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Abstract

Japanese Industrial Standard (JIS) Z 2342 was revised significantly in 2002.  The original
standard was enacted in 1991 with the title, "Method for acoustic emission testing of pressure
vessels during pressure test".  The title was also changed, based on NDIS2412 “Acoustic Emis-
sion Testing of Spherical Pressure Vessel Made of High Tensile Strength Steel and Classification
of Test Results”, which was enacted in 1980.  This paper reports the new concept and the con-
tents of the amendment.
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1. Introduction

Japanese Industrial Standard (JIS) Z 2342-91 "Method for acoustic emission testing of pres-
sure vessels during pressure test" is a standard enacted in 1991 based on NDIS 2409-79 of the
Japanese Society for Non-Destructive Inspection (JSNDI). After ten years, remarkable improve-
ment was made in the performance of AE equipment and the analysis technique.  Moreover, the
domestic maintenance specifications based on defective permission of a structure have been de-
regulated with the changing needs of the Japanese society.  Establishment of the nondestructive
inspection whose cost can be reduced while maintaining dependability was called for, thus
changing the environment of AE examination.  The revision of JIS Z 2342 was conducted in
2002 in response to this change.  In the present revision the method of classification of AE test
results was enlarged and the quantitative classification method based on the empirical rule,
which can evaluate the structural integrity of the vessels during pressure test, was introduced as a
new concept of the new AE standard.

2. Background of the Revision

When creating the JIS draft proposal of 1991 edition, there was NDIS 2412-80 (Acoustic
Emission Testing of Spherical Pressure Vessel Made of High Tensile Strength Steel and Classifi-
cation of Test results), which JSNDI had enacted in 1980 as a domestic standard.  NDIS2412 in-
cluded important new approach embodying the classification of test results by a cumulative AE
energy value based on cluster location processing (as it is known today), and the cumulative AE
events behavior pattern. These were not in any of various foreign standards at that time (1,2).  In
1991, it was proposed to draft a JIS based on this NDIS 2412-80 at the outset.  However, with
the technical problems of those days, the objection arose as to the validity of large-scale equip-
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ment for measurements and the signal analysis of AE. Thus, opinions were divided in the com-
mittee with respect to the classification algorithm.  Consequently, JIS Z 2342-91, was enacted for
the purpose of specifying the AE testing methods in common with ASME and/or ASTM stan-
dards without including the advanced contents of the classification scheme (3-8).

In this revision, since the analysis of large-scale AE dataset and the use of complicated pa-
rameters for the classification has become feasible by the miniaturization of AE equipment sys-
tem, improvement in the data acquisition and analysis speed, and increasing of memory size,  AE
engineers have reached a new understanding of the still valid points of the classification algo-
rithm of NDIS 2412-80. This is aided by experience from the actual results gained in Japan for
the past 20+ years. Therefore, in the revised standard, AE testing and the latest techniques of AE
analysis are adopted, incorporating the classification method of AE test results, originally used in
NDIS 2412-80. The standard title is also modified to reflect this change as " Method for acoustic
emission testing of pressure vessels during pressure tests and classification of test results".  Ad-
ditionally, substantial contents have been added in the new standard.

3. Contents of JIS Z 2342-02

This standard consists of the following items.

1. Scope
2. Referenced Documents
3. Terminology
4. Test Preparations

4.1 Preliminary Survey
4.1.1 Materials Characteristics and Weld Characteristics of Vessel
4.1.2 Configuration of Vessel
4.1.3 Pressurization Hysteresis of Vessel
4.1.4 Pressurization Schedule and Pressurization Conditions
4.1.5 Cure of Noise Situation
4.1.6 Others Requirement

4.2 Testing Equipment
4.2.1 AE Sensor
4.2.2 AE Equipment
4.2.3 Simulated AE Source
4.2.4 Continuation Record of Pressure

4.3 Calibration of AE Equipment
4.3.1 AE Sensor Mounting
4.3.2 Calibration

4.4 AE Propagation Characteristics of vessel
4.4.1 Wave Velocity
4.4.2 Attenuation
4.4.3 Source Characteristics of AE

4.5 Sensor Spacing and Location
4.6 Safety

5. Test Procedure
5.1 Sensor Coupling and Circuit Continuity Verification
5.2 Background Noise Check
5.3 Adjustment of AE Threshold Value   
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5.4 Loading Sequence

a) Pre-load

b) Loading Speed

c) Pressurization method

d) Stop of pressurization

5.5 AE Measurement

5.6 Pressure Measurement

6. Classification of Test Result

6.1 Source Location based analysis

6.1.1 Arrival Time Differential source Location

6.1.2 Calculation of Relative AE Energy Value

6.1.3 Grouping by Cluster Location

6.1.4 Overall AE Evaluation value

6.1.4.1 Type of Group

6.1.4.2 Class of Group

6.1.4.3 Overall AE Evaluation of Group

6.1.4.4 Output Message

6.2 Zone Location based analysis

6.2.1 Zone Location

6.2.2 AE Energy Value

6.2.3 Overall AE Evaluation value

6.2.3.1 Type of Group

6.2.3.2 Class of Group

6.2.3.3 Overall AE Evaluation of Group

6.2.3.4 Output Message

7. Report

4. Outline of JIS Z 2342-02

Scope

This practice covers AE examination of metal pressurized vessels and tanks under pressure

or vacuum to determine structural integrity.  Moreover, this practice can be applied to the exami-

nation performed at the time of periodical inspections without limiting to the examination at the

time of product startup. Furthermore, this specification is applicable also online monitoring by

