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In manufacturing welded metal products such as pressure vessel, etc., examinations/inspections
are carried out as a means for quality control and quality assurance, one of the essential
items of which will include “Non-destructive examination/non-destructive inspection”. The
judgement criteria for non-destructive inspection, used for evaluation of quality for the pur-
pose of quality control and quality assurance, will indicate the control limit for quality control.
As to the weld, for instance, the non-destructive inspection conducted at the time of manu-
facturing will not be intended to detect a failure for repair, but to evaluate the quality of
weld through the defects detected for control of welding execution so that the weld quality

can be controlled properly.

There is another non-destructive inspection which is conducted after starting the operation
for evaluation of life, however, the considerations will be made in this paper on the “Non-
destructive examination/non-destructive inspection” from the stand point of a pressure vessel

manufacturer.
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Table 1 Current regulations for pressure vessel in each country

National regulations Regulation Supervision
1es i i
T Nemes | Speef | DU | reponaible o] Spimiion
: execution g8
Germany | Dampfkessel | Boiler Technische T.U.V. Drawings
Bestimungen Uberwachungs need to be
(W.U.B) Vereine submitted to
AD Merk- | tofired (T.0.v) T.U.V. for
bldtter pressure vessel Technical approval prior
inspection to installation.
union
England Lloyd's rules | Boiler and Lioyd’s Lloyd's Drawings
unfired register of register of need to be
pressure vessell shipping shipping submitted for
approval prior
to installation.
British Boiler British None Drawings are
standard Welded Standard approved by
B.S.1, 113 pressure vessel| Institution purchaser of
B.S.1, 500 Welded boiler or pre-
B.S.1. 515 pressure vessel ssure vessel.
U.S.A. |A.S.M.E. | Boiler and American Inspection Drawings need
code (Standard | pressure vessel| machine iustitute in not to be
of American association state or city submltted.to
state or city,
Machine employing but reviewed
Association) standard by authorized
(*1) inspector.
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BE, BERECDOWTELUWEENRED DN TS,
MOHEZRES  OETRASNTE D, bIEOE
TRBEERB S COFRIC X 5T Bo (QDH % A
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Table 2 Strength calculation formula/allowable stress of shell, and efficiency
of welded joint in each country (in case internal pressure is spplied
under normal temperature)

TSI KUBBMFOE  (BiR

Calculation formula

Allowable stress (oa)

Countries Gede names used for calculation Tensil% Yield
IR D PR 5 L3I, 1 DA . . strengt point
?Tb—i_ﬁ BEERET % N % E of shell thickness standard standard
Wa&Elhnwd 5 —EORIMEEEL LT Lk
- Germny Werkstoff nud .
BEe Z DB EXENFRCONTORE Banvor-schriften| —~E2L 2/3
R D, BRI R R LD, HEOT ot 200 oar—P ,
fE, ReEBh OEBEXFELTH5b, 1 AD Morkbac
T AT 11 B DR R R ORI BRI A 7 - _PDi 23
3 (Pressure vessel) 200 a7
- ; - 2 N
b 0)%%%%%?;%@ s f’;ﬁﬁﬁﬁ%’ﬁﬁm England Lloyd’s standard I PDi .
jjbi% 2 %KZR?E D TZ‘D ‘9 s k@ 2 ié D @% (Boiler) 200 G—a;]‘_i_o'os n. 1/4
XFMH B ;
(1) BEEHCEBRAEHEL, BAEES Lloyd's standard | _PDi_ 4 o5 1/4
@ I?u;;ﬁ 0% ;’L‘\&i%fﬁ " @;/ ) A ;; é (Pressure vessel)| 200 cay ’
4 flol IS 3 -
N B.S. d i
% Bo ) ~ Bfi?g;w ﬁﬁ%ﬁ—? 174
@) EKENC X BRSO D, TG , _
RIS, BROTECREEZCL - T4 ‘15A~-A%%E- %&E¥%fﬁ » :
CARIEN, EBRIZE ~ 7EH% LIRH e on L(Boilen)| +0.1 D) A
L, ESBEsEE L UHAEREZED 5o : i
BARAMTEBE RAL, (RAZSH— Section-IIT oD
= o = - = (Pressure vessel) 200 san—13 P 1/4
BAEIR) HIEHWE LEEL, CHEF D say—1.
BEHETCRE 2 b0 COFEIRLD L -
%m?%fgﬁ@%% BHES Magnetic particle test; Dye penetrant test i %gﬁgggf‘%‘é;ﬁc
7l ) 4
= BT SE S ‘Adhesion of magnetic . . . Electromagnetic in-
i, RRHEHARO L Principle particle to defective f’enetratlon of hquxd! ducti(r)n and change
® lleak field | o gap i in leak current
Table 3 Ferromagnetic !
Comparison of magnetic ! metals O ' O O
P Intended | Metals .y - - - e
particle test/Dye pene- ] | on-magnetic % O O
materials 1 metals
trant test/Electromagne -
tic induction test Non-metal materials X O X
Surface Opening ) ©) ©
Intended | defects : T T
defects Non-opening © | X B ©
Under-surface defect O X @)
Defect Length O o O A
g;iect data Crack depth A A O
Discrimination of defect
type O O A

