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Abstract : For the essential requirements of NDE for pressujeipenent, this paper
compares the Chinese Standard with the current editt®®7) of ASME Code. Combining the

production practice in enterprises in Chin presents some of technical pitfalls and remarks in

NDE routine operation. The intention is to provide sorpéions for reference about NDE

technology in connection with the international standards.
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Up to now, 260 manufacturing enterprises in China have besified by ASME and the
certified number is increasing at a rate of 11% each year. Th&EASMe is not only the statutory
basis for the design and manufacture of pressure equipmeatdartified companies, but also the
quality guideline for the Chinese products of pressurepatgit going towards the world markets.
The Chinese Industrial Standard JB 4730-2B8E of Pressure Equipmenn the term of the
four basic NDE methods, has adopted a lot of the imporequirements of ASME Code.
However, there are still certain differences betwaenstandards of China and America such as in
selection of some specific parameters and performantaeiafological procedures. Some of the
practices need to be harmonized internationally. Alkeret are some areas of confusion in
technigue and long-standing mistaken concepts exist in routipedtion.

Concerning the essential requirements of NDE for pressquipment and combining the

practice of production in enterprises in China, the autbanpared the relative clauses of the
current edition| 2007) of ASME Code and the Chinese Standard, and discussedptaigems

worthy of remark in NDE technology in order to link up with therinétional standards.

1 General requirement



There are eight NDE methods (RT, UT, MT, PT, ET, VT, LT &&) specified in ASME

Code, SectionV, with the acceptance criteria listed in the referencing volwhest design and

manufacture ( e.g. SectioPower boilers and Sectiovill Pressure vessels).
1.1NDE personnel

In China, all of the NDE Leveland Levelll personnel are qualified and certified by the

Province Administration of Quality Supervision, and the ND&vel Ill personnel are qualified

and certified by the General Administration of QuaBypervision of China. However, ASME
specifies that the NDE personnel shall be qualified aedified in accordance with the
employer’s written practice which must meet the rezmagnts of SNT-TC-1A (2001) or CP-189
or ACCP given by ASNT or ANSI. The certification work ¥fT, LT and AE personnel still
haven't begun in China.

1.2 NDE procedure

There are two types of NDE procedures specified in ASME Code. @ime general procedures,
applicable to most geometric configurations and materiatowtiered in fabrication under
normal conditions. The other is the specific proceduresaldaito special configurations and
materials under specific conditions to obtain an acceptable NIDgusdity. The NDE procedures
shall be conformed to the requirements of design and mangfaatpressure equipment and
NDE shall be performed in accordance with the writtenguioces.

ASME Code especially emphasizes the requirements of tjigardnd demonstration of NDE
procedures. In the current edition, in terms of the six metheddT, MT, PT, ET, VT and LT and
the related new techniques, ASME has opposed that thesaegevariables, established as a
single value, or range of values, must be shown in theewnittocedure. For all of those essential
variables, a change of a specified value, or range loksashall require requalification of the
effectiveness of the written procedure. But for the asestial variables, there is no such a
requirement. Both the initial qualification and requalifica of the procedure shall be certified by

the Authorized Inspector (Al).
In practice, an NDE Specific Procedure CafdSPC) is the working instruction for

implementing the general and specific procedure. Ithmmsdvantages of concision, precision and
practicality as a road sign and the essentials of routinatigeof NDE.

In order to verify whether the quantitative parametersennttitten procedure are appropriate
or not, it is necessary for the NDE Levdll to try to supervise in making a qualification block(s)

and welding specimens with flaws. Flaw nature, locatidirection, size, quantity, range and



fabricating methods should be meticulously designed in acadaith the requirements of the
Code. The successful fabrication of the qualification ook welding specimens is very
important for the effectiveness of the procedure qualifioat

1.3 Problem- area examples of NDE procedure
@ After receiving a task assignment, at first, it is not to estathiesinspection program and

the written procedure or a SPC, but in reverse omléndpect first and provide the SPC later.
Therefore, the SP€annot play a role as a guide, and the operation isaradatdized. In order to
achieve the specified quality requirement, the inspettiato be performed repeatedly, inversely

wasting a lot of time and energy.

