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Department of Chemical Engineering

Oregon State University, 103 Gleeson Hall, Corvallis, Oregon 97331-2702

T 541-737-4791 | F 541-737-4600 | http://che.oregonstate.edu/

October 1, 2005

Ken Green

Timberline Tool

2594 Highway 35

Kalispell, MT 59901

Dear Ken;

Attached please find our March through August 2005 report on the TR650 squeeze-off tool testing results. (Skip, please add our text here…) 

Skip Rochefort

(and signature block)

Functionality Testing of the Timberline Tool

TopReach 650 Squeeze Tool

Status Report

March through August 2005

Tool Evaluation

Two identical tools were tested, Serial Numbers EP01 and EP02, for compliance with ASTM specifications F 1563, F 1734 and D 2513.  The first tool tested is staying at Oregon State University for continued functionality testing, and the second (EP02) was sent on to Northwest Natural Gas (NWNG) for field-testing.  The new TopReach 650 (TR650) tool design utilizes a replaceable “shoe” on one side of the jaw yoke assembly, which currently accommodates four pipe sizes – 4” SDR 11.5, 4” SDR 13.5, 6” SDR 11.5, and 6”SDR 13.5 (with the possibility to include other sizes in the future).  The shoes are easily exchanged by sliding them off of the shoe support rail.  The shoe depth has been designed, through extensive testing at Oregon State University and Timberline Tool, to give a balance between minimizing pipe wall compression and giving repeatable flow squeeze-off results.  The applicable pipe size (IPS) and wall thickness (SDR) information is permanently engraved into both sides of each shoe for easy identification.  Tool centering and alignment is achieved by two cable assemblies that both: support the tool on the pipe to be squeezed-off and center the pipe in the vertical middle of the jaws.

[image: image5.png]N

Oregon State

UNIVERSITY



[image: image6.jpg]



[image: image7.jpg]




Cable Support/Centering


System


TR650 Tool Assembly
Jaw Detail:





Left Side with Replaceable



Shoe, Right Side Fixed

Both tested tools had no difficulty squeezing-off the heavier walled (SDR 11.5) medium density polyethylene (MDPE 2406) pipe sections, even when the pipe and tool were cooled to 5-6ºC.  No noticeable jaw deflection or mechanical damage to the tool has been detected.  The tool utilizes a ratcheting T-handle, lead screw, and linkage design for limiting the squeeze rate and provides a positive maximum squeeze-off linkage stop to ensure against over squeezing the pipe – the tool is applied to the pipe and squeezed until the linkages “bottom out” on the tool body.

The squeeze-jaws are firmly held in all positions by the lead screw and linkage design.  This mechanical design makes it impossible for an accidental release during any part of the squeezing process.  The rotation of the lead screw is reversed to open the jaw assemble – this again acts as a natural limiting agent for excessive release rates.

A grounding cable and spike is provided with the tool to allow for positive grounding any electrostatic discharges to/from the tool during pipe squeezing activities.  There are no electrically isolated areas on the tool as it is fabricated with all electrically conductive materials (mostly aluminum).

Squeeze-off Testing

Chevron Phillips Chemical Company Driscoplex™ 6500 Gas Pipe PE 2406 (SDR 11.5) and Rinker Materials PolyPipe® 3810 Gas Pipe PE 2406 (SDR 13.5) were used for the squeeze-off qualification tests.  The 4” and 6” pipe was cut into 41” long sections and the tool was applied in the middle of the each section.  A concerted effort is made to include the thickest section of the pipe wall one of the squeeze ears.  Three temperatures were used in these tests: 6°C, 22°C, and 30°C (43°F, 72°F, and 86°F).  The squeeze tool and all pipe samples were left at each testing temperature for a minimum of 24 hours to allow for adequate material equilibrium time.  All squeeze-offs were based on an approximate 1” per minute squeeze rate.  The samples were held in the full squeeze-off position for 30 minutes and then released at the same 1” per minute rate.

All squeezed-off pipe samples were held at their conditioned temperature for at least another 24 hours to allow the pipe time to relax – no pipe re-rounding was conducted.  The relaxed sections were brought to room temperature where the ear sections were cut from the pipe and visually inspected for any cracking or white lining.  Typical wrinkling or creasing was evident on all samples; however, no visual damage (cracking, voids, or dimpling) could be seen on any of the tested samples.  Digital images where taken at >10X of the interior ear area; also, a series of samples were inspected and digitally photographed in an optical microscope at higher magnifications.  Example images are included for reference below.
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Typically wrinkling of 4” SDR11.5 Driscoplex™ 6500 Gas Pipe at 29-31°C
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Typically wrinkling of 4” SDR11.5 Driscoplex™ 6500 Gas Pipe at 6-7°C

[image: image3.jpg]