Notes: ©...... Increased detection sensitivity
Oneeeen Applicable
FANTIION Difficult at present
X venens Impossible
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Test procedures

Radiographic test ’

Ultrasonic flaw test

HERRBRR L B - lgllt)irect r?diggral?hic mfe‘tlhocé) (Pulse reflection method)
= 3 1rierence 1n mSltY on 1ilm aue . .
BREBRD Ht Princiol to difference in radiation quantity Reflection of ultrasonic wave due
’é’:e 4 .y rincipie between sound part and defective | to defect
mparison of radiogra- part
phic test/Ultrasonic flaw Volume defect O O
test Intended O (Having depth to irradiation | © (Having vertical extension in
defects Plane defect direction) ultrasonic wave)
¢ deiec A (Having inclination to irradia- | O (Having inclination against
tion direction) ultrasonic wave)
A (Flaw test from multiple dire-
Type © ctions)
© (Volnme defect)
Defect Length | 5 (Plane defect) ©
. . | Dimensions /A (Method to change irradiation
information Height direction/Method by difference O
i111v1 density) i _
Position (Depth) A gir ;tt};gg)to change irradiation o
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able 5 OQutline of the nondestructive testing of welded joints in each standard

ivision of NDE

Structural standard of
pressure vessels

Inspection regulation on
specific equipment

JIS B8243

ASME sec. VIII, div. 1

(1) Welded joint for (1) Butt-welded joint for (1) Welded joint for vessel | (1) All butt-welds for shell
pressure vessel which poisening gas equipment to keep fatal dosage and end plate of vessel
L. requires air-tightness (2) Longitudinal /Circumfere| (2) Welded joint for carbon to keep fatal dosage.
Objective to keep harmful ntial joint for multilayer steel shell, end plate, | (2) Butt-welds for shell and
of 100 % substance shell etc. of which thickness end plate of vessel of
RT (2) Welded joint for carbon exceeds 38 mm which thickness exceeds
steel shell, end plate, 38 mm
etc, of which thickness
exceeds 38 mm
T
(20 %) (20°%) (20 %) (One pc. for every 15 m,
Welded joint similar to Butt welded joint to which | Same as specific equipment | 150 mm : min.)
o longitudinal /Circumferential| 100 % RT is not required, Same as specific
Objective | joint other than 100 % except for the following equipment
of partial | Rt (Excluding carbon steel | welds
RT welded joint of below (1) Joint designed not to
9 mm, designated by the be subjected to RT
director of the standard (2) Weld to be applied with
bureau) external pressure only
No regulation (1) Longitudinal/ (1) Joint which (1) Where satisfactory RT
Circumferential joint requires 100 % RT but result is not assured,
for carbon steel vessel of wfich 100 % RT is RT may be used in
of which thickness is hard to apply substitute for UT.
JT Objective more than 75 mm (2) Weld which is proved | (2) Welds of ferrite
of UT (2) Longitudinal/ to require RT, depen- executed by electro-slag
Circumferential joint for| ding upon material, welding, electro-beam
low alloy steel vessel inspection, structure, welding
of which thickness is use condition, etc.
i more than 50 mm
(1) Aluminum, aluminum (1) Weld or jig trace of (1) Welds of vessel with (1) Corner weld of flat
alloy and titanium materiali specified in its permissible tensile plate of which thickness
welds where RT is not JIS G3115, G3120, stress designed to yield exceeds 1/2” (Before
applicable (3126, G3127 and other point or value 0.5 times and after welding)
equivalent materials of 0.2 % resistance in | (2) All welds around open-
(2) Weld or jig trace of accordance with JIS ing, and of mounting
AT/ | Objectives high-tension steel, steel G3115, G3116 or equipment to be
! for low-temp. use or equivalent subjected to barometric
PT |of MT/PT low alloy steel (2) Accessories (Opening, pressure test
(3) Welds of vessel which reinforcing material) (Throat thickness of
requires 100 %RT, to fitting welds for over 1/4”)
which opening, pressure vesse! which (8) All welds of high
reinforcing, material, requires 100 % RT. tension steel, and after
pipe stand, etc. are removing tack welding
mounted
Remarks: RT...... Radiographic testing UT...... Ultrasonic testing
MT...... Magnetic particle testing PT...... Penetrant testing
) R 7 v ¥ —FH#EH Vol. 31 No. 2 (1987/7)
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Table 6 Kinds/Qualification contents of domectic authorized NDT engineers

