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< SUMMARY >

. Purpose : This R&D is intended to expand domestic aircraft engine part repair

technology and to reduce the outflow of foreign currency which is
incurred by overseas repairs.

. Subject : GE90, PW4000, and CFM56 engines
. R&D Contents

A. Development of the plasma coating quality inspection processes
1) Design and production of fixtures for the coating and machining
2) Design of coating quality inspection processes
3) A study of the process parameters affecting coating quality
4) Application of the result of the study at the field
B. Development of the post weld heat treatment under vacuum processes
1) Design and production of fixtures for the heat treatment

Pg:)a?;’r?ts& 2) Design of vacuum heat treatment processes
3) A study of the heat treatment material properties and part quality
inspection
4) A study of the material property difference of the Nickel-Graphite
coating before and after heat treatment
5) Application of the result of the study and heat treatment programs at
the field
C. Development of the computer monitoring peening processes
1) Design and production of fixtures for the peening
2) Design of peening processes
3) Optimal peening programing and part quality inspection
4) A study of the surface property change of the re—peened part
5) Application of the peening programs at the filed
. Economical Result
A. Cost saving or import—substituting effect by application to the field
1) Cost saving and import-substituting effect by localization of the coating
quality inspection, vacuum heat treatment, and computer monitoring
peening processes
Results . Academic Result
A. Domestic/international journal(general)
1) A study of the main coating parameters affecting the coating quality
2) A study of the Nickel-Graphite coating material property change before
and after vacuum heat treatment
3) A study of the surface property change of the titanium part after
re—peening
. Application of the results to the engine part repair of Korean Air's engines
Expected o About $3.8M/year import—-substituting effect expected

Contribution

2. Application of the results to the engine part repair of other airlines’ engines

o About $700K/year sales expected

Keywords

Stress Relief Auto Peening

Vacuum Coating

Furnace Laboratory
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- Cleaning (Chemical, Blast)

- NDI(FPI, FMPI, X-Ray)

- Dimensional Inspection(Manual, Machine, CMM)

- Blend, Polish, Lapping, Sheet Metal

- Surface Treatment, Paint, Molding

- Machining, Grinding, Automated Peening

- Plating, Plasma Coating, Gas Tungsten Arc Welding

- Local Heat Treatment(Electrical), Full Heat Treatment(Air Furnace)
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W Airline-MRO Shop (17) Air India Mumbai —

B Independent MRO Shop (19} Air India New Delhi -~

T 8 CFM56-7B Type Q1K MRO @A A=t
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SR Technics uto
United Technical Operations
: AMECO KAL e
Air France Beijing L 2%
MHI
Mitsulishi Heawvy Industry Deita TechOps
ESA
Eagle Service Asia
I 9 PW4000-94/100/112 ©1X] Xl MRO A 1=
GE Caledonia
A
GE Wal i e
ales Munich
Cardiff ™. !
5 LHTIGESA) KOREAN AIR

%t Hamburg M~ JAL

[ Emirates  TEXL nwarita
AFKLM{GBSA) 4Dubai J(Iari ANA

Paris ’ﬁ ° Haneda
Ai : GEEVES
i ir India (EGAT)
ADAT(GBSA) (GEBSA) Y
Abu Dhabi Aircraft Technologies SIAJESA GE Cel_ma
*Etihad Airways Brazil
B GE9O
@ GEnx
GP7200

e
0

I 10 GE90/GEnx/GP7200 Xl MRO AA]

%719k elHle] Blade, Vanes Al9e F8 F-Fol dal= ALAe o] 3 Party 4
AN E AZAe) T4 8 71ES ER3L Jo. 3" Party FE1gA19 A5 A=Az}
BHslA] 2 Fel71%E 32 License Repair® FMskA] & $E|7]%e sy FAAS
DER(Designated Engineering Representative)S 383t = 7|&S Adsie] 17 (3
FAel AFsta k. o83 37 Party FElgAledl:= Chromalloy(®w]=), Windsor
Airmotive (v]=)7} 9}, Chromalloy®} Windsor Airmotivee] 73-$ A2 F3, =9, "9

_‘|7_



Eo] Mulis AFdA| H AZF-Fel AT 25 AEH o2 £y F A4 BF 2AE
el T3 4§ FRAZ HAE, Elolgt, AVIEE Fol Ajst n|FA Q] EFF o of/H|

Fe A RS I, JANE 25 Mg BAYE xol= FAlol O
Z1gel dallA= A3 v A9 FRAA Jle AT R FUE AR FY5

Akt o] Azl F3, £, HZES tiEe] dF F8 AAFFe g FFE HYs=
AZE A Adate] P&W ESAMR7FEZR), GE Wales(9=), GE Calenodian(% )
o] gJor 3" Party $2|¥4AZEE Standard Aero(v]=), MTU(F5<¥), SR Technic(2$]2)
o] k. 2Aet 22 FdFA Ald fGAldl: Delta Tech-Ops(m]3)2} Lufthansa
Technik (£4), Air France Industries(Z&2)7} 4 o]},

ol z2
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o I8 §A J|EL FF7E 7t ALEE 5, HEE YA SRS ZHA)
rame Combustion, Wire Arc, Plasma 59| t}ek3t dQ9& o] &3l &z B

o AZAAe] 7+ A9 FAELE I™Y AR FRH dwElk =27 Sx|wr v =2 P AL
(Microstructure), 213X 38 (Tensile Test), WlZZE 7 EA3¥ (Macro Hardness), ®u}o]

A2 35X 3 (Micro Hardness) 2.2 2 A 43

Hit Substrate

Feeds into Electric
Wire or Powder or Gas heat Maolten Particla
Feadslock is propelled in
i the Gas Stream

Freeze as Coating

7}. 4} (Thermal Spray Coating) ¥4

o 499 ulg} Combustion Method®} Electric Method® &3

_19_



Thermal Spray

2 12 €AHThermal Spray) 5%

(1) Combustion Wire Frame Spray Coating

o Combustion Wire Coating Process= 94 9%l opx€al, =3 ET‘:- Z-:]-
AH8-8tal Aol E3Hs] A Fol BAE= 3EHE ouyx|e] WES F3le] Wired

T
S

¥ l>
2

# 8 Combustion Wire %] &4

Fuel and Oxygen

Heat Source
Wire (Metal)

