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Development of non-destructive technique in complex artificial structures
Yuji NAGAE
Abstract

The aims in this study are the suggestion of microstructure responsible for damage and the
relationship between the microstructure and the physical characteristics in an austenitic stainless
steel. Moreover non-destructive techniques in wide range have been investigated. The magnetic
property is considered as the characteristics, which is expected to relate to damage before the

initiation of cavities and cracks. The results are as follows.

(1) The principles of detection

At first, the magnetic property change is responsible for the initiation of stacking faults and the
change of lattice constant. Those are due to the recovery of accumulated dislocations and the
diffusion of chromium atoms. Moreover these areas are transformed into body-centered cubic with
ferromagnetism and the fransformation spread into grains during cooling. Carbides and sigma-phases

have non-magnetism at room temperature,

(2) The microstructure related to damage

The zone with magnetism increases as creep damage progresses. The magnetic phases are observed
in the regions of stress concentration and the vicinity of cracks. In creep damage, the magnetic
phases are formed in grains and grain boundaries. On the other hand, the Iﬁagneﬁc phases are formed
only in grain boundaries in aging. Based on these results, the formation of magnetic phases is

probably related to creep damage.

(3) The investigation of ‘wide-range’ non-destructive techniques

The ultrasonic technique and the eddy current technique developed until now are used for the
detection of macro-cracks. It is difficult to detect the damage before the initiation of cracks. It is
possible to detect it by the leakage magnetic flux density technique. Moreover this non-destructive

detection covers a wide range.
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Number 1 2 3 4 5

Cr 19.7) 16.6] 16.3| 19.2| 18.1

Number 6 7 8 9 10

Cr 16.6( 18.1| 17.1| 19.2] 19.2

Number 11 12 13 14 15

Cr 18.0] 18.0) 17.1 18.6/ 16.8
(mass%)
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Sum

crack-

3.8 BB ) —7% 0 SEM—EDX IZ & 5 CriBEHIE R

#23.2 B 3.7 ORIERITBT A{LFEHR

-39 -

Si Cr Mn Fe Ni
1 0.8 16.5 1.3 70.9 10.5
2 1.7 32.7 1.2 59.3 5.2
3 0.7 16.1 1.2 71.6 10.4
4 0.9 17.1 1.3 70.6 10.1
5 0.9 17.3 1.1 71.4 94
6 0.9 16.9 1.2 70.9 10.0
7 0.8 17.2 1.3 70.5 10.2
8 0.9 18.8 0.8 69.7 6.8
9 0.9 17.4 1.3 69.8 10.6
10 0.9 18.0 1.3 70.2 9.6
(mass%)
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3.14(a) TEM—EDX IZ Jﬁ%?ﬁﬁﬁk%ﬂf (£D1)

% 3.3(a) TEM—EDX I L BHRAH (£ 1)

massh Si Cr Mn Fe Ni
1 0.6 20.5 1.0 70.8 7.1
2 0.6 20.3 0.9 71. 2 7.1
3 0.6 19. 8 0.9 71.6 7.2
4 0.6 18.9 1.0 72.1 7.5
5 0.6 18. 2 0.9 72.8 7.5
6 0.5 17.8 1.0 73.4 7.4
7 0.5 17.5 1.0 73.9 7.1
8 0.6 17. 3 1.1 74. 1 7.0
9 0.5 17.1 0.9 4. 8 6,7
10 0.5 17.0 1.0 75.0 6.6
11 0.3 41.7 1.0 52,2 4.8
12 0.5 18.8 1.1 72.7 7.0
13 0.5 17.1 0.9 T4. 4 7.1
14 0.5 17.9 1.1 73.5 7.1
15 0.5 17. 8 1.0 73.8 7.0
16 0.6 17. 4 1.0 74.0 7.1
17 0.5 18.1 0.9 73.8 6.8
18 0.5 18. 4 0.9 73.4 6.8
19 0.5 17.7 1.1 73.8 6.9
20 0.4 17.2 1.1 74. 5 6.8
21 0.5 18. 5 1.0 73.2 6.9
22 0.5 18. 4 1.0 73.1 7.0
23 0.5 18,9 0.8 72. 8 6.9
24 0.6 20.2 0.9 71.3 7.0
25 0.5 19.3 1.0 2.4 6.8
26 0.3 16. 7 1.0 71.8 7.2
27 0.5 19. 5 1.0 71.8 7.2
28 0.5 20.0 1.0 1.7 6. 8
29 0.4 20.5 0.9 71. 4 6.8
30 0.3 20.9 1.0 70, 7 7.1
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3.14(c) TEM—EDX {Z X BS54 (FD 3)