AE.  The scope of the method of AE examination and the classification of test results specified

by this specification is fundamentally applicable not only to metal but also FRP vessels during

the proof tests and pneumatic tests.  However, by this practice, the scope was specified as a metal

container and its pipeline.

AE Sensor

There was no specification about the characteristics of AE sensors to be used in the old

documentation.  It is covered in NDIS 2109-91 of JSNDI as “Method for absolute calibration of

acoustic emission transducers by reciprocity technique”, which was published after establish-

ment of the old documentation.  Following this, "NDT Acoustic emission inspection- Secondary

calibration of acoustic emission sensors" was published as ISO 12714-99 in 1999.  Usually sen-

sitivity of AE sensor was calibrated by one of the methods in these documents at present.  There-

fore, the present revision prescribed the sensitivity and the frequency band of the AE sensor to be

used.  Since the calibration result of AE sensor by ISO 12714-99 is almost the same as that of

NDIS 2109-91, the revised Standard specified to require the absolute sensitivity by the Rayleigh
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wave calibration since it is common to both of them (9,10).

Basic Concept of Classification Method

The classification method of a large-scale structure is aimed to evaluate the crack propaga-

tion locally by the stress concentration as a dangerous defect.  From several tens of examples of

AE inspection during loading of the large-scale pressurized vessels, the following correlation are

confirmed between the states of AE and generating defects.

(1) The possibility of defect existence is high when many burst-type AE signals are generated

and their locations are concentrated.

(2) Generally the instability of defect is judged from the following,

  a) It is unstable when there are many burst-type AE events.

  b) It is unstable when the amount of released AE energy from the defect is large.

  c) It is related to the trend pattern of burst-type AE being generated.  The increasing trend dur-

ing high-pressure application indicates more instability than of the similar pattern at low pres-

sure.

The structural integrity of pressure vessels is evaluated by combining all the burst-type AE

phenomena generated from the defective part as a cluster or zone, as shown in Fig. 1.  At first,

each locally located AE event is combined as a single cluster.  Next, “Type” is characterized by

an active pattern of AE events in each cluster.  “Class” is defined from the activity of each clus-

ter characterized by the combination of a cumulative AE event counts value and a cumulative

AE energy value.  Furthermore, “Rank”, which means the evaluated classification of the defect,

is obtained by the combination of “Type” and “Class”.

This evaluation can be conducted on-line in real time for every generated AE event by using

the algorithm shown later about the cluster, to which the AE event belongs. In an emergency, it

can output an alarm signal using the algorithm.   

Fig. 1 Evaluation flow chart of JIS Z 2342-2002.
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Classification Algorithm (Type, Class and Rank)

It is necessary to conduct the clustering of located events.  There are the source location

method and zone location method in clustering.  Both types of location methods can be used in

this practice.

Source Location based analysis

(1) Clustering

A located AE event identified by source location belongs to one cluster.  A typical cluster’s

length R is 5 to 10% of the maximum AE sensor spacing.  When an AE event  is identified at

position P1, cluster A of the radius R centering on P1 is formed.   Next, if an AE event  is identi-

fied at position P2, which is in the circle of the radius R of cluster A, the AE event  belongs to

cluster A.  On the other hand, if it is out of the circle of cluster A, the cluster B of the radius R

centering on the position of located P2 will newly be formed. Thus, every located AE events be-

long to clusters.

(2) “Type” of Cluster

“Type” of cluster is characterized by the combination of cumulative AE event counts N and

cumulative AE energy value E.  AE energy used here is defined as relative energy.  The relative

energy is an energy value converted into the generating location of the AE source, and is the

value, by which the attenuation by wave propagation distance was corrected.  That is, when the

peak amplitude Vp
1
 is detected as the first arrival AE signal at AE sensor position L1 and distance

r with the source position L0 of the located event, the relative energy EAE
R
 will be calculated by

the following equation.

EAE
R
 =(Vp

1
)

2
/( E x r )  (1)

where E is the attenuation value of AE energy.

(3) “Case” of Cluster

The cluster is classified into one of the following four types, I to IV, according to correlation

with cumulative AE energy value E of a cluster, and the present pressure level Pi.

