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« Selective Laser Sintering (SLS) Polyamide 12 (PA12)

— SLS-printed polyamide lattices

— Material constitutive for numerical modelling of structure

— Bulk sample preparation
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« Model: Hyperelastic visco-elastic-visco-plastic material model

— Strain measure:
e F=F'e.F"P (ve = FveT . fpve EVe — lln(cve)
H y 2
o LVP = lf;vp . Fvp-1 ’ pVP = VP

— Visco-elastic part

t
Tdev = j G(t— S)%dev(E"e(s))dS

— Q0

— tr _ ve
p = —T = j K(t S)d—str‘(E (S))dS
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Model: Hyperelastic visco-elastic-visco-plastic material model
— Strain measure:
e F=F'e.F"P (ve = FveT . fpve EVe — lln(cve)
1 y 2
o LVP = lf;vp . Fvp-1 ’ pVP = VP

— Visco-elastic part

t
Tdev = j G(t— S)%dev(E"e(s))dS

— Q0

1 t
p = §rtr — j K(t — S)%tr(E"e(s))dS

—00 Ki) ki Koo
G, 0
— Maxwell model i i Goo
¢ G(t) = Ga + Xy Grexp(—5) ==
|
e K(t) =Ky + Zﬁvzll(iexp(—kii)
— Parameters:
Koo; Goo; Gi:gi Ki)ki: i=1,...,N
/\\V
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« Model: Hyperelastic visco-elastic-visco-plastic material model
— Visco-plastic part

- N
* back-stress F—mA)* =0 ~_ T2 A}A v
Y =T— b F=0 ‘// 1
« Perzina plastic flow rule T >
. .1 10P oP /
DVP = FYP . FYP~1 = _(F)s — = 1 — .
n ot ot //1-1
Initial /
yield P
surface 7
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Model: Hyperelastic visco-elastic-visco-plastic material model

— Visco-plastic part

+ Back-stress F—mA)S =0 -~. A?A \
@=1t—Db o |
« Perzina plastic flow rule >
: 10P doP
DVP :va,va—l ——(F)S— — E
* Yield surface, flow potential "
Initial
i P @eh\” m“—ltr(p_m“+m yield
“\r. ) m+1v, m+1 surface
- Ot
m =%
Oc
tre\* 2.5
P=(p%9)2+p8(—= a=1 (Drucker-Prager)
L ( 3 ) —a=2 (Parabolmd)
» Equivalent plastic strain rate: . 20 ng's
_ () LT
N Y ~ *\‘\\\
=222 g 15 *
‘ 1+ 202 Ky
1+ ® Exp. Lesser 1997
I Exp. Hinde 2005
L P 18+2p 0.8 * Exp. Sauer 1977 |
- -4 -2 2
tr () /o,
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« Model: Hyperelastic visco-elastic-visco-plastic material model
— Visco-plastic part
« Hardening F—mA) =0 -~

Yc = H.(y)y with H.(y) = ¢ + h¢ Hclexp(_hc Y),
Y; = H,(y)y with H,(y) = to + h; Hexp(—h; v),

b = 229 pvp with Hy(y) = by + hy, Hexp(=hy ¥), Initial

RERRA%: yield

surface

A 7
&77‘ 12-14 June 2023 UNCECOMP 2023 8




« Model: Hyperelastic visco-elastic-visco-plastic material model
— Visco-plastic part
« Hardening F—mA) =0 -~

Yc = H.(y)y with H.(y) = ¢o + h¢ ngxp(_hc Y),
Y, = H (y)y with H.(y) =ty + hy HYexp(—h; ¥),

b = 2 pvP with H,(y) = by + hy HYexp(=hy ¥), nitial
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surface
— Parameters: (Ms)
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a)
* VE-Identification (PA12-V):
— Since, Poisson’s ratio, v, of polymer material is also
a function of time y
— We consider .

