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Background

Adhesive bonding tests were conducted on MGS
A100/B100 per ASTM D5656, using aluminum
substrates.
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Source: DOT/FAA/AR-01/33



Background

> 23 shear tests are conducted at various humidity levels
and temperatures:

CTD: -65°F, 0% RH

RTD: 70°F, 0% RH

ETD 160°: 160°F, 0% RH
ETW 160°: 160°F, 85% RH
ETD 200°: 200°F, 0% RH
ETW 200°: 200°F, 85% RH
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Dataset adhesive/adhesive.csv

ID Sample# Type RH% T (F) Strength (psi)
1 C11A22 Test 0 -65 6903.1
p. C11A31 Test 0 -65 6645.2
3 C11A43 Test ) -65 6467
4 C11A55 Test 0 -65 6109.2
5 C11A74 Test 0 -65 5831.8
6 C11A53 Train 0 70 5062
7 C11A56 Train 0 70 5281
8 Cl1A61 Train ) 70 4835.6
9 Cl11A24 Train ) 160 3306.1
10 Cl11A34 Train 0 160 3248.8
11 C11A52 Train 0 160 3642.6
12 C11A23 Train 85 160 2509.4
13 C11A32 Train 85 160 2541.4
14 C11A72 Train 85 160 2307.4
15 C11A76 Train 85 160 2324.9
16 C11A26 Train 0 200 1872.4
17 C11A36 Train 0 200 1996.9
18 C11A45 Train 0 200 2116
19 C11A51 Train ) 200 2040.1
20 C11A54 Train 0 200 2349.2
21 C11A25 Test 85 200 1590.9
22 C11A35 Test 85 200 1683.7
23 C11A62 Test 85 200 1365.1

Source: DOT/FAA/AR-01/33




Problem Statement

Train a Gaussian Process Regression (GPR) model to predict shear
strength as a function of temperature and humidity:

Training Data:
— RTD: 70°F, 0% RH
— ETD 160°: 160°F, 0% RH |
— ETW 160°: 160°F, 85% RH —
— ETD 200°: 200°F, 0% RH - 05

Test Data:
— CTD: -65°F, 0% RH

-1.0

_ ETW 2000: ZOOOF’ 85% RH 100 -75 -50 -2.5 o).'(o 25 50 75  10.0




Python Implementation

> Import GPR libraries

> Load and prepare data




Python Implementation

> |terate over a list of kernels to identify the optimal one:




Traditional ML: Training and Evaluation

> Best Kernel: /¢E§§_\
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adhesive/adhesive.py



Underlying Physics

> Polymer strength decreases as temperature
nears the glass transition, T .

> A sharp drop occurs at or above T ,.

pS 1al:
Tg for our material Strength
— 175 °F (dry, RH 0%) R
— 135°F (wet, RH 85%)




Physics-informed Machine Learning

> Code Changes:

— Introduce T — T, as a new parameter.

— Use a second-order polynomial kernel to capture
strength versus T — T,.

— Simplify input to only T — T, for strength prediction.
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Physics-informed Machine Learning

T-Tg (F)

adhesive/adhesive.py
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