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Boiler Tube and HRSG Tube Failures and Inspections International Conference
(Jun 08~10, 2015 Annapolis, Maryland)
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(Historical Boiler Tube Failure Mechanisms)
W B B EE RS F {7 YEAR
BTF Mechanism 2015 | 2010 | 2007 | 2004 | 2001 | 1997
=IR T NN
D 1 1 1 3 3 3
Fly Ash Erosion
£ HH i 20178 & 2 4 4 2 1 1
7 o 223
XK 28 6 3 c 3 4 g 4
Sootblower Erosion
= e AX
IR 8 A 5 4 2 2 1 2 2
Corrosion Fatigue
KA S B .
Fireside Corrosion
2o~ O 5
Thermal/ 3
Mechanical Fatigue
3% 2 [ R ;
Welding Issues
SHEEG(E®EM, S
{RZE)ILEY 8 5 5 4 5
Hydrogen
Damage/Under Deposit

O M &k 0 10 45 2K B & 7 26 1Y B 3 M S
O gk 22 (Sootblower) gl : 8 —HEZE X
O KEMWEEEEZEECDEE
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* 2.2 [HHALEEER (CC, cycle chemistry) 2 7 WA
Historical Cycle Chemistry BTF

CC BTF {7 YEAR
Mechanism 2015 | 2010 2007 2004 2001
& ah B 2% 1 1 3 2

S HE G (F -, 5 3 . .
= ek 5F)
& 77 I8 fih 2L R
3 4 5 4
SCC
¥E &b Pitting 4 2 4 3
& ad
. ; 5 5 6 6
Caustic Gouging
tit i &5 &k
Acid Phosphate 6 6 2 5
Corrosion

PrRE E 7 H 14 HAE B 8 5 (St. Louis){b E2 W & & 42 tf # &

# 2.3 EEZNHRSG B[ & s
(Historical HRSG Tube Failures)

HRSG-TF {3 YEAR
Mechanism 2015 2010 2007 2006 2004 2001
R 1 1 2 2 2 2
AIEE (L, . n - -
A b FE)
it #E 0 2R R e
3 2 1 1 1 3
FAC
J& &l .
Caustic Gouging
Bl g
. 5 3 4
Pitting
& &l B % 3 4 3 3 1
= B Z (B &) 5

By 0 AT 10 FAREE KD EEE
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21288 EBAKBE 2 Eal ) B IR (CF» Corrosion Fatigue )
B il R & B

KiHEE TS a2 IR A N EE KM — 8 1T o8 e
EEhE o AR A B FE N EEER  EAM
125 0 “window type” %I #& > 2 J& (thick-edged )Rt 18 - 41 [E 2.6 :
w3 R & HE ((hydrogen damage) - f% 1% 1Y B¢ 18 48 2 &t LK
s (pinhole leak) » & 35 H F & J 8 46 2 % 0O 25

(OD-initiating mechanical fatigue) -

l 2. GIF 7K R E B 55

me A Eeb W ERBEANMTE - WHNE 2.7 iR
Typical Locations Where CF May Occur

Tangentially-fired boilers

S
? g J; (o]
o 4 | a Steam
:_.\ i o < drum
<« / i
o N .
| Penthouse g g:;"::‘f &
loor
| scallop 4~ scallop ® 1
plate P
Buckstay — [~ Top——
attachmcn!s\ N windbox = /
23% %‘;".‘,2'.5 i - Rear wall gasna :"
c) Stirrups arch Burner ¥
throat -~ | PWindbox
region |
Bottom —=[Tg[ /"< o][[2] o] [«
windbox | |al/ {o|lo of [«
i casing _||- [ ol | LBurner
- attachment || K :) ] elevations
- £lTal of|lo ol [«
M N Windbox / ~ T }Bucksgay
- 2 extension - felevations
recirg%a‘lsig: . C at e |
- I~ *r. 7" LSlope
duct | L @9 -_}
&5 5 regiwon
attachment | Boller water Side &/T 9
@al @ buckstay
-+ connection
@ to slope wall __@ )
Front wall- — Side wall Side (a) Division (b)
S-bends gusset plate wall/slope wall Lower
wall penetration  division
connection of slope wall tube
ties
Note: corner fall oceur at on (=)

other than in Slope region and Burner elevation

2.7.1 3% A J6 B 55 B S AR AR B T By (T
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Typical Locations Where CF May Occur

Front/rear-fired radiant boilers

llop plate penthouse

f Scallop plate penthowse 00— ———_—_—_——
flovr connection J IC :}

=R o—= ?
- - -
— - -
@6 | . O
FSide wall buckstay Upper
/ /| connectign te ?as
£ 7| barie wall off-taka
P i L] I~ gussal L]
plaia:s
! - H AN H
] S
Gas alallals o
\ ouflat . o o e }u:-l.:kes
Upper—,
. windbox '\ @ =
CaSIN (@) Burner throat regio
attachment l_ {b) Burner mount
d ] I
- C | O
I ] -1 OC |00 Windbox
i ] «| OO | OO | |[bumes
a ] OO0 |00
-
-~ Lower — il B8 \
windbax | Slope
casin i fregnor
I i attachment g k '
]
= Side wall!— [
Furnace flaor cﬁ'ﬁ,‘?;c‘:'{j",: J
nnnnn tion End of waterwall Division wall
between front membrane region penetration
and rear walls of slopa wall

