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Ultrasonic Immersion Testing System
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Synopsis :

The immersion type ultrasonic scanning flaw detection system, developed and
manufactured by Kawasaki Steel Corp. and Kawatetsu Instruments Co., Ltd., features
the use of a high-sensitivity flaw detector, precision six-axis scanning mechanism and
sophisticated data processing by microcomputer. For the data processing, the system was
started with a conventional two-dimensional map recording of flaws, and has now grown
into sophisticated computer graphic processing, including B-scope recording,
computation and recording of the flaw ratio to the total area and three-dimensional
display of flaws. This paper discusses some examples of its application, including: (1)
substitution of a microscope for visual examination in the hydrogen induced cracking
test; (2) prediction of susceptibility to disbanding of stainless steel overlay welds; (3) a
new approach to detection of non-metallic micro-inclusions in ultra-thin steel strips; and
(3) attempts to use this system for testing new composite materials such as honeycomb

materials.

(c)JFE Steel Corporation, 2003
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Synopsis:

The immersion type ultrasome scanning faw detection system, de-
veloped and manufactured by Kawasaki Steel Corp. and Kawatetsu
Instruments Co., Ltd., features the use of a high-sensitivity flaw de-
tector, precision six-axis scanning mechanism and sephisticated data
processing by microcomputer. For the data processing, the system
was started with a conventional two-dimensional map recording of
flaws, and has now grown into sophisticated computer graphic pro-
cessing, including B-scope recording, computation and recording of
the flaw ratio to the total area and three-dimensionzl display of
flaws. This paper discusses some examples of its application, includ-
ing: (1) substitution of & microscope for visnal examinaiion in the
hydrogen induced cracking test; {2) prediction of susceptibility to
dishonding of stainless steel overlay welds; (3) a new approach to
detection of non-metallic micro-inclusions inn ultra-thin steel strips;
and  (3) attempts to use this system for testing new composite ma-

terials such as honeycomb materials.
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Photo 1 General view of C-scan systemn
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computer

Fig. 2 General composition of the system
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Fig. 3 Block diagram of C-scan system
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Table 1 General specifications of KUSS series C-scun system

Designation

7 VModels

\\\\-—-,_

KUSs-20
series

KUSS-10

series

Scanning axes

Cantrolled axes

| 3 axes type

5 axes type

X. V. Z Rand @

Maunipulator

X V.and Z

Motor operated.
R=0°to 370°
= —15°to70°

Manual +30°

X -scanner

Scanning stroke

Index pitch

10 to 700 nun
0.1te 9.9 mm

Position
reproducibility 0.1 mm
o Scanning stroke +50 to 175 nun
€ .
T | ¥Y-scanner Scannmg speed 300 /s (max.)
= Position
8 reproducibility 0.1 mm
oy
E Scanning stroke 10 to 800 mm
=
3 index pitch 0.1t09.9mm
vy | Z-scanner
Position 0.1 mm
reproducibility '
3 Material O.D. 60 to 800 mme
Turn .
g table | Load bearing 50 kg
B capacity
o
- — PR
5 . Material O.D. 20 te 400 mmg
E Rotating .
= chuck | Load bearing 50 kg
o capacity
5 _ - —
E Material O.D. 60 to 400 mmg
O | Turning .
rolter | Load bearing 100 ke
capacity

Immersion tank

{Effective scanning areu)

600% % 300" x 300° mm
700L x 350" % 3007 mm
800L x 600" % G007 mm

3000+ x 2 000"
x 800 mm

0 0w =

Data processor

Options

- C-scope recording

« Digtal display of water path
hetween probe and material
surluce

« Computation and display of
fluw area ratio

» Grray scale recording

- B-scope recording

- Flaw data storage in floppy
disk

» Three-dimensional flaw  dis-
play

Recorder

Chart size

Scale

Recording

Al (roll)

571, 201, 141, 1/2, 1/5 (desired
enlurgement  and  reduction
aiso possible)

Electrosensitive system

Flaw detector
{Model
MARK-TI}

Frequency range
ATT. coverage
Gaiu

Pulse repeat
frequency

1to 25 MHz
47 di3
80 dB

250, 500, 1k, 2k, 5 ki,
external

120 % 100 mm

CRT size
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Fig. 4 Example of C-scope and B-scope of HIC specimens

