2004 LANL Dynamics Summer School Lecture Series


June 8, 3:30 –5:00 

MSL Auditorium

Charles R. Farrar, LANL Weapon Response Group

“An Introduction to Structural Health Monitoring”

The process of implementing a damage detection strategy for aerospace, civil and mechanical engineering infrastructure is referred to as structural health monitoring (SHM). Here damage is defined as changes to the material and/or geometric properties of these systems, including changes to the boundary conditions and system connectivity, which adversely affect the system’s performance.  The SHM process involves the observation of a system over time using periodically sampled dynamic response measurements from an array of sensors, the extraction of damage-sensitive features from these measurements, and the statistical analysis of these features to determine the current state of system health.  For long term SHM, the output of this process is periodically updated information regarding the ability of the structure to perform its intended function in light of the inevitable aging and degradation resulting from operational environments.  After extreme events, such as earthquakes or blast loading, SHM is used for rapid condition screening and aims to provide, in near real time, reliable information regarding the integrity of the structure. Our approach is to address the SHM problem in the context of a statistical pattern recognition paradigm. In this paradigm, the process can be broken down into four parts: (1) Operational Evaluation, (2) Data Acquisition and Cleansing, (3) Feature Extraction and Data Compression, and (4) Statistical Model Development for Feature Discrimination.  This presentation will summarize this paradigm and show applications of SHM to a variety of aerospace, civil and mechanical structures. 

June 10, 3:30 –5:00

 UCSD Conference Room

Ryan Maupin, LANL Weapons Response Group

“Demonstration of ADAMS - A Multi-body Dynamics Simulation Code”

Most structural dynamic analyses are performed using Finite Element Analysis (FEA). However, there are situations where the analysis requirements make the FEA approach inefficient. Examples of such situations are when the analyst is interested in body motions, body interactions, and forces between bodies, rather than the stress and deformation of the bodies themselves. In these situations, rigid multi-body dynamics is a more efficient solution approach. ADAMS is a commercial code that uses the multi-body dynamics approach. A demonstration of ADAMS will be provided, including applications to simple dynamics problems, contact mechanics, linkages, and complex mechanisms.

June 15th, 3:00-5:00

 MSL Auditorium (two lectures)

Dan Inman, Virginia Tech,

 Center for Intelligent Materials and Structural Systems

3:00 – 3:30 

“Applying to Graduate School”

The first lecture will provide students with an overview of the graduate school application process.  Items covers include: 1.Why you should consider graduate school, 2. The application process, 3.Things students should consider when selecting a graduate school, 4. What your graduate advisor will expect of you, and 5. What kind of financial aid and fellowships are available?  Dan will answer any questions students have about graduate school.

3:30 – 5:00

 “Smart Structures, Structural Heath Monitoring and Control”

Structural health monitoring is a fast growing technology, driven by industries shift in business paradigm toward maintenance. Smart materials, or active materials, offer a host of natural solutions to health monitoring problems because of their unique properties and ability to be integrated into systems in an unobtrusive manor. Furthermore smart structures allow the possibility of providing excitation and open up the opportunity to combine active control with health monitoring. An introduction to smart structures and their use in vibration suppression, flight control and structural health monitoring is presented. A summary of the issues and problems of structural health monitoring using smart materials is presented. Examples of simultaneous health monitoring and control, and of self-healing systems are presented.

June 24th, 3:30-5:00 MSL Auditorium

Mike Todd

 Dept. of Structural Engineering, University of California, San Diego 

“High-Performance Fiber Optic Structural Sensing”

In the last decade or so, advances in fiber optic component technology have spawned significant research into fiber optic-based sensors for measuring a variety of fields, e.g., temperature, strain, pressure, or acceleration.  This lecture will demonstrate primary ways in which properties of light guided through silica-glass fiber can be utilized to measure these fields.  Specifically, I will discuss the use of Bragg gratings as optical notch filters and the use of interferometry as an optical phase detector in providing high-resolution measurements of local strain in the fiber.

July 1st, 3:30-5:00

 MSL Auditorium

Jason Pepin, LANL Weapon Response Group

“Confinement Vessel Structural Analysis”

Hydrodynamic experiments involving high explosive (HE) detonations have traditionally been done in "open air," but there is now increasing emphasis on conducting these experiments inside of large steel vessels so that no materials or gases generated during the explosive tests are released to the environment. These confinement vessels are subjected to severe blast loading and must reliably prevent any environmental release of material over their expected lifetime. The structural analysis of these confinement vessels is currently being performed on the ASCI Blue Mountain computer using a combination of two numerical techniques: the transient pressures acting on the inner surfaces of the vessel are computed using an Eulerian hydrodynamics code, and the vessel's structural response to these pressures is analyzed using an explicit finite element structural dynamics code. The presentation will focus on the modeling techniques that were used to represent the bolted joints attaching the vessel's massive doors to their nozzles. Also, the strategy used to create the million-plus element mesh will be described, and some modeling details that are important for good performance with the structural analysis code "ParaDyn" (the massively parallel version of Dyna3d) will be discussed.