®@ There is no sketch or drawing or diagram in the SPQrieuely words description. Or, a

map or a diagram is not clearhe structure, shape and the identification of inspected areag are no

detailed. For example, in the SPC of ultrasonic examinatfdoutt welded joints, there are no
maps showing transducer placement and sound beam path. Aeatimaple is the SPC of
magnetic examination of nozzle welded joints, being lack wk&p showing arrangement of yokes
or plods and identification of magnetized areas, or lack ofssacg descriptions.
2 Remarks about RT technique
2.1 Major parameters of equipment

Generally, the following parameters of radiation equipmmeentioned in ASME Code shall
be provided by the equipment manufacturer, and checked byDEeuser and filed as witness

data.

@ X-ray tube: Focus size, distance from focus to radiation window

® X-ray out : Exposure per unit timeC/ kgm™min® or Rm*min® (This data is very
useful to the calculation of radiation protection in threghods);

® Densitometers and step wedge comparison fimdMeasurable range, measuring
deviation and period of validity

@ Viewing facilities: Maximum brightness, adjustability, heat- remove ability éowd
noise character

® Image quality indicators (IQIl) Type, identification, material and deviation of wire

diameter.



2.2 Major requirements of equipment calibration

In accordance with ASME Code, densitometers shall be atditbrat least every 90 days
during use and step wedge comparison films shall beiegrifithin the last year. However, the
calibration period specified in Chinese standard JB 43&¥éry 6 months for densitometers and
every 2 years for step wedge comparison films. The paaticahlibration methods of
densitometers and step wedge comparison films are detail@MEACode.
2.3 Points of radiographic examination procedure

2.3.1 Choice of radiation energy

In Subsection A of ASME Code Sectidh there is only one word about the radiation energy

employed:To conform the achieved density and IQI image to the specifiedeeagits. However,

in subsection B, Article 22, SE-94, the concept of Half-valuekttéss VT or H) used for

selection of radiation energy is given. In radiographyetlieia following relation among théVT,

the thickness latitude, and the film latitude
2AX/H=10A|9E (1)

where4X = thickness difference; 4IgE = the log difference of relative exposures corresponding
to the up- and down- density limits specified in andtad. AndH may be read out from an
exposure chart
E,/ Ey= 2%/H wheredX=H if E/E;=2
2.3.2 Choice of geometric condition
Related to focus-to-film distance-)( a comparison between the maximum values of
geometric unsharpness, for different thickness ranges, specified in ASME Codé @hinese

Standard JB 4730 is shownTable 1 Obviously, the permitted values in ASME are much more

lenient than those in JB.

Table 1 A comparison between the max. valuebld, specified in ASME Code and JBstandard ~ mm

Material Thickness WASME) Uy (JB)
Class A ClassAB Class B
0.51 0.49 0.36 0.24
< 50

0.76

250 ~ 75 0.49~0.56 0.36~0.42 0.24-0.28
1.02

> 75 ~ 100 0.56~0.61 0.42~0.46 0.28-0.30

According to the basic principle of radiography, the adoptédevaf geometric unsharpness



can directly affect the minimum detectable size of cracksaterial, i.e.

d-W =4x{ (d-sird + Wcog + U ) (2
whered = crack heightW = crack width;4x = absolute thickness sensitivit§= crack form factor

( =0.65); 6 = crack angle U = unsharpnesgusuallyU=Uyg ) .

It is very important to select an appropriate valu&Jgand F when the crack sensitivity and

detectability have to be considered. So, it's suggestedtitieapermitted values of max.qU
specified in ASME Code ( Sectidf Article 2 ) should be revised based on the above reason. The

European countries have the same opinions, too.

2.3.3 Choice of IQIs
(1) Material of IQIs : When material of IQIs does not comply with the object to be examined,
two solutions are provided by ASME, i.e.

