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SUMMARY

| . Title

Development of tension membrane structures measuring devices and efficiency monitoring system

by using acoustic wave

II. R & D Projects Overview

The membrane structure is able to withstand the loads in terms of the snow or strong wind
through an appropriate tension. Even thought required tension is essential for maintaining
membrane structure, existing technologies are not an effective way to identify required tension
accurately. This study has developed a new portable membrane measuring device and built up a
auto membrane measuring system capable of monitoring in real time on the basis of acoustic
wave. Acoustic device can provide maintenance tools and systems for achieving a long-term use

of the existing membrane structures as well as being completed structures.

[II. Contents and Results of Research

The study invented lightweight portable measuring device and developed monitoring system
through automatic system. This device can measure tension of the existed membrane structure;
therefore, it proceeded to build a database for standards/guidelines of the maintenance of

membrane structure.

O The main research purpose | - Portable membrane tension measurement device

Portable device radiates acoustic waves to any membrane surface, and it can measuring the
number of the natural vibration membrane by a non-contact laser displacement meter. While
having an accuracy of 90% and can be reliable measured in lightweight, small and potable

device.
O The main research purpose |l - Establish a health-monitoring system for membrane

tension

Portable equipment can transmit the data wirelessly to the ground control center and hold

- Vil —



automatic membrane measurement system through remote control. It establishes a system capable

of monitoring tension of membrane in real time.

O The main research purpose lll - Making standards maintenance / guidelines
Tension is essential for membrane to design, construct and maintain; therefore, monitoring system
has to check tension of membrane any time on the ground of accumulated tension measurements

data.

V. The Final Results of Research and Applied Results

There was no technology that is capable of measuring tension of membrane with high accuracy,
stability and the field application as portable measuring device. Portable measuring device has just
completed a health monitoring system which is widely used in construction and maintenance work
of the structure, and it is possible to maintain membrane monitoring system is also the first
attempt in the world, so this technology can lead the world in the field of membrane structure

as well as maintenance.

O Key Performance : Portable membrane tension measurement device

Portable device radiates acoustic waves to any membrane surface, and it can measure the
number of the natural vibration membrane by a non-contact laser displacement meter. While
having an accuracy of 90% and can be reliable measured in lightweight, small and potable
device. Analysis of the measurement error factors by performing an iterative verification analysis,
so continuously feed back made the device improved. The display unit and the operation unit
have the microcomputer as well as have developed software that they can be operated. Portable

battery of 1.5V AC voltage can achieve less than 2.5kg light and compact weight device.

O Key Performance : Building health monitoring system of membrane

We completed tension measurement system for the remote control device from a management
center and a radio transceiver system which developed a real-time transfer of data by acoustic
vibration of the membrane. We also completed the system to monitor the membrane tension in

real time.

O Key Performance : Making standards maintenance / guideline

Tension is essential for membrane to design, construct and maintain; therefore, monitoring system
has to check tension of membrane any time on the ground of accumulated tension measurements

data. Standards maintenance and guidelines applied to Incheon Munhak Stadium.

— vili —



V. Research Objectives and Effects

Research objectives are as follows:

O Portable membrane tension measurement device

Device of over 90% accuracy by using acoustic waves

Device size withing 20 x 30 x 20cm and portable device weight of less than 2.5kg
All-in-one device with Microcomputers Electronic circuit capable of calculating
tension of membrane

A portable device operated with the 1.5V battery

Device with wireless data transmission and receiving

Remote control devices

Repeated verification and upgrade by testing of membrane tension device and existing

membrane structures

O Establishing a health monitoring system of membrane

Finding out the lab location by health monitoring techniques

The data analysis of membrane surface vibration and tracking system design
Completed automatic measurement systems and Mock-up test

Building up constantly installation automatic measurement system of membrane tension
Feedback system design of membrane tension

Appling on-site demonstration

O Making standards maintenance / guideline

Building a database measuring membrane tension of the existed membrane structure and
bing construction
Identifying the tensile status of membrane structures

Making standards maintenance / guideline of membrane tensile and membrane structure

VI. Research Utilization Plan

Real-time health monitoring system can be used as an entry listed below.

This device can accurately predict the tensile strength of membrane during being construction

It is possible to accurately measure the tensile strength of membrane structure, so we can
evaluate the relaxation of membrane tension. Therefore, scientific data can determine to add
tensile strength or remodeling of membrane structure.

Real-time health monitoring system can forecast unexpected situation such as heavy rain,

_iX_



hurricane by reflecting on big change of membrane fluctuations. It can be used as a disaster
prevention system to cope with various natural disasters.

Membrane measure device can be used as a scientific maintenance tool for all membrane
structures around the world.

The health monitoring system can grasp the real-time state of tensile strength of membrane

around the world and inform how much tensile strength needed.
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