[image: image1.png]






GTI PROJECT NUMBER 20582 (Cost-Share through 20398)


Nonmetallic Joint Quality Assessment
DOT Prj#217
Contract Number: DTPH56-07-T-000001
Reporting Period:

2nd Project Quarter

November 1, 2007 through January 31, 2008
Report Issued:

January 30, 2008
Prepared For:

DOT/PHMSA

Mr. James Merritt, PHMSA Project COTR
Prepared by:

Gas Technology Institute

James E. Huebler
jim.huebler@gastechnology.org

847-768-0551
Gas Technology Institute

1700 S. Mount Prospect Rd.

Des Plaines, Illinois 60018

www.gastechnology.org
Legal Notice

This information was prepared by Gas Technology Institute (“GTI”) for DOT/PHMSA (Contract Number: DTPH56-07-T-000001).

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of them:

a.  Makes any warranty or representation, express or implied with respect to the accuracy, completeness, or usefulness of the information contained in this report, or that the use of any information, apparatus, method, or process disclosed in this report may not infringe privately-owned rights.  Inasmuch as this project is experimental in nature, the technical information, results, or conclusions cannot be predicted.  Conclusions and analysis of results by GTI represent GTI's opinion based on inferences from measurements and empirical relationships, which inferences and assumptions are not infallible, and with respect to which competent specialists may differ.

b.  Assumes any liability with respect to the use of, or for any and all damages resulting from the use of, any information, apparatus, method, or process disclosed in this report; any other use of, or reliance on, this report by any third party is at the third party's sole risk.

c. The results within this report relate only to the items tested.
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Abstract

The objective of this project is to develop nondestructive evaluation (NDE) methods for inspecting all non-metallic fusion joints, including electro-fusion (EF) joints. The natural gas industry has spent millions of dollars developing and installing polyethylene (PE) pipe. Today, PE is the predominant pipe used in gas distribution systems. The industry developed techniques for joining pipe and fittings with visual inspection verifying joint quality. Visual inspection of PE joints works in most cases, but does not guarantee integrity. Field failures demonstrate the need for more rigorous inspection techniques.
There is currently no easy to use tool for non-destructively inspecting PE joints. The Gas Technology Institute (GTI) developed a commercial ultrasonic product, UltraMc®, that automatically inspects butt fusion joints. The unit was a technical success and some units are still in use. However, the unit required a skilled operator, which in turn led to insufficient sales, and the commercializer discontinued it in 1999. The challenges are therefore to develop a tool that is easy for field crews to use and to expand its use to inspect all joints, at an acceptable price. 
GTI, for the Operations Technology Development, NFP, is developing a low-cost, easy-to-use (go/no-go) prototype for inspecting butt fusion joints. This DOT/PHSMA project expands that effort to include development of the method to all types of fusion joints – saddle joints, socket, tee, elbow, etc. – for both heat fusion joints and electro-fusion joints. The technical challenges will be solved with new concepts that use improved ultrasonic technology and better waveform analysis. The economic and expertise challenges will be addressed by using the extra capability and lower price of current single board computers to reduce the cost and eliminate the operator expertise that was needed when using the earlier instrument. 
There is also a need for selected inspection of buried joints in keyholes and microholes. Using standard ultrasonic transducers in confined spaces can be excessively time consuming and/or require expensive equipment. As an alternative, GTI will examine the feasibility of using laser-based ultrasonics for inspecting joints and pipe features where access is limited. 

Activities/Deliverables Completed during this reporting period by Task Number (indicate if they are a milestone)

Task 1 Completion of Automated Butt Fusion Welding Inspection
This task is the co-funded portion of the project. GTI is developing an ultrasonic test method for butt fusion joints. The goal is to have a technique that is automated, requiring little or no expertise by the operator. The approach is to transfer these techniques to EF couplings and the other jointing procedures in the DOT project.
Two and three sensor geometries were investigated to determine their ability to obtain information on the fusion plane and on the bead formation. The two-sensor method has a sensor on each side of the joint. Data is collected in both pulse/echo and pitch catch modes. The three-sensor had the third sensor on the same side of the joint as the transmitter. The two-sensor method gave the same information and will be less expensive to make. GTI’s envisions several sets of sensors arranged around the circumference. This will avoid a mechanical mechanism to move the sensors.

Automated discrimination of good and bad fusions is key to acceptance of the technology. Three techniques are being used to characterize good and bad joints: the features of the ultrasonic waveform, wavelet analysis of the same waveforms, and a proprietary pulse detection and analysis algorithm. The results are promising identifying flawed butt fusion joints. 
The proprietary algorithm has been applied to the pulse/echo data—which is a subset of the total information about the fusion. It has been automated so that a waveform is collected and processed by the algorithm, which determines if the joint is good. At this early stage of development, it is correctly classifying ~2/3 of the joints. The approach using selected features of the pulse/echo and pitch/catch waveforms is also showing good promise. The combination of the two is identifying ~ 95% of the joints. This analysis assumes that the portions of the joints where flaws were intentional introduced are in fact bad joints and, conversely, those portions with no intentional flaw are good fusions. The validity of this assumption must be proven by destructive testing. Until then, our estimate of classification accuracy is not proven. We are in the process of refining the algorithms to make them more accurate and robust.
One of the goals of this approach is the ability to make minor changes to adapt the technique to other types of plastic, other pipe diameters, and other types of joining methods.

We have obtained good and flawed butt fusion joints of other materials. Joints of high density PE 3408 and Aldyl A® all made by gas utility fusion experts are in house. The different materials will permit testing of the ability to transfer the technique to other plastics.