—-—

%% 3.3(c) TEM—EDX IZ X A M SHF (0 3)

mass% Si Cr Mn Fe Ni
1 0.4 18. 4 1.0 72.9 7.3
2 0.5 18.5 1.0 73.0 7.0
3 0.4 18.5 1.0 73.5 6.6
4 0.4 18. 4 1.1 72.9 7.2
5 0.4 18.9 1.1 72,7 6.9
6 0.4 18.9 1.1 72.6 7.0
7 0.5 19. 4 1.1 72.0 7.0
8 0.5 19. 3 0.9 72.8 6. 6
9 0.5 19. 3 1.1 72.4 6.8
10 0.4 20.4 0.9 71.5 6.8
11 0.4 20.6 1.1 71.2 6.8
12 0.4 20.6 1.2 71.2 6.7
13 0.5 20.8 1.0 70..6 7.1
14 0.4 20. 4 0.9 71.4 6.9
15 0.5 20. 8 1.2 70,7 6.9
16 0.4 20.6 0.8 71.2 7.0
17 0.5 20.7 1.1 71.1 6.7
18 0.4 20. 8 1.0 71.1 6.8
19 0.4 20.9 1.1 70.9 6.7
20 0.5 20.6 1.0 71.1 6.8
21 0.4 20.8. 1.0 71.0 6.9
22 0.3 20.9 1.0 70.9 6.9
23 0.4 20. 2 1.0 71. 4 7.0
24 0.4 20. 1 0.9 71.8 6.8
25 0.5 20.5 1.0 71.5 6.7
26 0.4 20.0 1.0 71.6 7.1
27 0.5 19. 4 1.1 72.0 7.0
28 0.3 19.5 1.2 72.2 6. 8
29 0.5 18. 5 0.8 72.2 7.0
30 0.5 18. 6 1.2 72.7 7.1
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[%] 3.14(d) TEM—EDX i X S#ESHT (0 4)

5 3.3(d) TEM—EDX I X AR5 (0 4)
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¥ 3.14(e) TEM—EDX IZ X A #5HF (FD5)

7% 3.3(e) TEM—EDX IZ L MR 3HF (£ 5)
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—
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[ 3.23(c) B RMEILfED TEM—EDX I L AR HT (€D 3)

3 3.4(c) EE R EED TEM—EDX i & 2 #5471 (2D 3)

mass%h SiK Crk| MoK FeK|  NiK
! 0.7 20.5| 1.3 69. 9 7.6
2 0.6 20. 3 .2l 70. 9 7.0

3 0.0 19. 7 1.1 71.9 7.3
4 0.7 24.5 1.1  66.8 6. 9
| 5 0.6/ 19.5|  1.3]  71.2 7.5
8 0.9 20.3] 0.0/ 71.4/ 1.5
i 1 0.6] 19.4| 1.3 7.1 7.7
8  0.6] 19.7 1.5 7111 7.1
9 0.6/ _18.8] 1.2 72.0] 7.5
10/ 0.5l 19.5 1.3 711l 1.5
11 0.4/ 20.2] 1.0 709 7.5

, 12/ 0.6 20.1| 1.2 _ 70.3/ 7.8
13l o.6l_ 207 11l 70.4 7.2
] 14| 0.5 20.4/ _ 1.4[ 705/ 7.2
L 15 0.7[ 20.2] 1.2 @ 70.4 7.5
i 16 0.7 20.4 1.2 708/ 7.3
' 17 _0.7{  20.5] 1.3  70.1 7.5
; 18/ 0.6/ 204 0.8 706 _ 7.5
L 19| 0.8/ 205/ 1.0 70.6] 7.3
P20 0.8 2041 1.4/  89.9 7.6
: 21 0.6/ 19.9 1.3 708l 7.6
220 0.7l 19.20 0 L1715l 7.5
23 0.8  17.2] 1.3 73.31 7.7
| 24| 0.8/ _23.1 0.9  67.9 7.4
.28/ 0.7  26.2 0.9/ 5.3 6.9
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X 3.23(d) #f@RMeITED TEM—EDX 12 L AR 5HT (Fd4)

=

% 3.4(d) BUBR

{8 TEM~EDX = L 254 (F D 4)

Crk| MoKl Fek| Nik
12.90 L3 173
17.9,  1.3]  72.8]

s

mass%
1
2

-1 [=-1leo
O [ o

P
|
[}
1

ool o[t
oo [0 lon |

.3 .8l 15,1 1.4  75.1 7.8
— __4_ O Al S 72*6:“4_.‘..._...._. _— 1' 1 S -6_L5:,1_§,,,. - 77;;7
5 0.8 _ 169 1.3 738 7.3
. 6/ 0.7 21.4[ 1.2 69.7 8.9
7 0.6,  20.6] 1.1 70.1] 7.8

8 08 2080 L2 6.5 7.

