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R 4R 2
SOP of UT (Ultrasonic Testing)

1 HE
1 Purpose
SRR 75 R N DL RS SR IRAL 1 S E VAR Y, B DR 75 R O 4 R e P . FF Sk
To help UT operators master the operation procedures and guarantee the accuracy and conformity of UT results.
2 Juf
2 Scope of Application
& T F A 28806 BR 22 L BRI A A 3& AT PXUT-240B,PXUT-320C 445 A B fhjrt S o
PRI o
Applicable to UT of forged flanges and pieces made by the Company, as well as Type A pulse reflection ultrasonic

fault detector, such as PXUT-240B and PXUT-320C.

3 5l HIbRHE
3 Normative References

NB/T47013.3 7&K [k B & othaill - 25 3 &7 A el

NB/T47013.3 Nondestructive Testing of Pressure Equipments - Part 3: Ultrasonic Testing

EN10228-3 AT eE 3 0 BRIl 1 IR AN R 75 B A

EN10228-3 Non-destructive Testing of Steel Forgings - Part 3: Ultrasonic Testing of Ferritic or Martensitic Steel
Forgings

BS EN10228-4 AN LAl 55 4 #8735 FQAAHA A B FQAAAA- Bk 3 P AN B 40 BB 1B P e e 6

BS EN10228-4 Non-destructive Testing of Steel Forgings — Part 4: Austenitic Steel: Ultrasonic Testing of Ferritic
Stainless Steel Forgings

BS EN473 Jofihs IS 3 N 52 (10 B 2 AIAAIE—— — AL

BS EN473 Qualification and Certification of NDT Personnel- General Principles

ASTM A388/A388M KR8 i 7 Ao Ml b

ASTM A388/A388M Ultrasonic Testing Standard of Large Steel Forgings
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ASTM A745/ATASM B R AAR 1B 75 Ao 6
ASTM A745/A745M Ultrasonic Examination of Austenitic Steel Forgings
T W T AL S AN ER NI, R R AR D AR R R, (HRR R 05 N ST BN -
Note: The testing standards designated by customer should be prioritized in testing and acceptance once such
standards are confirmed and accepted by the testing personnel.
4 RiERIE X
4  Terms and Definitions
GB/T12604.1 #1 NB/T47013.1 55 HJ LA L R SIAREAE Lo
Those defined in GB/T12604.1 and NB/T47013.1 and the following terms and definitions:
4.1 JKPP#{LE BG/BF
4.1 Decrease of bottom wave BG/BF
ARSI, 72 FEUTWRIE A A 58 4 X 35k A 56— VR T (9 0 BG T e DX 38k Py 1) 38— U 1 [ 5 i BF
ke, F dBfERER.
The ratio between the first bottom wave amplitude BG in intact area close to defect and the first bottom wave
amplitude BF in defective area when testing the forged piece, represented by dB.
4.2 TARIX BRI
4.2 Defect of dense area
WA, £ ERBEEMA LA T S0mm ARVEHE N FNA 5 A5 A LLERISRIEROHE S, BUE1E
50mm*50mm [ I _E R AR [F) — RV FEL N A 5 AR5 AN BLERYBRBE S5 5, SO a8 R T2 — e
S HAR R
There are 5 or more defective reflection signals in the 50mm acoustic distance range on the display scanning line,
or there are 5 or more defective reflection signals in the same depth range on the testing surface sized 50mm*50mm
when testing the forged piece. The reflection amplitude is higher than the empty diameter defect of specific equivalent.
4.3 FeERGUE
4.3 Reference sensitivity
RN TR N T S5 [ i B e A1 T [ 5 v 52 ) 468 280 B — L R IS 0 R .