[} t
G(t) = G + XN, Giexp(— g—i)

|

K(t) = Ky, + Z{-\':l K;exp(— kii)

.o Eo c Eo
L 21+ ve) © 7 3(1 - 2vy)

* The testing strain rates vary from 1074/s to 103/s, and the relaxation test lasts 1800 s

* In the relaxation test, no obvious stress decrease has been seen after 1000 s
N = 8 branches are considered

to have the characteristic relaxation times of « 107%, o« 10™, « 1073,
|::> 1072,x 107", ¢ 109, o 10 and « 102 s.

A
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« Bayesian-ldentification (PA12-V):.
— Viscoelastic parameters 9"¢:

E001 Voo, Gl; Kl) gl, kl)

gi =735 ki =X with i =1,...,8

— Viscoplastic parameters 9VP:

n; S’ a’ ﬁ’ O-(,(‘)1 CO)HgahC ) m01 tO)Ht?’ht

« Bayes theorem

To be evaluated from o

)

model

and noise(/)

06 o)

What we want

What we know
(physical bounds)

b
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« Bayesian-ldentification (PA12-V):.
— Viscoelastic parameters 9"¢:

E001 Voo, Gl; Kl) gl, kl)

gi =735 ki =X with i =1,...,8

— Viscoplastic parameters 9VP:
n; S’ a’ ﬁ’ O-(,(‘)1 CO)HgahC ) m01 to;Hz?,ht

« Bayes theorem
7Tpost(ﬂl: 192' ﬁlr ﬁz) X Tikelihood ( Bl» ﬁz |191:192) 7Tprior(ﬂlrﬂz)

B B X Tikelihood (B2]91,97) 7Tlikelihood( B1 91, 192)7'[prior("91: 95)
independent observations
9,9, & Tikelinood ( B2|91, 92)Tprior (92) Tiiketinood ( B1 191, 92)Tprior (91)

independent prior distribution
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E001 Voo, Gl; Kl) gl, kl)
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independent observations
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likelihood ( B1 |191)7Tprior(191)
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»  Observations B = (g, Geyp)
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« Bayesian inference in sequence

- B=I[B" B B*=I[B1°. B¥]1. B™=IBy". B;']

— Observations B¢, B%¢, B1", B," are used in sequence

&
4

Viscoelastic parameters 9°°

BI step | 11

observation 1°, cyan circle 57, blue "x”

likelihood m(B1°|97°) m(B3°|97°)

prior Tprior (97°) Tpost (U7°B1°)

posterior Tpost (07°]B1°) Tpost (97°87°)
Viscoplastic parameters 9V

BI step I11 IV

observation | B{", magenta star B5", green triangles

likelihood m(B7 97, 9P) (B [97°, 9P)

prior Tprior (0YP) Tpost (9V¢[BY) | Tpost (97, 97P(BY, B1")

posterior 7Tpost (,ﬁve: ﬁvp |ﬂve’ ;p) ﬂ_post (19"6, 19vp |}8VB, )8\«'1))
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« Bayesian inference

— The maximum a posteriori (MAP) estimate of viscoelastic material parameters

Ve E. [MPa] vo [ g1 [s] ky [s]
Value 1366.7 0.278 7.36 9.12

G G Ga Gs G4 Gs Ge G~ Gs
[NIP&] 0.33 27.23 18.55 1.62 21.66 9.91 1722.24 6.13
K; K, K; K3 K4 Ky Kg Ky K
[PVIPa] 28281.49 0.30 T47.17  467.82 0.51 T874.44 39.13 2422.40

— The maximum a posteriori (MAP) estimate of viscoelastic material parameters

9P n [MPa - s s [] a [-] B [+
Value | 1.33 x 10” 0.18 3.63 0.18
9P o. [MPal] co [MPal] H. [MPa] he [-]
Value 30.04 7.85 x 1077 14.41 296.38
9P m" [-] to [MPa] HY [MPal] he [-]
Value 0.80 146.34 5.24 x 10° 9955.79
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* Run a Markov Chain process
g Gy [-] lg Ky [-] 9G4 [-] lgK7 [-] g Gy [-] k1 [s] g1 [s]
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* Run a Markov Chain process
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* Numerical modelling
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* Preliminary work: simulate a complex structure
— Validate the infer parameters

Underlying USF
cell "

Experimental test

JKU Numerical simulation
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