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Abstract 

Liquefied Natural Gas (LNG) tanks are actually composed by two tanks, a carbon steel outer shell tank and 9% 
nickel inner shell tank. Outer tank is typically inspected by conventional NDT techniques such as RT. But, the 
inner tank, due to their dissimilar metal welds having two distinct densities, is better suited to automated UT. 
During construction of 9%Ni LNG Inner Tanks, Integrity Inspection of welded zone often has been done by 
traditional radiography testing. LNG tanks are built using materials with specific mechanical properties at low 
temperature. Weld zone has some special weld structure called the anisotropic–coarse grained boundary layer. 
Here, this paper will explain more detailed the approach of phased array AUT Inspection for these materials. In 
case of this, phased array ultrasonic technique are required to detect for critical crack and L,F defects which 
cannot reliably be detected by RT. In this study, we developed new motorized ultrasonic testing Scanner & 
suitable probe, technics to suit the inspection purpose that moves along the welds. These things can collect and 
store all testing results immediately. This system has been working as a main inspection system in LNG Tank 
construction site since 5 years ago. This paper informs you the development of inspection techniques for the 
fully automated Ultrasonic examination using phased array technology in lieu of radiography. 
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1 Introduction 

Since the Fukushima nuclear power plant accident in Japan, denuclearization has come to the fore as 

the worldwide trend. Natural gas`s energy efficient is high and safe as an alternative to nuclear power 

generation, therefore the demand for LNG storage tanks is increasing. The inner tank of the ground 

type LNG storage tank is completed by welding shells made of 9% Ni steel. 9% Ni steel is widely 

used around the world as an inner shell for ground type LNG storage tanks based on excellent low 

temperature toughness and it is demanding higher safety in accordance with the trend of enlargement 

of LNG storage tanks. Various nondestructive testing methods have been applied to ensure the safety 

of LNG storage tanks. Among them, radiographic testing has been applied as a method of detecting 

welding defects which greatly reduce the fatigue strength of welds. However, due to various 

disadvantages such as safety problem, process problem, defect detection ability, AUTO-UT is 

emerging as a possible inspection method. The 9% Ni steel weld is an Austenite coarse-grained 

boundary with severe attenuation of ultrasonic waves, which limits application of ultrasonic testing.   

Recently, the signal to noise ratio has been dramatically increased by using the phased array 

transducer and high-performance UT equipment and the reliability of the acquired data is secured by 

using the scanner so that the application of the Auto-PAUT system are increasing in many sites. In 

this study, we propose a practical application method of the auto phased array ultrasonic testing 
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(AUTO-PAUT) system which can be applied without bead flush grinding instead of the radiographic 

testing at the welding of 9% Ni steel. 

2 AUTO Phased Array ultrasonic testing configuration 

Before introducing AUTO-Phased Array ultrasonic testing system, it is necessary to study the 

characteristics of 9% Ni steel simply. 9% Ni steel has high strength, low coefficient of thermal 

expansion, excellent low temperature toughness and weldability, and is easy to supply and economical. 

However, due to strong magnetism, arc blow occurs during welding and it is necessary to pay 

attention. The weld is an anisotropic coarse-grained boundary, and the attenuation of ultrasonic waves 

is so severe that it cannot be inspected by general UT equipment and transducers. For this reason, a 

special UT system configuration is required and it will be introduced. 

2.1 AUTO-PAUT Instrument 

AUTO-PAUT instrument is need to higher performance compared to conventional Phased Array 

instruments. Because, it is necessary to support high voltage to transmit ultrasound through the 

volume of 9% Ni steel welded part with severe attenuation. And also, Multi-Channel Pulser / Receiver 

module for driving multiple probes at one time is required to improve inspection reliability and 

inspection speed. Therefore, as the size and weight of the equipment increases relatively, it is 

necessary to have a proper data collection mechanism in consideration of the site application. 

Software for data collection and interpretation should also be provided. 

2.2 Probes & Techniques 

Five probes are used for the inspection of 9% Ni steel welds. In general, transverse waves are not 

applicable to the austenitic welds due to severe attenuation, so broadband low frequency longitudinal 

wave transducers are used to minimize attenuation. Defects on the welding groove are detected by 

using the transverse wave, and the creeping wave is used to detect the surface and sub-surface of the 

base metal and welds. The RTT (Round Trip Tandem) technique is applied to detect longitudinal 

solidification cracks, and finally transverse defects are detected using an axial probe. All of these 

processes are performed once on both sides of the weld, and the acquired data is interpreted / read by 

dedicated software and submitted as a report. The setting of a scan plan is very important because of 

the nature of the 9% Ni steel. The scan plan (Figure 1) considering all kinds of things such as probe 

type, angle, thickness of inspection material, shape of weld groove face can lead to a whole 

volumetric inspection.  



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

 [ID162] 3 

 

 

Figure 1: Scan Plan 

 

2.2.1 32CH  Phased Array Probes  

The 32CH probe is suitable for inspecting defects in the weld volume with severe attenuation. It uses 

the low frequency and the longitudinal wave in the Pitch / Catch mode and the sector scan of the 

sweep range 35-88 degrees. If necessary, use skew angle steering of 5~15 degrees to detect defects 

with various directions. The arrangement of the elements is selected by considering the thickness and 

skew angle of the test material and the wedge roof angle is also selected considering the thickness of 

the test material.  

