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Abstract:

Stoppling tees is a key component to achieve non-stop belt pressure sealing in pipeline
transportation system. By using the stoppling tees, the pipeline system can be changed, tapped
and connected in the state of non-stop transmission[1] . At present, the manufacture of the
stoppling tees has not formed a set of automated mature process and the quality control is
complex, the welding quality near the intersecting line becomes the key link of quality control.
In this paper, ultrasonic phased array technique is used to inspect the welds near the
intersecting lines. CIVA simulation software is used to simulate the detection path in advance,
then the full coverage of the probe to the welding zone is realized. The inspection of the
specimen containing prefabricated defects shows that the detection rate of the detection
process to the prefabricated defect reaches 100%.
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1 Introduction of Stoppling tees

1. 1 Application of Stoppling tees in Industry

The piping system, like the arteries and veins of the human body, carries the blood of modern

civilization. With the increase of oil and gas production, the number of pressure pipes in

service increases year by year[2]. While pipeline runs over time, wall thickness thinning and

crack propagation will occur, so it is necessary to strengthen the maintenance work of

pipelines to avoid serious accidents. However, stop running the pipe lines to carry out the

maintenance work will seriously affect the normal industrial and living needs, leading to

serious economic losses. Non-stop transmission with pressure sealing is a kind of

maintenance technology for changing tubes, opening holes and connecting heads under the

condition of non-stop transmission, thus can avoid the economic losses and inconvenience to

social life caused by stop running the pipelines.

The main components of the stoppling tees are flange, flange cover, take-over, upper and
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lower guard, plug handle and snap ring device. In the process of manufacturing the stoppling

tees，the quality of the weld near the intersecting line is difficult to control, so the inspection

of the intersecting weld must be strengthened[3]. The detection methods for welds are mainly

penetration, magnetic powder, ray, ultrasonic, eddy current, phased array, TOFD, etc. Because

of the complex shape, eddy current and TOFD are not suitable for the detection of stoppling

tees. Penetration and magnetic powder are commonly used in the detection of stoppling tees,

but the accuracy of these methods is not high[4].

In recent years, due to its unique flexibility of the beam deflection and focusing performance,

ultrasonic phased array technology is widely used in industrial nondestructive testing,

including the inspection of the the weld at the intersecting line[5]. However, due to the

complexity of the spatial location of the intersecting welds and the complexity of the weld

cross-sectional shape, it is still very difficult to choose one or several suitable detection paths

to ensure complete coverage of the weld zone detection[6].This paper will use CIVA software

to determine the detection path of the weld in stoppling tees .

2 Determine the detection path of the stoppling tees

The weld in stoppling tee is a T-type welded joint. Since the difference between the

diameter of the branch pipe and the main part is small, the curvature change of the

intersecting line is large (as shown in Figure 1), which brings very serious difficulties to the

determination of the detection path. CIVA software can be used to simulate the detection of

weld zones at intersecting lines, which can help us determine the location of the probe,

scanning path before the inspection, thus greatly simplifies the development of the detection

process, saving time, cost and improve work efficiency. This section will use CIVA software,

focus on the research of the detection of stoppling tees while the diameter of the branch pipe

and the main part are equal, to determine the phased array probe scan path.

Figure 1: Intersecting lines
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2.1 Simulation of weld detection path based on CIVA software

Based on the CIVA ultrasonic simulation software, the technical route shown in Figure 2

is proposed to complete the task of determining the detection path of the intersecting weld in

stoppling tees.

First, create a three-dimensional solid model in the 3D design software, then slice the

model and extract the specific geometric dimensions of each slice section into the CIVA

software. The CIVA simulation software is used to adjust the probe position so that full

coverage of the weld area is achieved and the results are aggregated to determine the scan

path.

Figure 2: CIVA simulation process

Take the PN10-610 stoppling tee for example. Its branch portion has an inner diameter of

590mm, outer diameter of 654mm, and its main pipe portion inner diameter is 610mm, outer

diameter is 678mm. First, we create a three-dimensional model corresponding to the real size,

and then add a number of auxiliary planes, as shown in Figure 3, the angle between the planes

is 2 degrees and the cut section is shown in Figure 4.

