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import numpy as np

class SMA:

L def __init__(self, initial_length, transition_temperature):
self.length = initial_length
self.transition_temperature = transition_temperature
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def respond_to_temperature(self, temperature):

if temperature > self.transition_temperature:
self.length = self.initial_length
else:

self.length = self.initial_length * (1 - 0.01 * (self.transition_temperature - temperature))
sma = SMA(initial_length=100, transition_temperature=30)

temperatures = np.linspace(20, 40, 100)

lengths = [sma.respond_to_temperature(t) for t in temperatures]

print(lengths)
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class ElectrochromicMaterial:
def __init__(self, initial_transparency, voltage_threshold):
self.transparency = initial_transparency
self.voltage_threshold = voltage_threshold

def respond_to_voltage(self, voltage):

if voltage > self.voltage_threshold:
self.transparency += 0.1



else:

self.transparency -= 0.1
+ ec_material = ElectrochromicMaterial(initial_transparency=0.5, voltage_threshold=5)

' voltages = np.linspace(4, 6, 100)
' transparencies = [ec_material.respond_to_voltage(v) for v in voltages]

! print(transparencies)
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import numpy as np
! class PiezoelectricMaterial:
def __init__(self, initial_displacement, piezoelectric_coefficient):
self.displacement = initial_displacement

self.piezoelectric_coefficient = piezoelectric_coefficient

def generate_voltage(self, displacement):

return self.piezoelectric_coefficient * displacement

def apply_voltage(self, voltage):

self.displacement = voltage / self.piezoelectric_coefficient

| piezo_material = PiezoelectricMaterial(initial_displacement=0, piezoelectric_coefficient=2)



displacements = np.linspace(-1, 1, 100)
i voltages = [piezo_material.generate_voltage(d) for d in displacements]

print(voltages)

i for v in voltages:
piezo_material.apply_voltage(v)

print(piezo_material.displacement)
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import numpy as np
' temperature_range = np.linspace(0, 100, 101)

: def thermal_expansion_coefficient(temperature):



return 0.0001 * temperature + 0.001
+ expansion_coefficients = thermal_expansion_coefficient(temperature_range)

print("/i /2 VL H]", temperature_range)
print(" K 7 40", expansion_coefficients)
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' from scipy.integrate import odeint
! import numpy as np

def fatigue_model(y, t, stress_amplitude, fatigue_life):

return -stress_amplitude / fatigue_life

y0=1.0
't = np.linspace(0, 10000, 10001)

! stress_amplitude = 100
! fatigue_life = 5000



y = odeint(fatigue_model, y0, t, args=(stress_amplitude, fatigue_life))

print(" i [A] Y [H:", t)
| print(" R REBERT [ 2L, v)
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' import numpy as np

class ShapeMemoryAlloy:
def __init__(self, initial_shape, transformation_temperature):
self.current_shape = initial_shape
self.transformation_temperature = transformation_temperature

def apply_temperature(self, temperature):



if temperature > self.transformation_temperature:
self.current_shape = self.initial_shape

else:

self.current_shape = self.initial_shape * 0.5
' sma = ShapeMemoryAlloy(initial_shape=1.0, transformation_temperature=100)

temperatures = np.linspace(50, 150, 100)
shapes =[]

for t in temperatures:

sma.apply_temperature(t)
shapes.append(sma.current_shape)

print(shapes)
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" import numpy as np
' class PiezoelectricMaterial:
def __init__(self, piezoelectric_coefficient):

self.piezoelectric_coefficient = piezoelectric_coefficient

def apply_stress(self, stress):

charge = self.piezoelectric_coefficient * stress

return charge

def apply_charge(self, charge):

stress = charge / self.piezoelectric_coefficient

return stress
! pm = PiezoelectricMaterial(piezoelectric_coefficient=100)
stresses = np.linspace(0, 1000, 100)
charges =[]
for s in stresses:

¢ = pm.apply_stress(s)
charges.append(c)

print(charges)

i charges = np.linspace(0, 100000, 100)

! stresses = []

for cin charges:
i s=pm.apply_charge(c)



stresses.append(s)

print(stresses)
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' class SelfHealingMaterial:
| def __init__(self, initial_strength, healing_efficiency):

self.current_strength = initial_strength

self.healing_efficiency = healing_efficiency

def apply_damage(self, damage):

self.current_strength -= damage

def heal(self):



self.current_strength += self.healing_efficiency
shm = SelfHealingMaterial(initial_strength=100, healing_efficiency=10)

i damages = [20, 15, 10]
i strengths =[]

for d in damages:
shm.apply_damage(d)
shm.heal()
strengths.append(shm.current_strength)

print(strengths)
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import pandas as pd
from sklearn.ensemble import RandomForestRegressor
from sklearn.model_selection import train_test_split

: from sklearn.metrics import mean_squared_error

data = pd.read_csv('material_data.csv')
' X = data[['Temperature', 'Stress', 'Corrosion']]
|y = data['Life’]
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X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42)
model = RandomForestRegressor(n_estimators=100, random_state=42)
model.fit(X_train, y_train)

y_pred = model.predict(X_test)

mse = mean_squared_error(y_test, y_pred)
print(f'Mean Squared Error: {mse}')
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