Material
Flame Temperature 3,100 °C
Particle Velocity Max 200 m/s
15 - 1,400 g/min

Spray Performance

o Flsk7l7t &oldte, ARLn|7t A I $3Eo] 2 5SS 7R

o
o FE A7} 7hdsta AFEae, ZE @9l (Parameter) 7} 4%
Wire

Workpieca ————

MNozzle

I3 13 combustion wire spray Y]

_20_




(2) Combustion Powder Frame Spray Coating

o

Powder

|
o

Fuel gas

L

B
_

Oxygen

e

4

Combustion Powder Spray Coating Process+
Spray 23} 2oy Wire dlXle] Powders AH&3:=

MNozzle

l Coating 4:*‘

Z=e = Combustion Wire

Workpiece

I 14 Combustion Powder Spray €2

# 9 Combustion Powder 7d] £/

Heat Source

Fuel and Oxygen

Material

Powder (Metal, Ceramics), Blends of Metals

and Polymers

Flame Temperature

3,100 °C

Particle Velocity

Max 50 m/s

Spray Performance

35 - 150 g/min

o wiE, yRAA B dnl/ZH fAlel wshd HEA G Hestr] 13 Z1A1FS o) The st

o I8 |7} Zhdstal AR FAHAA) Ho] FARE s} Soldar §2Eo] vjwd =5
(3) A7) of= 9}olo] 2xd o] (Electric Arc Wire Spray)Z¥

o A7] o} glojo] A= Hlo] FAL] 79, IV Uue} FUS A9 F Y FF glo]oE AHES
o] ArZjHex FHA F M ] SA4E AT £EE ArcE T €F

o HEAHA AHAE HoA =W AL vk APyl A E& A Y § I W] 92

g

_2']_



Voltage

Compressed air
Coating ——
\9 -
™
——
'-Q & -
ﬁé -

Workpiece ———

”@_*_
1/

\K‘

Wire feed Wire guide
control

2 15 Electric Arc Wire Spray ¥¢]

H# 10 Electric Arc Wire Spray 7d] £

Heat Source Plasma Arc
Material Wire
Flame Temperature 4,000 °C
Particle Velocity Max 150 m/s
Spray Performance 15 - 3,300 g/min

o FulAdol v, ¢5T7IE AR ALY 7tAE 27EHA] ko A7) AR Amnt A
o I §Fgo] xout, I Urv} dol mAje} DAHo| vy

(4) Z8#En} 2= 4|o](Plasma Spray)Z¥

o THE 49 AT Aol Ak AR, AL, S&, LF DT B 42T o} A7LE
=

Shzut ), ol £3h shxe] B4 BE IS olgale] TY FAE Ho] P 34

Plasma gas
+ current Water-cooled anode
Cathode )
_ Coating 1

Powder port

Insulator

2 16 Plasma Spray Y&

_22_



H# 11 Plasma Spray &8| E4

g (Heat Source)

al Plasma Arc
A& (Material) Powder (Ceramics, Plastic, Metal)
3} 2% (Flame Temperature) 16,000 °C
BAFE T (Particle Velocity) Max 450 m/s
At AL (Spray Performance) 4 - 8 kg/h

o HALET} ok A BE AR I9 Fsdkn 393 Ut wlwA ¥
o TRZF U] AksE YAHo] A
o ¥ Z|7} dvteln], Jelsljof & 8 & (Parameter)7} B+
(5) HVOF (High Velocity Oxygen-Fuel) Spray Z¥
o I Aol ARG PINY, $ TG BoE dAA DE/2%) Sgow
FYRLE Ho] L (S50] 3 ~5il) o2 BAee
Fuel gas Expansion nozzle
Coating —
Diamond
Compressed air shockwaves
FPowder and carrier gas Workpiece —»
a2 17 HVOF Spray ¥
I 12 HVOF AH] E4
g (Heat Source) Fuel (gas) and Oxygen
A= (Material) Powder (Metal)
3} 2% (Flame Temperature) 2,800 °C
BALE T (Particle Velocity) 400 - 800 m/s
Bt A% (Spray Performance) 40 - 150 g/min
FeF WUy} =31 2A e WzHo] 943
I3 W] A3lE PAe] Plasma Spray Ecok Horv 45 AF-38HS IAs A=27x
Hol £ XS Al
9 257k AA oz dob 23S Al 2P Aleke] g



1}. €2} (Thermal Spray Coating) =2 A8 (Quality Testing)

A 52 Al™
(Thermal Spray Testing)

Ma’r’é - Rockwgl! . - Porosity '
hardness [N Superficial-Coating - Unmelted Particles
' - Brinell - Interface Condition
e . - Transverse Crack
) \é::clfzrs - Oxide & Oxides Cluster
ALY S P - Delamination

- Hoffman Scratch

o & I F2 Hrh= IW Almel wet AEA, vAEHAR, AF S HEE FHvE A

o AE AP vWiaE AHAEAY, vlo|aE FEAY, 23dF] AR FREY w3 AEE =
3% (Rockwell), vlo]TE AEE H|AX(Vickers) & 24

o NAZZAANFL wlo|aRInAAE AHEste] Porosity, Unmelted Particle, Interface
Condition, Crack, Oxide, Delamination 5% Z535to] A2} §L7)Fx]0] A3 o 7AA}

o PP WEAPNYIE IR FAY 24T skl s D wle) 3T A3

i METCO 443NS Test Specimen

/ @
LEAT A Azme

— =

T2 19 Coating Test AT 92| A]
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(1) BEAR

o THe ARt OE o 9o BTAZ FHS RN W 5] Aol el AZYel hE 2]

LI I I O A | | I T A I A I O B A |
Brale sphere conlcal diamond penetrator

g

Depth to Depth to

which penetrator which penetrator

I\\IS forced by minor load is forced by major load / |
~

\ he ~ i Increment in depth due to increment Pl , - /
\\ ~ in load is the linear measurement ”~ 7
Surf \\ N\ _ that forms the basis of Rockwefl/ //
uriace Hardness Tester
of spemmen \ / -

~. Readings _-
op a3z Ax =4 (Macro hardness Check)

o P&WAR: Wz 24 Z9e ¢l

o

o 234 A% AY (Rockwell Hardness Test)

- AR o] dololEE B AHgao], WA 10kee] SHELE F2, kel 150ke] o5
o2 ek} oAl 10kes) SHFOE HEoh %2 wle] skl Qo] F 37