Figure 3: Auxiliary planes

 
Create a 3D solid model Extract weld profile information 

Determine the probe position using 
CIVA simulation Determine the scan path 



15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore.

[ID 143]

Figure 4: Cut section

When the cross section is imported into the CIVA software, the position of the phased array

probe can be determined using the simulation function of the CIVA software. Figure 5 shows

the simulation of the probe positioning in CIVA for a section marked with 2 degrees (located

at the deepest of the intersecting line). As can be seen from the figure, the cross-section of the

weld is close to the butt weld, where the triangular area in the workpiece represents the weld.

The scanning angle of the phased array probe is set to 38 degrees to 70 degrees. The principle

of determining the position of the phased array probe is: The primary and secondary reflected

waves cover most of the weld zone, and the remaining unclamped area is covered by the

probe at position 2. The triangular area representing the weld is finally shown to be

completely covered by red.

Figure 5: Determination of Position of Phased Array Probe at Cross Section marked with 2 degrees

Figure 6 shows the simulation of the probe positioning for a section marked with 90 degrees

(located at the highest of the intersecting line). It can be seen from the figure that the weld in

this section is in the form of a fillet weld. The primary wave of the phased array probe can

cover the triangular area representing the weld.
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Figure 6: Determination of Position of Phased Array Probe at Cross Section marked with 90 degrees

By connecting the points of these corresponding positions, the detection path of the phased

array probe on the stoppling tee can be obtained as shown in Figure 7. When the probe is

scanned along these paths, full coverage of the weld area can be achieved.

Figure 7: The scanning path of the phased array probe on the stoppling tee

2.2 Verification of the detection path

To verify the correctness of the detection path, select any position to cut out the section, for

example, at an angular position of 75 degrees, where the cross section is not the cross section

used to determine the detection path above. The CIVA software can set up defects at any

location in the model as needed, such as oblong holes, ellipsoid defects, holes, cracks, etc. In

this case, we prefabricated defects in the weld. Place the phased array probe at the detection

path, and turn on the probe beam display switch to see if the beam can illuminate the defect,

as shown in Figure 8. The results of Figure 8 show that defects in the weld zone can be

detected when the phased array probe is placed on the detection path, thus demonstrating the

correctness of the detection path.



15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore.

[ID 143]

Figure 8: Verification of defect detection at Cross Section marked with 75 degrees

The test results using CIVA software are shown in Figure 9. In the simulation results, A-scan,

B-scan, C-scan, D-scan, S-scan can be placed together, and can achieve data linkage, that is,

when the mouse drag in any scan of the above, the other scans will also produce a

corresponding change. And the fan map can be placed in the work model, which can directly

correspond to the defect signal and have a good auxiliary effect on the defect identification.

Figure 9: The test results using CIVA software

3 Experimental testing

In order to verify the effectiveness of the proposed method, we prefabricated stoppling tees

with different types of defects. The phased array detection path as defined in the previous

section is shown in Figure 10. We use a flexible magnetic stripe to mark the scan path on the

prefabricated test piece. Phased array detection equipment is the Isonic-2010PA STAR type

ultrasonic phased array imaging detection system. The photographs of the field detection as

shown in Figure 11.
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Figure 10: The scanning path of the phased array probe on the stoppling tee

Figure 11: Experiment based on ultrasonic phased array

The test results show that all 14 prefabricated defects can be identified quickly and

continuously after continuous scanning along the flexible magnetic stripe scan path. Figure 12

is a detection result in which the sidewall is not fused.

Figure 12: Detection result in which the sidewall is not fused
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4 Conclusion

In this paper, the detection of the intersecting welds on the stoppling tees is carried out, which

is based on the ultrasonic phased array detection technology. By using the method of slicing

the solid model, the full-coverage simulation of the weld area of each section is carried out.

The detection path of the weld at the intersecting line of the stoppling tee is obtained by using

phased array ultrasonic detection technology. The effectiveness and superiority of the

detection process path are confirmed by simulation and experimental text.
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