X Aty P B R A b NN s L TR
5o EMTED, CONBERYEE 0T, ERHoRIY
0 ELEEL, | AR EHl o KR = R BRI
BBt sc bic kT, Baa— 7B, F ik BETE
EpaEL s b TED, O K5I LTEB A= - 7% Fig.
4 iR, BEEB A = - FREEEMEL G L ik, o — PR
I o CHEH CRT hiciBbhTinie b D Th5, KEEO &
5 CA 2 — 7 b R R 2 D b O e P 5
Ve BEHEEOIE XA 0.2 mm 4 T RO A iR T
x, KREEEREA TFHECIBETE D,
(3) TR R
Bra— 73S LW B HRE LEE LEVT, Fld
CC #MpaobHo X 31, WEOERH, PO EE3IT5
c kA BRL TS TR S, Chit 2ooREY — PR HE
W, BMEEAMEA AL, CA= - YRR CEAIL T
%15, CoREMAE Fig 5 whid. REGEED Py 72
PRIV B % 2 b el & A o E g A L CEEE LS
DTHD, RS T VBRI ET 2 WA
Am L, MBS R E DL TOEhTEB I L
RL T B,
{(4) REREMEOER R LU
A ihfe BRI U P o TR A oW RS FIH L, FoRs
FUEERE R L b L s R W X AT, R
ST T B KRG~ oAl E Fig. 612
s
(5) BEF—aD7 Ry £—v— FAORIADEEEE
gk nz Y L 2o R IR (R, R 2 —EE R LT
75 —nm ONJOFF #F -z L LT7m 4 Koy — P ~HER
D EMTE D,

1] g Bk 4 Vol. 18 No. 2 1986

B Fih TN s 3
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Fig. 6 Example records of flaw patterns with flaw ratio value
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Photo 2

Exumple of isometric display with two-dimensional
top and side views for ready identification of the
three-dimensional distribution of flaw
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HIC test procedure

Table 2

Ttem ‘ Condmon

Test selution

| ?ynthetlc sea water (A":IM D1141)

Temperature

25+3°C

H,S concentration

2300 — 3 500 ppm
pH ‘

Test period ‘

140

120

100

80

60 |

Ratio of crack length (%)

40

20

0 20

80

100

Ratio of crack area by UT (%)

Fig. 7 Relation between ratio of crack length in cross sections
of specimen obtained by microscope and ratio of crack
area obtained by UT
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Fig. 8 Propagation behavior of hydrogen induced cracks ob-
served by immersion one side of the specimen in the
synthetic sea water saturated with F:S and detecting
cracks from the other side by the C-scan UT
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Fig. 9 Influence of suspicious flaw and disbonding

Phote 8 Microstructure and disbonding observed in the tran-
sition zone between overlay weld metal of type 308
stuinless steel and base metal of 21/,Cr-1Mo steel

ric 24 FRRIHOS T, TERORRIE A CTERE L 2H500% Nontreat o
Fiestime mte 2h, 4h IR LEO 15 BHRL TV 5,
Photo 3 i3, 4h HicH XM KIMHOMEERETCH D, Ch X
h, Fig. 9 oEGBHRE, I Y2 LAHLATHEL, ¥
7z, Fig. 9 o Nontreat H o1 £ — > &, FHEhz L2514~
FREL TR S o ik, HEELR R B M2 5 P B
RN TB o b7, HidEEl & Bk s oic, 35 Mo RIBEE
ELTFET S - &R s h g, Fig. 10 43, 4 —2 7+ MK
OERERD, BESET O d-ferrite [Delong Schaeffer oo —
AFFA L EwAF o4 P OEERM B d-ferrite B) WWRTTL,
d-ferrite ot 5% Bllwticn &, A —ATFA pfKO SRS
B NLEGCHmMRAR G b, d-ferrite B A, M4 H L CTIER LY
BT, A=t 2 b= PRV, FEEEh R T,
CA¥pv UTHIC L =T, S0 BT E BRiEs ox
Eh R0 ThaL, Hidlbris, RfvHERoS Lo
1E SN EF ARG I L AR L TS,

coX o, PWHT EHO RS EEIEY T L 2 WM
MCAF ¢ vERYAGRBC L - TR Z R,

3.3 HEiMROREEY

TEERL 7o & o R o) 2 o KRR H i, —f0 C A ¥ +
v UT EelBsh s ARGHRE ARG o - 2%, A,
EHgHACOR = — (Fl==-) oRBotw, FmET
DRFDRANTE RN THTH D SO X d M, =2—r Ak