2.7.2 3% £ & b % 57 0 SR R L B Ay (7

2.1.3 THEIK D E BB B EH (Seven Steps to Heaven)

EWMTHESESEMEREMIETELEEE T Z2HE > XBWERE

REEEENWFER - W E# NDT fg H £ il 2K 55 24 8 &

B A FEM > FLERIEE EEARE > WREMHTE L WEE

RS (FREEEME > Mg AR - T E RN

HYEE &G - RIIL ot e il 2 H AR > 8L 22 40 0] 28 U) st 9% 3% =] sE Bl

B ZMERE  BAAHEREHE FPUER - S0 EE

THEXEPNERNER DN  FEREETESHB EHDE

oo EE R E R A

IHEEMBERE  sHENEYG  BEE&HR -

QW HEMBERN & FER N HENE S HE BN

S EMMEREEE - HEE oMU A > DUF 12 8 B &l 5 i

A EBEGmERE  EAKARE -

SHEIMRIEBETE « KB HHEE -

6. RHEADHIRE - AR EEE AN TR > HUHFW
o

T E A EE B H M F Z HEEE -
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2.1.4 EPRI'S [B{E 6B E B BT 8] ( Boiler Tube Failure Reduction
Program » BTFR)

#T 28 2K EPRIF R ME R BET & > WA D EMERFREEE E
MR EUlEe#HEE#ENEE > 22 BT 5EXMH
Ry EEEE M OE & -

EPRI's Pocket Handbooks and Boiler Tube Failure Reduction Best Practices

® Boiler and Heat Recovery Steam Generator Tube Failures: Theory and
Practice. EPRI,Palo Alto, CA: 2007. 1012757

® Field Guide: Boiler Tube Failure. EPRI, Palo Alto CA: 2009 1017471

® Field Guide: Outage Inspection Pocket Manual. EPRI, Palo Alto CA: 2009.
1018996

® EPRI Boiler Reliability Optimization Program — Case Studies from 1998-2001.
EPRI,Palo Alto CA: 2001 1006537

® Boiler Tube Failure Reduction Program. EPRI, Palo Alto CA: 1991. GS-7454

BT HERERNYMHHBEE G A =y (WE 2.8) 0 Hf
Lo R B E N oK B R R (0B 2.10) > BT

1.5 # -
BRI E R B R A F 15 T 8t

2. T &
Tl gr 52 a9 5F i (RLA) ~ JEBZ A A (NDE) ~ 2 55 ~ & M
ST - (MR SR - 28 - R REE) -

3ALE: LB E T -

4B RE
ROE IR B TR o0 ol &S A R R 0E -

5.7 ¥ £7 {F -
Braf ARt ~ EDE R MRIREFME -

6.4 18 (VA H)
PR FE - BB SR RE R L
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Management

Engineering

Maintenance

2.8 [fj1l- BTFR S AHEESEE

2.9 BWEEN
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BTFR (4844 s% % ) Influence Diagram

Tuning Testing Resources Assessment Age (Hrs.) Projects, asset
Eumers Mill fineness Corporate Directive RLA, NDT Temperature Repair Decisions
Pulverizer Air balance Long Term View Inspection Stress RCA
Met. Exam. Cycles ' Precursors

ik Stoichiometry

. Dmp ers Temperature
Emission Control

BTMS Monitoring
Industry Issues

Material
Des1gn Geome&y’
Coatings
Design Changes

Chem. Clean / Scale Mass
Monitoring — Action Levels
Condenser leaks
Demin. Sys.

Layup / shutdown / Startup

CAVT, HVT Pahures

Fusion temp
Ash content

Pr - X
Temperature E
Operation
(OEP)

Chem. Limits
02,Co
Dispatch V
Tube Repair Burners
Mé&D FME Dampers
Ramp Rates Welding Alignment ’

Instrumentation
DCS

Maintenance
(MEP)

Equip. repair
Sootblower, SB

Pulverizers

Operating Changes
Emissions Control
Cycles, Boiler Trips

ALD
Load Control Shields, diffusers

sl ‘RMA“; - SB [—Tﬁ Su;;pcrta
e sionoy, LOL. ity RC correction
Efficiency, LOI Quality Control

& 2.10 LEHMENE /R E AR Ik

35 (2015) I {65 68 0 0 25 05 ot G > R T — A

* 32 % JEZ AN M EBWREER TERZ/DVHEL?