\V)
(e}
|
w
\V)
S
CD
._..
=y
2
~§~
=

1 o= °% ﬂ}ﬁfﬂil 3
- 37 15T &&= 15N A2¢] 3 ssl* 0.001 1], 15YA&L H£ 0.00504F 29< A7
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- AAe g AAZ w FJste] AAdof spe, AHEEL 0.002 - 0.005 2] AFsA

- 3R A, 33 FAA B9 AR ARe & 2.5W, 33 HxeA G2 34 §1F
7R = 3ule] A=E FA

- EA3ko] AAFHA] k& A, HAAF 2 AR FA RS FR3] AA ¥ F A= AAA AE

- IR AN 53] WAER] & & oF 2& ko] FL 13t

- o2 7 E MSlelA B Settings WA F A5 S AESA AL 3k 33 34

(W} wlo]az A% &4 (Micro hardness Check)
o H|AX AEA (Vickers Hardness Test)
- AAZEZ AL tlololZE IALE 4A sFoE AP =8 AEE S} AF
- vlo|a R du|AF AL A AN E o] 83t Tx|He ZLolF FAs] AAtsle] A T
3kl

o —
Y

a8 22 8AL J= 54 o™

O 84 ZHe] 2340 AXE A3 A 4] FY
- A Al H3) 20 % HEER 5 Tlslol &
- Al mws} Al Hol ”ﬂﬂs}l Akl 9 o] BR S AA
ZA3ele] FA3 AR PR E Aoz 2.54] oA A §A)
- 5183 Ado] gichd, A& A5E SAHT F JES AHo] FHI HES AY
A vy
- I A FAdge) 58] YAEA] 2 3, oF 102-15% %&4 S 7}%‘
- \‘«HE: ZAE HS)lA ] Settings WA F =
- u|A & Agste] BARA 7 BAEZEA] Azt

@

0\



(2) P AIEAAE
1 w2 A AA

o mAEAFA A AT FAS AAF AF Y ol 27 R YIE HETLE Fo)]
A4 Wl o AAHA

I 13 UM RAAIY & WAsh= Aol dist ¥l

Damage Possible Sources

Cracking Vise/Sectioning/Mounting/Polishing
Poor Edge Retention Mounting Media/Over Polishing
Interface Separation Sectioning / Mounting Media

Pull-out : Lower Grade Paper/Over Polishing/
Pull-out Vs. Porosity .

Delamination Vs. Cracking Improper Mounting

13 23 Grinding &% Polishing ZAgt " 24 C(Cleaning = Mounting Agt

O AAY (Sectioning)

o M)Ay Wheel Type, Material, A% 7, Coolants, Cutting A Wheel®] $¥ %
=7} zes ook
- Wheel E}}& A4l,0, Abrasive, SiC , Diamond, CBN 5% A%
- AR 5, FAFA T AHE
- Wheel F ],—‘:— AQY Fal -——nalq] 28 H22 3
UFE IS FEZ shsAe] UL ARel o B2 4
)|

A
=

r

23t o 2 FA$ Wheel

z
=
AGst £ glovg o 1.6mm

a3
st
=

o

- Y4es 84 oil, WA AAA, F BAAE A OilS A1H A2 AHE-31A]
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Al

@ Z¥4 (Cleaning)

F3 Fluid® AA3=E 34

ofl
o
N
of]
K
-2}

o AN Fol THel 29 FAL AA}T =
S MRER AY EE E/LTE 52 o

oo

@ w#" (Mounting)

Mounting Mounting ¥ ¥4

o nleEe nAzAAAL AATY F HE F4F DA

o YT olgstel MheReE Hot nhewds AT ol 3k Cold ey oz T2
- oY ABE NZAE A4S

o

@ 2849149 (Grinding)/ ¥4 (Polishing)
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Grinding

o
lJ
AC)
2,
ol
tA
‘r
i
i)
o,
flo
jo

o
M

- %49 (Pressure): 779 nl¢E

- £% (Speed): Table® Holderd &= ZA

- 3]A " (Rotation direction): Table3} vl&-Eo] o)t 34 =k

- A4 A (Format): Disk ¥+ Paper Type, No-nap ¥+ High-nap clothes

A5

- ¥ (Orientation) : Wheeld} 333} @3 sle] Holderel AlHo] Fol= W3 -
- {1 (Frequency): 23 dvpAlE dvp 25 2§

- &2 T U1E, 5, €22

- 87 % FF £ AE AE

- A7 2 7 AE A& A7

D rAzARAR BlsEE 23 FF 2 4

P Porosity (Void)
- Z8UY ¢ Hole £+ Pores
- 200-500 Wj&= A4

W Unmelted particles
- v A AP ZRHER| A F 5A g
- Unmelted Particled Z7|¢} &
- 200-5008 &= ZHA}



Bla |NMELTED
PARTICLE

@ Interface Condition (Contamination)
- EAI9} I Apolo] AAH EedAd
- AstE, I3 (Grit), £ o]A 29 AA A F LT FF 2R I
- 200-5008 &= A}

@ Transverse Crack (%43 #49)
- 79E FU1E o JAE E4eE A% FEI Fx2eo UiA
- BEAle 32 < €S WulE 7R FFolv ¥ o 7 2 IY F Fdo] It
3= Aol T8
- 200 WE=E A4

(i,
r4d
A
e
=y
.

Transverse Cracks

DS A

_30_



As the powder particle dwell time in the flame

Powder |\ ____, [ Powder
Particle Particle

™~ Oxidation ™ !