— 106 —



kw0 OE

R Om R E

§-ferrite
‘QS{ 0 1.0 1.7 3.0 4.3 5.5 6.2 7.8
5y S,
S@,)_9 _ c‘f};;(,”
b ydroget i Mg11l | MM823Y |FLS-10B-2B|  K4B M3-122B | Wi K-8 M8-14-23
ekpostire .
z;uihmﬁm —1_-.‘“
+14dB i
[N
r 3
lsﬁ@ ;
+174Bl1 B <
[t;-“ﬁ'
Non- - LA
treat R PORS—
i “ik. !
+21dB O""""‘f
] R T o
P! U—
L XA
+24dB Qnn it il
L H¥ '
After '
21k +3dB !
23 mm
Ultrasonic 04
transducer Water —2 _ R-echo
_ _ _ — 4
[
- - I -6
Reecho - —_ A
= — 84 '
—-  Sample -- ks 1 Y
) - £-10] ‘.
i i
-~ . L Reflector E — 124 ll' Bl-echo
TTTTTTTTIITTTTTT I ] = !
1 \
—16- \
Fig. 11 Schematic of deuble-sound transmission immersion test ’ '-‘
-~ 18- :
LEEEND, BERK =2 -0 vl HBEOFED B B T — 20 i
FipE g R KR AR TR, T2 To AL B S o 0 3 i 5 R 10
o, BWEBET S = aoF -2 L, BRI DR LT g
FESRDER= 2 —O -y, IR THRET 2T, . . . S .
- Fig. 12 Relation between echo height and inclination angle of
Cmma -y AR BBETAC LI X, MR N L

I Etniik ey, HYREBTEO 1 OTHL, LaL, X
bas HOR S = 2 — &Pk L & 5 & T AL T, il
Aede e, HOMERL linih, Koo sdetioind
AR LT D R, HEEIEGT, SEe kOB R
BRBD D ESD, EMER-OBEMEE i CAr y vREN
VBT e S OK SR K S —T R R, HEEHE
3Bk (Double sound transmission} ETEIEN A A EDTH D,
—HUNEREsFERREY Fig 11 om+, B EERTc L
MEINEEEO O b, iR TR ha 2 21T
oAy cEEST A= — (Re=—) AL, KEWHT

smmple

ih, IR L AT 0 FLRS LRI AR o s TR I DR
W, EHHCIELCES =2 - RES BT L EXFRTEL

DTHL, HE b, B 20mm o SUS34 FAF v v AR
DEENS EFHEAREE LTHAL TS,

T Lin <, SEREch i s, 1 20T olioC
L vERAFOEEFMNTES, LI —BHFEEE LT
B oz g, B BB LS EEAE LTS, Fis.
12 i SRR B & B - A lFIC RS A L =

— 107 —

JINEFSESE R Vol. 18 No. 2 1986



O -10 20 30 40 50
1] 1 | L ]

{mm)

{a) C-scope map of SUS cold-
rolled sheet

{b) Flaw observed under micro-
scope in the cross-section
at the arrow-pointed posi-
tion in {a)

Fig. 13 Example of duoble-sound transmission UT

Skin Core Skin

e

T : Transmitter
__ R:Receiver

L

| ]
v 1:!
yp

"™ Disbond

AR R TR RN R AR —
I

Fig. 14 Schematic of through-transmission method for honey-
comb structure

(Bl =2 —) &L, R=a2—-oDv~a@{tbtsid, hick
B&, Bl=a—i, 2° DETEMCMEL, L ARMECRRE
ERTHDTH Do

Fig. 13 o difii 0 R m A4 =3, RE 0.69 mm o SUS 430 3
AT v b ABTERE O MEH RO L, to e EHTEH
By CHIZIEHHL D 4.5dB LLEOR == — WEL KL L2
BLEbLDTH D,