-56%ﬁ%¢@mﬁﬁﬁ%ﬁ2@%%ﬁ%ﬁ5§%ﬁo

*57% ERITEAEHLLAYRBRENESS  HEHE
sRE 43 % EHIEEZ RN RN -

s HES38Y% FELFEHTE 48% EMELARBKESE
BESESER -

e N AFEHEZEHEK /D 2.4 % R IE L -

50% =& & MA HRSG By E#EE&E > mH K5 BE -
WEFRE LP 5 HP BEX#EE - &7 WM E NS > By
WIEEEAE X HENNES > EAENTEENRERELFGA
R R

- 65 Bl R By R E £ H 8 i 4H
-EITH A M EEE 2 Sk Bk
-LOC & & B i BV 3R

-Grade 23 K& >~ 8

-Grade 23 £ 5 % & 19 1 18
AL B ( Carburization)
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-1 # 1k ( Graphitization)
JEE RS b E A B NDE @ 055 iy 7Y BE 3% 0 Bz
RT - UT {8 RT %5 KlT -

=

Tf,_xmru-B.Y,Jbiﬁﬂﬁ--(}rﬂde_91
Tubmg Attachments .-

TO1 & 3k
B 7 3#.(lug)
B3

Possible Issues- Grade 91 Attachments
AR BEWRBEHEKE R
>R mLE AN E -
F # (Grade 91 tube,nickel
based weld, stainless clip)-f
E] K IR (R 8BS B = e T -
PHMENBR BRGNS ET -
> = oh o
> & 1k (Oxidation) -
>W¢A%2mmﬁﬁﬁ°
>EE HAZ g BEEMZ EET

Thermal Analysis FEA (R T Z 5 7)

o
)
3
&
]

-
o

2.11 [H % B8 B

212 [H E B A R T R

16
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=it E " Life Failures of Grade 91 tubing

— Heat treatment A g #

— Hardness testing & f& ] =

Specifications Fl#iLh ¥ @ B IMERE - Ko

— Life assessment = g

Microstructural degradation {45/ ~ %5 1k

Microstructural database {455 2 & Rl E

— Parent metal and welds  $ & & & £

— Small sample testing i /)N B &% A &

— Improved repair procedures including temper bead I35 # 4E {212 ¢

22HMEEEREE T KRN
2.2.1 PAUT B & B B A B RT & & f& M b & (18 2.13 ~ [& 2.15)
2006 4 PAUT B F i i AIBI MM E I E B E R E L - ©

Al 2 I b ] B R P R BR B o R MR E R RT PR ORT 4R
fa A0 A1) AT A o B 2R A R B Hﬂfiﬁﬁb%ﬁ PAUT 5 & -

Slag Inclusion in a Boiler
Tube Butt Weld
(0.438" thick)

B 2.13 7 & (Slag) RT » UT & o] f& 4

Porosity in a Boiler Tube
Butt Weld
(0.220” thick)

& 214 R AL(P) RT - UT & Al i@
17
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Lack of Fusion in a Boiler
Tube Butt Weld
(0.438" thick)

215 F 58 & & & (LF) RT M5 M i > UT w1 fa th

® o] fg Ml /NE EFEEAIIKE 21 mm ~ 114 mm (0.84 in.~ 4.5 in.)
#E N E G o BT mm DLEEREE SR ERA > PAUT BTE
RT - HAHIESCR S o $-PEGR Z 64 PAUT (B2 RT (41 [& 2.15) - {HEL
flafgoiss - IR AETHIAEE: RT 1S MERAGRAERS - (B ESHEEE
A -

® Ejt 7mm DUNERAVEESTE > PAUT e via ] > F50E
BRI - Wedge ~ FEFRAVEEH -

2.2.2 8 Yl K B S Ak o
Y K A% B R ek 5 PAUT

Phased Array UT For Corrosion Fatigue

UT Depth Actual Depth
>75% 73%
50-75% 30%
25-50% 60%
25-50% 41%
50% 59%
25-50% 0%

Bl 2.16 5 1 K I S S 8 %5 PAUT

18
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3 M2 M < /& iF - (DMW)§F # 77 50 -

— Fusion welds with austenitic filler metal
— Induction pressure welds with no filler metal
— Fusion welds with Nickel-based filler metal

Fral 2 d e - HASEMEESE 2B & ferritic
(low alloy steel)fi i 2 B8 Hy [H % % & $5 #f (austenitic
stainless steel) E M & EHFE > NI 2 &L HE 1 (Oxide
Notching) f5 &5 JE I /& ah % & - 40 [@ 2.14 o H & & bl DA
VT PT il > & A MG g Al 28 2L UT » RT f 0 -

2.17 & 1k # F8 (Oxide Notching)
f5 &R e 77 J6 & 2% e

Nickel-based filler metal DMWs (&€ /£ &7 #7 )
— Damage mechanism is NOT creep-fatigue
— The Ni alloy change improves the creep-fatigue strength of
the weldment
— Common failure mechanism is formation and growth of
interfacial carbides
BB EZWERRE  KEXBEELCYIMLY BRI
55 Fr & B e

EMeBEEBT FRHA

FEAX PAUT R i B BLE & R~FRE T > B R B/ N H &
AN T E > R ERE R UT EHE®RE 0.060
inch (1.5 mm):> KR 1.5mmUT R~TE=FEHE " > /N 1.5 mm
UTEEXRE g REERST -
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Ultrasonic Examination Techniques

End Position 3 Starting Position

Conventional UT

TOFD Phased Array

S e

IR C— 1 |

/

219 R M & & §F 8 PAUT

Technique Incident Beam Size Incident Beam Size
(mimy) (inch)

