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ABSTRACT
This paper discusses the application of the CoMeT/SoftLab framework to two examples of multidisciplinary system analysis and control.  We demonstrate how an engineer can accurately and efficiently model alternative versions of a fully coupled multidisciplinary system, allowing its behavior to be assessed and changed through computational simulation. The two examples are a space-based deployable optical telescope and a dynamically excited cantilever beam.  
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INTRODUCTION

CoMeT (Computational Mechanics Toolkit) [1] is an integrated object-oriented framework for simulation of multi-disciplinary problems and SoftLab [2] is a general-purpose intelligent controller. Both are being developed in an integrated framework at the University of New Mexico. By integrating CoMeT with SoftLab we are building a virtual laboratory [3] to perform full system simulation and control. In this paper we present two applications of CoMeT/SoftLab.  

The first application is the simulation and control of a dynamically excited cantilever beam. This is a computational simulation of a test problem modeled in the laboratory by the US Air Force Research Laboratory. We built a CoMeT computational model of the physical model, and use Abaqus and SoftLab to simulate and control the displacement. We compare the results of the real and virtual laboratory to evaluate the quality of the computational model. 

The second application is the simulation and control of a space-based deployable membrane telescope, described in [3]. In this paper, we extend control to the rigid body orientation of the telescope as well as the focal length: we control three degrees of freedom simultaneously.

Application 1: Dynamic Control of a Cantilever Beam

The first application is the simulation and control of the displacement of an aluminum cantilever beam. Figure 1 shows this model. The beam is fixed at one end and has a mass attached at the other end. Force is applied to the beam through a linear variable piezo (LVPZ) translator at point A to drive the tip of beam (point B) to a target position, i.e. 10mm below the undeformed position. Figure 2 shows the LVPZ model. Because the force is applied and changed suddenly, the beam will vibrate making control very difficult.
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Figure 1 Model for the cantilever beam


To simulate this problem in CoMeT, we first generate a mathematical model [1] of the cantilever beam. CoMeT automatically meshes the beam and generates a discretized numerical model (finite element mesh). By querying the model using the model query engine [1], CoMeT automatically writes an input file for ABAQUS, a commercial solid mechanics analysis program [9] developed by HKS Inc., for finite element analysis. CoMeT reads in results from the ABAQUS output file through the field subsystem [5] and passes the necessary information (tip displacement and velocity) to the controller. Based on this information, the controller decides how much voltage to apply to the LVPZ translator, and hence the force acting on the beam. CoMeT changes the model according to the changed LVPZ force and goes on to the next control step. Figure 3 shows this simulation loop.
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Figure 2 Model for LVPZ Translator
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Mathematical Model

Structural Model: We use modal-decomposition/time history method [10] to do the dynamic analysis and choose the control frequency as 1/8 of the natural frequency. We use ABAQUS triangular shell elements. CoMeT generates a Delaunay mesh as the numerical model. Boundary conditions (fixed end and point load at point A) are applied using Attributes [5]. Following is the CML (Computational Mechanics Language) [1] [5] code that creates this model. Lines that begin with ";" are comments.

1. Script to define the dimension of the beam

(define length 350)  ; define the total length

(define beam-thickness 4 ) ; define the thickness of the beam

;. . .

2. Script to define the model, such as ProjectTree, AssemblyInstance etc [1] [5].

(prt:projecttree-clear) ;Clear the ProjectTree at first

; Start the ProjectTree: creates ProjectTree, RootStage and Model.

(prt:projecttree-start) 

(define model (prt:projecttree-get-model)) ; Get handle to the Model

; Define an assemblyInstance and link it to the model

(define assembly-instance (prt:cdo-construct "assemblyInstance"))

(prt:cdo-link model cantilever-assembly-instance)

; Define an assembly and link it to the assemblyInstance

(define cantilever-assembly (prt:cdo-construct "assembly"))

(prt:cdo-set-label cantilever-assembly "Cantilever Assembly")

(prt:cdo-link assembly-instance cantilever-assembly )

3. Script to define the material properties and attach them to the model (through a MaterialSpecification)

; define the material properties with units

( define youngs (msc:value-construct "real-list" 70.0e9 "Pa"))

( define poisson (msc:value-construct "real-list" 0.33 ""))

( define density (msc:value-construct "real-list" 2710 "Kg/m^3"))

(define youngs-modulus 



(mat:materialproperty-construct "youngs-modulus" youngs))
; . . .