J= 36 Oxide

Delamination (¥+2])
- Y] £33 eI
- 92 E H71E o 7AF &R Q3 vigle) FXeo A = ulg] Alo]E FHe] F4
- o2 S5 AW vl 2= HYsH AsE = vl ik o R YA £4e] AdE 3@
ok

™

- 200v0 &= AA

(b wlAzA @ul A4 7

O dn7 HAA= 2000 WMER 73

@ 5% Rule
- dn|H o8 Hol= Aof Yo I8 Aje] 5%u|wtd w I FAL AYs Jo=
%
* T8 A3 : Crack, Oxide Clusters, Delamination, Interface Separation#]$]3t rz]

2%

© Field of View (FOV)
- FOVE 53 == A A& dRusie, 39 PAES 53 F718A AEH

o
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™

@@ Edge Effect
- 38 EZddA 0.010 inch °o]W H7}s1A] &S

Separation at Corner

22 38 Edge Effect (0.010 Q1%], 3]£)
PEVIERER PR =
e ARl sl ZHe] FYAEL I 33717 & (= 13, AFY 23)

O F2A AZYL = 2L A &
- E%(Delamination), %‘“J‘*J T4 (Transverse Crack), 7] & (Porosity)
9 A2k (Phase Contrast), 33 %3 (Interface Separation), 2Z% (Spalling)

@ e 22 ZCAE FYAS &3 I
- Unmelts, Oxide, Interface Contamination
(3) &7} 5 AdAAE (Bond Strength Tensile Test)

o I} EA Apelo] HAREE st AR I AP BAHE AL

o

1] B8 A 2] A

o

e

gk A AA e FF Fixtured AH$slof 3

hH 28 |

D A A8 Ay 2 A2 L o}ty (Adapter)
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O 39 JAAAIFE7] & AlH AZ Adapter

A2 Fixture
8 S A8 AlignS 1A 0.003 x| o= FF s of g

@ Al

K B

BRI D

3 40 Gravity Type Fixture 13- 41 Pressure Type Fixture
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A9 AL A4S

5% AQ

Commercial Designation

Specification Ref.

Austenitic Steel
Martensitic Steel
Cobalt Alloy

Hastelloy X

AMS 5510
AMS 5536

Titanium Alloy Ti 6-4 AMS 4911 or AMS4928
Aluminum Alloy 6061 AMS4025
r
@ H &4 (Adhesive)
15 "R E89 7%
Film Type

Epoxy Type

¥ Scotch-Wweld™
Epoxy Adhesive

250°F to 290°Fol|A] 7a}

AL &7} 5500 psi o4 T ARE A&7} 5500 psi ofstd T ARE

o

350°F to 385°FolA] st

(ch 23 24

=] O
o AYPL X

_34_
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D QARG Ao AR Aligne HEZ 27 Fe}

@ AZH AFe] g4 2 w7tx] 0.040 inch/min® JZEEE F§ 3
® 370 AAe sdd FS VIS I FAAAEY }FF o445 ZA I
- T1:7P% =< %
-T2 : 2% %
- T3 : 712 ¥ 3%
t}. €28 (Thermal Spray Coating) =& A3 (Quality Testing)
o §Ael A FW EEHE FUE MRS AESh AR HE AT BAL 74z Aol
B 16 3718 7IAHRIQIA Xl AAFAR 8AF S List
il PWA SPEC' CFM SPEC' GE90 SPEC' METCO SPEC'
1 PWA53-01 CP6001 71VFNS
2 CP6025 C07-038 INCONELT718
3 PWAS53-05 CP6017 C07-027 81VFEFNS
4 PWA257-2 82VFNS
53 PWA53-13 CP6019 C07-001 63NS
6 PWA53-16 CP6002 45VFNS
7 PWAS53-18 CP6029 45CNS
8 PWAS53-35 C07-059 92CNS
9 PWAS53-37 CP6007 C07-016 450NS
10 PWAS3-47 CP6006 C07-022 443NS
11 PWA53-69 C07-013 57TNS
12 PWAS53-78 CP6011 C07-023 51FNS
13 PWA257-1 71VFNS
14 CP6010 C07-037 601NS
15 PWA75-1 C07-014 307NS-3
16 PWA 74-1 450NS/307NS
17 CP6003 C07-020 58NS
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18 PWA 1352 - 2 C07-015 308NS-3

19 CP6021 C07-031 68FNS1

20 PWA 271-13 POLYMET 899
21 PWA271-37 C07-042 POLYMET 885
22 PWA271-35 POLYMET 688
23 PWA271-47 C07-043 POLYMET 886
24 C07-049 POLYMET 818

(1) Tungsten Carbide Cobalt 8 (71VFNS) &3

B 28 - E-FLE FEL PW4000 Engine Seriese] BE&3= BFo% Plasmas 99
o8 §3 x7]= I”®or HVOF ZY T= 3F 37 2L Hard Y YA=E AL 52
olt}. A FAFel GE= A8 Az RFo= 71VFNS Coating A& djXle] HVOF ZEHS 243

fox

ol o
PO =]

Y AExEE= METCOAY] 71VENE A&y E37129] ofo] w4 PWA 53-01 ==
PWA 257-012 F&3le] = L3524, AA 2FL PWA257-01 Z¥uqt £ ALt 9

o

“u

% 17 92u-shlo|=-2E 399 A=A} SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 53-01 CP6001 .

PWA 257-01 . - 71VF-NS
PWA 257-02 - . SIVE-NS

3% 18 71VF-NS - Plasma Starting Parameter

Gun 9MB
Spray #H] Nozzle Type GE-731
Injector Type No.2
Power Direct Current A 400
Recorded Voltage \% 62
Argon Flow, A 116
Plasma Gas Hydrogen Flow, H2 SCFH 17
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate Gr/Min 60
Distant Inch 2.5-4
Substrate Cooling Type Air
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% 19 82VF-NS - Plasma Starting Parameter

Gun IMB
Spray 7] Nozzle Type GE-731
Injector Type No.2
Power Direct Current A 500
Recorded Voltage \% 36
Argon Flow, Ar 60
Plasma Gas Hydrogen Flow, H2 SCFH 75
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate Gr/Min 45
Distant Inch 2
Substrate Cooling Type Air

M

h =2 F42 7]

o PWA 257-01 Al 38 F71= 0.008-0.010 ¢1x], PWA257-02 A& 0.006-0.00831%]

= A%

O P&W F27|&
3

20 PWA 257-01, PWA 257-02

=2 7€

taW e,

12 46 Porosity

_37_

2 47 Oxide

T8 =5 5 87 &
Transverse Cracks /5
] A 22) Interface Contamination EAF(2E37 FZX)
- Oxides EAZFE(AHE36 FZx)
Porosity EAF (P35 Fx)
_ . 32~ 10,000
A3 (psi) - AL AT e S 8000 psi
_ 900-1200 (TOP)
AEAE (HV) PWA 257-01 850-1200 (Bond)
PWA 257-02 600-950




3 48 Interface Contamination

25 | e [ %% | 2A umam | %o | 2H @5 umum | % B8 | aEEg =
0j==| 37.000] 100000]  4563.184 100000 4s63184| g030| 9006 =2 | s | wne | mEmoamem | %w | wE wm emam | s Ey | ae |
= D=2 | 26000| 100000] 5889573 100.000] 5889.573| 17422 82577
n
PWA257-2
200X

a7 4
5 L
e ® ‘e
.

