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Local Erosion-corrosion of Copper Alloy Condenser
Tubes caused by Lodgement of Foreign Bodies

by Tetsuro Atsumi, Koji Nagata and Shiro Sato

In Japan, almost of all the thermal and nucler power units have been using aluminum brass
tubes for their main steam condensers. The current statistics on the number of aluminum brass
condenser tube failures show that above 90 percent of tube failures have arised from local erosion-
corrosion caused by lodgement of foreign bodies in a tube bore. To make clear the mechanism of
occurence and progression of local erosion-corrosion, both hydrodynamic and electrochemical studies
have been made.

The results obtained are as follows;

(1) The condition that foreign bodies lodge in a tube bore produces the excessive flow around
the lodgement of foreign bodies.

Excessive flow created around the foreign bodies increases in logarithmically proportion to the
ratio of cross sectional area A/a. (A: flow area of tube, a: flow area at the lodgement of foreign body)

Locally increased flow is also dependent upon the shape of foreign bodies.

Maximum velocity around foreign bodies is about 6 meter per second under the similer flowing
condition of actual condenser.

(2) Increased velocity and strong turbulence around the lodgement produce excessive fluid
surface shear stress against the tube wall about 10~30 times of condition of normal flow. The
excessive flow easily removes the protective film formed on aluminum brass tube and prevents
the reformation of protective film around the lodgement of foreign bodies.

(3) Electrochemical mesurement shows that the increase in flowing velocity decreases the
thickness of diffusion layer and increases the rate of reaction of dissolved oxygen reduction process.
The corrosion rate around the foreign bodies is estimated to reach 10~30 mm/y which was calculated
from limited diffusion current density of dissolved oxygen.

(4) Sea water flowing test has proved that aluminum brass tube suffered local erosion-corrosion
of 0.87mm around the artificial foreign bodies in 36 days.

(5) The countermeasures for local erosion-corrosion caused by lodgement of foreign bodies
are as follows;

(i) To avoid incoming of foreign bodies and to remove foreign bodies lodged in a tube by
means of mechanical system, such as mussel filter, brush cleaning, back wash and so on.

(i) To use the tubes of high resistant material and/or those with high strength film which
can resist against increased flow such as titanium and/or APF tube.
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Fig. 1 Local erosion-corrosion of aluminum brass
condenser tube caused by lodgement of
foreign body.
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A : Flow area (cross sectional area of tube)
a : Flow area at the lodgement of foreign body

L : Tofal length of tube

APo : Pressure difference between inlet and outlet
water box

APa4: Pressure difference between up and down stream
of the lodgement

Um : Mean velocity in the tube

Umax: Maximum velocity through the channel around
the lodgement

Fig. 2 Change of hydrodynamic conditions in
condense tube caused by lodgement of
foreign body.
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Fig. 3 Changes of velocity in a tube and fluid
surface shear stress when the lodgement of
foreign bodies in a condenser tube occurs.

Calculation base;
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Pressure difference between inlet and outlet
water box=3.073mAq (=301,2000 dyne/cm?)
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Fig. 4 Schematic diagram of apparaturs for mesure-
mrnt of stream velocity in a condenser tube
with lodgement of artificial foreign body.

OFIRE O 2 ADA, #HOficzhEngy, HEY =
k= 2T T v s X — & — R U T, BEEE Orb gl
iz Fig. 5 KRR, i3 ITOoATEMZNE N 2 H
H U, CCTALRYORKERL a/ARREEd 2R
fbadcEickh 005~03 & L1, & OHEHE 3,000mm
Mic EREABE RO 2 ENEERUENER SV
THIC L b A, EREBECIVEERZMET A ELD
Un 23k 7, COMED S (6) & b ATRYBZEH T O
Umax Z2HHL 12,



