yellow patches z = 0: Temp. O4 =

Yellow patches 2 = 100: Temp. 64 =

Blue patches: 1) Outward heat flux (cooling) with Q4 (t) = Q f(t)

2) Pressure follower load p* (t) = p | sin(Wioad,p )|

Driven dynamic rotation

Green patches: no b.c. (thermal insulation Q4 := 0)

Initial conditions
=298.15

Pi=X"a=0 O} =0. vi=0wi=0 6.



s Driven rotation of a square pipe under pressure
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Motion and loads; 121-em with H20-mixed-Bbar-drill

A higher-order Current configuration with inelastic fiber strain at ¢, = 2.0s
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Inel. fiber strain, tn=2 [s], VTQPRLOW=00000001
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Driven dynamic rotation

Dirichlet reaction velocity [1/5

Neumann torque load [KNm/sqm]
Neumann traction load [KN/sqm]

0 05 1 15 2 0 05 1 15 2 0
Time [s] Time [s] Time [s]



] Driven rotation of a square pipe under pressure
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(Companson of fiber V|sc05|ty, 121-em with H20-mixed-Bbar-drill)

A higher-order Inelastlc fiber strain in T = [0, 20] S (Recall viscously damped oscﬂlatlons)

energy-momentum
scheme for a
non-isothermal

Node= 101

AN “;-\\'\'\'-\'\ ~

two-phase ’ 2+ VF= 0
dissipation model " _
of fibrous ! - L VE= 10000
composites 1.8 — VF= 20000
£ — VF= 30000
Michael GroB, 1.6 r|———VF=100000
Julian Dietzsch, — — —VE= 300000 |
Chris Robi
s TORiESr = 1.4 ||~~~ VF=600000 !
& — — = VF=900000
Si2t
‘o
2
=} 7
2081
2
E 0.6
0.4
Driven dynamic rotation

<
)

S

Time [s]




=

TECHNISCHE UNIVERSITAT
CHEMNITZ

A higher-order
energy-momentum
scheme for a
non-isothermal
two-phase
dissipation model
of fibrous
composites

Michael GroB,

Julian Dietzsch,
Chris Rébiger

Dynamic impact test
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Dynamic impact test with Taylor's bar
(Initial-boundary conditions; 121-em with H20-mixed-Bbar-drill)

LLLT 7 .

- L1
Boundary Status Monitor Material Status Monitor

e > »

Dirichlet and Neumann boundary conditions

Yellow, blue patches: Temp. 04 = O,

Red patches: 1) y-z face ~+ z-dofs fixed ~ 2) z-z face ~» y-dofs fixed
Blue patches: -y face ~+ z-dofs fixed

Red, cyan patches: thermal insulation @“ := 0 (no thermal b.c.)

Initial conditions
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nic impact test

Dynamic impact test with Taylor's bar
(Motion and energies/momenta; 121-em with H20-mixed-Bbar-drill)

A A A A -

Current temperature at t, = 2.0s

Temp. =2 (5, VIQPRLOW=00000000

WA “;-\\'\'\'-\'\ ~

q

Time evolution of energies/momenta

Angular momentum [KJs]

Post-processing
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Dynamic impact test

Dynamic impact test with Taylor's bar
(Comparison of fiber stiffness; 121-em with H20-mixed-Bbar-drill)

;A A e

Inelastic fiber strain at bottom (Recall meaning of the damping factor)

VF= 60000, g0v
'VE= 300000, gOvis=3
— = —VF= 0, gOvis= 30e3

WA “;-\\'\'\'-\'\ ~

Inelastic fiber strain [1e-3]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [s]
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Total linear momentum: Tlme
evolutions and relative error

——VF= 60000,
—— VF= 60000,

Dynamic impact test

Total linear momentum

02 04 06 08 112 14 16
Relative mean-squared error [TOL] x10?