Adjust the echo height of artificial reflector of reference block or bottom echo height of workpiece under test to the
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sensitivity of certain benchmark.
4.4 B REE
4.4 Scanning sensitivity

FEFEHE R B A FEA b, ARYEFRICIRD S A ISR R SRS R A5 2 fg v dB 0 (B 28D BEAT LRt il
H R

On basis of reference sensitivity, increase the dB (gain) properly to the actual testing sensitivity based on the
surface condition, defect testing requirements and probe type.
4.5 BRI E S
4.5 Defect height

SRR LE AR BE 7 1 B RS

Dimensions of defect at the direction of workpiece thickness
4.6 [P E A PIE
4.6 Echo dynamic waveform

R Bl 8 5 R N SRR S S AR [ B IR M AR A B R0 48 42

The envelope line between probe movement distance and echo amplitude change of defective reflector
4.7 TAFERE
4.7 Workpiece thickness

BB A AL 7 1] J5
The thickness at the testing direction of forged piece

5 Nf:
5 Testing personnel:

5.1 P A N A N BA TR B AES, Rt B R, JFxh 4Rk i M ERA 1 7 Tt .

5.1 UT personnel should hold Class Il or Il qualification certificates, issue the test report and bear liabilities for the
correctness of report.

5.2 AR AN BA —E AR B iE 2 R SRR SN B AT T AR, N BB
TAFRIR G LR RS B Ak, e Rl v RS e A REAR LR Ay IR AN AR 2E

5.2 UT personnel should have the basic knowledge about metal materials, equipment manufacturing, installation,
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welding and thermal treatment, master the material, dimensions and acoustic transmission property of workpiece under
test, and be capable of analyzing, judging and handling the issues in test.
6 RIS
6 UT Instruments
6.1 FR{
6.1 Flaw detector
ROTACRIRT & 9 A kb SO ARG, e B I SR E, HAER RO A -
Type A pulse reflection detector used should be within valid period and pass the inspection of specific testing
institute.
6.2 ik
6.2 Probe
6.2.1 H#Rk
6.2.1 Straight probe
6.2.1.1 HERARFRAAE AL IMHz~5MHz 5 4 .
6.2.1.1 Nominal frequency of probe should be within IMHz~5MHz.
6.2.1.2 XU ARk & B AN T 150mm?; 5 ff EAR Sk & B A B A RAE N @10mm~40mm Y A .
6.2.1.2 The crystal area of double-crystal straight probe should not be lower than 150 mm?; the effective diameter of
crystal of single-crystal straight probe should be within ¢10 mm~40 mm.
6.2.2 FHRk
6.2.2 Angle probe
6.2.2.1 A HAG TAFRLORFF R AF P, J8A — O, SNSRI T X R 7 e Vi ) A v SR A
6.2.2.1 The probe should have good contact with the workpiece under test. The test range and reference sensitivity should
be adjusted by using curved-surface block in any of the following cases:
a) FENRIET LA Chlia)) 2R, RGBEESE R TR T #2342 10 1/5;
a) The width of probe wedge should be over 1/5 of curvature radius of testing surface when doing longitudinal

(horizontal) scanning on the convex surface;

