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POD analysis of defect in radiographic testing of metal additive parts
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Abstract: In view of vulnerability to cracks and pore defects due to lacking of defect detection
probability data in radiographic examination of additive manufacturing, the linear defects and pore defects
of GH3625 superalloy additive parts were researched. Firstly, the CIVA2020 simulation platform was used
to simulate X-ray inspection and obtain the probability of detection (POD) curve of defects, research the
influence of different size changes of the two types of defects on the POD of defects. Secondly, the
detectable size of defects and POD under different influencing factors were determined, and the POD
curve equation of linear defect affected by depth and the POD curve equation of pore defect affected by
radius were fitted by Sgompertz function, the defect detection probability model of additive manufacturing
line defects and pore defects was established respectively. The detectable length size of linear defects was
0.211mm, the detectable width size was 0.213mm, the detectable depth size was 0.178mm at a probability

of 90% under 95% confidence level, the detectable diameter size of pore defects was 0.188mm, and the
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detectable height size was 0.190mm. Finally, the simulation results were compared and verified by micro-

focus radiography and film radiography of actual specimens. The research results showed that the defect

detection probability model is more accurate and can provide a basis for reliability analysis of crack and

pore defect detection in additive manufacturing.
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Table 1 Detectable size of linear defects under different

POD
mm
AL dso 9o A90/95 5195
KJE 0.172 0.195 0.211 0.220
i 0.176 0.202 0.213 0.220
R 0.172 0.176 0.178 0.179

Mk A
y; = 100.087 27x
exp{—exp[—410.648 53 x (x—0.17276) ]}

D7 FEAH I R ECH 0.999 81,
1.3 FLEVBRFATE S

e G M AE R LR BB ) AR | AR
PR AE £k, 43 ) 22 il FL 7Y dole s 21 42 A0 v B AR Ak )
POD [ £k, ifF 523 A4~ D5 38 114 150722 5% S5 28 A i ke
B S Hh MR 1 5T

Xt F ¢0.2 mm x 0.2 mm FL & B [E, 5 5115
AR B O RRE S 0, W8 RN E S
o, P =TS HONRHE S B S 5 — S
BORSTAN A, BRA 5 B ] 10 HFEA, 1E 1T
(1) Rose 74 o 00 (3 (i $2 ORI B 15 45 o LR Bk
B4 B F 72 7F 0.05~0.35 mm 22 [i] 2% PE A5 4k, 254k
Y [E] B o4 0.05 mm; /=5 B 7E 0.05~0.25 mm 2 [A] £k
P AF Ak, A8 1k f 18) BE R 0.05 mm; 45 FL IR R A
[4.8,5.2] #1553 41 o

&l 5(a) A agyos K F T FL 7R it i 2 428 2l A2 1)
POD #h 28, 1 BB 2 B X F GH3625 47 3 = iR
B A HE, 7E 95% Y E S KT, LL 90% HE
Zoa] Ky g fL A BB B AR RSP 0.188 mm.
Kl 5(b) K A90/95 JKFETF FL AR Bl B = B 2R AR B9 POD
£k, 17 ELBCE 2B TE 95% 19 B A5 K SF T L 90%
HE 2R AT A Y L 7R Bk B v BE R SE SR 0.190 mm
¢ 2 AN [RAS MR SR AR bR AL IR e g vl A s 1 R
sFo B S(a) W LR ), 2P S HO LB BB 1Y)
R HEE 3 52 i e K (ol 2 A BE Ui, A8 fb e B ) , i
PRE T/ VL BRI B ZE IS A T o AR X 8 /),
SRR U AR LY B B S AR R TG, AR R
SHER /DN, U0 AR H R R, SR U BE R
Ko, A1 AR A R~ Xl e g A H B 7 R e B2 T B K
e 6T - FL Y Bl B B 2 42 3 80, TR RE 1 A Sgom-
pertz PR Ll A 242 2 BOMUAE () POD il 28 7 2 y,
1 95% ‘B %K F T i POD 4 )5 FLy,, 135 POD

100 T T T

< i

s 75r

.S

8 ]

Q

<

9 50r

z i

._g

£

e 25r

-9 i
Probability of detection

—— 95% confidence level
0 1 1 1 1 1

0.05 0.10 0.15 020 025 030 035
Defect radius/mm

(a) BrpEEAERPODII 4

100 T T T
© i
s 75r
8
8 ]
Q
=
9 50r
2z _
;?:
£
2 257
Ay |
Probability of detection
—— 95% confidence level
0 1 1 1
0.05 0.10 0.15 0.20 0.25

Defect height/mm
(b) BRI AYPODH £

K5 SLAIBIEA R AL R R T B9 POD ik
Fig. 5 POD curve of pore defect under different factors
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Fig. 8 Digital radiography testing image of typical defect
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