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Performance Test of Inservice Inspection Equipment for

HTTR Intermediate Heat Exchanger Tubes

*
Yoshiyuki INAGAKI, Yoshiaki MIYAMOTO, Kiyoshi KATO

% % *
Tamao NAKAJIMA , Tsuyoshi KOZUMA and Hajime SHOJI

Department of High Temperature Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokal-mura, Naka-gun, Ibaraki-ken

(Received September 9, 1992)

Experimental study was carried out to clarify the performance of
eddy current testing probes and a probe inmserting equipment for the
inservice inspection of the intermediate heat exchanger tubes of the
high-temperature engineering test reactor. The. inspection performance
of the probes were investigated using test tubes, made of Hastelloy XR
and containing artificial discontinuities made with reference to the
ASME standards of steam generator tubes in a light-water reactor.

It was confirmed that the probe could detect the discontinuities of the
ASME standards and the smaller ones, such as a 100% through-wall hole
with 0.5-mm diameter and a groove with 0.5-mm width, in the base metal
tube. TFor the tube support and the welded joint, the multi-frequency
method could remove the noise. The inspection performance, however,

lowered.

* [Ishikawajima-Harima Heavy Ind. Co., Ltd.
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The probe inserting equipment was manufactured by way of trial. It
could be settled stably in the hot header of a mock-up model, and could
smoothly insert and extract the probe. The winding of a cable cause
the scattering of the probe traveling velocity and the measurement error

of the probe location in the tube.

Keywords: HITR, Intermediate Heat Exchanger, Tube, Inservice Inspection,
Eddy Current Testing, Probe, Hastelloy XR, Welded Joint,

Probe Inserting Equipment

i



JAERI-M 82-151

1. #vg- %‘ ...................................................................................................... 1
D EEBRIETR VMBI TG URTTEE < eerorreoe et 4
91 ECTHrEBUREMEZER  cveoverersomms o 4
2.2 *ﬁﬂj%ﬁ‘}*ﬂ})\%?ﬁ'f}ﬁ@};&ﬁ .............................................................................. 6
D AR BEERHETRER OVREHL eoveeeer et 21
31 SREEIEIEBLOYEAEL eeeerree s 21
3.0 BRI HRREE oveeerem e 21
13 (RAT RSB e 22
G4 EIBEDOIESEL +oeeeer e 23
35 E RGO R OIBEE e Cererrre e 24
3.6 ArHISIEEENEEEIBAER oo 25
BT T 4 JUEROIEATE et e 25
4 AR SRR A BRI IR ORI oo 43
41 RBEIOR SR BRI oo 43
4.0 (RIREEPIOM L EREIEE OV EFHI «vveere e et 43
5 & e T ARt 47
sy B R CL S LIt CEPE T PO PP RLPLEEL LTI 48
B HE S Bl eeeeee e e 49



JAERI-M 82-151

Contents

1. Introduction «c.eeseeavivsrarrrossnsacscccsvsanss ..
2. Testing Apparatus and Method ......ceoiecvennnnnn
2.1 Inspection Test of ECT Prebes .......coenuvann
2.2 Working Test of Probe Inserting Equipment ....
3. Results on Inspection Test of ECT Probes ........

3.1 Effect of Test FrequencCy siseeerecscssisansson

P A I N

CRE I B R R

.

3.2 Inspection Characteristics for Base Metal .....

3.3 1Inspection Characteristics for Tube Support ..