LPA 7.5 MHz, Passive Focus 1.7 0.067
LPA 5 MHz 18 0.0

2-D Pitch-Catch 18 0.071

2-D Pulse-Echo 1.8 0.070

Focus-UT 25 0.100

Conventional P/E 50 0.200

220 EM B8R BB T K el B R IE®

20



104-013 &) M #F & & i 5w

2.3 KEHEE & HRSG AT B

TesTex A7 304 » £ NDT g Hl 483k DL 2 LFET - RFET ~ ECT -~
UT - BFET &&= BT H - TesTex 1Y ;&;{-ijjfﬁk}ﬁ( Steam Boiler)
BIENE Y s iE (HRSG) MR IEm MM T H - 2B & EEE Iit%E
e ( EPRI) B 52 &1 &1 Al ¥ =~ 28w A R =2 1l B - b@%

1) LFET (88 H (FIN) 8 90 2 T #0005 ) 90 0 08 2 05000 S L 6
MR I -

2) BFET R4 T4 “Claw” I 4 55 5 & I 99 3 -

3) RFET 528 355 0 B8 5 448 5 5 P 0 06 0 488 25 JBR O -

2.3.1 HRSG & & ¥ Low Frequency Electromagnetic Technique
(LFET)EH

TesTex Inc & 2 75 JF F2 f =0 A B 0 i A F2 it ( LFET » Low
Frequency Electromagnetic Technique ) 2 fE 4, TS 2000 TUBE
SCAN - F 7 A M % & & 14+ (Tube/Pipe) -

[

LFET 885 tH—(EER MRS At - (LT EMERTZ et (A=
221) -

Sweep direction

[Steel plate with no ﬂaw\\

With no flaw, sensor sees uniform magnetic field
as probe sweeps across the plate.

With flaw, sensor sees distorted magnetic field
near the flaw as probe sweeps across the plate.

2.21

B IEENSREEYS i I RE M R 2 RCH & B0 IS B5 R A -
EE M s E (2 B N BV SN A B R M E 1 2 B N S b
YafE s - TR -

B R o 21 - WSS AR T - A RBIRREE
- Epm el (VSR PUEIRHEE) - SRR A e A 2 R s
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J& > FIERAERDEGEBAEIK (3,000 psi  (RTE) S50 BT E R E

AHER AT - TR E N ERME SR ~ S - S (ERAER - P aRAT
SRR I © AR ARETRET 2B b FE DU E R T e -

R A .
sHER  TEE RER

= AGAATALT 15 SATAEA
] AE 1AL LA ISRERERE
R - RE age A3DHBRAE 5 BLAERE

NP REX
2.22 2RI (BRI 24

2.23

22
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232 LFETHEREE B RERARAUEEREER

7 88 TOL MR IR 4R AL B A R — ELB B e A A By
S IR W 0 O B R 5 - BE S T 4 0
WESESL - SACEEEMES EEREE > HIEES 2@
B MR OHE T EVAS MR 0 T R R R BB OB T A o LA
52 DU S0 R (R 95 &~ A8 i 9% 610 05 J 35 2

TesTex £ EPRIBH L EH & T » 2 o DLLL LFET #% 48 24 25
AEEMEAN(TINHERLEREBIE 2 E2/L& N LFET JEH >
AEHERMELHAGSEEASEETAASEMEEMSEHZ
Ba FEUmEAE -

(1) TOL1 #1 & % & /RN & b U5 & pk & B ) B
TOLMEEERNEREREESLERE LTS R LEE
AHEE BiNEbEERREEZREBERNIEREZ R mH
B B 2.24-

Schematic Sequence of Development of Cr-rich Bands in  gchematic Sequence of Development of Cr-rich Bands in
the nternal Oxide Layer Formed on T91 Ferritic Steel the Internal Oxide Layer Formed on T91 Ferritic Steel

1.in0sl duplex code, with Cr-rich ¢ 3 iy o - == S e
Codde pracipitates M the scale- LI o5 S of intendd 3.A5 cukdation rate siows, Crrich AMWM\MNOMMM

S Motens sod s shoy e of oxide precpitates st o form  fesuiRs in Crrich bands in the mner
2.Crrich cuide precipaates are SAMI-COMINUOUS layers along layer; decreasng cxdation rate
incorporated by the inward- aloy grain boundaties aliows conversion of magnette 1o

advancrg nner laver haematite
T91 steamside oxide scale

Evolution of scale morphologies for T91
Japan

[ of ex Q ® for 741 by Delamvination

W "MM&O\“U.A-

v-‘“'v"—- NN AT Ty

Secondary reheater tube
ISMRM & 842°C/SATC. 210 448 hral

w 2ee9u [5-§]
2cpswepc HebLE2EUSIIOU Of JU6 OXIQE 2ILNCINLEE LOLWEY OU 300-26W6e YNejsuiic 2{e6|2
Liams 5-52

|A0pe: 0= noxqade
YN2[EUIIC 2[66|

enygce
oug\:ﬁg! Cowbscy 2bie|

0000GOUDGGUGUOOGOODODGOOQU

-

— poloneg et

lesﬁoﬁ' 2lesw

224 T91 F AL IE J& ol & BT 1
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(2) LFET SfEhas BANR M - il bR HERR

225 LFET TUBE SCAN 226 S b £ E LFET 7 6%
R G L B AL 3 T He 7

(3) LFET tli RS LIR e - (S5t

10 % ‘

227 10%, 30%, 50%, 75% | i & 1L 5 & o 75 (3 9%

Side View(Phass)
192

178
185

177
4 CHANMELS | Info Window|

-

il Lengt o)
File = W-12-1.T52 I | FresE
s 5 a s 0 330

228  dry magnetite
24
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&7 1346 2020 268 735
[Zoomed phase aw Ful Longtn Fase)