b) FEMMRI EME E D BN, RSB BT I T il R EA2 1 1/5.
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b) The length of probe wedge should be over 1/5 of curvature radius of testing surface when doing horizontal
(circumferential) scanning on the convex surface.
6.2.2.2 BRAFFRANZ 32 A 2MHz~5MHz 2 8], R dH HAN 80mm?~625 mm?.
6.2.2.2 The nominal frequency of probe is 2MHz~5MHz and probe crystal is sized 80mm?~625 mm?.
6.2.2.3 JEU L RCR AR A 450 (KD BIERk, AEARHE AR UAATRARFN A SME LI ANTR], A w7 R A 4 e
1 (KD k.
6.2.2.3 The probe with refraction angle of 45° (K1) should be used in principle, but the probes with other refraction
angles can be selected depending on the shapes and ratio of inner and outer diameter.
6.3 XfHuibk
6.3 Reference block
6.3.1 L BT IR AT CS-2 BT R e R BUE,  dnfiA 5 22 T DR HoAthoxd b ik Bk
6.3.1 Reference sensitivity of single-crystal straight probe is adjusted via Block CS-2, or other reference blocks can be
used as needed.
6.3.2 Xl ELACKAT EE ik, TR /N T 45mm I, BERH] CS-3 XLk,
6.3.2 Reference Block CS-3 should be used for adjusting reference sensitivity of double-crystal straight probe when
workpiece thickness is lower than 45mm.
6.3.3 BRI LB, N TR R, ATA RS TR R B B2 e hn AR s Ve bl . 7R AF
(I FNRTET,  0 J3)3 ) AN [E0I0 P AT (9 VOEAEAE N ARE . v IR 25mm, BR OB AR BRI 1%,
FPEDY 60°. O ATR HoAb SRR SR (il fiy B S 4D
6.3.3 The margin part at the thickness or length direction of workpiece under test can be prepared into reference block of
angle probe for adjusting the sensitivity. The axial and circumferential V-slot at the inner/outer surface of forged piece
should be used as standard slot. The V-slot is 25mm long, with depth up to 1% of wall thickness of forged piece and
angle of 60°. Other equivalent reflectors (such as corner reflection) can also be used.
7 REUEKIHE
7 Determination of Sensitivity
7.1 i LR SR B ME R U A

7.1 Determination of reference sensitivity of single-crystal straight probe
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8 CS-2 8 CS-4 kB, MR —2HA F R IIEE B o2mm ~PIRAL (Z0 3 A4S, lfE B B AR SK R PR B
PR RN 2, JF DLMAE R R . A AL A B R T e Tk 1 3 A5 I IXACRE,  ELAS I i - e i~
AT, AT LR BRI TSR3 i ik v R AU

Test 1 group of @2 mm flat-bottom holes (at least 3) by using Test Block CS-2 or CS-4 respectively, prepare the
distance — amplitude curve of single-crystal straight probe and take it as the reference sensitivity. The reference
sensitivity can also be determined via bottom wave calculation method if thickness of testing position is higher than or
equal to 3 times that of length of near-field region and the testing surface is in parallel with the bottom surface.

7.2 XU i ELAR SR B R I T
7.2 Determination of reference sensitivity of double-crystal straight probe

fEH CS-3 kB, AR — LA ARSI PR 55 1) @2mm ~PIRAL (B> 3 Ao HlE R BELAR Sk 1) 25 5 - D i
2, JELASEAE N FEE R BUE

Test 1 group of ¢2mm flat-bottom holes (at least 3) by using Test Block CS-3, prepare the distance — amplitude
curve of double-crystal straight probe and take it as the reference sensitivity.

7.3 RHR KL HEWE R R 2
7.3 Determination of reference sensitivity of angle probe

MNRBA A1 B THT A R Sk o 14 P [ T AR AEVA R, TR 28, ST dR R S s BE AT 2 E K 80%, K iZAEARTE TH
Wb, BLH I RS A SRS R BORES, AR SRS g S0 T A AR #EVA RS, IR R 0 S S v
PREEMIMR o ¥ BIAW A BRI EK, SRR pta A 2, IR AAE e A I E o Py [ A 4
R W% LRI E , (HER SRR 5 P[5 il 23— 3.

Align the probe from outer circular surface of forged piece to the standard slot of inner circular surface, adjust the
gain until the max. reflection height reaches 80% of full scale, mark this value on the panel as the scanning sensitivity;
Move the probe to measure the standard slot of outer circular surface without changing the adjustment status of
instrument, and mark the max. reflection height on the panel. Connect the two points above and prolong it, draw the
distance — amplitude curve and cover all range of testing. When testing the inner circular surface, the scanning sensitivity
can also be determined according to the method above, but the probe wedge should be consistent with the curvature of
inner circle.

7.4 38 REUE— BB LR HE R B 5 6dB.
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7.4 Scanning sensitivity should be 6 dB higher than the reference sensitivity.

8 il

8 Testing

8.1 FGrI i NL AL IG: O3 S AT FRAE R, NS I AR R MRS . RO ARAE S SRR

8.1 The testing personnel should fill the written applicant and write the component name, thickness, material designation,
testing standard and acceptance standard before start of testing.