77 TR & &£ B B #®

April 1984
8 =TT T T T T T T T T 7T
22 E— = Calculation
h ) \
i = § \Shape I
A5k ‘_ol\; Umax A P
e I N \
NN s> \ ,
B . N = \
Sh ( ™ /% ®g 5 v
ape 11 O - 5 w g o B Shape 11 \
~- S o \
! Ty e
20 ‘ 354
3
s
Fig. 5 Shape of artificial foreign bodies. 3iE 3
. -ig Shape I
3.1.2 BRALEMAE 2z 5
W BOWE 2 Fig. 6 1RT, HIEANE 254mm, S § U //ﬁg;ux
WIE 1.25mm, £& 70mm O 7V i =9 2 HEE2LH D £31 o
LIcbOTH Y, REHRLBESEES NoREE2REL 5§ Caleulation -
Rz 3= 1 L e o N = . Lodrdt : =
CHEE 2 = 2 ) —DIEEHE #240 ICTHIEL, Y= v M 0005 001 YOS 05

DEREINE T 23D 4mme PSR AT
I THESL TEEFEL I, Y=o b/ ZVIEHE 2mme
ThHb, APHCT U THBETAIC Y = » MRSHET 5 &
HWHEEEH, NWTHEHEELD ey NRHEV 20~
78m/s W&z, K, REITFA % EREE
THET 2 EpSHEBE U, REE MO, ELEHES0
mV/min OEAEHEEIC L b & Vi @1 25 8HAGE 2 5
L,

/Jet nozzle Salt bridge
ij, Linear potential programmer

Counter electrode(Pt wire)s,

Jet nozzle

Fig. 6 Schematic diagram of experimental apparatus
of polarization mesurement.
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Fig. 8 Effect of jet velocity(Vy) on cathodic polarization curve of aluminum
brass in synthetic sea water.

Table 1 Thickness of diffusion layer and corrosion R L AUV THEITT A T LRI NI,

rate calculated from limited diffusion
current density.
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Fig. 11 Effect of jet velocity (V) on cathodic
polarization curve of APF tube in
synthetic sea water.
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The Effect of the Cooling Rate on the
Solidification Structure of Al-4.5%:Cu

Alloy Powders

by Kazuhisa Shibue, Shigenori Yamauchi
and Susumu Inumaru

Powder metallurgy aluminum alloys based on rapid solidification processing has recently
focused attention on the fact that advanced alloys with superior properties over conventional Ingot
Metallurgy alloys are available. Among the various methods of rapid solidification, gas atomization
is widely used because of its mass-productivity and low cost.

In the present work, the influence of some gas atomization conditions on the solidification
structure was investigated. From the solidification structure, dendrite arm spacing was measured
to estimate the cooling rate. Results obtained were as follows ;

(1) The shape of the powders produced by helium, argon and nitrogen gas atomizations

was nearly sphere.

(2) The particle size distributions were dependent on the kind of atomization gas at the same
gas pressure. And the average size was 58#m, 88um and 78um for the helium, argon and nitrogen

gas, respectively.

(3) The cooling rate of the powders was 2.5x10°K/sec~3.5 x 10*K/sec for 35~250¢m powders.
Especially, the cooling rate of the helium gas atomized powders which were finer than 10#m was

expolarated to be over 10°K/sec.

(4) The effects of the kind of atomization gas and its pressure on the cooling rate, and the
relation between the cooling rate and powder particle size were proved as follows.
(i) The powders produced by the helium gas atomization were solidified more rapidly than
those by the argon and nitrogen gas atmization.
(it The cooling rate of the powders increased with increasing the gas pressure. And the
cooling rate was nearly proportional to the square root of the gas pressure.
(i The relation between the cooling rate, R, and the powder particle size, D, was expressed

as RC oc D"l‘7~'2.1.
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Fig. 3 Scanning electron micrographs of Al-4.5%Cu
atomized powders (Gas pressure: 80kg/cm?).
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Fig. 4 Microstructures of Al-4.5%Cu atomized powders (gas pressure: 80 kg/cm?).
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Fig. 5 Microstructures of Al-45%Cu He-atomized powders.

11



8 o | S ErEeRx® el

Table 1 Average cooling ratas estimated from DAS.