S i

&l - Porosity ZAt

A L VAL L.

33 49 PWA257-1 Z¥ -Porosity A 1" 50 PWA257-2 3.

T3 51 PWA257-1 38 ool 2 Fx - HV

(2) Inconel 718 #8 A AF
A e =2 1Exet 9545 12 A3 9 YA 59
7he 2 E” Tkl Ths

% Self-Bonding, 7|4

8 ]
= g0

Inconel 718 Z¥-2 Inconel 71
93 2 35y S-S TR Q)
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33l €48t Chamfer(2A43]) 423t Ao 9 &
- Plasma Arc Spraying =+ Electric Arc Wire% o] £3F ¥
* 3}3HA A HE: Ni 19Cr 18Fe 3Mo 0.5A1 5.1(Nb+Ta) 0.95Ti 0.05C

GE90 SPEC C07-038, CFM SPEC CP6025% Plasma Arc Spraying #Bv]S o] &3t
Inconel 718 Z8Y & 243

¥ 21 INCONEL718 3¥¢] A&l SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
- CP6025 C07-038 Amdry 718CL.B
- - C07-049 POLYMET 818

Inconel 718 ¥ Spray Parameter+ Plasma #H] A|Zxlo]n] Powder A|ZHAFQl Metco

9] Amdry 718 Class B Starting Parameters A2A#A 3 BF9 A} z4q] 9x]o o=}

Parameters 4% 3%

32 0.060 92 FAE 7R = ZW AAF F& HFS A Inconel 718 ZH S &4 F
1

pal
s
R ZAAES ARARE SRt TYFLAAE £

X 22 Amdry 718 CL B-9MB Air Plasma Starting Parameter

Gun 9MB
Spray 7] Nozzle Type GH-732
Injector Type No.2
Power Direct Current A 409
Recorded Voltage \% 69
Argon Flow, A 37
Plasma Gas Hydrogen Flow, H2 nlpm 9
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow nlpm 5
Feed Rate g/min 151
Distant mm 125
Substrate Cooling Type Air

% 23 AFZA F4 71F (GE90)

T 5 587+
Delamination /5
Interface o /m
Separation L
Transverse Cracks /5
w] A 2% Interface e
Contamination =AZ @ #=x)
Oxides and Oxide Zalgk(Ta A=z
Clusters =AZ @ #=x)
Porosity ZAZ Y ZFxR)
A2 ¥ (psi) - 347,000

_39_



1% 54 Oxide 7|&
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NEEEL
Test Report

AR

SEE 920 016
Repon No Peie090-85 Sample Date 0160919
Al Plasma Coting Specinen {1 0% I
SpecimenName (FRAME-TURBINE CENTER) Receipt Dae
2 Al S
" - GEIME o 2 ; 5
Clom Sy SELMECB HE S Shradns

Test Results

W/ No : E 16917672 Operator : 81 & 4 /1482471
OP No = 50 Coating Spec' : C7-038 (INCONEL 718)
Microstructure Test (Material Microscope/ AN : MGO0022295)
Test ltem Requirements Resuits Remark.
Less than or
OrOS V- i e 25
Porosity S to V-1 1 Figure 25
. Uniformly Uniformiy Tn case ol figur b view X-3 is
Citide distributed distribuled reject
Onxide clusters None allowed Free of oxide clusters
~ [mcrfacc. lLess lham:r 1 Figure 7
Contamination equal to 12
Tnierface o Free of Intpetace
separation separation
Transverse Cracks None allowed Freapf ininsyere
cracks
Delamination None allowed Free of delamination
Bond strength tensile testing(UTM /A N: MGOO022308)
Tensike Test (Average) Min 7 000 psi 8 577 psi 9753, 7 6089, & 370 (psik |

End.

Test Resull : Pass

W& oy —_
= SPM 704032, SPMT0-T1-01
Ret” To Tesied By

J016.00.21

HH EFMEEHE

Team Manager, Laboratories Team. QA. Korean

i prosided by the applic ant, ase thi report shall

jon withoue writsen appeaval of labaratory manager |

17 55 C07-038 Inconel718 Al& /A A]

() 93 BF 8 A&
Inconel 718 ZH
4 S 834

g2 893

& o]&3o) CFM56-7B HPT Outer Stationary Seal®] Dimension ¥
©°m GE90<& Turbine Center Frame £ 47l nfRoj dis] EL3= F

% 24 CFM56-7B CP6002 =¥ 4g A=A
20164 20179 %

NI N5 N5
HPT Outer Stationary Seal | 1784M84G05 1 0 1

&Y FEHE

o CFM56-7B HPT Outer Stationary Seal - Diameter B Dimensional Restoration

£33 HAA AANZLE AR

R

13+3] HAA} (Spot- Fluorescent Penetrant Inspection)
¥ Area v}27] 2 38 AHA Az}

@@@@
o

_4"_



FORWARD

MASK
HONEYCOMB
DIAMETERS

2 56 CFMb56-7B HPT Outer Stationary Seal — CP6025

© 28 &4 2 AA F2 AP (CP6025)
- Al 22 A
- aA A3

AHEEA

Test Report

sdadaf 2y 7 = 2 A
3 418 =
Repor No PC16-(M1848 Sample Dae 20180418
4 o ¢ Plasma Coating Specimen R 2016.04. 18
Specimen Nome  (SEAL OUT STATIONARY) Receipt Date e
oiE| 2 § A& 2|7} N
ClientShop SELMECH st i t 260408
Test Results
WO No - E 15626767 Operawor: 2] 4 2 / 8204062
OP Nao: 40 Coating Spec : CP6025 (INCONELT18)
Microstructure Test (Material MicroscopefA N : MGO1022295}
Test liem Limit Result Remark
Porosity Max 10 %
Unmeited Particle Max 5 % 2%
Interface Max 15 % 104 Length of specimen in cass of fine
Contyininaiin Max 30 % 20% Length of specimen in case of coarse
e s Oxide clusters Acceptable i “‘“‘i:“;a;':‘" B
By close s Oxides Acceptable Uniformly distributed
Transverse Cracks Crack Acceptable e S i
unaccepiahle
S Max 0,010 inch 0 inch Out comer separation
et Interface Ty In case of intarface sepamtion is
separation serassiion Acceptable fiskineton
Delamination Delamination Acceptable = t“ﬂ:’]::ﬂ'ﬂiﬁmm i