                                        July 2nd, 3:30-5:00

MSL Auditorium

Andy White, LANL Computer and Computational

Sciences Division Office

“High Performance Computing”

The guest to accurately predict the course of future events is driven by the desire to make good decisions, from wearing appropriate clothes for the weather to evacuating people from danger.  This talk will examine our ability (or lack thereof) to predict the future. We will concentrate on the last hundred years or so, emphasizing the period following the invention of electronic computers.   We will first examine the question of how and how well computers can predict the weather.  Long-range weather prediction is generally considered impossible, yet there are some ways to beat these odds.  Similarly, long-range prediction of wildfire behavior is a difficult task.  We will discuss the interplay between weather and fire and the state-of-the-art in wildfire prediction.  Lastly, we will look at the fundamental changes in computers that have, at least in part, enabled the advances discussed above.  We will emphasize both the technological progress and the role of the marketplace.

July 6th, 3:30-5:00 

MSL Auditorium

Jerry Lynch                                               

Dept. of Civil Engineering, Univ. of Michigan

“Advanced Sensing Technologies for Structural Health Monitoring”

An explosive growth in embedded system technologies has facilitated the development of new sensing paradigms for monitoring the long-term health of structures.  Current structural monitoring practice employs monitoring systems defined by a handful of sensors, embedded in a structure and sensor measurements communicated to centralized data servers via extensive cabling.  However, the convergence of wireless communications and mobile computing with sensors has lead to the emergence of wireless structural monitoring systems defined by low-cost installations with enhanced functionalities.  The hardware and software design of inexpensive wireless sensing units for structural health monitoring will be presented.  In particular, the embedment of robust damage detection procedures for near real-time health monitoring will be illustrated.  The talk will conclude with an introduction to the integration of actuation capabilities with wireless sensors for control and structural health monitoring applications.  

July 8th, 3:30-5:00

MSL Auditorium

Frank Addessio

LANL Fluid Dynamics Group

“Materials Modeling: A Multi-Scale Effort”

Predictive modeling efforts at LANL require physically-based models for the dynamic response of materials to large deformations at high-strain rate conditions. An overview will be provided of materials modeling efforts for engineering design (macro mechanical) simulations. Material characterization and model parameters are necessary for developing macro mechanical material models. It will be discussed how experiments, coupled with micro-mechanical theories (atoms through single crystal models) are utilized to assist the macro-model development efforts.
July 13th, 3:30-5:00

ATML  Conference Room

John Kosmatka, Structural Engineering Dept., 

University of California, San Diego 

“Using Structural Dynamics to Improve Sports

 Equipment Performance”

Classical engineering design involves minimizing or eliminating vibrations by requiring that the system natural frequencies are well outside the range of excitation frequencies.  Uncontrolled vibrations in buildings, bridges, and aircraft can lead to resonance, instabilities, flutter, or fatigue failures.  For the development of new cutting-edge sports equipment, engineers are making use of both structural flexibility and enhanced vibrations as a means of improving performance.  This is leading to innovative shapes as well as the development and use of new lightweight high-strength low-stiffness materials.  In the area of golf, baseball, and tennis, the equipment (driver, bat, or racket) is designed to increase the energy transfer between the player and ball, thereby increasing ball speed.  Some design approaches involve matching the impedance or natural frequencies of the components, or tailoring the impact time, or reducing the energy lost (especially in the ball).  These various approaches have become so successful that the ruling bodies are for the first time imposing technology limits.  In the area of golf, the USGA goal is to limit ball speed in order to reduce drive distance.  In high school and college baseball, the goal is to limit ball speed to reduce home runs and injuries to pitchers.  In the current talk, a brief review of structural dynamics and impact response will be presented where the focus is on the variables used to improve performance.  Next, dynamic-based techniques used by the golf industry to increase drive distances by 5-20 yards will be presented, along with important patents and the new USGA rules to limit this performance.  Next the techniques used by the metal baseball bat industry to increase post-impact ball speed including technology limits.  Finally, how these techniques can be applied to other areas of sport.