Average Ar (80kg/cm?) He (80 kg/cm?) He (25 kg/cm?) Nz (80 kg/cm?)
Powder size
(um) | DAS (sm) | Ro(K/sec) | DAS Rc DAS Re DAS Ro
35 2.7 4.6x103 1.4 3.5x10% 1.6 2.3x10% 1.7 1.9x10%
70 3.2 2.7x108 2.2 8.7%108 2.4 6.6x103 2.5 5.8%103
100 4.2 1.0%103 2.5 5.8x103 2.9 4.1x102 3.1 3.0x103
140 5.1 6.4%102 2.9 3.7X108 3.5 2.1x103 4.0 1.4x108
200 6.3 3.3x102 3.6 1.9x103 4.8 7.7%x102 5.2 6.0x102
250 7.1 2.2%102 3.9 1.5%108 — - 5.8 4.3%102
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Fig. 6 Average cooling rate vs. powder particle size.
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Table 2 Physical properties of gases.

Thermal Viscosity Specific
Gas | conductivity | coefficient gravity 29705, g0-25
A¢(J/m-sec-K)| 7 (Pasec)| o(kg/m?®) |
Ar 0.014 2.15 1.727 ’ 0.011
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Welding of 2219 Alloy Thick Plate
——On the Mechanical Properties of the Welded Joints—

by Yoshihiko Sugiyama, Keizo Namba and Hiromichi Sano

The objective of this study is to elucidate the mecanical properties of MIG and DCSP - TIG
welded joints of 2219 alloy of 120 mm thickness. A similar study was carried out on MIG welded

joint between 2219 and 5083 alloys.

The results can be summarized as follows:

(1) Little difference at macro-structures was observed among 2219 MIG welds by using 2219
WY and 4043WY, DCSP - TIG weld and 2219-5083 MIG welds by using those electrode wires.
Similar results were obtained at micro-structures among .those welds except that dendrite-cell-
sizes were larger in DCSP - TIG weld metal than in others.

(2) The tensile strengthes in 2219 MIG welded joints by using 2219WY are higher than those
in MIG welded joints by using 4043WY and in DCSP - TIG welded joints. They are 27~30kg/mm?
in as welded condition, 31~32 kg/mm?* in artificially aged condition after welding and 35~42kg/mm?
in T6 heat treated condition. The tensile strengthes in MIG welded joints between 2219 and 5083 are
24~30 kg/mm?, 27~30 kg/mm? and 31~32 kg/mm?, respectively.

(3) Charpy impact values at room temperture, which are highr in 2219 weld metals by using
2219WY than in others, are 1.7~1.8 kg-m/cm?® in as welded condition and 0.8 kg-m/cm? in artificially
aged or T6 heat treated codition after welding, and at —196°C, 1kg-m/cm? and 0.5~0.9 kg-m/cm?,
respectively. .Those in weld metals between 2219 and 5083, which have a scatter, are about 0.5
kg-m/cm? in case of using 2219WY in as welded or artificially aged condition and decrease moreover

in T6 heat treated condition.
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1> 2 BT, BEAZESLIZ 16k]/cm &
TIG s v b - 20 (BEEOMHBLZL),
buried arc i k- T® 70, EHEAZI &% 36 k]/cm
LB,

DX NBEMTOEBEOTE, 5 NTERERAUL
LI DIDT,

%,

(i) FHRE
) AIEHE (REBRH OB LU O JISE Bt
B, RBTH=3)

(i) = v b & —fEjee

2l (FEGIEORE S 5 O ET
o FRFELIISA BEBTICTERE ~196CILB T
HWE, RBAH=5)

vy v oh—2Mx5H (WE 5k

@t%w«nocc@%kﬂ%@%%k%ﬁ%%ujmg

Table 2 Tensile properties of base metals tested by
JIS Z 2201 No. 5 tensile specimen (n=3).

" Tensile Elongatlon

Yleld strength k
Base metal strength
(kg/mm?) (kg/mm?) (%) -
2219-T4 38.1 25.7 29
2219-T6 43.4 34.5 18
5083-0 31.8 15.6 28

Table 3 Welding conditions.