Tensile Test (UTM /A N: MGO0022308)

Tensile Test | Average) Min 5 000 psi 10 370 psi ‘ 0481, 1079, 10 R6I (psi)
End.
Test Result : Pass
AlE U isCPensM AR e @
Ret To Tested By I= nEs

2016.04.18 ﬂ
HuEAEEY ‘,ﬁ.ﬁ%%\
Team Manager. Laboratories Team, QA, Korean iy 21 2} [+

R R 5.
(The test results comtaired i this test 7epors efr noly 1o the specisen saple | that b v el by the applicans, and ki iyt G AT
ot e e {reprsdaced) without wrsten approval of laboratory mamnger

(This sest repert dhall mot be wsed for publicity, propagationadvenisement. nd litigation without writen approval of labocamry manager )

® 24 5L A% A

(@ Final Inspection
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¥ 25 GE90 C07-038 Inconel 718 Z¥ &g A=A

_ 20164 20174 F
e e A% A% A%

Turbine Center Frame 2115M58G03 4 2 6
Combustion Case 2082M19G04 0 1 1
AFT Outer Hanger 1840M93G05 0 48 48

o GE90 Turbine Center Frame -Thermal Spray 42 (C07-038)

a3 58 TCF - Case Wall Wear Coating Repair

o GE90 Combustion Case - Thermal Spray 48 (C07-038)

o GE90 AFT outer Hanger - Thermal Spray 42 (C07-038)
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RN e

Surface AD

PO
I N Y

L

1
9\
1 .'
{

WEAR AREA FACH \
CONTACTWITH  ———1)
TRPOD CAMP ; s, AR

4

I3 60 AFT Hanger - Dimension Restoration
D St Rslol A AT A
@ F-FAH
@ wv]=}¥] A A} (Spot- Fluorescent Penetrant Inspection)
@ F-FAH
® ¥ Area vt27 3 I A AF
® % $4 9 A F2 AP (C07-038)

“
i B B e s
- AR AF
% 26 GE90 C07-049 Inconel 718 Z¥ g AA
20164 20174 =
B 3= =) :ztﬂ =
TR TR A2 A A2
HPT Stage 2 AFT Retainer 1709M29P05 1 2 3

o

GE90 HPT Stage 2 AFT Retainer -Thermal Spray 42 (C07-049)

- 44 -



I 61 GE90 HPT Stage 2 AFT Retainer — Diameter D Restoration

o Rslol WA A ASFoR AA

BEAA

H]3}3] AA} (Spot- Fluorescent Penetrant Inspection)
REA

¥ Area w27 2 3" A9 A

Z7 $4 2 A8 F2 A7 (C07-049)

SERESPL

- 92 A¥

©e6eee

NEEEA

Test Report

MR ST 20170314

 Plasma Coating Specimen

iy 201708
(RETAINERAFT) 0170316

SELMECE 2017.0317

Clem Shop

Test Resul

W/O No: E18267624

0P No : 50 [Coating Spec': C07-049 Powder Lot No: 15002126 (ALLOY 713 WIRE

Test (Material N

:
WU EUAHEY 189
Team Manager, Laboratories Team, QA Korean ¥ ) 7))

&5

WAL MA T Torl ommxemn
Lo 010 2000 0001

® 25 5L A% 7AE

(@ Final Inspection
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() GE90 HPT Stator Case

(\}) GE90 No.4 Bearing Housing - Dimensional Restoration

(ch) GE90 Turbine Center Frame

(th CFM56-7B HPC 4%41-99H4] Rotor Spool

(8}) CFM56-7B HPC Rotor Rear Rotating Compressor Discharge Pressure
(CDP) air seal

o GE90 HPT Stator Case ¥ GE90 No 4 Bearing Housing®)] W3t FaAA & 92

(3) 75% Chromium Carbide - 25% Nickel Chromium Z¥

75% Chromium Carbide - 25% Nickel Chromium ZE& =2 A X ¢} njRo] o3t #3}
Ho] Eo} 1000° -1500° F (538° -816° C)olA] wlxx#]33o] 943+ FElo]n] Plasma
arc sprays °]83te 3tehd AEL ar,G 25(Ni 20CnE 74 3

AZ2A SPECE offl %63 Zor] ¥ Spray Parameteri= Plasma 3H] AlZAfo]r]
Powder A|ZAel METCOA}e] 81VF-NS Coating Powderg A}£3l9lew Starting

Parameters 2A ¥ %9 3 F44 92l w2} Parameters: F4H33+

% 27 75% Chromium Carbide - 25% Nickel Chromium #|ZA} SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
C07-027
PWA5S53-05 CP6017 . 81VF-NS
CL A(Fine)

b =28 A¥
o FHZ& 0.060 9x] FAIE A= ZY AW HE LEFES
stgon w22 AE, AFA Y, AEALS FP51d IHFLAS A5 &

3% 28 81VF-NS Plasma Starting Parameter

Gun 9MB
Spray %] Nozzle Type GH-732
Injector Type No.2
Power Direct Current A 500
Recorded Voltage \% 66
Argon Flow, A 116
Plasma Gas Hydrogen Flow, H2 SCFH 16
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate g/min 42
Distant inch 2-5
Substrate Cooling Type Air
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=
"
ot
9
N
T

D GE90 C07-027 CL A A&
% 29 C07-027 CL A 4 7]1& (GE9Y0)

T3 T ks
Delamination /5
Interface Separation /5
Transverse Cracks /5
u) A 23 Unmelts EAZFOAE FX)
Interface Contamination EAFaE F=2)
Oxides EAZF " F2)
Porosity EAZFOE FX)
A A & (psi) - 324 5,000
A
(Rockwell, R15N CL A 324 83
scale)

R e
aa

(e S

_47_
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U 64 Oxide Content 7]& (200X)




e r - v e
- - ?f 1'-" :'c ? J% :
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TNy AN, S
- S = ! o - P * - g il o)
; N :‘“" f' J’- S— ..5'.-::.‘ -
. ¢ w . T -t -,., —
l. - ’ - . __’ﬂ_:-, - -
o o ey
L Sy . B . . ) .'." - -l
vy - -