Typically wrinkling of 6” SDR11.5 Driscoplex™ 6500 Gas Pipe at 29-31°C
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Typically wrinkling of 6” SDR11.5 Driscoplex™ 6500 Gas Pipe at 6-7°C
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4” SDR11.5 squeeze ear wrinkle close-up
6” SDR11.5 squeeze ear wrinkle close-up 


(Scale length is 1000μm)
(Scale length is 1000μm)

ASTM F 1563

Standard Specification to Squeeze-off Polyethylene Gas Pipe or Tubing

Check Sheet
5.1  Force Mechanism

The force mechanism (mechanical, hydraulic or pneumatic) shall provide a force of at least 1.25 times the force required to squeeze-off the most rigid pipe size within the squeeze parameters recommended by the manufacturer of the tool.  The most rigid pipe is a function of pipe diameter, wall thickness, pipe material and temperature.  The tool manufacturer determines which pipe products his tool is suitable for.  Power tools such as impact wrenches or pneumatic motored torque multipliers shall not be used.

Notes/comments:

The mechanical design of the TR650 was conducted at Timberline Tool; the tool was designed to withstand greater than 1.5 times the force required to squeeze-off 6” SDR11.5 MDPE pipe to the predetermined squeeze-off gap (Ken or John can you correct/modify this?).  

5.2  Tool Strength

A tool shall not be structurally damaged or functionally affected when tested as follows: 

5.2.1  Measure the load (P) required to squeeze-off the most rigid pipe (largest size, thickest wall, highest density, lowest temperature) within the range of the tool. 

5.2.2  Prepare a pipe specimen from this pipe.  The specimen length shall be no less than five times the nominal outside diameter of the pipe, but in no case less than 12 in. (305 mm). 

5.2.3  Insert the pipe specimen into the tool.  Center the specimen in the tool.

5.2.4  Apply the largest load attainable by the force mechanism (without additional mechanical advantage) onto the mechanical stops and then inspect.  Any permanent damage or deformation to the mechanical or hydraulic components is cause for rejection of the tool.

5.2.5  Apply a load of 1.25 X P (see 5.2.1) on the pipe for twenty cycles.  A cycle is: apply load, hold load for one minute, remove load.  For each cycle use a new un-squeezed area of pipe, at least three pipe diameters from a previous squeeze.
Notes/comments:

Once the TR650 is in the full squeeze-off position (linkages bottomed out) the T-handle will not turn any further under the normal forces achieved by tool operators.  The TR650 performed series squeeze-offs without any tool fatigue or failure.

5.3  Release Protection

Each tool shall be built to prevent unintentional release in the squeeze mode.  A screw-feed mechanism used to apply force in some tools qualifies as premature release protection if the force can only be removed by unscrewing the mechanism at the 1.25 X P test load.
Notes/comments:

The T-handle and lead screw design of the TR65 acts as a natural limiting agent for excessive release rates.

5.4  Release Rate

For pipe sizes greater than 1 in. (25 mm) IPS, it is recommended the tool design provide a release rate of 0.5 in/min (12.7 mm/min) or less, as suggested in Guide F 1041.
Notes/comments:

The TR650 release rate can be adjusted by the tool operator to align with the specific conditions and specifications of each pipe manufacturer and/or ASTM F1041.

5.5  Flow Control

Squeeze-off results in the reduction of gas flow and in some cases the complete stoppage of gas flow.  This specification does not specify to what degree of gas flow control is required for any set of squeeze-off conditions.  Appendix X1 provides a procedure for evaluating flow control. Other procedures for flow control evaluation may also be used.
Notes/comments:

The final squeeze-off jaw gap for each pipe diameter and wall thickness has been determined through extensive testing.  The TR650 typically seals off the gas flow either immediately or within about a minute.

5.6  Grounding

Squeezing and releasing the squeeze of plastic pipe containing flowing gas can increase the presence of static electricity on the pipe surfaces.  The tool shall include a suitable electrical grounding feature or recommendations for controlling electrostatic discharges.
Notes/comments:

The TR650 is equipped with a T-bar grounding spike connected to a jacketed flexible grounding conductor, which is bolted to the aluminum yoke of the tool.  There are no electrically isolated areas on the tool as it is fabricated with all electrically conductive materials (mostly aluminum)

ASTM F 1734

Standard Practice for Qualification of a Combination of Squeeze Tool, Pipe, and Squeeze-Off Procedures to Avoid Long-Term Damage in Polyethylene (PE) Gas Pipe

Check Sheet

10.  Preparation of the Sample and Equipment

10.1  Acquire randomly selected pipe samples at least 5 pipe diameters long but not less than 1 ft long.
Notes/comments:

Yes, 41 inch sections for both 4 and 6 inch pipe

10.2  Measure the wall thickness around the circumference at 15° increments, and identify the location of maximum wall thickness.