Type I is a type of AE generated throughout various loading levels; AE is sparsely de-

tected over all processes and there is no intensive generation.

Type II is low or intermediate intensive type; AE is detected at low pressure or medium

pressure and the generation stops or decreases rapidly in high-pressure region.

Type III is a rapid increase with high-pressure process. AE increases substantially at high

pressure.

Type VI is a frequent occurrence type, and AE is detected frequently throughout the pres-

surization.

The classification of the type I to VI is performed by the following algorithm.  Figure 2

shows a relationship between the cumulative AE energy value E and the applied pressure level

P.  At first, the present pressure value Pi is equally divided into five sections as evaluation pres-

sure.  Then, the difference of the cumulative AE energy E of the each evaluation pressure

section is obtained as E1 to E5.  P0 is the pressure at the start of evaluation, E0 is the refer-

ence AE energy value for evaluation and is the cumulative AE energy value of Type II and III. El

is the cumulative energy value for the Type VI.
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Fig. 2 Classification of “Type” of cluster and/or zone.

E = E1+ E2+ E3+ E4+ E5 (2)

Type IV :  all of E >= El (3)

Type III :  ( E4+ E5)/ E >= 70% and E >= E0 (4)

Type II :  ( E2+ E3+ E4)/ E >= 70% and E >= E0 (5)

Type II :  ( E1+ E2)/ E >= 70% and E >= E0 (6)

Type I :  when it is not above any, either (7)

 (4) “Class” of Cluster

Clusters are classified into the following class, first to fourth, using the classification diagram

of cumulative AE event count N of a cluster, and cumulative AE energy value E.  The basic

judging diagram is shown in Fig. 3.  Note that a user judges and determines classification value

of each N and E. Class is judged by correlation of the number of cumulative AE events of each

cluster location or the number of cumulative AE events of each zone location, and cumulative

AE energy value after the start of measurement.  Since the judgment levels N1, N2, N3, E1, E2, and

E3 in a classification diagram depend on the condition of cluster location, such as base metal and

weld line, these values or ranking are set up based on the prior results by fracture test of speci-

mens and/or AE proof test.

The first class corresponds to the case that depends on a small defect or noise. The second

class corresponds to a stable defect or a small defect.  The third class corresponds to the tendency

of a propagating defect.  The fourth class corresponds to the continuous defect propagation under

pressure.
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Fig. 3. Classification method of “Class” of cluster and/or zone.

(5) “Rank” of Cluster by overall evaluation

The Rank of cluster from  to D is characterized by the Type-m and Class-n as shown in Ta

ble 1.  Since the Rank changes with location characteristics such as base metal and weld line,

Table 1 Ranking table of overall evaluation value.

*Classified as Rank A and B in overall AE evaluation values shall be confirmed for possible flaws by other

NDT methods. The AE groups ranked as C and D are not required to be further confirmed for possible flaws.

the matrix of Table 1 is set up based on the prior results by fracture test of specimens and/or AE

proof test.

Zone Location based analysis

(1) Clustering

     Located AE event carried out by zone location belongs to one of clusters.

 (2) “Type” of Cluster

     Type of cluster is characterized by combination of cumulative AE event counts N and cu-

mulative AE energy value E.  The AE energy used here is defined as AE energy value at sensor

position.
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(3) “Case” of Cluster

     The Case of cluster is the same as that of the case of the source location based analysis.

 (4) “Class” of Cluster

     The “Class” of cluster is the same as that of the case of the source location based analysis.

 (5) “Rank” of Cluster by overall evaluation

    The “Rank” of Cluster by overall evaluation is the same as that of the case of the source lo-

cation based analysis.

Output Message

Output message is given while performing the evaluation of AE classification of the cluster

during testing.  It provides five levels of output massages according to the change of a rank.

When the Rank A continues and P interval is shorter than critical setting-pressure Pc, alarm

massage of “Danger” is sent.  If the Ranks B, C, and D turn into Rank A for the first time and

although Rank A continued when the applied pressure rate is low, alarm massage of “Warning” is

sent.

5. Conclusion

In this significant revision of JIS Z 2342 in 2002, the analysis of complicated AE parameters

is adopted for the classification of AE signals detected. The title was also revised to “Method for

acoustic emission testing of pressure vessels during pressure tests and classification of test re-

sults”.  This is made possible with the miniaturization of AE equipment system, improvement in

the data acquisition and analysis speed, and increase of memory size.  We have recognized the

advantages of the classification algorithm of NDIS 2412-80 from the actual AE testing results

accumulated in Japan for over 20 years.  In revising this standard that was enacted in 1991, the

latest AE testing and analysis techniques are adopted, and the classification method of the test

results is incorporated.  Starting from clustering, an observed set of AE signals are classified into

Types I to IV and Classes 1 to 4, which lead to the classification or Rank A to D, with Rank A

indicating imminent danger. Cumulative event counts and AE energy are the parameters of im-

portance in this scheme.
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