3.4 Inspection Characteristics for Welded Joint ..

3.5 Effect of Frequency Combinations ......acevvasn

-

* e e P e EE ST

CRC R N T B I )

L A N N ]

3.6 Effect of Probe Traveling Velocity ...evcceveanns

3.7 Effect of Coll Diameter ....iiivsaavsvreonsoass

4, PResults on Working Test of Probe Inserting Equipment

LI I I B N

LRI N R )

L R I ]

LIE U N B N

LRI R R}

CECRC R RS B N

4.1 Distribution of Probe Traveling Velocity in Tube ......ve.n.

4.2 Measurement of Probe Location in Tube ...ieievrvecersnrsanen

5. Concluding Remarks ...ceevcavrrnnrrscivsasansones

Acknowledgements ...vaveeiiinrortnrtanr ettt iaarns

LRI B N B )

RefeTeneCesS .vevesnrrorracceananvonns G esaseteece s un s e essenereanenn

[ S S S

21
21
22
23
24
25
25
43
43
43
47
48



JAERI-M 92-151

1. # =3

HARFIIWEFR TERZED TV 2HRBTFHBYFNSF (HTTR : High-
Temperature Engineering Test Reactor) . G#EM (~V v asH ) ©oFEF
FHOBESHNI COERINAFTHE, BTFOoTRmicR I RB&2 RAO
MEIMB TERAAELRT oo, THEARHE (I HX @ Intermediate Heat
Exchanger) MFEBEEA TV S, | HXRATHREI MWORTZTEET, BAHEK
6. BEKOLZBEEZELTED., BEAE1KE, ERE2KRAOHKEH (~ )
Y AHR) BiENE, Fig. LI IHXOHESE., Table 1.1 KEBETLZRY

(1)
o]

IHXOREBERHTTRO L RAHMEN v v ) 0—HEHRT 240
OBV OBERHTTROES2E. #RCEETH L, O \ﬁﬁﬁ%
$ER (ECT :Eddy Current Testing) K&V | HXOHEHHE T CcEHEM T
# (1S T :lInservice Inspection) 24+ 25t E TH 2., 1 S [ #Hasd.
E(RFETEE, CBREOREEABRETLI-HOECTRINE SRHET REAE
NTHHIE2LDPORMNBFBAZEE»oBRENS,
—AROZEERERLENIImT, BREHR A~V A Va4 AVERZELTED,
FOMERN NZATI4XRTHDL, "AF0 M4 XRIE, NiBEMESE R 704
X DSi, Moy AL, Ti B ZORNMYBAEELLTCREAGERBL T2 UV — 7HE
E2MLEEHALT. SEV2FOSRBRACRATCHRLAZMTHD
D CNEFTEEEY~OEAMNRE. HTTRO I HXPEREEE TY
THEHENS, GRER I FAYLLSBEFMOBERFERALTE D, 0. T
EREAE BT, THBEYTHERDENTV S, LAW-T, ECTR
HEOREREMER Ch o XEEENCREROBERZR IS LW EAoND
., ERORBRELRER. EVMEORBR CEBBREEZRIT TEAREREL 2.
EREAN~oREROBAL>VWTR, BE. THXEHCHEEE~» I &
DTN BT 2GR~ F7O28bo0fANZELLSNTVE, WMEDIEHE
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Inner shell
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inlet  : 950°C
Outlet : 395°C
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__—— Hot header

4= Secondary He gas
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Outlet : 900°C

T~ Lower connecting tube

Fig. 1.1 Isometric view of intermediate heat exchanger (IHX)
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Table 1.1 Main specifications of IHX

Type Counter-flow and helically
coiled type
Heat transfer rate 10 MW
Fluid
Primary/secondary He-gas/He-gas
Temperature.

Primary (inlet/outlet) 950/395 ° C
Secondary (inlet/outlet) 200/900° C

Pressure
Primary/secondary 4.0/4.1 MPa
Material
Tube
Tube support Hastelloy XR
Hot header
Center pipe
Inner and Outer shell 2 1/4Cr-1 Mo steel
Dimension
Tube 31.8%" ™ x 3.5 x 30000 mm
Quter shell 1850 ™ x 50" x 9900~ mm
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Table 2.1 Main specifications of testing apparatus

