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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:

• 𝐅 = 𝐅ve ∙ 𝐅vp, 𝐂ve = 𝐅veT ∙ 𝐅ve , 𝐄ve =
1

2
ln(𝐂ve) 

• 𝐋vp = ሶ𝐅vp ∙ 𝐅vp−1 , 𝐃vp = 𝐋vp

– Visco-elastic part

𝝉dev = න
−∞

𝑡

𝐺(𝑡 − 𝑠) d
d𝑠
dev(𝐄ve(𝑠))d𝑠
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• Model: Hyperelastic visco-elastic-visco-plastic material model

– Strain measure:

• 𝐅 = 𝐅ve ∙ 𝐅vp, 𝐂ve = 𝐅veT ∙ 𝐅ve , 𝐄ve =
1

2
ln(𝐂ve) 

• 𝐋vp = ሶ𝐅vp ∙ 𝐅vp−1 , 𝐃vp = 𝐋vp

– Visco-elastic part

– Maxwell model

• 𝐺(𝑡) = 𝐺∞ + σ𝑖=1
𝑁 𝐺𝑖exp(−

𝑡

𝑔𝑖
)

• 𝐾(𝑡) = 𝐾∞ + σ𝑖=1
𝑁 𝐾𝑖exp(−

𝑡

𝑘𝑖
)

– Parameters:

𝝉dev = න
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𝑡
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dev(𝐄ve(𝑠))d𝑠
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𝐾∞𝐾𝑖 , 𝑘𝑖

𝐺𝑖 , 𝑔𝑖 𝐺∞

𝑝 =
1

3
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• Model: Hyperelastic visco-elastic-visco-plastic material model

– Visco-plastic part

• back-stress

• Perzina plastic flow rule

𝝋 = 𝝉 − 𝒃
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𝐃vp = ሶ𝐅v𝐩 ⋅ 𝐅v𝐩−𝟏 =
1
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𝑠
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Initial 
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• Model: Hyperelastic visco-elastic-visco-plastic material model

– Visco-plastic part

• Back-stress

• Perzina plastic flow rule

• Yield surface, flow potential

• Equivalent plastic strain rate:

𝐃vp = ሶ𝐅v𝐩 ⋅ 𝐅v𝐩−𝟏 =
1

𝜂
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• Model: Hyperelastic visco-elastic-visco-plastic material model

– Visco-plastic part

• Hardening
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ሶ𝑌𝑐 = 𝐻𝑐 𝛾 ሶ𝛾 with 𝐻𝑐 𝛾 = 𝑐0 + ℎ𝑐 𝐻𝑐
1exp(−ℎ𝑐 𝛾),

ሶ𝑌𝑡 = 𝐻𝑡 𝛾 ሶ𝛾 with 𝐻𝑡 𝛾 = 𝑡0 + ℎ𝑡 𝐻𝑡
1exp(−ℎ𝑡 𝛾), 

ሶ𝐛 =
𝐻𝑏 𝛾

1+2𝜈𝑝
2
𝐃𝑣𝑝 with 𝐻𝑏 𝛾 = 𝑏0 + ℎ𝑏 𝐻𝑏

0exp(−ℎ𝑏 𝛾), Initial 
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• Model: Hyperelastic visco-elastic-visco-plastic material model

– Visco-plastic part

• Hardening

– Parameters:  (back-stress)

• 𝜎𝑐0, 𝑐0, ℎ𝑐 , 𝐻𝑐
0

• 𝜎𝑡0 or 𝑚0, 𝑡0, ℎt , 𝐻t
0

• 𝜂,  𝑠, 𝛼, 𝛽
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• VE-Identification (PA12-V): 

– Since, Poisson’s ratio, 𝜈, of polymer material is also   

a function of time

– We consider
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𝐺 𝑡 = 𝐺∞ + σ𝑖=1
𝑁 𝐺𝑖exp(−

𝑡

𝑔𝑖
)

𝐺∞ =
𝐸∞

2(1 + 𝜈∞)

𝐾 𝑡 = 𝐾∞ + σ𝑖=1
𝑁 𝐾𝑖exp(−

𝑡

𝑘𝑖
)

𝐾∞ =
𝐸∞

3(1 − 2𝜈∞)

• The testing strain rates vary from 10−4/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 ∝ 10−5, ∝ 10−4, ∝ 10−3, ∝

10−2,∝ 10−1, ∝ 100, ∝ 101 and ∝ 102 s.



