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Ultrasonic Detection of Small Crack in St_uds[Bolts]
by Time Difference of Thread Signals(TDTS)

D. M. Suh, D. Y. Park and C. K. Kim

Abstract 1t is difficult to detect such flaws as stress - corrosion cracking or corrosion wastage(loss of
bolt diameter) in the threads. In many cases the critical size of a flaw is very small(1~2 mm order).
This paper describes how it is possible to discriminate small flaw indications in threads using the time
difference of thread signalsl TDTS] by a signal - conditioning technique.

1.4 B

AR AL A7 RE70 dAse Fa B
Ay L BF o g 7H5F AAe 94 EALe
StAAd RAA ule Fasit)

A 3 A ¢4 8 871 (Reactor Pres-
sure vessel) ¢ 57124 71(Steam generator tube) ]|
e AFs Fulg vigdZdAE 5933 e
W o] B-S A9 o) R £ BE L AT siAe
AAAY] 7]5el og £FAALE Y5t gl o]
AT £5 AAE $34: &4 AIBY B we
DAL =FH2 AT HARRNY] AN A E ]

* ¥ YRYATFA YN PATA
*x ABdstm AR-F et
1990d 2€¥ 159 AF

Z71 g0l AA5Y e EAZ tFHI o). webA
QA BAdxre] 7VEF HAIA AR AR
HEFE LAANTII FAL AL FEA717] 9
3 A 2 A AEAE 2AEs 87HI e
AA olr},

A Ty 9Ae ¢HLr dAF HE stud
bokt AALE HAMA) $Eo2 @E2AE 4R
e g A A7l F£Aog o|FsHA HAE F
3t Utk 212G AAAL 502 AT B
&3 AN HALE F£Y387]1F o] P YA
o2 REe 43 Fgo] JAME AA oA dALEE
geometric 21 &9} g A&7} EAHO el do2H

_38_



b

AgAEE Z7)7) oj5f dAoth

o]#]§ AMAEe] Corrosion wastage (Loss of bolt
diameter)\} Stress - corrosion cracking® 1 27)7}
1-2mm BEd ol2W AFo] FIA Ho| &
o2& 497t wAEH ¢ A FA7} Hu
Ath.(1—-3) 2t A ol A= Avle) Ae Al
(Table D7} FAH 7 AR AE3A R3tglon
olglg FAZ YoM E 94 71eAEY A7 o
Aol HiL 9131(4—5), ASMEJ| M o] 2§ =84S
A ate] AAW ASME section XI Agp. VIoIA
stud bolt WAMte] ¥ HE L 9T HAARY
AARIF tdt dx2 AF3a UokP

Table 1 Summary of degraded thread fasteners

n reactor coolant pressure boundary,

DEGRADED REACTOR | NO. OF PLANTS(YEAR INCIDENT MODE OF
COOLANT PRESSURE | REPORTED REPORTED) SREACTOR FAILURE*
BOUNDARY THREADED| INCIDENTS VENDOR
PRESSURIZER 2 CALVERT CLIFFS 2(1981) C-Ef BC
MANWAY CLOSURE St.LUCIE 1 (1978) C-E BC
STUDS
STEAM GENERATOR 7 MAINE YANKEE(1982) C-E 6
MANWAY CLOSURE ONEE 3(1980) B&¥ ¢
STUDS ARKANSAS 1(1978) B&w BC
ARKANSAS 1(1980) Baw SC
CALVERT CLIFFS 1(1980)C-E BC
St. LUCIE 1{1977) €-E BC
SAN ONOFRE 1(1977) W s¢

REACTOR COOLANT 5 Ft. CALHOUN(1980) C-E B¢

PUMP CLOSURE CALVERT CLIFFS 1(1980)C-E B0
CALVERT CLIFFS 2(1981)C-E BC
OCONEE 3(1981) B&w BC
OCONEE 2(1981) B&W BC

SAFETY INJECTION | 1
CHECK VALVE
STUDS

CALVERT CLIFFS 2(1981)C-E BC

*SC= STRESS CORROSION: BC= BORATED WATER CORROSION
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Fig. 1 Ultrasonic beam direction in stud bolt.
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Fig. 2 Pulse train from stud bolt threads.

+-transdpcer



BRI IENREEEGH® Mgt gl - AFR
. Tdn
AD = Awy/ahvexp(-0x) Z} sinln(2nt) — < TW S Ty e (3)
2n(fo/v) X] seerecerecenctaiicinieninans (l) pate pate
start stop

where A, : amplitude exited in the surface of
the material under test
as - attenuation coefficient due to scat-
tering(diffusion)

. pulse length in a medium

&

: resonance frequency(center modu-
lation frequency)

. velocity in the material

. wave path

- the sum of the attenuation coeffi-
cient

fs pulse train frequency(repetition

frequency)
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Fig. 3 Gating and windowing of thread signal.
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Fig. 4 Amplitude and time value of thread signal.
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Fig. 5 Block diagram of data acquisition and proces-

sing system.