8.2 ALMIRIAIRZS

8.2 Status of testing surface

HERMM M. B, FRET. M BCHARE AT RE AR S RCR . OiRSIRk B iz 3 Bl T B
RERHIIIT, R AR M NG W1 SRR BRI B, DRI RIS . SRITHEERE A KT 6.3um.

The scanning surface should be free from paint, scale, dry coupling agent, rough and uneven surface or any other
substance can may weaken the coupling effects, affect free movement of probe or lead to wrong conclusion. Besides, the
testing surface should have sufficient outline and smoothness to maintain good acoustical coupling. The surface
roughness should not be over 6.3 um.

8.3 M#
8.3 Coupling

MG 5 A AT R B A, RS R LA ARG, fdl e s, LSRR & 7.

Direct contact method can be used as general coupling. Engine oil can be used for coupling of coupling agent and
such agent must be removed once testing is done.

8.4 HET

8.4 Scanning mode

8.4.1 MHsHAE

8.4.1 Grid scanning

iR iER I e AR EP R EIE 2R

The probe is moving constantly during grid scanning.
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Fig. 1 Fig. 2

8.42 HEFELHE (B D

8.4.2 Scanning of straight probe (Fig. 1)

B — U AT SN R T A AR 24T 28, IS LR IR BE R S5 T 22 )R B2, K 200mm.
Do scanning of grid line at the one surface and periphery surface and the spacing of grid line, which should be equal
to flange thickness, should be 200mm as the maximum.
8.43 RALHAE (K2)
8.4.3 Scanning of angle probe (Fig. 2)
AV — M AN AP 2T 5 AR AR 24, MRS AR BN A5 T A2 ) )R B2, Bk 200mm.
Do scanning of grid line at the one surface and periphery surface and the spacing of grid line, which should be
equal to radial thickness, should be 200mm as the maximum.
8.4.4 ML
8.4.4 Scanning speed
FLABEEAN 150mm/fb.
Manual scanning speed should not exceed 150mm/s.
8.5 I AL
8.5 Scanning time
e P R A 6 T e NV RE PR TR S, B P SR PR 7 IR G ) R A8 R AT 1) i 1 B BN T
UT should be carried out after the final performance and thermal treatment, or in the final manufacturing stage as

required.

e AT EAT O LR BAE B AR T, BT ot FLRTREAT 8 A R 1
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Note: It is recommended to carry out UT before drilling of central holes (if any) of cylinder forged pieces and rectangular

forged pieces.
8.6 WL mIR 73K
8.6 Classification of waveform display:
8.6.1 #ix1
8.6.1 Mode 1
A TR W N, BEE PRSR A Bl SR ST BT B e m s S ST 1 [l B
Scanning A shows the obvious single wave crest. As probe moves, the waveform increases evenly to the top point

and then falls to zero point evenly.

Amplitade
Amplitade

Range Probe position

8.6.2 #ixl 2
8.6.2 Mode 2
A R R R RN, B RSRIRE RN, BRI ST BT Bl A DRIFAREE A MERE AR, A
FR) 1Bl ¥ 51 %%
Scanning A shows the obvious single wave crest. As probe moves, the waveform increases evenly to the top point,

maintains unchanged or has slight changes and then falls to zero point evenly.
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Anplitude
Amplitude

Probe position

Mode 2

8.7 NSNS
8.2 Discontinuity classification
A RAES: shA BRI 1, AVERST A5 T 8 T F#4% 6dB IR0 (UL 3D
A Dot discontinuity: Dynamic waveform is shown in Mode 1 and/or size is equivalent to or lower than beam width when
it is reduced by 6dB (see Fig. 3)
LORANESE, BRI 2, M/EURS KT FER 6dB IR 0 (AL 4)
Linear discontinuity: Dynamic waveform is shown in Mode 2 and/or size is higher than beam width when it is reduced
by 6dB (see Fig. 4)

