2004 CHINA OPPORTUNITIES

1. Systems Modeling of Elevator (SME)

1.1 Tools for uncertainty propagation on linear probabilistic lumped-parameter models

Note: Methodology for uncertainty modeling/assessment, decision-making and robust design

Brief description: The purpose of this task is to develop a modeling tool that will enable the propagation of probability distribution functions for in-car noise model inputs (machine sound power, guide structural power, isolator stiffness) on a Statistical Energy Analysis (SEA) model. SEA is the modeling approach currently employed to predict elevator in-car noise. The challenge here is to include the probabilistic characteristics of the SEA approach in the mathematical representation of uncertainty propagation. A simplistic way is to treat the SEA model as a deterministic model, however the focus of this study should be the relaxation of this assumption by developing a rigorous treatment that takes into account specific characteristics of SEA, i.e. frequency and space averaging, ensemble averaging, high modal overlap factors. The final deliverable is a Matlab (or AutoSEA Quickscript) code that implements the proposed methodology to propagate the uncertainty through the SEA model. This Matlab code will interface with AutoSEA2 (supplied by ESI Inc.), the SEA tool employed to model elevator in-car noise, and should have the ability to propagate uncertainty through models with more than 200 subsystems. However, an intermediate milestone will be the prototyping of the proposed approach in Matlab using a 10-20 subsystems SEA model composed of plates, beams, and acoustic cavities. Technical reports that describe the approach, specific equations employed, and intermediate validations carried out are also part of the deliverables.

Needed capabilities/skills: uncertainty modeling, stochastic processes, Statistical Energy Analysis, Monte Carlo

1.2 Modeling of high frequency vibration from rail/roller guide interaction

Note: PM machine (electromagnetic force), sheave/belt interaction, rail/guidance interaction

Brief description: High frequency (50-4000 Hz) vibration generated by the interaction between rail and elevator guides is one of the dominant sources of elevator in-car noise. This high frequency vibration is propagated through the frame and isolators, and then radiated inside the elevator cab by platform, cab walls, and ceiling. The ability to correctly allocate parameter requirements (for instance, roller diameter, roller stiffness, material properties, friction coefficients, attachment point impedances, etc.) is essential for meeting in-car noise targets. Thus, the hybrid empirical/physics based model being sought should be able to represent the amount of force and velocity from the roller guides into a standard elevator frame or bracket, based on key elevator and guide design parameters (e.g. roller diameter, contact friction, car load, duty, and speed).  This analytical model will be validated against the existing database of structural power acquired on mid-rise elevators with roller guides. An intermediate deliverable is a model with the ability to represent qualitative changes (for instance, sprung and unsprung roller guides, different wheel diameters, and different speeds) in structural input power within ( 2 dB from 50 to 2000 Hz one-third octave bands. This will be a qualitative model suitable to guide design towards achieving allocated design requirements and assessing mitigation alternatives. The final deliverable is a model that can represent structural power on absolute level on at least two different roller guides at three different speeds within ( 3 dB from 50 to 4000 Hz one-third octave bands. The model will be developed using Matlab and all technical documentation should be part of the intermediate and final deliverables.  
Needed capabilities/skills: Structural dynamics, finite element analysis, wave propagation, non-linear dynamics. A research group with proven capability in dealing with noise and vibration, or structural dynamics issues from railway cars. More likely they will have analytical models to represent acoustic radiation and/or vibration from the wheel/rail interaction.

1.3 3-D low-fidelity aerodynamic modeling for vibration and noise

Note: UTRC will provide geometry and a sparse set of experimental data or higher-fidelity 3D unsteady solutions for validation.  The contractor must use commercially available software.

Brief description: Derive simple scalable aerodynamic forcing functions appropriate for elevator vibration simulations incorporating parametric dependence on layout (car and hoistway geometry), configuration (2-wall, 3-wall, and 4-wall), and speed, encompassing counterweight and sill passage and passage of adjacent elevator cars.

3-D Unsteady lower-fidelity codes (panel method code such as PMARC Express) will be assessed against sparse higher-fidelity results sets of 3D CFD models.  If agreement is adequate, extensive (100-400 runs) parametric simulations will be run using panel method code.  Selection of the run matrix will be based on response surface modeling techniques (Box-Behnken for example).

Needed capabilities/skills:  Expertise with a commercially-available code appropriate to the task (such as PMARC Express, available from Continuum Dynamics, Inc).

1.4 Passenger traffic management – Upper bound for dispatching performance

1.5 Sound quality

Note: acoustic pressure + human perception (acoustic tune)

2. SME Sensing, Controlling and Data processing for building security

3. Virus Free Handrail (Milton-Benoit)

3.1 Material aging testing under UV exposure

3.2 Structural modeling

Brief description: Develop relationship between UV exposure and material life for handrail geometry subjected to cyclical bending radius.  

Needed capabilities/skills: UV exposure equipment, materials testing capability, structural modeling of elastomeric materials.

4. Elevator Door Remote Inspection (Pei-Yuan Peng)

Brief description: Trade off analysis for the minimum set of sensors (especially using MEMS and Microstructures Technology) to perform the maximum inspection items.  (For instance, using motor current/voltage to inspect elevator door operation condition (running torque, opening/closing smoothness, and door speed/jerk), inspect motor itself, even use the current/voltage measurement to estimate the door position to replace encoder).  