Weldmg Arc Weldmg Flow rate of

Weldmg“’ Pésg

process inumber cu(r/r\e)nt =Vo(l€?)ge»(Sclr)siillm;sm@?%}g as
MIG \ 2 1\340~360“‘ 26~27 | 35 Ar: 30
DCSP TIG‘ 2 t450~460 i§~20 15 i He: 40
(1) Edge preparatlon 90“\/
(MIG) 90 (DCSP-TIG)

H4—2219WY O 4 T 535C x2hr, 2219 &FaE— -4043WY
DA T 510C x2hr, 221944 £50834 0% # T 500C
x2hr BKETH D, B 2FEOHHFIRMTELEALLN
BV EEOILRAEY 2ERL THREL TV5, B, I
FRU it 190C x36hr TH 5

BEF TIBESEOFRDT & I,

3. RER#ERLITOER

3.1 BEHFOEE
(1) < ol

Fig. 112 2219-T4 && 0 MIG iSO~ 7 o filf %
R, B A ¥ ITX AEBAABROEIED SN,
FTHOBEEB LML n e n b, BIFsEEs
VBELNTVD, LG TS ~ 7 o B 1
Pl L AEEEO LNITY, B, HEOFETH

Ty F OB & o THEEECEEE g e &I

BTV AD, HMHEBEANERL 2{T-728 0T, 7
EEDEVED LN,

2219-T6 & OEED <7 afiftd Fig. 1 A XK
HHEERTH -T2,

Table 1 Chemical compositions of base metals and electrode wires.

Chemlcal composition (wt )
Material e ; 1 : ‘ B
Si |« Fe | Cu | Mn Mg Cr Zn ; TV | zr | Al
m 2219 0.09 0.13 6.50 0.29 0.01 0.00 0.02 0.07 L 011 0.17 Rem.
Base metal - S !
5083 0.09 0.19 0.04 0.67 4.46 0.17 0.01 0.00 e Rem.
® | 9219 | 0.09 | 0.14 | 619 | 0.25 | 0.0 | 0.00 | 0.0 | 0.06 | 0.10 | 0.13 | Rem
Electrode - :
wire 4043 § 5.20 0.14 0.00 0.00 0.00 - 0.00 0.00 - «‘ - Rem.
(1) Thicknes : 20 mm, (2) Diameter : 1.6 mm
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2219WY
As welded
4043WY
2219WY
Artificially
aged
4043WY
2219WY
Heat treated
to T6
4043WY

Fig. 1 Macrostructures of MIG welded joints in
2219-T4 alloy.

%

Fig. 21z 2219- T4 4@ O DCSP-TIG ##k

HIHL % 7Rd, buried arc ABIEFD D 5N 5,
oL, AR RN A HENTREI L T 5, T OB
LT, RENIZHEIMP (7 — 2D mET
DUC) THHIL DS, WIAI L 72 7A 5C
LT el ol ok, HHEGEOME R b b

ShTu3,

Fig. 312 2219-T6
HT 0w s o ililhERT, |
SABTGRD L RS 5N, HE

ey
[ 7S

4 & 5083 DFLETIT & B
o 14 v PR OEICT X B
G m O L iy

As welded

Artificially
aged

Heat treated
to T6

DCSP - TIG

Fig. 2 Macrostructures of TIG welded joints in
2218-T4 alloy.
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2219wy

As welded

4043WY

2219WY

Heat treated
to T6

Fig. 3 Macrostructures of MIG welded joints
between 2219-T6 and 5083-0 alloys.

fisfifbs T b, Thbd, k¥, 2219 T4 AL D

HETOHE LR
(@ I ok

FDOEED LY o
BREEL, LTR

Fig. 4 i 2219- T4 & &b
PR, 2219WY & 4043WY i
bl iEsEsN TR D
N A 23 10~20um B TH B, 75, DCSP-TIG i
LT R T AN b - A XD 30~50pum & »
whokxW, chgTable 3IT/R U Tia &M (BHEAEY

22l

AN

Interface between base Weld metal
and weld metals

g ¢

ﬁw%%&ﬁg?