Task 2 Fusion Joint Inspection of Non-EF Socket and Saddle Fusion Joints

The schedule called for work on this task to start November 1. Effort concentrated on other tasks resulting in little progress in this task. 
Task 3 Electrofusion Joint Inspection
This task is to utilize the techniques from Task 1 and develop a method to test the quality of electrofusion (EF) fittings. As a preliminary step, GTI made simple tests to survey difficulties caused by the fusion wires using conventional, single element ultrasonic transducers. Collecting data through the wires was expected to be difficult. The initial results show it is possible to pass an ultrasonic wave through unfused EF heating wires and detect the reflection at the outer surface of a 4-inch EF coupling.  
The next step was to obtain/make EF joints with characteristic flaws. GTI made a list of flaws of industry concern for the EF fusion joints. This process included a review of the literature to include flaws other researchers identified as difficult. Approaches to simulate these flaws were developed. Forty feet of 2-inch and eighty feet of 4-inch diameter pipe and 48 EF couplings and saddle fittings were ordered. 

To simulate poor joints in a known manner, we need good quality control. We elected to use the plastic pipe jointing training center of a local utility. They graciously donated the time of their head instructor to make the joints. Seven joints were made with 4-inch diameter, medium density PE pipe and electrofusion fittings. The approach is to create a set of joints that span problems encountered in practice. Additional fusions will be made guided by the results of the initial testing. 

Types of flaws include cleaning the pipe with alcohol without scraping the pipe to remove the outer layer of the pipe, introduction of cutting oil, mud, and a smudge from an oily glove made after the pipe was properly cleaned, reduction of fusion time from the correct 200 seconds to 175 seconds, moving the joint before it is properly cooled, and inserting a thin piece of plastic in the joint. Good fusions where also made as controls.
A few saddle joints were also made: a properly made saddle joint, a saddle joint with a piece of plastic on one side and an oily glove smudge on the other, and a joint similar to two made during a training class that failed a destructive test. The latter represents a real failure and should be a good test when the technique is mature enough. We also obtained miscellaneous saddle fusions of unknown quality that will be used in later testing.
A fixture to couple ultrasonic waves into 4-inch diameter EF couplings was designed. A curved wedge matching the outer diameter of 4-inch diameter electrofusion coupler was made from medium density PE. Having the wedge made from the same material reduces mode conversions and should simplify the data analysis. This design is based on work in the cofunded project and is part of the planned transfer of results to this DOT project.

The sensor positions on the custom wedge were experimentally adjusted to maximize sensitivity to fusion flaws. As the starting point, over 100 waveforms have been collected from the EF couplings. The “pebbly” outer surface of the electrofusion coupling (compared to the smooth surface of the pipe) requires more couplant to fill the voids. We are investigating the sensitivity of results to the amount of couplant. 

Task 4 Data Fusion and Synthetic Aperture Software

This task is scheduled to start December 1, 2007. To date, most of the waveforms we have are for butt fusion joints. The analysis effort has also concentrated on butt fusion joints and was, therefore, charged to the cofunding project. Because the geometry of the butt fusion joint and a 4-inch electrofusion joint are similar—that is the wave paths are similar—we are starting the transfer of results to that EF coupling. 

Task 6 Project Management

The November, December, and January Monthly reports were submitted to the PHMSA online system. This report serves as the second quarterly report submission, which is a milestone. 

Technical Status and Schedule (description of tasks completed, data from test results, research findings and/or discoveries)

In the 2nd Quarter, the team concentrated on the cofunded project to develop techniques for analyzing butt fusion joints. Waveforms from the EF coupling were collected as the technology transfer should be the most straight forward.
Business Status Section (resource changes, discussions with operators/potential users, quarterly accounting, and schedule/payable milestones)

Resource Status

Dr. Albert Teitsma, who was originally the principle investigator, retired. The new principle investigator, Dr. James Huebler was part of the team for this DOT project and the cofunded project. Maurice Givens is assisting Jim in both projects.  
Discussions with Operators or Potential Users

This quarter, there were no discussions with operators or potential users. 
Quarterly Accounting

The quarterly accounting was not finalized at the time this report was written. DOT can expect the accounting to be completed and invoicing submitted within 1 month from the end of quarter.

Payable Milestones (completed this reporting period)

This report serves as the second quarterly report submission, which is a part of the payable milestone. The full submission will be complete when GTI has submitted the quarterly accounting numbers to PHMSA and the invoice summary entered into the online system. 

Results and Conclusions (including findings, discoveries and attachments of any test data and/or pictures)

Results from the butt fusion inspection project are promising and should be transferable to this project.  A design for the sensors for use on electrofusion coupling was made based on the results from the cofunded project. A starting set of flawed fusions were made and waveforms collected.
Issues, Problems or Challenges (including anything that may cause a schedule delay)

The personnel changes in the cofunded project have slowed that project by several months. GTI is back up to speed in that project. The impact on this project’s schedule is unknown; however, it is projected to be minor. We are proceeding at a slow rate of expenditure in this project until the techniques for the co-funded project are more mature and ready for application to the DOT project.  

Plans for Future Activity (including potential meetings, tests, and/or demonstrations scheduled over the next quarter)

· Begin development of classification algorithms for the 4-inch diameter EF coupling joints.
· Begin ultrasonic measurements on and analysis of the 4-inch diameter EF saddle joints

· Begin combining the results of the previous work into a single set of data fusion software to inspect all types of butt fusion and EF joints for PE pipe.

· In the co-funded portion of the project, continue improving the classification analyses and test them on high density PE pipe. 
This is the last page of this report.
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