Special grade Grade-1

Grade-2 Grade-3

Special grade non-destructive
test engineer engineer
neer

test engineer

Grade-1 radiographic test
Grade-1 ultrasonic test engi-

Grade-1 magnetic particle

Radiographing engineer
ultrasonic thickness
measurement engineer
Inter-pole type magnetic
particle flaw test engineer
solvent removal dye

Grade-2 radiographic test
engineer

Grade-2 ultrasonic test engi-
neer

Grade-2 magnetic particle
test engineer

NDI Grade-1 dye penetrant test Grade-2 dye penetrant test penetrant test engineer
engineer engineer
Grade-1 electro-magnetic Grade-2 electro-magnetic
induction test engineer induction test engineer
Grade-1 torsion measurement | Grade-2 torsion measurement
engineer engineer
CIW Senior inspection engineer t Senior test engineer ’ Junior test engineer

(Pressure vessels) ¢ Division 2 (Alternative rules
for pressure vessels) T 5o

I1SO (Bt oT Cll (FBILENEES)
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<, BT, ISHIBW & IERIB OIS, BB TIED
SEEEHNEETIE, EAREE WL Or0HEI ST
CRMECHESBHATH I LRFY R L EELBND,
3 REFEFRCRIIEWERE
3.1 FEBEHREOHER

JERbEREL [XRiEoBH] [EBREE T RBIEND
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REEOBMBICIZE L LT RBHO RfpE AR &+ 55%k
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CHE L hs s L Qi EERAR, BERERR, BE#
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AUTELWHEY TTBERS D, £z, B0,
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FEIND &L 5 icthsrfy7nss 3 BB X BBREREL T
ERBELTIHEEE, KED ASME cfEXhd L)
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structive Testing) L X > TRENTWB A FF 4 ¥
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er (JIS Z3104) penetrameter (DIN) Hole type penetrameter (ASTM) meter (BS)

£ GHE (BRERD o8S

e 7 Kind of image quality indicator (Penetrameter)

Shape Standard/Code Material
Steel, Aluminum,
Jis Stainless steel
dle type DIN Steel, Copper, Aluminum
BS Steel, Copper, Aluminum
ASTM Steel, Copper alloy etc.
le type MIL
. Ministry of international
te type) itrade & industry depart-
imental ordiance No. 81
:/Step- BS
e type AFNOR
-er/Notch ] GOST

WTRZ0Eh,s () BARBERLBRERERERE
BIHC IW) BHEWE S8701 [AEfaywEnsk
EEORNENEE | TESWTE6EDNL HTHE
Wi 3DOEHTT, HiNEOEEEABEL TS,

2 ASME ki) 5 EHEBEHE

R, fiz ASME mfRZEEINh5 40Tk ASNT
ierican Society for Nondestructive Testing) »
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il LTI WE LT w5,

NDTv~w]

NDT v~ ] REBRFREBORE, R, 8
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Fig. 5 Hole/Step-wedge type penetrameter (AFNOR)
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Fig. 7 Corresponding to ASTM type penetrameter and JIS type
penetrameter
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TEES7BRERD 7 4 VL5, BEREONIBIREEE
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LTZDFRERO BEE T 5 dic GEiHE AW
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V, BaEo#FR oKL 5E s (Image quality indica-
tor) LA T WD ZIUEBREFIOBIEI AT B R
MEDSDDOBIETHHHDL D EEEEAB I LW
HIE, TIWEEDI.Q. I :EEL-LDTH b, -
THBREFIRELHEIN - BOBRTYHETH LT OLDE
2 TBLDLERS B,

3.4.1 BER (BRER 0B zoBE
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Y EFCERT 5. KEOHBICR W CEBESTRAI
EE32.0 %ABEHEL LT3,

FABEE AL =2 100 % &)

ASTM B O BBERT TIRRED 2 508 QT) #F7
DHAEEL LT, BREFNRENBRO1 % DEA%
1 %1-2T), 2 %DBEE&% 2 %(2-2T), 4 %DES
w4 %BU—2T)EEELT WS, & LA R AT
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Si_/N:
Se N2 @
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Fig. 8 Shape of step-wedge
gauge (JIS Z3105)
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Fig. 9 Relations hole image diameter of hole/Plate type
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CHRT 20 THDe ied 2 2 % Q2-2T)DE &
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8 &= ASTM E-165-7 IC & 2 BRI & BUGIRE

ble 8 Penetration time/Development time in accordance with ASTM E-165

Penetrants for all methods
Materials Types Type of defects Penctration | Development
time time
uminum, Magnesium, ITron steel, vthéxi(giig-castmg ggllcll—st};gg,s)PorOSIty » Melting failure, Crack 5 min. 7 min.
ass/Bronze, Titanium/Heat
sistant alloys %’;g;lgcznprﬁ tli:,e Lap, Crack (All types) .10 min. 7 min.
ol with carbide tip Melting failure, Porosity, Crack 5 min. 7 min.
astic All types Crack 5 min. 7 min.
ass All types Crack 5 min. 7 min.
ramic All types Crack 5 min. 7 min.
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