(DCSP - Tl
Microstructures of welded joints in 2219-T4
alloy. (x100%1%)
(As welded)
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Interface between base Interface between base Weld metal
and weld metals and weld metals

RUHOAT

wY)

o
b,
(4043WY)

(DCSP - TIG) (DCSP - TIG)
Fig. 5 Microstructures of welded joints in 2219-T4 Fig. 6 Microstructures of welded joints in 2219-T4
alloy. (x100x%%) alloy. (X100x%%)
(Artificially aged) (Heat treated to T6)

DEBEHADNG, 0B, BHESBIBELVIEBMITS, KRUTBHY, FCI04BWY i X 5 75 #58 T 510C DL
Bk O R RERL, BUREN T ESRO S hd, g i Tdh 5 VBHEHLE s T Fx B, 120U,
ER5TW5, F R B TR I T b, MIG
Fig. 5 /A RIERL 2 17- 2 A OEBERO 1 v oMl WWH&E T Solute band & $ B L T3 EEA LN D
W2NT, 2219WY i &k AEHSES 53 DCSP-TIG 23, Fig. 6 /R Uz X 51T, BihEPEITe & - TRz
IRPERIE T, BEERLICX 5HE ELTR A0 LN, UL, DCSP-TIGEHRE TR E D
Hohnt, UL, 043WY iIc L A BRER TR, BED I RERBED SNT, BFE T, »o, LR

FEOEAEFREENED LNV, THEREITH » 12,
Fig. 6 B AN U 217 10568 OB O ¢ Fig. 71T 2219-T4 & 5083 & &EHEROBEEOTED
Vo ERT, WTNOEAETEF L M54 M FEB 7 ol ERT, 2219WY Jo k0¥ 4043WY 1T & B

Interface between base Weld metal Interface between base
and weld metals

z«%

G

5083-0 - (4043WY) o 2219-T4

Fig. 7 Microstructures of welded joints between 2219-T4 and 5083-O alloys. (%100x %Y%)
(As welded)
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Fig. 8 Microstructures of welded j>ints between 2219-T4
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3.2 BEEEOLERS

Table 4 1<, HFH#EGBEOMERD 2RT, 4, DCSP-
TIG BESE L, UROHELP S Tabled i/RL 122219
@& 2219WY OMEDLEOBEAE L ZEFFETH -72DT
HEL T2,

2219 &4 & 4043WY DK AT 2219 &4 & 2219WY
DOBEHEL T 15% FBED Si¥inb b, Cuild 4.5%F
Wil - T 5, 2219 & 5083 A4 T 2219WY Ol 4T
13 1.9% BEo Mg b b, Cuid 3.9% BEH-> T
5, 4043WY i X 28813 1.5%BE D S ffrrzchibh b,
Mg i 1.8% 2R, Cuiz 29% B L5,

HREZ 60%BET, Zh2H W TTablel 2 6 &L

Interface between base

e
Ly

& g
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Interface between base
and weld metals

R g

2219-T4

Fig. 9 Microstructures of welded joints between 2219-T4 and 5083-O alloy. (x100x%%)

(Heat treated to T6)
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Table 4 Chemical compositions of weld metals.

Material I C Chemical composition  (wt%)

Base metal |Electrod wire Si ‘% Fe Cu | Mn 1 Mg‘ Cr 1 Zn % Ti § \'% l Zr A‘l‘ )
2219 | 0.09 170‘14 6.71 | 0.29 | 0.01 | 0.00 | 0.02 | 0.07 | 0.11 | 017 | Rem.

219 1043 | 1.46 1014 452 | 018 | 0.00 | 0.00 | 0.02 | 0.05 | 0.07 | 0.11 | Rem.

2219 2219 0.10 | 0.15 3.8 | 0.43  1.92 0.08 | 0.02 C0.04 0.07 | 0.09 Rem.

