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Fig. 1 A repair decision flow chart for turbine casings.”
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Table 1. Typical compositions of steels commonly used for manufacture of turbine casings?.
Composition, Wt% Range of
Material - application,
C Si Mn Cr Mo \4 °
Flake-graphite
gray cast iron (a) 3.00 1.80 0.70 - - - 400 max
Ferrite SGI(a) 3.22 2.94 0.25 - - -
Carbon steel 0.20 max 0.50 max 1. 10 max B ) ) -
C- %M 0.5 0. 20-0. 50 0. 50-1. 00 - 0.50-0.70 - 480
¢ M 0.60 max o 1.00-1.50  0.45-0.65 - max
1Cr-% Mo 0.15max 5 o 0.50-0.80 5 0075 0 90-1.10 _ 525 max
2% Cr-IMo 0.15 max ¢ 150,30 0-40°0.80 0.70-1.20 0.70-1.20 0.25-0.35 538 max
1Cr-1Mo-%V 0.15 max 0.45 0.40-0.60  0,40-0.60  0.40-0.60 0.22-0.28 565 max
%Cr-%Mo-%V 0.10-0.15 0. 40-0.70 565 max

(a) Typical Composition

HRm, e F FE5% AL AFAE 2Y9h 2
2} o] ZAFo] A Z v} A Zudk §AJ0] F7]
gAY, Y 2Ry FuE o FA
A48 SA4L 23 o] FHE dhR A 1
2 NAA EA a7t WS Avke & gl gl
Atk o] W&o 7HgE Hel %Cr-%Mo-% VAol
o] H]Z 1Cr-1Mo-%4VZAEY 7A3se "ojzle
U A2 Z AAE FAEEA JE EAE E
Z F e B olE 8 HAH T Fol 565T ]
Aol A= AHEEH 3 ok 28y Cr-Mo-VH
AEe) A5 19683 SHIGF A AtE T E
(F& Yo7 ) o] ZAEL 1 F olgg
A NE7 goldd wat, iR, BE-E 44
9] Ao} (3] Sn, Cu, S, P, Sb, As &), A& L
EEFE A% 849 olem MA # &4 Ax, A/
ZdAY Uy R 2% 5o FHAAM o] 7Fo]
Zrzolol gt @ F AlFo] AA3A HAH U
w3 Aolde A AAd A Az FH
Zo HYHE FE9S EE AME 5 EAHE 7E
o] HAE go] ZAHL IH AR ARAE
2 KCr-kMo- 4 V7oA dAsE stE&E WA
37] 95t 2% Cr-1Mod& Atg3te] AolAe
AZslg e, olAL 2% Cr-1Mo%e] a=E A
Aol Zia, AArlelZE A& FAo] 43t &4
BagAgdol §3ittm AZE7] W&otk @A X
Cr-%5Mo-4V# 2%Cr-1Mo9) F 79 Hol &
o] ALgHI Y=t vz ] HEolE/H A}

RESHEGSE 164 B4R, 19984 8A

olEe] EFRAS PAHIEE dX AL 4
Asta Atk 1970d0 2olE HelFEH BEo
A71E MEFH 1% Cr- %5 Mo7o] AolA AZEA
AP Y e o] e EFF 14Cr-%MoZE
AARE, Fag=, Fadgdzte] A5 2
Ao A4A glon, HE&& H3 & 54
AT Folth

3. 8H4 - 240 228 F4e=

EJ¥l #Alo]d 9] AulelE= O SMAW © FCAW ©
GMAW (MIG) & 4| 7}x 3ol AH 5 &),
HEyE AFHes as3iHd 44 g A
E7} A3 s]ojof gt :

Y S-S B e 24 O 23
£ 4 A (constructional weldability) © 7|52 &%
] (operative  weldability) &84 414
(metallurgical weldability) .2 W& & it & &
Aol A vl 512 e Wiy dAggo] gl F
&& FRFoz AFAEA F dv 44, AHEA
875 E A A3 glo] 83 § A= ¥3F,
e A35oR RHE 583 e Ao
o #¥E 4 5o 3PS BT ¢+ UE
Aotk a8y ¥ 8HA ANE A8EL A}
28 EA 5 £ E25E dolzl Aoy o 4
HEol LAFL AEE A 84 EydE o
g2 He=ol ged, 23 AH88 Ao &4



12

Aol AHG Z270] AN 97 EX &1 &3
A& HrisEnet J3e X9 ALSAE 9]
7F 4A @%7) wjiolr).