iTS e oss 110

229 wet magnetite

2.3.3 LFET BfER & FINYYNRERHE EECH Low Frequency Electromagnetic
Technique (LFET)

PLEB MM ER - 244 W LFETRiGs B R EEINFHE
i > B G R E RS AR E - o LA R HRSG {5 ¥ (kb
& Erl e B EE ERIE D g5 Z B0 - Bk Ek (pitting)
M fe iR @ ek (FAC) By M HE H W#EENE 3 %
INf IR

fa AR

230 LFET Hfi5RE (FIN) JMRmEEMN — &
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AR

ALLEOLCLEAEEEL OO O EUOEERUEERLE UL UREERERERERRUAE

1.5 i||v— .S in—j 2in 35in

|
IIIHIHHIIHIHHIIIIIHIIIHIHHIIIHHIIIIllllIIIHIIIHII]IHIIHlH;l

33% Deep General
Wall Loss

BT CATLEN
[ cuaminon s e e

PioP= 6,42 Max Phase Head 33 = 568

X . P T B -y + -
1 ! 1 2 27 I 1482 2
femaserane " o s O Fun oo (Fhesa) il e w1

Fie = W-180-0-2.752

D=L sl 20201

|40 00 400 ) 1200

231 30 % 2% EH 2 LFET & 5%

20

LR

1.5 in— .S inr 2in 35in

i— 2
IlII||IlI|II[II||II|IIIHIIIIIIIIIII|[I|lllllIIIIIIIIIIIIIIIII]II]II[II[II\—l

62% Deep General
Wall Loss

Top View (Prase)

232 60 % ZEJ% EHE 2 LFET & 5%

o HU2” AMK - 0.15” EEEF 0.75” KiER ikl HRSG JEE - EE N =R
FRABVE PNEOH AR E A - (EREE iR s SRR A E - EHEE
55 1 {E ARG fy 60 % ZEEECH 2 BEERERGE - 55 2 (EAIR 30 % ZEEIECH
Z R o
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 EREN Z% & B-Scan GIAHE - 60 % 5 & ECH 2 8 5T E B
wEIALR2 G 0 DR 30 % R RCH Z eh BT o A R &k B
AEOPZBRITE -

« 3D & A LAE ) 60 % 2% E URCH B 30 % U R Rk W ah by AH H
fEZMH=E& -

0.5" Diameter Pit  0.5" Diameter Pit D BBt G st
60% Decp 30% Decp 30% Decp 60% Decp
,—WWNWWWWWNWWW ,—MWWWWWWWM
350 2in 10 im 10 im 35

2in 10§ 10 inr

48 i

<48 in——

1 weiTe
8 [ i ) w || A 3 M

233 60 % JZEE JECHE >~ LFET 9%

o WHANBHZIGER - AEIEMRETE o LFET SHSRSHRIFEAY R FEES i) DABHRERN /> B -
PRIFE A SR IR E R IR R 2 Al > 2 ] DU THE F I B i B e B
A

® st oan
|Re cumeanon s vEw 1ep

Ao A

PloP= 10.57 Max Phase Head # 3= 443

Top View (Phase)

Fin 845 F a7/t
LFET#U3% bb#%

71 1176 1780 2385 843 168 22 E

Zoomed Prase i Fus Length (Phase)
'Fl. =WA1217S2 EE— IS
ENNED STUOYIORAS 4% 00 40 800 120 |

234 60 % ZEEECHE 2 LFET & 9%
AR BERO T H S0 HE R 2 LFET fmfigs > DL BE B

FEE SRR M M i B R IRET B % —E v 17 UT &5
EEMEBRERERZRBRAER -

27



104-013 &) M #F & & i 5w

2.3.4 BFET“Claw”i I £ E FH B KK $2 38 Balanced Field
Electromagnetic Technique (BFET)”

g LERNBENDES ZFELZRTEAAN (MT) - K2
for B AR M GE #F ME hn B 2 BBE 0 H K ER O Z e A U A AE e R A D
EEETMNE Y BT EHEHE RTAIFEZEAR A B FZENRA -

BFET J& #T 55 3 B 3% Z Boflo > 8% 48 e 0 2% 1 A 0 46068 ST /Y BT
B AT 2 2 fw Y 0K > W e 5RO R R R R AR Z BRI -

(1) 5 # -

B GREHEEN FoIRE > BEREER X7 &M E
[ HMGEER 27 &R R R B
Y 2% o] R & A A PR AR (40fE 3-10 Bl 3-11) - I
N Z B EE T LLsRAE > B AN T (EDM) #R B B
ZEFREEH > RMEHEERENZBREERE - REZHN —
B & BFET E R PR B REEE - A HEERRZE
B T EIE R E R HY B RN B B (element)FH BE
HEZMSEPlesEd > 7L -

MAGNETIC FLUX LINES
MAGNETIC FLUX LINES
CRACK

=/ /\#\:/

BALANCED STATE UNBALANCED ST ATE
(NO DEFECT) (MEFECT)