Table 2 Notch depth of test block

NOTCH # RPV(mm}| RCP(mm)
1 1.0 1.0
2 2.0 1.5
3 2.7 2.0
4 4.0 3.0
5 6.0 4.0
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Photo.1 Rep 1 mm Notch
(H: 109 s/div, Vi 50mv,/div)

Photo.?2 kep 1.5 mmw Noteh
(010 s /d iy, V:50my/div)

«4 Epv 1 mm Notch
(H:10 ¥ s/div v/div)

Photo.6 Rpv 2.7 mm Notch
(11:10 P s/div, V: 50mv/div)

Photo.5 Rpv 2 mm Notch
(H: 100 s/div, V: 50mv/div)
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Table 3 Amplitude of stud threads by DAC method

RPV  NOTCH DEPTH (M)
dB (20606 NOTCH/NOISE)
PERCENT OF DAC

2 27| 4 6
[} 6.9 6.9
62 100 iy 137

go»—-
<

RCP  NOTCH DEPTH (M) | 1 1.5 2.0 3.0 4.0
dB (20006 NOTCH/NOISE) | 1.1 2 3.8 3.8 6.7
PERCENT OF DAC 65 82 100 120 140
2 TAC
2
1.6
14
1.2
(2.7 MM)
Avp 100" M,
8t 1 MM) W
o, &
et e
A
2
R T I R T R

Posttion(mm)

Fig. 6 RPV stud indications(1, 2, 2.7mm) by DAC.
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Fig. 7RPV stud indications(4, 6mm) by DAC.
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Fig. 8RCPstud indications(1, 1.52mm) by DAC.
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Fig. 9 RCPstud indications(3, 4, 5mm) by DAC.
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Fig. 10 RPV stud indications(1, 2, 2.7mm) by AR.
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Fig. 11RPV stud indications(4.6mm) by AR.
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Fig. 12RCPstud indications(1, 1.5, 2mm) by AR.
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Fig. 13 RCPstud indications(3, 4, 5mm) by AR.
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Fig. 19 RCPstud 2mm notch signals by window.
Fig. 16 RPVstud 2.7mm notch signals by window.
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Table 4 Td and Tdd of stud bolt

STUD | NOTCH(MM) Td(v sec) Tdd(u sec)
NO INDICATION 1.54 0
1 2,21 0.67
RPV 2 2.87 1.3
2.7 3.35 1.8
4 4,21 2.67
6 5.54 4.02
NG INDICATION 1.15 0
1 1.82 0.57
1.5 2.15 1
RP | 2 2.48 1.33
3 3.15 2
4 3.82 2.67
5 4.48 3.3
u THaT
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N S SR PR n‘m
¥ H
ol e o B ¥bygad
|
T T

Posltion (mm)

Fig. 20 RPV stud indications(1, 2, 2.7mm notch) by
TDOT.
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Fig. 21 RPVstud indications(4.6mm notch) by TDOT.
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Fig. 23 RCP stud indications(3, 4, 5mm notch) by

TDOT.

3-21 %

A ASME Code Section V Article 4 2 5
oA A e DAC WS dTE 2gu A
ZAIZHTOF) & ©]43% TDTS ¥Wy-S v&sld DAC
W7 AR W2 2—3mm °|4e] EE FSAS 9
3—4dB o} R0l 7} 1A AF A& o) Sol8 AU 23
mm °l3te] VNS 2719 AfE A&7t oy,
Z22v} TDTS W2 2— 3mm ©] 39 v & A7}
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Table 5 Results of DAC, AR, TDOT

NOTCH DEPTH(MY)
2.7 4
0

STuD TECHNIQUE

cleje|wijo|o|e|w

S|x|>|m|o|m|=]o
w
cle|lecln|leo|e

o|eix|—~{o]| ]|~
o|le|le|lwlolo|e

ole|lo|w

T
(* X:p4¢, 0:4%)

2 TDTS WY A&e ZAE Ass A2
o 23, 32 A3 AFUIE FE317] ¥
) %ol Signal— conditioning®] X8 =ojo} gt} =G
1-2mm 2% 27 3A A4 A¢ V1R 28
HgHrt =HQEd, 2 olfe HA A¥AI(1-2
mm)$ AR v 289 F94R(225MHz) 9
#3414 mm) o] ¥lx3d7] qEgoz YZdc

B dFdAE ¢ F AUxe] TDTS ¥HEL 1-2
mm2) 2FE YA AZ 9} FH-o| 715319 2—3mm
ol 4] A% ASdE $+39Y.

4 d@ B

Stud bolt o] WAL EABHE corrosion was-
tage(loss of bolt diameter)\} stress corrosion crac-
kingg ¥ A7l A 714 signal - conditioning & 3
YAt A 9] 28-5te] FYAIZ2HTime Difference
of Thread Signals— TDTS) & ©] 43 1—2mm 3719
A AgE 4A ded & U9
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