® The material of 1QI having smaller absorptive coeffitiehan the material to be
examined may be used. For example, steelJ(F&QI may be used for RT of Nickel (Rfj) or
Copper (C§3) but not for RT of Titanium (T§3) or Aluminum (ALZ]).

@ Two blocks of equal thickness, one of the production matenidlone of the 1QI material,
shall be radiographed on one film by one exposure atothiest energy level to be used for
production. The density of each image shall be between 2.@.Gndf Dig, = 1-1.15 D7, IQI
made of that IQI material may be used in radiography of tioalugtion material.

Diqi = the image density of IQI materiaD, = the image density of production material.

(2) Thicknes in 1QI selection: The weld quality in RT is evaluated in accordancehef

material thickness related to the material strengthtia@dhoice and evaluation of 1QI sensitivity
related the examination sensitivity of welded joiotsght to be based on tractual material
thickness. For the double-wall penetration single image (DWéshniques and the double-wall
penetration double image (DWDI) techniques of circumferemtiglds, the weld areas to be
examined and evaluated have an additional material tliskie ASME Code, for all of the
radiographic techniques, no matter DWSI or DWDI, evenirispecting the weld with backing
rings or strips, it is specified that the IQI seingiy shall be selected and evaluated in accordance

with the single wall thickness (Backing rings or stripmls not be considered as part of the



thickness in 1QI selection).It is reasonable. However, init)®, specified that with DWSI or
DWDI techniques, the choice and evaluation of 1QI shalin accordance with the double walls.
In this case, the practical examination sensitivittheftrue thickness to be examined will lose the
reality due to the additional thickness considered.

It is well known that there is a definite relationshigtween the IQI sensitivity and the crack
sensitivity. The empirical equation in RT is as follogvin

dw= 0.8%[1+(®/U)] (3)

where® = minimum diameter of 1QI wire (mm).

(3) Placement of IQIs Except DWSI techniques, generajlyhe IQI shall be placed on the

source side of part being examinethcluding DWDI techniques of small diameter tubes. This

requirement is relatively stressed in ASME Code. FeDSI techniques and the special single
wall single image techniques (such as panoramic reajibgr of pipeline by crawler), the 1QI on
the film side has the inherent limitation, becauserit mat truly show the effect of the change of
focus-to-film distance to sensitivity display. In thisse, usually, it is necessary to make a contrast
test in advance and then determine the wire diameter thidbehdiscerned in the radiograph.
2.4 Requirement of image quality
2.4.1 Density limitations and density variation

The density of radiograph anywhere through the area otstiespecified by ASME Code,

shall meet the following two conditions simultaneously (Sgel), i.e.

(1) Density limitations : 1.8-4.0 for X-radiographs and 2.0-4.0 fpradiographs. The

permitted deviation of density readings is + 0.05.

(2) DenSity variatio? : D; £ -15% DIQI-min D; # +30% DIQI-maX
or 0.85 DIQI-min <D =13 DIQI-maX

whereD g1 mi= the minimum density adjacent to the designated wire of a @ire |

D 101 ma= the maximum density adjacent to the designated wire.

Usually, D g1 min is the density of the weld reinforcement area adiaitethe designated wire,
andD g1 maxiS the density of the HAZ or base material area &diato the designated wire. It is
pointed out by ASME that if the density of radiographies by the values more than the above,
then an additional 1QI shall be used in the retaken radiograph.

Fehler! Es ist nicht moglich, durch die Bearbeitung von Eldfunktionen

Objekte zu erstellen.



Figure 1 Measuring location example of density of a radgraph

2.4.2 1QI sensitivity

1 DIQI- min 2. DIQI- max ; 3. I:}-min ; 4. I3-max

As mentioned above, the designated IQI sensitivity requisedSME, no matter which

radiographic exposure technique is used, shall be chosesvah@ited uniformly in accordance

with the single wall material thickness (plus the wedthforcement). However, by comparison

with ASME Code, it can be found that the specified vahfelfQ| sensitivity in JB standard are

better than the one in ASME Code by 25-56% {Ee@e.2). A characteristic may be seen in this

table that the required IQI sensitivity values, $ource side IQIfor both single wall single image

and double wall double image techniques are the same in ASME Code.