- r '
ry . r 1 w
. L L S ]
8 :
5 ¥
-
L -
r
- - - S
P
- - _.
[ - - ——
-l‘f L
-
™~ L - n =
- o ) . » Iy .
| v o RS i -
-
e LM S s S T X
..'o‘;-u: - - - ‘-.PJ .'_xp‘.'
_‘-. - --.‘ K - - " »

T O w i o n
o P e T T e
d 66 Unmelted Particle Content 7]%&(200X)

-
A

@ CFM56-7B CP6017 F&7&
% 30 CP6017 ¥4 7] (CFM56-7B)
Fu =5 3 &7E
Delamination /5
Interface Separation /5
Transverse Cracks /5
u] A 232 Unmelted 5% EAZF (I8 F=x)
Interface Contamination EAZFAE FX)
Oxides A F (Y Fx)
Porosity 5%, 800 pin
AZAE (psi) - 34 5,000

I 68 Unmelt 7|&

2 67 Porosity 7|1&
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I3 69 Interface Contamination (Fine, Coarse)

s

2= | A2 | %7z | 2A umum | % BA | 28 BH umum | % BN | 5EEw

ojgs| 11.000| 100

2948.2&1] 100.000 2948241 9.006| 90.993|

CP6017
200X

(4) Pure Molybdenum ¥ 2] A|Zx} SPEC ¥

goud ZRe B4 F wbEd F4es A8E wd, §AY0) $& S4ow L uR 54
I Foll uisk APMo] £ IH o= 717 a3H < bond ZHAZE Fo] A4-3
% 31 Pure Molybdenum Z® 2] A& A SPEC
P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 53-13 CP6019 C07-001 63-NS

AZ2A SPECE  of#f =g}

o
Electronic Arc WireE® 9922 A& 3}

7Zxovn] F¥ Spray Parameter= Flame wire,

Plasma,

] A ZAtolv] Powder AZFA] METCOAR] 63-NS Coating Powder® AH$-31%lor

Starting Parameter® A

b =29 A9

F 5F9) 943 29 940 w2} ParameterS F43
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o 0.060 inch(1.52mm) FA& 7IAl= AH3 H4& 25
2~
T

3% 32 63-NS Plasma Starting Parameter

A

o

=

-

Gun 9IMB
Spray 7] Nozzle Type GP-733
Injector Type No.3
Power Direct Current A 750
Recorded Voltage A% 38
Argon Flow, Ar 34
Plasma Gas Hydrogen Flow, H2 SCFH 137
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate g/min 26
Distant inch 5
Substrate Cooling Type Air

N

W =28 F2 7

@ GE90 C07-001 F&7I&E
® 33 C07-001 7]& (GE90)

T5 5 kS
Delamination /5
Interface Separation /5
) A 24 Transverse Cracks /5 _
Interface Contamination EAZFE FX)
Oxides , Oxide Cluster Ein]
Porosity Fig]
AZA E (psi)

a3 71 Interface Contamination

@ CFM CP6019 =a7&
® 34 CP6019 7|&

N | 3871=

Mo

| T
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Delamination /5
Interface Separation /5
Transverse Cracks /5
u| X)) 22 Interface Contamination EAZF AR FD)
Oxides , Oxide Cluster Ein]
Unmelt 15%
Porosity 15%
A & (psi) - 32 3,000
Ny ” .‘ i Y
r A - # } .
. 4
o ~
e

I 72 Interface Contamination (Fine, Coarse)

g5 [ A | = | wE gmum | 9% | 28 By umym | %oy | Spm |
dl== 1.000! IDUOD'U‘ 13436603 | 100.000| 13436.603 | 93724 6.275 |
B . QP s P T e
[ O e 8,
R I e % CP6019
A 3 v B e AL |
10 ot
[ SRR RN 200X
% : :
- i N Y
3 e

= 73 CP6019 OJN|Z=AIA]E -Porosity

® P&W PWA53-13 =A7|&

o PWA 53-13 Z% PWA 53-18 ¥ WAE AH§3pe, 39 X5+ 64AA o]} 2@

7 A= 0.003-0.020 212 = Bond Coating® Build up ¥ o Z A4

% 35 PWA53-13 7|&

T35 T 387+
Delamination /5
Interface Separation /5
Transverse Cracks /5
u) A 23 Interface Contamination EAZFOAE FX)
Oxides , Oxide Cluster EAZF (a8 Fx)
Unmelt 15%
Porosity 15%
A & (psi) - 34 3,000
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‘ y n A %
,'4./.-‘ £ ([ Ta
) 7 PUL Faet "

—'{m,—_"-" «l ) 4;‘

13 74 Interface Contamination (PW) a4 75 Oxide (PW)
22 | A+ | x4 | 2A umam | R EBA | ZH OE, gmum | %0 | gmEy |
o=s | 251000| 100000 5555,293! 100000 | 5855.298 | 13 DSEl 86913

. Ty

= 76 PWAL3-13 OJA|xRA] A]H(200X) = 77 PWA 53-13 -Porosity
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(5) Cobalt, Chromium, Nickel, Tungsten Powder Z ¥ #|Zx SPEC Z¥

% 36 Cobalt, Chromium, Nickel, Tungsten Powder =Z€¢] #|zx SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 53-16 CP6002 - 45VF-NS
PWA 53-18 CP6029 - 45C-NS

)

N

L > Igos gYrul 9 gis A
3l X7t Eolil mpR EAJo] gleow, thd UulRA e E VK= A elE AFEYE
$]3F Build Up Z¥ 2% A% v Flame wire, Plasma, Electronic Arc WireZ d¢g°
2 A4 g

A A ZAolw] Powder A ZHAel METCOAe] 45VF-NS/45C-NS ZE 25 2183190
] Starting Parameters A& ¥ ¥F9 A Y 3ol w2} Parameters: FASIA =

hH =249 A

)=

o 0.060 inch(1.52mm) 7% 7IA= A93 F4 ¥FS 0.003-0.020 99x]9] =¥ F
Ao A wAZAAE, AZAY, AEAFS FP5te] IPGFLS AT &