-]

9l o7l 2002 L4 0.4/ 7.3
1ol 0.7l 21.4] 1.2l 69.6 _ 7.2
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[ 3.24(a) EEEFESIEHAEBRO TEMEZE (£01)
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(c) 523K (7 VU —7{BHL5)

N (dj 723K (9 5)?5?’1%{%#5

X326 7 U —7HEMOBKSEOBRERTE (£02)
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(e) 923K (7 U —7R1{EH)

X 3.26 7 U —7HBIEM ORI EORERESE (0 3)
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52 3.27 B\ OREREEOBEREN (F0 1)
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(@ T723K (G
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(e) 923K (Fhbshif)

£ 3.27 BB OB OBEREE(F0 3)
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® FrEE1
RFES2
® RET&Hs3

X 3.29 DV—XolEDOFEIZH V- FCC EEET
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® FEFE=S1
® FHFE=2
@ R+EF3
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# 3.5(a) YFe EF /LD Up AL & Down A &' EFE

a=3.50A

R FE=|UpRAC v B H|DownA v B k] =
1(Fe) 11.568 14.395 2.827
2(Fe) 14.537 11.526 3.011
3(Fe) 11.332 14.549 3217

a=3.65K

R 7% & |Up At~ B oDownAC o BT =
1(Fe) 11.408 14.433 3.025
2(Fe) 11.408 14.651 3.243
3(Fe) 14.586 11.292 3.204

a=3.15K&

JRFEF S |Up R BFIDown A E - EFE =
I(Fe) 14.539 11.497 3.042
2(Fe) 14.652 11.385 3.267
3(Fe) 14.772 11.147 3.625

% 3.5(b) YFe—CrEF /LM Up At & Down A V' EFE

a=3.590A
JF&FS|Up A L EFE|Down A V- EF5 =
1(Cr) 13.349 10.452 2.897
2(Fe) 11.557 14.525 -2.968
3(Fe) 14.495 11.375 3.120
a=3.65 A
JE 7o |UpAE vt DownA v BT =
1(Cr) 13.473 10.345 3.128
2(Fe) 11.514 14.565 -3.051
3(Fe) 14.559 11312 3.247
a=3.75A
FHFBEE[Up A EFE|DownAC LB H| =
1(Cr) 13.695 10.189 3.506
2(Fe) 11.446 14.605 -3.159
3(Fe) 11.158 14.758 -3.600
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%% 3.5(c) YFe—Ni £F7 /L@ Up A ' & Down AV EFHK

a=3.59A
BT &E|UpACr BT HDownAE v BT E] =
1(NI) 13.605 14.540 -0.935
2(Fe) 11.451 14.600 -3.149
3(Fe) 14.496 11.377 3.119
2=3.654
BT B UpA L VB FE|DownA L v BT =
1(ND) 14.505 13.672 0.833
2(Fe) 14.646 11.393 3.253
3(Fe) 11.291 14.602 3311
| a=3.75A
BT&R|UpAE B fH|DownAt v Bl =
1N 14.438 13.694 0.794
2(Fe) 14.758 11.280 3478
3(Fe) 11.236 14.658 3422

3 3.6 YFe—ZEFLEEF D Up A B & Down A B U EFE

: (a) a=3.56 A
FFE5|UpAt B HDown AV BTR| =
1(Z7) = = =
2(Fe) 14.148 11.985 2.163
3(Fe) 14.504 11.528 2.976
4(Fe) 14.675 11.269 3.406
(0) 23504
R Ea|UpAL v fiDownAE vE | =
1(ZEH) — — —
2(Fe) 14.359 11.697 2.662
3(Fe) 14.522 11.548 2.974
4(Fe) 14.690 11.265 3.425
B (c)a=3.65A
FTr B |UpAL v B FDownAEvETH] =
1) = = ~
2(Fe) 14372 11.687 2.685
3(Fe) 14.532 11.537 2.995
A(Fe) 14.681 11.272 3409
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F37BCCREEETTND Up A & Down A VBT

(a) aFe, a=2.8664 A

R &a|UpAEL v BFEDown AL v B TH] =
1(Fe) 14.523 11,608 2.915
2(Fe) 14.617 11.405 3.212
3(Fe) 14.590 11.359 3.231

(b) aFe—Cr, a=2.8664A .

JRF & [Up A BEFE|DownA € v B =
1(Cr) 10.672 13.269 2597
2(Fe) 14.524 11.522 3.002
3(Fe) 14.523 11.426 3.097

(c) aFe—Ni, a=2.8664 A

BFEE|UpA ¥ EFHDown A ¥ B+ =
1(NQ) 14.595 ' 13.673 0.922

. 2(Fe) 14.625 11.373 3.252
3(Fe) 14.568 11.390 3.178

# 3.8yFe TFLD Up A 2 & Down R 2 ETH GEM)

(a) a=3.67A

EFEEJUpA Y EFHDown AL v B TH| =
1(Fe) 14.473 11.613 2.860
2(Fe) 11.522 14.528 -3.006
3(Fe) 11.377 14.509 -3.132

0 a=3.15 &

JRTEE[UpAE BT HDown A E v Bia] =
1{Fe) 14.530 11.503 3.027
2(Fe) 14.650 11.388 3.262
3(Fe) 14,778 11.141 3.637
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