Hawkeye Probe Diagram

w%@wﬁﬁw%ﬁﬁﬁ%mﬁaﬁﬁ ‘x”
A%ﬁ ARG B BN “27 BT
CFH TP LE, BB A A R TERE
& 2.35 BFET f& | % 47
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(2)BFET i i fax M 5 & 46 58 JE JE & 3%

Claw A 5 % ff 2 {lil BEFT ZRUA M W H 2 & k2 a5 > sl 9% K JE
FZHEAXYE - HE -  REBBEEEZE S UL INE
SR B AR R > A ERRES B R TR B E) A R
100 Hz to 2,000 Hz.:; DL C A x4 & o = 7 1 28 28 I A2 0 &
(Claw) $F78 b - # A7 [\ g 8w 82 8 > DUA A o 85 2
JE (Crack) » & & A~ B (Lack of Fusion) - % fL. (Porosity)
MH A PR B G - Claw R T HE & A FEE R T Maks
Blig > Eu] LL#ETT 3600 2 F i - M H A & 2L F JE 8 B
A oo AN RS 27 (51mm) K 2.25” (57Tmm) H R ME S 58
FEY 87 (203mm) ERDL EZEEFHEE -

on a
2”’(S1mm) diameter
tube welded to an

8” (203mm) header

BFET Sensor

787 81185 102604 124012 1454210 62045 124090 186135 248180
Zoomed ASin Raw Full Length (ASin)
File = W-0003-0002-001 PHR | T AN
Dir = CAEPRIUAIE0-16-201 4 HAWKEYE\) 08 0 152 3 %0

RFET WAVEFORM OF THE (T AW GOING OVERAN EFDM NOTCH

236 AR IE FA 0.05” (1.27mm)%E = & 1L %] fE
(EDM NOTCH) = BFET {8
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(3)BFET i fifi g M (5 9% 73 #r

fE£EALI T EDM RIEMREKIE®R » A EEH R IEHRBE A T
EDM (E5F > BRHIEEAK S EHNT -

51%5{5?*?7?[? PEEA WEEBERMA - el 2 % 33

235 RFETE S ABEREEERANARARZERE

RFETHEANRHMEERKE  CoFEEEAULMO Ll
e B S M | R B B f b L 2 N L8R A B i A B E
Mo LN sEE % > HEE RFET REAKE AM - A H
RFET % 55 it % £8 BH At BOJE -

s iRFETg bR 2 A
.

HR TR SR T Py R % s T A < T Dl

TIP TUBE

REMOTE FIELD ELECTROMAGNETIC
TECHNIQUE (RFET) BOILER PROBE

Driver Coil Tail Piece
Pick-Up Coils

& 237 RFET % & 8 & i 5 &5 F8 7 0l is H 5 5 1Rk

236 BERITERESEKE (B 238) Aerial Drone Inspection

(Burner Testing and Inspection) Roxboro Aerobotics Public Video.mp4
ES R -
G % 7 U g 2 ald
48 I B

KAE wir | 5 2 ATt
TEESZEFEABNGR
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& 2.40 P4 B2 25 e U1 28 % R AT &5 e AL 8%k

B 2.41 K U8 28 be 1 & PR AT 8 b R (8
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= ~ B A I R A A BT
RESKERERBAEEEZ NDTRATGEAEH

ISWT fE G IBME A E @ E Z NDT Ml 5 AN - & &M
ZBEMHEFIFEEERMRE - A2 AR E ZER A2 H M
oo FiHBEBEGTREELENBENTE > E—F 7B E A8
MR RN (B AR BT E "SR U RIETS
RGN DL o P T BRI BT s AR M B IR B uﬁﬁ
M A ENRABERNERES - #Ei k5 EAGEREE &
THEENKE HEIXZHE N - PGt bKT?E?EHEE’]Hk/RT
EEEE

a1 = R = W A 72 T = (L 2
a. = 8 & J7 B 3% (Hight temperature tensile failures)
b. & & K B 3 b £ (Creep and rupture failures)
C. = JE K P 25 (Low cycle fatigue at elevated temperatures)
d. € fE {E (Hydrogen embrittlement)
e. 2\ & & B¢ b @ B £52 ( Hot corrosion / Erosion failures)
ST 2 EEREEEN R 3.1~ £ 3.2 8 ISWT A&
e R ERB =G5 2EWME > WE 3.4~ [E 3.9

7= 3.1 &8 08 4H {4 B £ % f% (Damage Mechanism)

_ ‘ i e ST
Mk H e & %5 il J&§ & HTT(Hight
Component Creep | Fatigue | Erosion | Corrosion temperature
tensile failures)
o8 O ke B MY 8 a1
Boiler&Auxiliaries
=
Sl X X
Drums
EARE X X X
Steam Headers
= Y rax
&K %8 X X
Water Headers
e At
EIRE E_% ) X X X
Steam Piping
mEB K EHARE
Superheater & X X X X
Reheater Tubes
K il & X X X
Waterwall tubes
J& E X X
Ductings
% =}
Precipitator
-+
i HE ) » N
Structures
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F 3.2 5 1% - 3% T M4 (R 1Y 1 1% 1 (Damage Mechanism)