1) Eddy current testing probe
. Dimensions: ¢ 207" x 43" mm
. Coil arrangement: Differential and self-induction
» Coil diameter 1 ¢ 16 and ¢ 18 mm
+ Fill factor : 42 and 53%
- Test frequency : 12~64 kHz
2) Test tube
- Material : Hastelloy XR
. Dimensions: ¢ 31.8° " x 3.5% mm
. Artificial discontinuities: ASME standards of steam generator tubes
in a light-water reactor plant
3) Probe inserting equipment
- Material : SUS304
. Dimensions: ¢ 230 ™ x 1010% mm
. Functions : Self-support, probe transportation and measurement of
probe location
.+ Method of transportation: Rigidity of the probe cable
. Cable transporting velocity: 10~100 mm/s
4) Mock-up model (simulating the hot header and one-scroll of the helically
coiled tube)
+ Material : SUS304

. Dimensions: Hot header ¢ 267 ™ x 9,3%x 1100™ mm
Tube ¢ 31.87 % x 3,5%x 3540" mm
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Fig. 2.1 Schematic diagram of testing apparatus for inspection test
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Fig. 2.2 Cross section of ECT probe
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Fig. 2.6 Schematic view of probe inserting equipment and mock-up model
of hot header and tubes
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e

Phot. 2.1 External appearance of ECT probe
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{a) Test tube

{b) 90- and 360-deg grooves

Phot. 2.2 Test tube of base metal
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(a) Test tube

(b) 90-deg groove

Phot. 2.3 Test tube of welded joint
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(b) PIE settled in mock-up model

(a) External appearance

Phot. 2.4 Probe inserting equipment (PIE)
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Depth 8 (%)
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Phase angle © (deq)

Fig. 3.1 Calibraticn cﬁrves cbtained from 380-deg circumferential grooves, 1.5 mm
in width, and a 100% through-wall hole, 1.7 mm in diameter, in base metal
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Fig. 3.2 Voltage outputs of Lissajous patterns of 360-deg
circumferential grooves in base metal
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Fig. 3.3 Voltage outputs of Lissajous patterns of 100%
through-wall holes in base metal
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(a) At outer surface (b) At inner surface

Fig. 3.4 Lissajous patterns of 360-deg circumferential grooves, 1.5 mm in width and
60 % in depth, in base metal (frequency: 48 kliz)
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Stralght tube

O ¢ 0.5 mm dia., hole A ¢1.7 mm dia, hole

[J ¢ 2.0 mm dia., hole V ¢3.2 mm dia., hole :
© 0.5 mm width, SU-deg groove 4 1.5 mm width, 90-deg groove
015 width, 360-deg groove

Curved tube

Y ¢ 3.2 mm dla., hole A 1.5 mm width, 90-deg groove
M 1.5 mm width, 360-deg groove

T T T T T

@
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Phase angle 6 (deq)
8
I
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O
|

ob— L+ | o 1 v 7 v b vty oy oy ]y
0 20 40 o0 80 100 80 60 40 20 O

Depth & {%)

Fig. 3.5 Relation between phase angle and depth of discontinuities
in base metal (frequency: 48 kHz)
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Fig. 3.6 Comparison between actual and predicted depth of discontinuities
in base metal (frequency: 48 kHz, the same symbols In Fig. 3.5)
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Location
a b
€ ¢0.5 mm dia, hole
A ¢ 1.7 mm dia., hole
I ¢3.2 mm dia., hole
V¥ 0.5 mm width, 90-deg groove
< 1.5 mm width, 90-deg groove Sleeve
® 1.5 mm width, 360-deg groove
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| _.+._

. 0.S. 4——;“* . S. __ Location b
L I 1 [ L [ ‘ ] l 1 L l 1 [ 1 l 1 l L
0O 20 40 60 80 100 80 60 40 20 O