Dynamic impact test with Taylor's bar
; 121-em with H20-mixed-Bbar-drill)

Inelastic fiber strain at bottom:

. Time evolutions and rela. error

L — TR LT

=0

1000

Node= 1

—— VF=60000._nel=432
o F= 60000, _nel-

20

40
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0 0s 1 15
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s Dynamic impact test with Taylor's bar
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1000 2000 3000 4000 5000 6000 7000 8000
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Node= 1

Node= 1
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Dynamic impact test
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Dynamic impact test
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Dynamic impact test with Taylor's bar

(Mesh convergence at t,

FOF F e

Material velocity: Element 7 =

drill, Element 5 = no drill

; 121-em with H20-mixed-Bbar-drill)

Material velocity: Element 7 =

+ drill, Element 5 = no drill

Node= 10 3 Node= 10 ent7
X, Element 7
4 a5 —— Element 5
- x. Element 5 _ 2
_ 3 ment 5 Z
B R 2, Blement 5 = 1s
g 2 B 2
N
EN 05
0
0 P = =
05
-1 -1
2 3 4 5 6 7 8 2 3 4 5 7 8
Number of nodes [1000] i Number of nodes [1000]
10 Node= 10 6 Node= 10
A I
|
8 l i
I
i
6 4 i
; !
|
4 i
Elem=7, nel= 720 !
Elem=7, nel= 864
Elem=7, nel= 1728
——-Elem=5, nel= 720
— = ~Flem=S5, nel= 864
~ — Elem=5._nel= 1728
6
8 i
-10 N
9.5
0 05 1 15 0 002 004 006 008 01 012 014 016
Time [s] Time [s]



s Tension bar: Displacement-controlled tensile test
"aens ™™ (Initial-boundary conditions; 121-em with H20-mixed-Bbar-drill)
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# Blue patches: Temp. O4 = O, z,y’-dofs fixed, ud = 0.1f(t)
Yellow patches: Temp. ©4 = O, 2% ,yA-dofs fixed, u? =—0.1f(t)
Green patches: 1) y-z face ~ x-dofs fixed, 2) z-z face ~ y-dofs fixed

Green/Red patches: thermal insulation Q4 := 0

Dynamic tensile test
itions

Pr=X"all=0 O} =6. vi=0wl=0 O, =298.15
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Dynamic tensile test

Tension bar: Displacement-controlled tensile test
(Motion and loads; 121-em with H20-mixed-Bbar-drill)

A A A E
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s Tension bar: Displacement-controlled tensile test
(Comparison of fiber stiffness; 121-em with H20-mixed-Bbar-drill)
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Inelastic fiber strain [1e-3]
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Distance [m]
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Dynamic tensile test
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Current posntlon Element 7
drill,

Element 5 = no drill

(Mesh convergence at ¢, =1

Tension bar: Displacement-controlled tensile test
121-em with H20-mixed-Bbar-drill)

Current position: Element 7
drill, Element 5 = no drill
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A higher-order © Motivation:

energy-momentum
scheme for a

non-isothermal » Dynamical FE simulations for hybrid fiber roving composites
EEGIE P with fiber damping and secondary effects (curvature/inertia)

dissipation model
of fibrous

composites _‘ Q Goals:

Michael Gro8, P Energy-momentum schemes for generalized continua
Julian Dietzsch,

Chris Rébiger P derived by a variational principle with drilling DoF's

© Strategy:

P Variational-based two-phase thermo-viscoelasticity model with
P mixed fields for rotation vectors and a skew-symmetric stress

l“-\'i\\'\ A 1)

O

@ Current results:

P Finite damping behaviour in fiber direction can be simulated by
P finite elements with drilling DoF’s and well mesh convergence
P This new fiber damping model also generalizes linear effects

Summary @ Next step:

P Introduction of strain energy function for fiber curvature effects



@ Viscously damped oscillation
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@ Driven viscously damped oscillation
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Driven viscously damped oscillation
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