5083 4043 154 014 | 2.9 | 0.2 180 | 0.05  0.02 0.8  0.04 | 0.06  Rem.
12 Si, Cus ko Mg Ot & Table 4 Offi#tt-<5% & nicwcEml, 5%, fll/\ﬁ"‘lkgcl FisERED, W
M# IS & Z 0.5~ 1 BREDEV D 5N, O & ORIICE TS 4ﬁ,f<J7:>>M\£2~’Ga“wo L
3.3 ;aiﬁ’f%%wéléﬁflﬁﬁ 2L, 4043WY 12 X B#kT-a 5 iz DCSP-TIG #-IZ il

Fig. 10 iz 2219- T4 S &EBERT O ELE 2/RT, T NBHERE,

T ORI, HER ‘I‘;iPS’t HIBEBEGRE & B okt B ANVBEEEL 21T 108 A, BIRm & & 2219WY
Br-THEL, BB TIRBVT, REHIBITRLEIGLTENE

R S, RO L EONA, 2219WY Tk 2T N36B L 40kg/mm? FRIE L2 h 2 HhE {185, 4043
BT, fuH RO LIS 2N EN 27 5 L0029 WY ok 2963F T HBEANMEEE L DR DD »)ﬂ T

kg/mmfEE & 72 b, 1kg/mm® FEE Tk d 5 05 4043WY B3, 2219WY iz Xk % %IM’ it~ B & BliEm S 3 ~4
kBT H B vk DCSPTIG k&L b WL, ZD& kg/mm? fRE K, C O, Table 41 L_/T\[/ TR
5rp3ad, 2N FN Table 4 iR L B EG R ORI 7, T8 DS 75 NML;&LB%LL& FieshbEELLND

& 50k Fig. 4 1R L 72 DCSP-TIG R R D7 v F 5 P OLIL kRO NIESEIE 7 12 “u‘li@t BHT, R i;
Ah -k BAADKREVCE, BERHBEEALN LOHVEORS L85> TE, TORMICOWTET

%, CTIEMB DT, %Q':?Z-‘@;'}\X);”‘;ﬁ‘(}ibfb\ém £ 9L,

VERERMEREL 21T ey, DR & 2219WYiT & % R, B, B L ORER O s hnlSO)

WFEBHT, £BHY, BLOLLUIISE, 2RE0 31 Wik & EWMTFREOMBRERL {MET 5 JZ;‘E A9,
k032 kg/mm® B L, HEOIELDEAED, B M, wHEoT IO, 2219WY ik Zv%W:T TEL
FRLUOMENED LN TS, 121, ZOHINLiES THEBEH DB I L ED 16 kg/em?® BETH D, 4043
As welded After postweld heat treatment
60
Tensile strength 190°C X 36™ 535°C X2 WQ (’E]ectrode wire 2219)
VYield strength DCSP TG
Elongation 510°C X 2"WQ(Electrode wire 4043)
— 50
= | e » 20X .
= Left : Reinforcement on 190G 36
By Right : Reinforcement off
= 40
5
T3 — - —
7
28 % __ —] ] e
=2 — m N e R |
N H L u
; 20 — S— o] - I
E -
10 - I _— _— " "
0
Electrode wire 2219 4043 DCSP-TIG 2219 4043 DCSP-TIG 2219 4043 DCSP-TIG

Fig. 10 Tensile properties of welded joints in 2219-T4 alloy (tested by JIS Z 2201 No. 5 tensile specimen).
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¢W%b®b#$MmLﬁwmww%50bmpmﬁﬁm
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B Lo TE, WIFNOMTFIKB TR ELILRH
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11z Fig. 11
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Lo b B — (18 2219WY it & A
TR &

wh, 1.7~18kgm/cm* BETH %55, 4043WY ik 3
EawwFrhsd kb 04 keem/om® BV, T ORFKREE

LT Table 4 IK/R U MIBHEEGBORDEICI D EEADL

ﬂéo

BRI B LT, KRB DB IR LG ZNZEN308 & J‘/L—ﬁj" {[u n’yMZU/f T RBEHFERIT 75/" i%tu?&b
As welded After postweld heat treatment
60 -
Tensﬂe strength 190°C X 36" 500°C X 2"WQ