3.4 WEMOERRE

KRR OETMEFRBETT, WU LT ARED
Piifds LU, HHEREE LA, BOE, HAIEE kT LEE,
RS PR O MR IS T o K s S b B Lo T
BT BY, BERNHEMEOMEN TH b MiZsof & LT
Mebhz kdifotr=d 2O REFT~OHHE, To—
Bl LThHF phi, =5 ailifid, FRP o ZoREmE o
foos=h a2 THAPGEANNE TS Y, KM ORI R,
KEOH & = 7 HoESEE, BX0 2 7THORBBE ERRET
BB, CHEOEECH UEBADEEXYEMNELT, Ah =224
AA o - R RO A MD T D, TOREM S AR INEL
Wk BRI A R AR E LISy o, Figs 14 omtk dig,
2 OO TR ERERRE L, — % %E, WFEZEREL
THGAZ 2 =0, Bk Fal Lo i =+ 4 F — 50
Cr D RIEBLT S, O ERESFHTHD, FRIE
Photo 4 o & 5, HEMFHERC BRI oKD <o F 7 A%

T £ 10 nuo
Detected with normal {b) Detected with sensi-
sensitivity tivity of +6dB

Fig. 15 C-scope records for honeycomb structure (CFRP skins
and NOMEX core)

W, T oMEAC L S THIRELOFY , T IR E S T
Do THL—HOBERTEHATKY = » b/ XAk, FHRHRE
KR THEETDH D 0L - Tl kbEiisd Fig. 16 T, #
Kby, M E BEAY CERP (Carbon-FRE) @, / —- 4, 7 A3
THER IS EARE v A, ATRB R EDRAALLOTH
Bo (0 CLMERE T, (b)Y i (0) LHESdBRERSMA I &
LT, = AR RN A - B3R DTHE DL, I
Doz A MO CAF  vIBAMEMB N ThS, Fi, 7
t, 7=, CFRP, FRM (Fiber reinforced metal) 7g & 0 fEfifico
WTh, B0 pm R F co KRR KT E, REEORNE
T TR SR, o as—F ke TEREAER TV 5,

ISk Vol. 18 No. 2 1986 — 108 —



kR E

HoEEEE 207

4 ¥s

!

NHRLEE & 1 k34 5L 38 4R MIBR G L Aok it AE BU R B BRI >

F AT LT

(1) ABEG SRS A, GRE 6 BRI ks LU
p-CPU i L&k — & LI A FR o,

(2) b b LT, KRB 2RI v TREOR ST
BAa— 7HE RWEREOED S8 k3 RTRT
Yoo v .= 757 g 7 MBERER RO,

(3) AmEE, KAEFEAHRABCET DEADHI, A7 v
A =i b DREER ORI, B X ORI O BAFEE
BAEEORBICER Sh TR D, RUEESBER T,

KBHEOEENBSBIEGHEAIMH 2 U &+ 2B
OREREOREERE LT, WitH2 bR EREREA, E=pE
At h Il Do s LR~ T 4 — Foiy s AIE T, LOTH
EERET S REMCHE TV . FRoRR, AN T
Bh o= h A AL U T BIREN, Figkse o AR iR
mﬁthUbfpéo%E&quvy4ytasyy¢®&m
iR OB k5 kb SR, L oREEERERESh, FA
JuBEOR b E AR R & LT AR, SEROBERILoTRCHEL LD
LEPhS, ok feoE, Bk Uk MRS
L, B ke f BT, B X O HRRD A R 24T
LT — 2 MEHGOMBERBCSE L LRIEACI DS
B izve

% £ ¥ W

1) SRRk, AcRicE. AR, HORGEML INFM—, JubdE: T
REEER © 2% o TS IHEGRIE Y, ek, 12 (1980) 2,
1ib

2) Y. Nakai, H.Kurahashi, T. Emi, O. Haida:
Resistant to Hydrogen Induced Cracking in Wet Hydrogren Sulfide
Environment', Trans. ISIf, 19 (1979) 7, 401

3y Ahffi—, FRMG-, (AR, Zmt—: [Cr-Mo Mook ERR

“Development of Steels

— 100 —

b —o Sy A GRS, SR, 17 (1985) 1, 84-02

4) FEHM—, Sih—, chIE=E, REHY— IitfigEsi e+ <
N ATV L AKEEESROME ], $eM, 70 (1984) 5, 3669

5y FHIN --, cLdile: [TAHERERE C A ¥ v WD), Be
M, 71 (1985) 4, S400

6) D.J]. Hagemair: *‘Ultrasonic Inspection of Carbon-Epoxy Compo-
sites", Materials Evalualion, 43 (1985) 5, 547

ISR Vol. 18 No, 2 1986