B NS MAIAES R KRR I 18] B d KT 40mm(JLIE 5)
B Single discontinuity: The distance d between the adjacent discontinuous max. waveform is higher than 40mm (see Fig.
5)
C AL MBA S K R 2 (A FE R d 55 T 800 T 40mm( I K 6)
C Group discontinuity: The distance d between the adjacent discontinuous max. waveform is equal to or lower than

40mm (see Fig. 6)
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»
| Frreaded discoatiaaity
p..-.::r.c:;:?m (L =DOp)
e
Vigure & : '.‘n-:‘.d.::: (L = D, d S 40 )
Y EEERER
Symbols used

I 6dB 20 5E AN E S [ 2 5T

I: Discontinuous outline measured via Method 6dB
Dp: ANEESAE: Fr b TR J5E 47 R 56

Dp: Beam width at the depth of discontinuity

d: PSR e 1] F) 2 25

d: Distance between two defects

L: 6Dd 252 A AN B ) K JEE

L: Length of discontinuity measured via Method 6Dd
9.8 K B3 e

9. Record level and acceptance criteria

9.1 3 hriE EN 10228.3 2 2

9.1 Acceptance criteria EN 10228.3 Class 2

9.2 H##k

9.2 Straight probe

9.2.1 i3 /KF 25 [ F KL (EFBH) ®2mm,JiTH 71 #& 50k H % R<0.3

9.2.1 Record level: Equivalent flat-bottom hole (EFBH) is ®2 mm, attenuation ratio of bottom callback is R<0.3
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9.2.2 AT KT A SUIRARES: PRIl (EFBH) O2mm, ZRRANESBURARNIES:: dog ©2mm
9.2.2 Acceptance criteria: Single spot discontinuity: Equivalent flat-bottom hole (EFBH) is®2mm; linear discontinuity or
group discontinuity: deq @2mm
9.3 7K s L& F A SR AP P YRS I3 s v
9.3 UT standard of steel forgings is adopted for the pressure-bearing equipment
LU BRI KR SARER 4. R 5. ZRTESFRREERI 2%, RN E S & XU
E
The forged pieces are classified based on the quality grade in acceptance criteria Table 4 and 5 of straight probe and
angle probe. The quality grade should be used as negotiated by both parties

4 BHEBEERNERLRERES S

Table 4 Classification for Quality Defect of Straight Probe in UT of Forged Piece ¥

a4k
Grade | II I v \%
FANBREE 2 P IR AL EAR
Diameter of equivalent
. <¢4 <p4+6dB <ep4+12dB <p4+18dB >p4+18dB
flat-bottom hole of single
defect
H R 1 L A R B I i
BG/BF
) <6dB <12dB <18dB <24dB >24dB
Bottom wave reduction due
to defect BG/BF
AR X BRI B AR
Equivalent diameter of <2 <3 <p4dB <p4+4dB >p4+4dB
defect in dense area
5 A DX o A o G
AR 2 L%
Proportion of defect area in 0 <5 <10 <20 >20
dense area to total test
area %
T 1 BRI 1 AR PR AR B A T AR R T XA B2 R R
Note 1: Bottom wave reduction due to defect only applies to the defect with beam path over the length of near field
region.
T 20 RS [F R SR R SR 20 G S B A
Note: The different defect classification in table should be used separately.
TE 3. EARIXORFE AR SO IR R T4 T 02 M E-PIRILI B X .
Note 3: The defect area in dense area refers to the those of dense area with reflection waveform =2 equivalent
flat-bottom hole.
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2 5 B PR SHRL e R B &
Table 5 Classification for Quality Defect of Angle Probe in UT of Forged Piece
A% AR AR
Quality Grade Indication Length of Single Defect
I <I/3 BEJE, H<100mm
<1/3 wall thickness and <100mm
| <2/3 B, H<150mm
<2/3 wall thickness and <150mm
I KF I %4
Higher than Grade I1
XA %5 EHS WA
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