— Yield strength —190°C X 36"
£ Elongation
£ 501
e)s) .
= |eft : Reinforcement on
£ Right : Reinforcement off
o 40
B
25
= B
=230
Sl_) ey S— —
B
i) 20— - — —{ |
2 — — 1 1
5 ——— — -

10— — —

0

Electrode wire 2219 4043 2219 4043 2219 4043

Fig. 11 Tensile properties of welded joints between 2219-T4 and 5083-O alloys
(tested by JIS Z 2201 No. 5 tensile specimen).
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As welded After postweld heat treatment
25
Room temperature 190°C X 36" 535°C X 2 "WQ(2219,DCSP - TIG)
I 510°C X 2""WQ (4043)
Left : Notch on the surface of weld —190°C X 36"
Right : Notch on the side of weld
2.0
T .
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B
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E 1.0 -— —
= S o
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2 - | h
-
05 — — - — — 1
0
Electrode wire 2219 4043 DCSP-TIG 2219 4043 DCSP-TIG 2219 4043 DCSP-TIG
Fig. 12 Charpy impact value of weld metals in 2219-T4 alloy (tested at room tenprature).
As welded After postweld heat treatment
25 .
—196°C 190°C X 36" 535°C X 2"WQ (2219, DCSP- TIG)
510°C X 2"WQ(4043)
- 190°C X 36™
2.0
Left : Notch on the surface of weld
. Right : Notch on the side of weld
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s 15
=
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)
k3]
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5 | ]
S u
05 ] — S
0
Electrode wire 2219 4043 DCSP-TIG 2219 4043 DCSP-TIG 2219 4043 DCSP-TIG

Fig. 13 Charpy impact value of

weld metals in 2219-4 alloy (tested at —1967C).
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As welded After postweld heat treatment As welded After postweld heat treatment
2.
5 Room temperature —196°C |
190°C X 36" | 500°C X 2"WQ 190°C X 36" 500°C X 2"WQ
] —>190°C X 36" | —190°C X 36"
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/E\ Left : Notch on the surface of weld
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Fig. 14 Chapy impact value of weld metals between 2219-T4 and AB083-O alloys
(tested at loom temperature and —196C).
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Fig. 15 Hardness distributions of MIG welded
joints in 2219-T4 alloy.
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Fig. 16 Hardness distributions of MIG welded
joints in 2219-T4 alloy.
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Multifrequency Eddy Current Testing of
Small Bore Tubes in Heat Exchangers

by
and Michio Washida

Akira Takahashi, Masahisa Naoe, Teruo Kanamori

Eddy current testing (ECT) is one of the most effective and reliable nondestructive test
method available for in-service inspection of defects of small bore tubes in heat exchangers.
However, the signal of probe coil is often disturbed by several subordinary parameters other than
defects. Among the subordinary parameters, the parameters responsible for noises are support
plates, tube sheets, chatter due to inside deposit (corrosion and/or sedimentation) and pulling-out
of probe.

Recently MF-ECT method has been developed and used with increased reliablity under minimi-
zed noises. Based on the frequency characteristics of eddy current, in the method the noises are
suppressed by electronic addition of the signal obtained from one ECT coil at each frequency, and
the informations of defects are no longer masked or altered by noises. Additionally, in MF-ECT,
both differential and absolute data ara obtained from signals at more than two frequencies.

In the experiment on MF-ECT for in-service inspection, the following conclusions can be drawn.
MF-ECT method offers benefits in effective suppression of the noises from unwanted subordi-

eY)

nary parameters.

&)

by examinations of calibration .specimens.

It is nesessary to determine an optimum frequency combination for the given test situation

(3) For the sake of simplicity of analysis, ECT data analyzing microcomputer system can be
applied. The system offers advantages on realtime data readings and caluculations.
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Fig. 3 Frequency control of MF-ECT.
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Fig. 6 Suppresion of disturbance signal by MF-ECT (used 3 frequencies).
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Fig. 9 Analysis of signal patterns by Fast Fourier Transfer.
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