duty oz &HA Hrt 4 ole} AHEA Age
&3 2L stsA S Bdsted 2 £ gloh

OEH F 79y A AR

© £HA AHSAY HA-E 7154 AT g5

© 349 F7] AHE 7hs A%

o] st sty FA AEL YL
= g, 53 By &3, T A7 Aed
849 A= v agsid. F EH AolA
3} o] B3 PAS e Ao E QAo A}
£ 279 Wart Hsld £ By F L A
&3] dSF3te Aol AY Ertesld giRie 73
2 YA RS PO E BG4S AAEHA Hed,
He 3 F838] A7t oA yEtdE 34T lx
A B Ay adE fFAHE A=
o}, miabd BH Aol e £3A Hrle A
9] x8& 7189t A7 (best-effort basis) 2.2
BE AAdch. oeA FAZE AMSE 2k A
Sl HEHE 43 B4E 71 § 9deol
87 WEo] BFE A% £33 HrldAe 2y
st st 84 R o A9 FeHrtr 433

Y FEE AA 52 g

4. AHold 24 W A e ot

AHE 5 BEEHAAY A3t A% Yelhye
840 A& Hr137] M E o8 AR E
gagd], d7)dE ZF a0 UF 7=, 949
e S F 4 JAY dEE £ F =,
g 2 2L ol d do]g o qitt

41715 d&

84 R A N A2 BAG ALA, =9,
Az o) B %, AL HolH, AFA, ARA
¥ A3} 21X To2RH Aol vl A A
BHE WM 7 U AR 2E, 4F, B,
HEY 2=/4Y 2 4% F& ¥FgsE Ay
HolHZRE = Aol 24 % A EA e
€ 448 ¢ Ut 23v ojlg2REHE Y
FAHEE AL F Ue 7 AF-olZ2 75

o F- M 8- &%

A HEV} obd T2 WY& AL gafol st A%
7t BEolth
4.2 249f Aef o}

249 A4, 434 A, §H, 944, A
AL R ARG o] Foll dig FEHAF ARE I
Hoz A A& 5 §7] Wio] o] 59 FriAq|
B2 JH4el gasio. wi#e XY del A
S5 71€d H7F Ay TEH g ASE
RAR Byt Azl gl A7 dE-Eoln, &
3 B4 E BX02 e £3A Hte Agde
g% a3tk Byl 249 A$AY YEF 7
4 &g A Y= A$ dolEy Bd g
FARE Uy oz YAl o3 EHdHoz
AFEH AT HIZo e FE 7B M=
B B B A Y € 25 AY/a 83}
o] Fo|A 7| & g},

By AR o]l W) HAAHE 7ML #¥E 24
R &H AEZHE A& AR A o} 819 A
Bl BE&4E B8 HIS ¥ § Ak &40
U e AR, 87 HE BS An (B8
B718F), BFE 37 A8 &8 5@ A 5
of we} Fr} &) S = HPHF FF9 Al
=24 @71 Wl Beste] AAE stE A
o], H|E A|Z+E AvslHigtr HH FE A3
EE ZEE 493 g e ARthE o Yy
%7t % Ak

H4E 7] A3t 7k 2288 Hrbehs Axt
€ Fig. 20 AZHo= Jelfnl. Table 24 =
olol g F/1HQ ARE YN LY Fig.
e &4 Byt advle i HE &4
e At

5 Q4 XA

o8

7t

24 AA Hrbe 7|1EEY AA AR g
AL A 2A He vlolg A5 584 gt
AY 2AHEY 3A O A& AF EAEA O #
A 8422EF AE AF 7154 © B4 88t
AV|Z25H A5 AH AF steAle 34 HF
EuE ¢ oed, 83 AR FE 9 Ay A5
7t &8t dt=ol whe} Table 33 2o) GAE=R
Adg F7re F 3l

Journal of KWS, Vol. 16, No. 4, August, 1998



o NP EHA YT
YREe A ol Ade nises ase
Ade] HAW wel s ARE & 5 gl
A% vk AF WohE oY EaHoz g

Z7] el Aol el 84 B4E HY &34 9t

[ COMPONENT ASSESSMENT _ |

IS COMPONENT

13

No

DEFECTIVE?

INITIATE TESTING

DETERMINE EXTENT OF DAMAGE AND

i

CAUSE OF DAMAGE

DETERMINE FAILURE MECHANISM AND ROOT

IS REPAIR
REQUIRED?

RETURN TO SERVICE &
PLAN FOLLOW-UP
INSPECTIONS AND/OR
OPERATING/DESIGN
MODIFICATIONS

OBTAIN ACCESS/CLEARANCE

r

—

IDENTIFY MATERIALS & DIMENSIONS

]

ESTABLISH REPAIR TECHNIQUE

[

}

i

SELECT QUALIFIED WELDING PROCED!

l

URE

i
I

CHOOSE QUALIFIED WELDER

REMOVE DEFECT/FLAW

DETERMINE BY
NDE IF DEFECT IS
REMOVED

PREPARE WELD JOINT PROFILE

[

i

PERFORM REPAIR USING
QUALIFIED WELDING
PROCEDURE

Defects A\
INSPECTION

No Defects

TESTING

Fig. 2 Overall approach to component assessment and repair.
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Table 2. Evaluating components for repair by welding.