Depth 8 (%)
Fig. 3.9 Relation between phase angle and depth of discontinulties
with sleeve-A in base metal (multi-frequency: 48+23 kHz)
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Fig. 3.10 Comparison between actual and predicted depth of discontinuities
with sleeve-A in base metal (multi-frequency: 48+23 kHz,
the same symbols in Fig. 3.9)
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v v discontinuities Test tube
— 180 I R
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D
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-
S 90 ;
0b)
S 60 _'+'_
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Depth § (%)
Fig. 3.11 Relation between phase angle and depth of discontinuities
with sleeve-B in base metal (multi-frequency: 48+23 kiz,
the same symbols in Fig. 3.9)
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Fig. 3.12 Comparison between actual and predicted depth ot discontinuities

with sleeve-B in base metal {multi-frequency: 48+23 Kkilz,
the same symbels in Fig. 3.9)
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.Stralght tube
O ¢ 1.7 om dia., hole (location: a)
A 1.5 mm width, 360-deg groove {location: a)
O 1.5 om width, 90-deg groove {locatlion: a)
IJ 1.5 mm width, $0-deg groove (locatlon: b) -
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YV 1.5 mm width, 90-deg groove (location: a)
V L.5 mm width, 90-deg groove (location: b}
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Fig. 3.15 Relation between phase angle and depth of discontinuities
in welded joint (multi-frequency: 48+180 kHz)
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Fig. 3.16 Comparison between actual and predicted depth of discontinuities
in welded joint (multi-frequency: 48+180 kHz, the same symbols
in Fig. 3.15)
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Straight tube
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3 1.5 mm width, 90-deg groove (location: a)
D 1.5 mm width, 30-deg groove (location: b)
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Fig. 3.17 Relation between phase angle and depth of discontinuities
in welded joint (multi-frequency: 32+116 kHz)
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in welded joint (multi-fregquency: 64+250 kHz, the same symbols
in Fig. 3.17)
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O ¢ 0.5 mm dia., hole A ¢ 1.7 mm dia., hole

[ ¢ 2.0 mm dia., hole Y ¢ 3.2 mm dia., hole
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Il 1.5 mm width, 360-deg groove
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B 1.5 mm width, 360-deg groove
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Fig. 3.19 Relation between phase angle and depth of discontinuities
in base metal (multi-frequency: 48+180 kHz)
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Base metal

O ¢ 1.7 mm dia., 100% through-wall hole

A 1.5 mm width, 90-deg groove (depth: 20%, L.S.)
(7] 1.5 mm width, 90-deg groove (depth: 20%, 0.5.)
Tube support

® ¢ 1.7 mm dia., 100% through-wail hole

A 1.5 mm width, 90-deg groove (depth: 20%, 1.S.)
B 1.5 mm width, 90-deg groove (depth: 20%, 0.5.)
Welded joint

© 1.5 mm width, 360-deg groove (depth: 40%, 1.5.)
A 1.5 mm width, 360-deg groove (depth: 40%, 0.5.}
1] 1.5 mm width, 90-deg groove (depth: 40%, 1.5.)}
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Fig. 3.20 Change of phase angle of discontinuities
with probe traveling velocity
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1 [ 1 I 1 1 I l I
. LS. 0.5 N
o] ¢ 12 kHz
— 104 - A A 24 KHz —
= 8 o} D 32 kHz ]
E [ v v wsus i}
. O © B4 kHz
Ll B (g R i
= 4 n3- %1 0 i
3 "F & A v -
5 | ¥ ° v .
) - © @ ¢ .
o ﬁ v
2 102K ¢ ¢ ¢ —
@] = .
S N TP ]
101 1 l L | 1 l 1 f 1
0 20 40 60 80 100
Depth § (%)
Fig. 3.22 Voltage outputs of Lissajous patterns of 360-deg circumferential

grooves in base metal (coil diameter: ¢ 18 mim)
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Fig. 3.23 Voltage outputs of Lissajous patterns of 100% through-wall

holes in base
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Fig. 3.24 Relation between phase angle and depth of discontinuities
in base metal (coil diameter: ¢ 18 mm, frequency: 48 kHz )
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Fig. 3.25 Comparison between actual and predicted depth of discontinuities
in base metal (coll diameter: ¢ 18 mm, frequency: 48 kHz,
the same symbols in Fig. 3.24)
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