2.2.2 15CH  Phased Array Probes – Weld bevel  

15CH Phased Array Probe is used for defects on the welding groove and heat affected zone. Common 

phased array technique is used. Pulse / echo mode, transverse wave, sweep range 35 ~ 70 degree 

sectorial scan are utilized. 

2.2.3 15CH  Phased Array Probes -Axial  

OUTSIDE OF THE INNER TANK 

OUTSIDE OF THE INNER TANK 

INSIDE 

INSIDE  
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The 15CH phased array probes collect data by setting the beam scanning direction parallel to the weld 

for transverse defect inspection. Wedge roof angle is required and pulse / echo mode, longitudinal 

wave, sweep range 50 ~ 60 degree / skew angle 10 ~ 15 degree sectorial scan is used. The element 

arrangement, sweep range and skew angle of the probe are selected according to the scan plan. 

2.2.4 Creeping Probes 

Creeping probes are used for surface and sub-surface defect inspection of base metal and welds. Use 

the 1CH pitch & catch mode and the angle is chosen to be more than 80 degrees of longitudinal wave 

in the range where creeping wave is generated. 

2.2.5 RTT (Round Trip Tandem) Probes 

The RTT probe is used to detect the longitudinal solidification cracks that can be created inside the 

weld. 1CH Pitch / Catch mode and mode conversion of longitudinal waves are used, and the angle is 

selected considering the thickness of the inspection material, the detection range, and so on. 

2.3 Fully-Auto Scanner  

Fully-auto scanner for general carbon steel inspection is attached to the inspection material by 

magnetic wheels and driven by motor. However, the magnet is prohibited to use in 9% Ni welding 

due to problems such as arc blow during the welding. Therefore, when inspecting 9% Ni steel, a guide 

line is attached to the test material by using a vacuum compression pump and the scanner moves 

along the guide line to collect data 

2.3.1 Vacuum compression unit 

Figure 2 shows a vacuum compression pump. The guide line is attached in the inspection materials 

using pads connected at a vacuum pump and the scanner is driven along the attached guide line to 

acquire the data. 

 

Figure 2: Air vacuum unit 
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2.3.2 Guide line for scanner operation 

Figure 3 shows the guide line. The guide line was designed to be bent according to the curvature of 

the LNG inner shell tank, and the vacuum pads attached to the guide line were installed at regular 

intervals to minimize the clearance caused by the inner shell tank curvature. The connection between 

the scanner and the guide line adopts a gear type to prevent slip during the vertical inspection. 

 

Figure 3: Guide line 

 

2.3.3 Scanner body 

The scanner body consists of a motor part, a gear part, an encoder, a control box and a battery. The 

motor part connected to the battery is driven to rotate the gear, and the forward / reverse steering is 

performed through the control box. The accurate position value is recorded by the encoder. (Figure 4) 

 

Figure 4: Scanner Body 
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3. Inspection of 9% Ni LNG storage inner tank welds 

3.1 Data acquisition 

The data acquisition basically is conducted using a cart with all Auto-PAUT system and 5 probes 

attached at a time (Figure 5). Ultragel was used as a couplant to prevent moisture inside the LNG tank 

and was immediately removed after inspection. It is completed with one scan from both sides of the 

weld without bead flush grinding, and different methods are used for the vertical weld and the 

horizontal weld. Vertical welds generally have an inspection length of 3.5 ~ 4m depending on the size 

of the shell, and a full inspection is carried out at once using a dedicated guide line. The vertical 

inspection is usually performed by scaffolding or welding car due to the height of inspection range. 

Horizontal weld generally have an inspection length of 10 ~ 12m depending on the size of the shell 

and is divided and inspected using a dedicated guide line. 

 

Figure 5: Probes attached at scanner body 

 

3.2 Data Analysis & Evaluation 

The interpretation of the acquisition data is done using dedicated analysis software. After the defect 

and the geometric signal are identified, the signal analyzed as the defect is evaluated according to the 

code and the report is submitted. An image of the defect data collected at the actual inspection was 

attached (Figure 6). 
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Figure 6: Detected defects using Phased Array technique 

 

 In the actual inspection, 50% of the total welds of the first shell vertical were cross checked with the 

radiographic testing (RT). The results were consistent with RT at most points, and some results were 

different. It was confirmed that the cause was the difference due to lack of fusion detection not 

detected in RT (Figure 7). 

 

Figure 7: LOF detected by Auto-UT System (Didn’t detected by RT) 

4 Conclusion 

The Auto-PAUT System has already been applied to many sites in the world for the reliability of 

LNG storage tanks using 9% Ni steel. The Auto-UT system utilizing the phased array technique 

introduced in this study can be tested without bead flush grinding, and the progress period can be 

shortened because the inspection can be carried out at the same time with the process progress 

different from RT. Furthermore, it is safe to use ultrasonic waves, and accurate and reliable data can 

be acquired using an automatic scanner. In addition, signal analysis can be performed immediately on 
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spot, which allows users to quickly report results to urgent points, and the acquired data can be 

permanently stored on an external hard disk or a computer hard disk. You can browse at any time 

using related software. And also, it has the advantages of higher POD (Probability of Detection) than 

RT, and it shows very reliable results especially in the inspection of planar defects (ex. Lack of 

sidewall fusion, Solidification crack, etc.). As a result, Auto-UT System using the phased array 

technique can be the most suitable non-destructive inspection technique having economics and 

reliability as an inspection method that can replace the RT in line with the demand of sites for the 

shortening of the process time. 
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