July 14th, 3:30-5:00

 MSL Auditorium

Tom Butler

 LANL Weapons Response Group

“How We Almost Lost the ALEXIS Satellite”

The ALEXIS satellite was one of the first miniatures, low-cost payloads to be placed into orbit with the Pegasus air-launched booster developed by Orbital Sciences Corporation.  ALEXIS was developed at the Los Alamos National Laboratory in collaboration with Aerator, Inc.  During the launch of the satellite a video camera located on the launch vehicle showed that one of the four solar paddles on ALEXIS had mechanically separated from the satellite sometime before the coast period between stage II burn out and stage III ignition.  Based on motion of the paddle relative to the satellite observed in the video, it was determined that mechanical components at both the upper and lower ends of the paddle had separated in some manner.  A study was undertaken to determine whether the anomalous separation was caused by a mechanical failure and, if so, which components failed and what events led to the failure.  Events considered in the study were component and system level random vibration tests, transportation, the launch vehicle drop transient, and quasi-static loads present during stage I and stage II burns.  The types of analyses used to estimate the dynamic response of the satellite ranged from simple closed-form, hand calculations to a detailed elastic-plastic, finite element model (FEM).  In addition, several tests were performed on key components to evaluate their failure levels.


In this presentation the launch vehicle and satellite hardware will be described followed by a discussion of the intended and realized load paths from the failed solar paddle through the satellite structure.  The loads that the satellite was subjected to during testing, transportation and launch will be discussed followed by a description of the failure analysis.  The analyses ranged from a thorough review of the launch video to nonlinear, dynamic analyses of the random vibration tests.  Finally, conclusions based on the analyses and other observations will be presented along with some of the engineering and management lessons that were learned.

July 15th, 3:45-5:00

 MSL Auditorium

Tom Butler, LANL Weapon Response Group

“Some Interesting Dynamics Solutions for the FORTE’ Satellite”

FORTE' is a small satellite that was developed by the Los Alamos National Laboratory (LANL) and Sandia National Laboratories (SNL) that was placed into orbit aboard a Pegasus launch vehicle.  Several dynamic analyses of the satellite and its components were performed to predict response to launch and deployment loads. Vibration testing a full-scale engineering model indicated that acceleration levels caused by certain structural resonances exceeded levels to which some sensitive components had previously been qualified.  Two approaches were used in order not to have to re-qualify or perhaps even redesign the sensitive components.  The first was to add passive damping to the structure to lower vibration levels at resonance and the second was to use the force limited testing method so to as not to unrealistically over-test the satellite.  A second problem associated with an already existing component was associated with the deployment of the RF antenna after the satellite was launched. Analysis and testing of the deployment of the antenna elements showed that during release in a vacuum, they would whip out violently and perhaps damage either themselves or the satellite bus.  A simple damping system was devised that did not require any modifications to the basic element design.  The system consisted of several small cylindrical masses that slid outward on an element when it unwrapped.  As the masses slid outward, kinetic energy was transferred from the element rod rotational motion to radial motion in the masses.  The system was modeled using a combination of closed-form differential equations and a nonlinear finite element analysis.  In this presentation the satellite will be described followed by a discussion of the analyses and tests that were performed to implement the load limiting features discussed above.

July 20th, 3:30-5:00

MSL Auditorium

Tom Petersen, LANL Weapon Response Group

“High Explosives Radio Telemetry System”

High Explosive Radio Telemetry (HERT) is a new and unique approach to measuring the quality of an explosive event while the teat article is in free flight.  HERT is a system consisting of interfaces with the test article, high-resolution shock detecting fiber sensors, high-speed telemetry unit, custom ground receiving stations, and analysis software.  The task requires new and innovative thinking to make this measurement before the test article destroys the telemetry unit.  The telemetry unit uses a modified Quadrature Amplitude 16 state digital modulation technique and broadcasts the data at 100 mega-bits per second (about 50 faster than traditional telemetries for these kinds of applications).  Everything associated with this project is designed with efficiency in mind.  Smart use of power consumption, mass, volume, and radio frequency bandwidth are all in the design parameters.  In addition there is a great deal of effort in qualification of this system and interfaces with a variety of DOE and DOD agencies for a complete demonstration of HERT.

July 22nd 3:30-5:00 

MSL Auditorium

Nick Lieven,

Dept. of Aerospace Engineering, Univ. of Bristol, UK

“Structural Dynamics Issues for Aerospace Engineering”

Aerospace structures face severe dynamic loading.  The external forces arise from the aerodynamics, which in the case of turbulence and gusts can cause catastrophic failure of the aircraft (plenty of examples will amply demonstrate this point).  Even in normal steady flight aircraft can become unstable through aero elastic interaction, which can lead to flutter ​ a divergent structural oscillation.  Inevitably this phenomenon ​ at best - leads to loss of a control surface, at worst the entire aircraft.  The behavior is further complicated by the involvement of the pilot and the control systems, whose intervention can make the situation worse rather than better!  The lecture discusses the interactions between structural dynamics, aerodynamics, controls and pilot and the resulting non-linear behavior.  The outcome of the lecture is to describe the best practice in aircraft structural dynamic design and to advise everyone to wear a seatbelt on an aircraft. 
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