Table 2 A comparison between the IQI sensitivity values (the designateninimum diameter

of wire) specified in ASME Code and JB standard

mm

Material thickness

SWS- ( Source side 1Q)

DWSI ( Film side 1QI)

DWDI ( Source side 1Q)

ASME JB ASME JB ASME JB
(Class AB) (Class AB) (Class AB)

0.20 0.16 0.20

<6.4 0.08~0.16 0.10~0.16 0.08~0.16
0.25 0.20 0.20 0.16 0.25

>6.4~9.5 0.16~0.20
0.33 0.25 0.33

>95~12.7 0.20~0.25 0.16~0.20 0.20~0.25
0.41 0.33 0.41

>12.7~19.0 0.25~0.32 0.20~0.25 0.25~0.33
0.51 0.41 0.25 0.51

>19.0~25.4 0.32~0.40 0.32~0.40
0.64 0.51 0.64

>25.4~38.1 0.40~0.50 0.25~0.31 0.40~0.50
0.81 0.64 0.40 0.81

>38.1~50.8 0.50~0.63 0.50~0.63
1.02 0.81 1.02

>50.8~63.5 0.63~0.80 0.40~0.50
1.27 1.02 1.27
>63.5~101.6 0.63~1.00 0..5~0.8

-Single wall single image technique

2.5 Problem-area examples of RT procedure




® The densitometer is long shelved in routine work and doésome into use until the
guality review by authority. It shall be used with a film-viewligt together.
®@ The step wedge film is overdue and is still to be usetle Tmaximum

measure-permissible density on the step wedge film isr3389, but the upper limit of density is
extended arbitrarily to 4.0 or more in interpretation diggraphs. In fact the measured density is

invalid already.
® It is not to measure the density variation -15% and +BQ%he density range only, i.e.

1.8-4.0 for radiographs made with X-rays and 2.0-4.0 for radiognapkie withy-rays, or not to
measure the density in HAZ i.e. material areas but the densitgld areas only, or to be aware of

nothing about the proper position to be measured.
@ For selection of 1QI, the weld reinforcement is excluded fromsitleration. For exposure

of small diameter tubes, 1QI is used to be placed ofiiltheside of the tube. And for exposure of
welding specimens or samples, IQI is attached to thedissette for convenience, which causes

the displayed IQI sensitivity to lose reality.

3 Non-film radiographic examinations

Up till now, there are mainly three types of non-film magtaphic examination technique for

pressure equipmeén (1) Real-Time Radiography (RTR)(2) Computed Radiography (QR (3)
Digital Radiography (DR). The relevant ASME Standadsincluded in Sectiof SubsectiorA,

Article 2, Mandatory AppendiXLIlLIV,VIVIII andSubsection BArticle 22 (SE-1255, SE-1416 and

SE-1647). For more detailed recent standards, EN and ASaiiards may be referenced (such
as EN 13068:2001-1,-2,-3, EN 14784-1:2005 etc.). The performance requseoie®TR
technology in ASME Code are outlined as following.

3.1 Characteristic parameters of RTR

The typical arrangement of RTR system is showRiin2. The requirements of the system

performance specified in ASME Code are as follgwin

@ System resolutioheing calibrated with a line pair test pattern, nobtigh any additional

absorber.

@ System contrast sensitivibeing calibrated with a step wedge test block, made of 8



thicknesses representing 100%, 99%, 98% and 97% of both the thackkshinnest material
section to be inspected. Also, it may be calibrated by a contresitiggy gage given in SE-1647.

® Equivalent performance A system exhibiting a special resolution of 3 line pairs per mm,
a thin section contrast sensitivity of 3%, and a ttsektion contrast sensitivity of 2% has an
equivalent performance level of 392% - 3lp/mm.