HTH & W 55 o ah J& ffi 15 e RIS
Corpponent Creep Fatigue | Erosion Corrosion HTT

S

w1

Rotor

7 W 1 O T BE
Shell

= M8
Steam Chest

X | X | X|X

T SN &=

Casing

AEER
Blades

X | X | X | X[ X]| X

A #H oS ORI
HT Bolts

2% T %

Generator

T

Rotor

% E %W T X ”
Retaining Rings

2k Es K BT A B
Condenser & Heat X X X
Exchanger

E B ISwT /S 5] FH Zetec’s ¢ = Turbine Blade scanners %5
& IHI's A5 TiE MM EMH 3-D A HEH > LE wedges HI
HOREE REMHEEFEEARKER PAUT B ERATRS - A
3.1

m 3.1 5% % H PAUT
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PAUT — Small Bore Exams — Socket Welds wE 3.2

* 32 4 wedges

*Multiple probes with different frequencies

*Zetec Topaz portable ultrasonic Phased array instrument
sEncoded PAUT data. manual or automated

*High temperature PAUT

&% % 4 178 Generator Retaining Rings
fe M G A ER B UT ~ PT ~ ET (UT M 4E'E > PT &g 0l 4 ok
i~ ZEELHAEE) WE 3.3

Shrink Fit Area

Generator
Rotor Slots

Generator

Retaining
Rotor Pole

Ring

End Disk

Copper coils under the retaining ring and in the coil slots are not shown
Wedges on the top of the copper coils at the rotor slots are also not shown

3.3 HE NI g M 5t =

34
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3.6 NDT W22 & g = 2 # (1)
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3.8 NDT it 72 # 5z = 2 ¥ (3) « M Z W T

3.9 & A" & (NitroJet® Technology % Jg £ & L4t
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~ ERE S (NitroJet® Technology)fERA R R EWEER
BERHEEBER

Nitrojet” & — 2 B & B LB 0% 2 - WM BB T R & 218
AN N = - S 5 s 935 = O =N Gl R S =0 Sl - S AN e o K )
KRzamEEBSEBES - HFHMABERESESN 28N EEmN
REEMRERLHFTE  ZZBBRBEH THRERE  DLRETISHEM
/HE’\JUJ%’IJ - WREEAE S T LN EE £ 5,000 ~ 55,000 psi > Of & A

DL B i & -260°F( -126C )DL 3B AR IRITHE (MACH3 >
332mis x 3) XEHREFLEMEREAE  £EF - HT
f£ - NitroCision 2001 T Jf H US Department of Energy (DOE)
Idaho National Laboratory (INL)%& 52 B 15 & £ -

NitroJet® Process Nitrocision

NitroJet
Chiller
3,700 bar
-160 C
(-256 F)

NitroJet
End Effector

LN2 Tank
4-6bar
-180 C
(-292F)

+
Shroud
Vacuum

Liquid N2 Tank Nitrolet Hitoicr ) Vacuum + Shroud System
20 Liters per Minuts Chiller Available

41 Nitrojet” 875 B BB 21 T R V) EI S THRE 2446

4275 EZ*%B%/E/E 4.3 /a/ﬁitﬂﬁ
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B 4.4 FEiEERETIE B 4.5 KEhEPEEAR 2 DI

WM Nitrojet™ 2011 4 ZE SR sF R £ £ B ~ BOW - B A B
WMEHEF - KEFr#EAZ SHETEERK L > fl 0% 8 &t
BTEZEBEHTE  MIAAKTLEXR %Zﬁf%% T ¥ 8
RACEREZJMEYEER - Nitrojet” A AT 2% H BT
fF 18 3Lk (45 cm) BE Bk &1 (B N - Nitrojet #0 & H & HY » H R K&
AU MBPrAEERERE  TEENBEAOETT  KEAERE
I = fE RS R E

CETE ORI REES  EET MRS SR SR EE
fry A1 -

CEE R E R ERLBETAMGWES 650
Ll b o B B B I

CEUSH AR E IR T WA o T LURE IR R B M 098 I
Rt -

BAE K IE I (BB AE R 0 Nitrojet LK% % X (EEE)
TRRMESE “RMEAR > BERTHRAE 18 Fnd > o ¥ 5
Ao Bk EE S  HEERETURERE ST
FREMERE IR E B EE 2% R ORI G R » A
CHEATSRAME L BHRETESEER - 28 - KAREBER
B £ T B R R T T R > ) -

d Y Nitrojet 35 [ Al BE /7 J2 o Bl 3B 46 1 R Itk 7E 8 17 8 B0
BERO BB 5 DL P A S L R @ 7 4 E R B
R -

38



104-013 &) M #F & & i 5w

Nitrojet % 5% 1 & fin T £ ffi Ay 18 ) -

¢ AFELAREEY) > T
¢ TR HAEME - JRTHE  BR
¢ AEELRE

¢ AR EEUKE K

o IR H R R ERE B

¢ AGEREM

¢ NEHECREEDIE

¢ AP RAEE IR R

¢ S ERN T TR

¢ JREIN TR T AR

¢ BILRLEER

o ATDIHECHEZERT S - R R

R
|

¢ ZEERRETRET

¢ REELVIBE

o RSN RBRREEIR

¢ OMRECTEERY AT

¢ EeE (AbE WE)

o EEERVERHITURSE T

¢ PSS - BES  EERNEGZER
¢ EEME - 28 - BBEEMRZU)E

4.6 (EHEFRHEZEEERR
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Nitrojet jiz # 45 B N IE WD £ FOB A BAERE A LR 2 BY ¢ |