Determine whether weld repair
should be considered

a) Is there eviden(;e of welding from fabrication or previous repairs?
b) Establish relative hardness of component material.
¢) Establish chemical composition (documentation or by analysis to indicate alloy

Determine whether flaw is the
result of fabrication, previous
repair, or service induced

a) Review fabrication and service records.

b) Examine the location and geometry of the component and flaw.
¢) Review metallographically (optical microscopy, replication).

d) Characterize fracture surface (visually, optical microscopy, SEM).

Evaluate current condition of
component material

properties) .

a) Perform tensile testing.

b) Perform notch toughness testing.

¢) Perform implant or direct weldability testing (segregation of hydrogen versus
stress related problem).

d) Perform stress analysis (compare operating stresses with current material

Table 3. Typical material characterization testing versus material availability.

Component material availability
Test Unavailable for testing Similar Material Actual material
Section 5.1 Section 5.2 Section 5.3
Hardness o] o e}
Chemical Analysis

- X-ray fluorescence o] ¢} o}

- Other, requiring sample - o o
Replication o e} )
General metallography - o ¢
Weldability - o} o)
Tensile - ¢} o]
Bend - o o]
Notch toughness - o o}
Fatigue - o 0]
Implant - o o)
Weldability - o} o

2L AFHG.1 FR) % JANYeRRYH 42 4
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Table 4. Preheat temperatures as a function of
carbon equivalent”.

Equivalent Carbon Content Suggested Preheat

Up to 0.45% Optional
0.45% to 0.60% 95 - 200T
Above 0.60% 200 - 370T
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Table 5. Types of weldability tests and range of applicability®,

17

Range of applicability
Type Weld metal cracking Base metal cracking
- Solidification [ Root and toe | Microcracks | H-assisted | Stress-relief | Lamellar tearing
N Restraint tests

Lehigh test o e} ) e} o

Slot test o)

Tekken test o] 9

RRC test o) o) ] o)

Circular weld tests e} @) 8]

8 Externally-loaded tests

Implant test e} e} o)

TRC test o

Varestraint test O
8 Underbead cracking tests

Longit. -bead test o

CTS test ©

Cruciform test ) e}
® Lamellar tearing tests

Cantilever test o]

Cranfield . test 9)

Table 6. Comparison of weldability tests®.
. . Spec.

Test Fields of use Controllable variables Type of data Equip Cost
Lehigh W.M. hot & cold cr., root cr., |Joint geom., process, filler metal, Critical restr., or % -
resnt test | HAZ Hecack, s rel cack | res. level, heat inp., prebeat, PWHT | hindered cong, | oo | Costly machining
Slot test HAZ H-cracks Filler m., interpass time, preheat E;l:‘:fea? crack, None Low cost

W.M. hot & cold cr., root cr., |Joint geom., process, restr. level, . . Costly mach. &
RRC test HAZ H-crack fller m.. heat in., prehezt Crical resw. (MPA) | Resr. Jo |
Tekken test W.M. root crack, HAZ H-crack ﬁxeagfom’ ! Bller m., hest in., Critical preheat None Low cost
Circular groove | W.M. hot & cold crack, ;
st HAZ H-crack Process, filler m., preheat Go-no go None Costly prep.
. Critical fracture stress, o
[mplant test HAZ H-crack, str. relief crack Process, filler m., preheat, PWHT ifcal preheat Loading jg { Med. cost
: . Critical fracture stress, . | Costly mach. &
TRC test HAZ H-crack Process, filler m., heat in., preheat rifcal preheat Loading jig set-up
. : . Crack length, % 1 Costly prep. &
Varestraint test { W.M. & HAZ hot cracks Process, filler m., heat in. train Loading jg Ivsis
]r;gf;ﬁbead " | HAZ H-crack Electr. type, heat input % cracking None Low cost
3 . . Gono gofat 2
CTS test HAZ H-cracks in fillet welds Electr, type, cooling rate, preheat cooling rates) None Costly prep.
Cruciform test | HAZ H-crack, W.M. root cracks | Process, heat in., preheat, filer m. Gorno go None Costly prep.
Lehigh . , Critical restraint stress .. | Costly spec.
Cantilever test Lamellar tearing Process, filler m., heat inp., preheat and strain Loading jig orep.
Cranfield test Lamellar tearing Filler metal No passes to crack | None Low cost
Nick bend test | W.M. soundness Filler metal Go-no go None Low cost

KEBAHEGEE F164 H45, 1998% 8A
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