3.2 System calibration of RTR

According to ASME Code, the system performance calibratwall be carried out in the
static mode by satisfying the line pair test patt@solution and step wedge contrast sensitivity,
and the calibration for welding sample with defects at&te shall be in the dynamic mode, being
necessary to meet the 1QI requirements as sambrasafliography. When using wire 1Qls, the
RTR system may exhibit asymmetrical sensitivity, thane it is required especially that the wire

diameter axis shall be oriented along the axis of the least sipngifithe system.

Figure 2 Typical arrangement of radioscopic examinationystem

1. Radiation souec; 2. Objed ; 3. Radiation converting deec;

4. Output signal ; 5. Image processin; 6. Television monitor

3.3 Written procedure of RTR

Especially, it is emphasized by ASME that a writteocedure, established before operation,

shall contain as a minimum the followgin
@ Image digitizing parameters — modulation transfer fun¢tiiF ) ,line pair resolution
contrast sensitivity and dynamic rarey; @ Image display parameters — format, contrast , and

magnification ; ® Image processing parameters— noise reduction through imeggation or



average, contrast enhancement ef® Image storage— identification, data compression, media

(optical disk or magnetic di¥land precautions to avoid data 1gs® Analog output formats.

3.4 Quantitative equation of RTR

The essential geometric parameters controlling thetsgtysand resolution of RTR imaging

are the followig :
@® Geometric magnificatiortM = F/ f; @ Geometric unsharpnesdy=d(F-f)/f or U,
=d (M-1) ; ® Total geometric unsharpnest); = (US+ U)"?; @ System resolution RP=1

/Uy ; ® Optimum magnification Moy= 1+ (U/ d)>.

3.5 Problem-area examples of RTR procedure

@ For system performance, operators can only use wiretd(@valuate sensitivity, being

familiar neither with evaluation of the system resiolu by a line pair test pattern, nor with
evaluation of the system contrast sensitivity by a stegge block or a special contrast sensitivity

gage.
@ It is not clear how defect image locations displayedhenrhonitor screen correspond to

the practical locations (such as in inspection of suli@ineter tubes), therefore, it brings some

troubles to repair the defect accurately.

® Both the RTR procedure card and the RTR examination regeriack of complete or
proper items or forms in compliance with the relevant standard..

® Usually, the RTR operators have never received a apéeining about radioscopic

examination, being lack of necessary systematic knowledge anthedizing technical skills.

4 New trend of new RT technology

X-ray sensitive detectors are continually being replaceddw ones such as amorphous

silicor{ a-Si), cmos line arraycmos mini flat-panel detectors etc. The new detectors canliee in

of the usual image intensifier in X-ray real —timdicgscopic (RTR) system for inspecting welds.

Experimental results have shown that a suitable neectigtcan achieve better IQI sensitivity

10



and space resolution than an image intensifier. A casgaof image resolution of the different

X-ray sensitive detectors is presentedigure 3.

B Line pairsimm
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magnification

]

Image
Intensifier
CCD
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CMOS Line
Armray
CMOS Mini
Flat Panel

Figure 3 Image resolution of different X-ray sensitie detectors

5 Conclusion

In the above statement, mainly in connection with the remaings of one the conventional
NDE methods — radiographic examinatifor pressure equipment specified in ASME Code,
some problem areas and items of attention in routine esdiomn are pointed out, by contrast to
those technical parameters given in the Chinese sthradal with consideration of industrial
production practices.

In this economic globalization era, NDE technology, coriegrthe product quality of high
parameters and high performance and the service reljabflitproducts, has to realize the
connection with the international standards in order todaptad to the high level of industrial
development. To make the Chinese pressure equipment takdade on the world market,
implementation of ASME Standards is the important channel.

To choose and calibrate NDE requirements, to estaatishimplement NDE procedure,
especially of special objects and with special technigaed,to make and verify calibration
blocks and welding samples of RTR, all of these need tiabed on the relevant requirements of
design and manufacture, or in accordance with the intenadtstandards. In the field of RT, UT
and other NDE methods for pressure equipment, great ebaptated to computers have taken
place. New technologies such as CR and DR have entereecnt edition of ASME Code. Both

of our old and young generations are facing the critical challenge.
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