iRLoop-1D manual

Introduction:

Material model iRLoop was developed for simulation of Ni-Ti shape memory material response. The program iRLoop -1D demonstrates a reduction of the model to uniaxial mechanical (tension or compression) and thermal loading.
List of Matlab m-files:

· iRloop_1D.m -  main rutine

· Input_parameters.m – file which defines all input parameters – material parameters, regularization terms and minimization options 

· Initial_conditions.m – definition of initial temperature and strain, initial values of internal variables and initiation of variables for storing results

· Graphic_interface.m – creates a simple GUI

· Graphic_upgrade.m – updates results in graphical output after each integration step

· plot_result.m – exports particular plot for print or additional processing
· stress_strain.m – function which calculates stress value for given strain and internal variables and also can upgrade values of internal variables

· free_energy_tension.m – function of strain, temperature and values of internal variables which calculates the sum of free energy and dissipation

· norm_e2.m - positive 1-homogenous function of transformation strain defining bounded convex space of admissible values (captures tension-compression asymmetry)

SW requirements:

Matlab with Optimization Toolbox 

Instructions:

1) To start the program, call the procedure iRloop_1D.m. A new full-screen window is opened. 

2) Check the eps_step checkbox for strain control or the sig_step checkbox for stress control
. If both possibilities are unchecked, strain control is considered with zero strain increment. Rewrite the value of desired variable increment in the textbox next to the checkbox if needed.
3) Check the T_step checkbox if you want to change temperature. Rewrite the value of desired temperature increment in the textbox next to the checkbox if needed.
4) Control the loading evolution with << (decrease of checked control variable(s) by the chosen value), Stop and >> (increase of checked control variable(s) by the chosen value) buttons.

5) The actual values of stress (sig), temperature (T) and strain (eps) are displayed in the textboxes on the left side of the window.

6) To reset all the graphs, press the Reset button (bottom left). 

7) To export a particular figure, choose desired type of figure in a drop-down list (bottom left) and press the adjacent Plot button.

8) Press the Exit button (bottom right) for correct termination of the routine iRloop_1D.m.

Examples:

1) Simulation of loading curves at different temperatures: Check T_step and go to the desired temperature. Then uncheck T_step, check eps_step, adjust the value of strain step and simulate stress-strain curve.

2) Simulation of recovery stress tests (actuator cycles):  Follow the previous example to set desired initial temperature and pre-strain (also consider difference if you start recovery stress test at upper or lower hysteresis curve plateau). Uncheck the eps_step (constant strain will be maintained) and check T_step to start temperature cycles.

3) Simulation of temperature cycles at constant pre-stress (superthermal effect): Check T_step and go to desired initial temperature. Then, uncheck T_step, check sig_step, adjust stress step value and go to desired value of pre-stress. Then set the stress step value to zero, check T_step and start simulating temperature cycles.
� A simple numerical approximation is used in the stress driven computation.