; attach the properties to the model

(mat:materialspecification-add steel-matspec (list youngs-modulus        poisson-ratio density))

4. Script to define AnalysisControl [1] [5] which will be used by ABAQUS, such as the analysis type (here we use modal dynamic), print position, etc [9].

; define analysis controls which will be used for ABAQUS

(define ctr-v1 (msc:value-construct "string-list" "Modal_Dynamic"))

(define anaType 

       (anl:analysiscontrol-construct "ABQ:AnalysisType" ctr-v1))

; . . .

5. Define the geometry of the beam and mesh it

; Define the geometry for the lefthand part

(define v1 (gmt:vertex-construct (position 0 0 0))) ; define vertex

(define v2 (gmt:vertex-construct (position length 0 0)))

; . . .

 (define e1 (gmt:edge-construct "straight" v1 v2)) ; define edges

; . . .

; based on the edges, create a face

(define f1 (gmt:face-construct "planar" (list e1 e2 e3 e4 e5 e6)))

; create a body based on the face

(define body1 (gmt:body-construct f1))

; mesh the model

(define mesh1 (msh:face-mesh f1 "delaunay" 0.7 #f)) 

; . . .

LVPZ Model: This model includes two parts – an electronic model for the battery and a mechanics model for the LVPZ translator (Figure 2). The LVPZ force is a function of applied voltage and LVPZ tip displacement. Following is a script for the LVPZ Model:

;read in the displacement of piezo from ABAQUS result file named 

; "./demo.dat"

(set! PiezoDisplacement 

              (list-ref (anl:abaqus-read "./" "demo" (list  piezo-l 0 h) 0) 1))

;calculate the voltage based on the formular given in figure 2

          (set! voltage 

              (/ (- PiezoDisplacement (/ CurrentForce stiffness)) EC))

Model for Simulation and Control
To control a dynamic system is more complex than to control a static system such as the telescope application presented later. We must not only control the tip displacement but also its velocity. We can separate the control force into two parts, the static part to drive the tip to the desired position and the damping part to damp the velocity. The fuzzy rules [8] to control the system are very simple:

· IF  V > 0, THEN  apply negative (downward) damping force

· IF  V < 0, THEN  apply positive (upward) damping force

· IF  V = 0, THEN  do not apply damping force

· IF  E < 0  AND  V = 0, THEN  apply negative (downward) static force

· IF  E > 0  AND  V = 0, THEN  apply positive (upward) static force

· IF  E = 0, THEN  do not apply static force
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Figure 3 Collaboration Chat for Simulation and Controlling of Cantilever Beam
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Application 2: Space-Based Deployable Membrane Telescope

Large precision structures designed to withstand the rigors of outer space are required for radio frequency antennas, solar concentrators, and optical telescopes. Deployable membranes present one possible design for this class of structure [3]. Applying pressure to the membrane reflector, hence controlling the focal length, controls the shape of the membrane. Thruster rockets are placed on the border of the membrane reflector to rotate the telescope and make it always point toward the desired object.

Mathematical Model

Structural Model: We choose a circular membrane with fixed boundary as the structural model and apply pressure to the membrane surface. We use large deformation nonlinear analysis in ABAQUS [9].

Optical Model: The focal length is calculated based on the shape of the membrane. We plan to use a standard optical software package called ZEMAX in the future.

Thermal Model: We use ABAQUS thermal model to account for the varying temperature in the outer space.

Rocket Model: We can find the angle to the object at any time by kinematics method if we know the force of the rockets F, the ignition period t and the mass moments of inertia of the telescope Iy and Iz. for example, angular change around y-axis is:
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where: (y = angular velocity around y-axis

            r    = radius of the membrane

Figure 4 represents the CoMeT model for the membrane telescope.
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1. Model for Simulation and Control
2. There are three degrees of freedom that need to be controlled: the focal length and angles around the Y and Z-axes (rigid body orientation). SoftLab controls them independently. Figure 5 shows the simulation loop to control the focal length of the membrane reflector and the orientation of the telescope (This figure shows only the rotation about the Z-axis, (z). 
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3. CONCLUSION
4. CoMeT/SoftLab is a suitable framework toward a virtual laboratory and we are developing the fundamental abstractions necessary for its creation. There is still much more left to be done, such as the development of more meshing tools to automatically generate meshes, drawing tools to handle graphics, and a general field subsystem to model the data.
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Figure 1 Model for the cantilever beam
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Figure 2 Model for LVPZ Translator
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Figure 4 CoMeT model for the membrane telescope
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Figure 1 Model for the cantilever beam
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