Notes/comments:

Yes, by use of digital calipers

10.3  Condition the sample to the temperature of interest.  Studies at very low temperatures or on thicker-walled pipe may require significant hold times to reach thermal equilibrium.  Experience with smaller-diameter, lower SDR pipe (for example, 2 to 6-in. SDR 11 pipe) indicates that a minimum of 24 h is required for the sample to reach equilibrium.

Notes/comments:

Yes, at least 24 hours was used

11.  Procedure

11.1  Place the sample in the squeeze tool so that the thickest portion of the pipe forms one of the squeeze-off ears, Locate the sample such that the midpoint of its length is between the squeeze-off bars- Also, center the sample squarely in the squeeze-off tool.
Notes/comments:

Yes

11.2  The squeeze bar shims or stops, or both, must be within 1 % of the target level.

Notes/comments:

Yes, tool exhibits a fixed jaw gap design

11.3  Operate the tool at the specified rate, closing the bars to the "stops:' and hold for 30 min.  In order to induce damage beyond that observed in typical practice, add a shim to one of the squeeze bars or use a smaller stop.

Notes/comments:

Yes, however no added shim squeeze-offs were conducted – N/A with this type of tool

11.4  Release the sample at the designated rate of release.

Notes/comments:

Yes

11.5  If re-rounding is included in the squeeze-off procedure being considered, re-round the sample as directed.

Notes/comments:

No re-rounding was conducted

11.6  Allow the sample to sit without external force at the chosen temperature for 24 h.

Notes/comments:

Yes, at least 24 hours was used

11.7  Cut a ring containing the squeeze location (the ears) from the sample at least 2 diameters long.  Then, saw-cut this ring along its length at 90° to the squeeze-ears.

Notes/comments:

Yes

11.8  With the unaided eye, visually inspect the interior of each sample for stress whitening, crazing, or cracking.  Likewise, inspect the exterior of the sample for evidence of a dimple centered in the ear.  The photographs available as an adjunct5 provide assistance in the interpretation of such features.

Notes/comments:

No undue stress whitening, crazing, or cracking were observed in the interior or dimpling on the exterior ear area

11.9  Wrinkling of the interior of the squeeze-off ear is expected to occur.  Some stress whitening along the ridges and in the valleys of wrinkles is also expected to occur.  Stress whitening should be limited to these ridges and valleys in the region where wall thinning occurs in response to the squeeze process.  The stress whitening should be diffuse in appearance rather than an intense white band.

Notes/comments:

Yes, these conditions were met

11.10  Cracking or voids on the inside or a dimple on the outside disqualify the squeeze-off process.

Notes/comments:

None seen in all samples tested

11.11  A dimple on the outside of the pipe, or stress whitening strung out along a severe wrinkle on the inside of the pipe, at squeeze levels equal to or less than that needed for flow control, disqualify the process.  Thus, if none of the features indicative of long-term damage are seen at squeeze levels adequate to control the flow, that combination of squeeze procedure, squeeze tool, and pipe is acceptable.  If such features are seen at a squeeze level 5 % greater than that needed for flow control, modifications to the squeeze process (such as alternative bar designs) should be considered, because a 5 % squeeze range may not be an adequate margin in field practice.

Notes/comments:

The tool jaw gap has been thoroughly tested, both at Oregon State University and Timberline Tool, with numerous test samples (new and used pipe from various manufacturers) to achieve a balance between minimizing pipe wall compression (possible wall damage) and giving repeatable flow squeeze-off results  

11.12  For samples passing the unaided-eye evaluation, the inside should be inspected at -10X magnification. Cracking or voids disqualify that combination of pipe, tool, and procedure.

Notes/comments:

No cracks or voids have been seen, under 10X magnification, with the TR650 squeeze-off sections

11.13  For inspections at -10X, stress whitening strung out along a wrinkle again is evidence of damage that can grow with time.  Judgment, depending on the severity of the features, the service conditions, and the utility's service record for that pipe can disqualify the squeeze procedure if such features are found:

Notes/comments:

Occasionally diffuse stress whitening can be seen along squeeze-off ridges/valleys, this stress whitening is of such a low level that no significant damage to the pipe wall has occurred during squeeze-off

11.14  General widespread evidence of changes in color such as intense stress whitening or crazing, is evidence of damage and indicative of possible subsurface damage.  Judgment based on experience related to the service record of the pipe involved should be considered in qualifying procedures that produce such features.  Examination of cross sections prepared on a cut through the ear can be used to determine if subsurface damage has occurred in such cases.  Indications of small voids in these sections is the basis to disqualify that squeeze-off process.

Notes/comments:

No intense stress whitening was observed – cross sections of numerous ear sections have shown no subsurface voids

11.15  If the process is not disqualified by the foregoing examination, samples of squeezed pipe are subjected to a sustained pressure test as described in Specification D 2513.

Notes/comments:

Due to test equipment manufacturing complications this work is still in progress – it is anticipated that the first reproducible set of test data will be completed in approximately one month and continue thereafter as required
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