• Bayesian-Identification (PA12-V): 

– Viscoelastic parameters 𝝑ve:

𝐸∞, 𝜈∞, 𝐺𝑖 , 𝐾𝑖, 𝑔1, 𝑘1,

𝑔𝑖 =
𝑔1

10𝑖−1
, 𝑘𝑖 =

𝑘1

10𝑖−1
with 𝑖 =1,…,8

– Viscoplastic parameters 𝝑vp:

𝜂, 𝑠, 𝛼, 𝛽, 𝜎𝑐
0, 𝑐0, 𝐻𝑐

0,ℎ𝑐 , 𝑚0, 𝑡0, 𝐻𝑡
0,ℎ𝑡

• Bayes theorem
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𝜋post 𝝑|𝛆, 𝝈exp ∝ 𝜋likelihood 𝝈exp|𝝑, 𝛆 𝜋prior 𝝑

To be evaluated from 𝝈model
(𝑖)

and  noise(𝑖,𝑗)

What we want What we know 

(physical bounds)
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𝜋post 𝝑1, 𝝑2| 𝜷1, 𝜷2 ∝ 𝜋likelihood 𝜷1, 𝜷2|𝝑1, 𝝑2 𝜋prior 𝝑1, 𝝑2

∝ 𝜋likelihood 𝜷2|𝝑1, 𝝑2 𝜋likelihood 𝜷1 |𝝑1, 𝝑2 𝜋prior 𝝑1, 𝝑2
independent observations  

𝜷1, 𝜷2

independent prior distribution
𝝑1, 𝝑2 ∝ 𝜋likelihood 𝜷2|𝝑1, 𝝑2 𝜋prior 𝝑2 𝜋likelihood 𝜷1 |𝝑1, 𝝑2 𝜋prior 𝝑1
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𝜋post 𝝑1, 𝝑2| 𝜷1, 𝜷2 ∝ 𝜋likelihood 𝜷1, 𝜷2|𝝑1, 𝝑2 𝜋prior 𝝑1, 𝝑2
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independent prior distribution
𝝑1, 𝝑2 ∝ 𝜋likelihood 𝜷2|𝝑1, 𝝑2 𝜋prior 𝝑2 𝜋likelihood 𝜷1 |𝝑1, 𝝑2 𝜋prior 𝝑1

∝ 𝜋likelihood 𝜷2|𝝑1, 𝝑2 𝜋prior 𝝑2 𝜋likelihood 𝜷1 |𝝑1 𝜋prior 𝝑1
independent  distribution

𝜷1, 𝝑2

𝜋post 𝝑1| 𝜷1 ∝



• Observations 𝜷 = (𝛆, 𝝈exp)
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• Bayesian inference in sequence

– 𝜷 = [𝜷𝐯𝐞, 𝜷vp],   𝜷𝐯𝐞= [𝜷𝟏
𝐯𝐞, 𝜷𝟐

𝐯𝐞] ,   𝜷vp=[𝜷𝟏
vp

, 𝜷𝟐
vp

]

– Observations 𝜷𝟏
𝐯𝐞, 𝜷𝟐

𝐯𝐞 , 𝜷𝟏
vp

, 𝜷𝟐
vp

are used in sequence
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• Bayesian inference

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

– The maximum a posteriori (MAP) estimate of viscoelastic material parameters
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• Run a Markov Chain process
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• Run a Markov Chain process

12-14 June 2023 UNCECOMP 2023 18



• Numerical modelling
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• Preliminary work: simulate a complex structure

– Validate the infer parameters

UNCECOMP 2023 2012-14 June 2023

Experimental test 

JKU

Underlying USF 

cell

Numerical simulation



• More on

– www.moammm.eu

– High-Dimensional Parameter Identification with Bayesian Inference for Finite-Strain

Visco-Elastic-Visco-Plastic Modeling of Selective Laser Sintering (Sls) Polyamide 12

(Pa12) and Neural Net-Work (Nnw)-Based Material Parameter Generator,

http://dx.doi.org/10.2139/ssrn.4457392

– Data on https://dx.doi.org/10.5281/zenodo.7998798

References
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