(—)ERIEEERBEIL T AEE L 650 5D L EEE IR 2 8/ > AP
gD BA AR - REEEOUKE LB AEEM R TP o
A& H 2 R SRAL = ORGSR ¢ TR R R RS S BR O i O e R IR
mAE B YR E R -

(Z)Nitrojet 15328 2 #KBR T - RABREBAS - F &R
Bt 55 1 LA IR 05

(SRR B & AR By B AR A% > Nitrojet K2 DU EE 5 S0AE 12 B 28 &
Y o IR G R & AR e B R 2 IR B AV AV IR R o I 0 A R
Ko B—HERUZR I RARHEME AIELREY  HEAFE
V)& Inconel 35 #E 17 3 iy - Nitrojet /g —MRAFADIE T A -

(W) E R PIskat R B #hba B AR (@ 4.8) - SUKE MET/ER(E 4.10) -

ISWT t i ZE AN F o] DLEF A Sk ER - ZPHE ISWT TR #E1TH
GHEEER XREREHAE > EE2ARCRH -

X

47 FF) B 4.8 HE)
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Nitrojet Z 4R R

E K% g (Ex. Expoxy % Jg & # @] & 300p) 5 m?/hr

/tb/ﬁfiﬁu% (*Zﬁb ﬁﬁﬁ) ﬂ
IR | R
fﬁﬁi (7;,:) ) ) 5;“::’ 50mm/min
315 2 o EREE (mm)
> 42 BEAFE | 100 14
A B i 110 16
L 5 88 IR 112 18

4.9 Nitrojet Z 4R REERER

W%

Y

Nitrojet Z:4% 1] /K JEC i T

Underwater Operation

With some operational adjustments, the
NitroJet® System is operational under
water just as in a dry environment

Reel for whip tube Hopper for ahrasivc Compressor
{needless is the best)  (only cuttng use)

(only coating removal use)
Vacuum( & ded) Comprsrsol
t hose
S Ground
check valve Air-tight jackat o
4 for frozen preventic -
Q ways valve(SO) °
o
: O
at a depth of 10m (33ft) => 15 pai

(for trial)

Shroud (if needed}
Cutting head

4.10 Nitrojet FEHE Z 47 /KENE T
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2 - HEHHFEBZRERGREH

(—)

(=)

(=)

()

(1)

BB T EE E A AT SRR T
MG O RS EGH TS SR B REMN R > TH

WS E -

Sig®H > ERAER2  REFEFEFEZER  HREATRE S
ZHEXK M ERBEENERMNE I F T EAFEAR
g% 5 Utility (EPRI & ) Share 4B by E-mail » ZE 45 f& JH]

T ELS N &
& B < e

FaibtEREIAE REEN - REEA D o gt 8RN H
FEXK  REFEVSRPHEHER &S -

ABHEESTFERE EBAREGEETS  BHIINHE
o BIEE e

EPRI B8 Mg ol B fg ISP S W5 & G 12 H 3 & Agenda >
RAEEHREMETE RREIgHRR 1EA®K > HER
FREFEEEER > HEARELES THE - BEEEHNE
WAMEEME  LAtRHREFREZE —REEZR - B
HigkBELREFESR  AUHA=ZZ2FMWA 14 > AJ A

B -HALNFEZERER

(—)
(=)
(=)

EPRI s i BAp M SFEHT ST & > [EEERK - OEM -~ T
T2 B [ B A 0 R 5 PR R B2 RS T ST AR AR > o3 = O M B IR
M RF (5 &E 5k BT £0is R&D > EHF 20 > 2 4 A BLIK

5 e

TesTex fffif (LFET & BFET) #fiipki2hZ& B > HE A N H
iloslkE  REFTEZMBERNKIMEN B R$HAH 3
Rig M E A& > His AN 5] b 2E g 0 E ¥ £ ilo -

o8 N MR BT A R R he Ol o PR OPAUT BN S R e I HY
R RT H &Ml > EA LT R&D w T ZITA -
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(1)

(7%)

(t)

104-013 &) W4 4 % i i

EE 20 EPRI WEET& > BEEEER MHI 2 A1 4 12 8% 5

T oORBE Ao EAESMEBELT > MmK

o ISwT ¥rBi % >~ NitroJet® Technology % & & &
EN JEH)EA o w0 TR R AR AU e B B E B A D) B B
2o ETHEERN RN -

Fﬂ

= F NitroJet® Technology & A "E &f 2 4% ©» E H X e £ 2 iE
85 F Ju 45 fF BE R - 7E scabbling - Cutting & - 1 AT LU #% BE
&kl E A -

£ H EPRI é%lifrﬁZA‘*E%T%HW%Zfﬂiﬁﬁ)ﬁ%*ﬁﬁiﬁﬁ?ﬁﬁﬁﬁﬁ%

WER > FFEIXFE R SR > DU 5% E R T B S ERAE
EMH G TEECMEEERERANERE:
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