3% 37 45VF-NS Plasma Starting Parameter

Gun 9MB
Spray 7] Nozzle Type GE-731
Injector Type No.3
Power Direct Current A 500
Recorded Voltage A% 59
Argon Flow, Ar 175
Plasma Gas Hydrogen Flow, H2 SCFH 7
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate g/min 49
Distant inch 2-2.5
Substrate Cooling Type Air

3% 38 45C-NS Plasma Starting Parameter

Gun 9MB
Spray #H] Nozzle Type GE-731
Injector Type No.2
Power Direct Current A 400
Recorded Voltage \% 64
Argon Flow, Ar 98
Plasma Gas Hydrogen Flow, H2 SCFH 25
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate g/min 53
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Distant inch 4.5-5.5

Substrate Cooling Type Air

® 39 CP6002 7|&

75 e 3871+
Delamination /5
Interface Separation /5
Transverse Cracks /5
u) A 22 Interface Contamination EAZFOE FX)
Oxides , Oxide Cluster T
Unmelt 10%
Porosity 2%
A ZA & (psi) - 3 & 5,070
% 40 CP6029 71&
T 1 ik ad ks
Delamination /5
Interface Separation /5
Transverse Cracks /5
u) X)) %2 Interface Contamination EAZFAH Fx)
Oxides , Oxide Cluster e
Unmelt 15%
Porosity 15%
A ZA & (psi) - 3 5,000

T2 78 Interface Contamination (Fine, Coarse)

@ P&W PWA53-16, PWA53-18 F&7|+

o PWA 53-16 Z8 0.003-0.006 ¢Jx]= Hard Coating 5= A%
o PWA 53-18 Z®-2 0.003-0.028 ¢Ix]& Hard Coating &£+ Build up $5% A%

41 PWA53-16 7|&
5] 87| &

x
5

= |

-
Mo
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Delamination /5
Interface Separation /5
Transverse Cracks /5

u| X)) 22 Interface Contamination EAZFAE FX)
Oxides , Oxide Cluster EAZF a8 F3)
Unmelt 15%
Porosity 3%
AZA 3 (psi) - 3 & 4,700
AT AR v Min 300
3% 42 PWA53-18 7|&
FE 5 akdES
Delamination /5
Interface Separation /5
Transverse Cracks /5
u) A %= Interface Contamination EAZFOAE FX)
Oxides , Oxide Cluster EAF (a9 #ZAx)
Unmelt 15%
Porosity 15%
AZA 3 (psi) - 34 6,000

a2 81 Oxide (PWA 53-18)

B

* /)

&
47

-

s
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i

Pl f
Assj\ sooxd, -
VIR

| 2 | %o | 2 umam | 2 | 2R BE umum | % B
6622.117 | 100.000 5622117 | 25856 74.143|

=% 272.000| 100.000

13- 85 PWAL3-16 Micro Hardness - Min 300HV

%24 | 2m B, umum | % @3 | gEEs

[ M | %A% | 23, umium =
]|§§; IS?GGDl 100.000 4149218 | 100.000 | 4149 218 11 391‘ B8B.E08
. ] s !

r N
p ¥
"
;" M
o ’
& \
T ) o
g ) : % : . L ¥ o4 0@ i
o =
% W (@ s
[ s ODE" 3 @
1 i e T F g
‘ 30w . > :
Q o %4 @&ig fv
a 0(7
% Vi S
L fane. 2 X -~
ii@ 9 4 1 %Qn 5 5 E‘ﬁ Q(gﬁ y
o ' @ l
“P Vg 2 8D Jepi0 Pl
% ki 5. R g@-k e
g @g :, 4 .

3 86 PWALK3-18 Al O]H| =X - Porosity
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() AN 2F 52 A%

45VF-NS ulRe] 733t Ig o8 CFM56-7B 9% 2F [PT Case°l vu}Re] X5 EQ31=
FEo T /AL w3t

3% 43 CFM56-7B CP6002 Z¥ 4 A=A

20164 20174 F
B 3= )=} EEI:H =
TER TR A% A A
LPC Case 338-117-455-0 5 3 8

o CFM56-7B LPT Case —-Thermal Spray ¢

a4 87 CFM56 LPT Case & Fixture 13- 88 LPT Casef9 Coating Damage’E|

O E259e d3A 71A7FEeE AA
@ FFAH
@ 8]} ZA A} (Spot- Fluorescent Penetrant Inspection)
@ ¥ Area w27 2 ZY AHA FF
©® Z¥ $4 2 A" F2 AF (CP6002)
- " A E2AA
- mlo]a® Ax 54 300 HV 0.3.
- AF A¥
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® A5 B9

=

AEEHAM

Test Report

ex = e et

Al Aq H T
Repon No

Al =

£ D570LES
PC16-0352(k61 Sample Date
| %= R}

¢ Plasma Coating Specimen
(CASE-LPT)

Specimen Name Beceipt Dot

2016.05.20

2016.05.20

| =Ad ; . AlE 2R
; 8E ! 2 5.7
Client Shop : SELMECH begtnl 2016.05.20
Test Results
W0 No: E 15829025 Operator: 2} = 2 / 8204092
Coating Spec’ : CP6002 (METCO 45VFNS) OP No: 120
Microstructure Test (Material Microscope/ AN : MGO0022295)
Test Item Limit Result Remark
Parosity Max 5 % 5%
Unmelted Particle Max 10 % 10%
Interfuce Max 25 % 5% Length of specimen in case of fine
Contamination Max 30 % 204 Length of specimen in case of coarse
Onides and bt Free of axide and Must be uniformiy
oxide clusters THGEEPEE oxide clusters distributed
Transverse Cracks Must be free Free of crack
Free of interface
Must be free H. L
Interface separation
separation ] = Out of corner of the coated
Max 0.010 inch 0.005 inch L
specimen
De lamination Moust be free Free of delamination
Microhardness Test(Hardness Tester/A.N : MGH0022294}
Hardness Test | Min 300 HV | I HY | Average |

Coating tensile testingl UTM fA.N: MGO0022308)

Tensile Test (Average) | Min 5 070 psi | 0294 psi

| 94309 533, § 021 (psi) |

Test Result @ Pass

{The et sl contaimed in thiz &9t repont refer anly o the specimend sample) that is provided by ge applica., and 38
not e amended (mpmduced) without written approval of lsboratory mansger. )

{This i st e part shall nol be ned for publicity propagstion. ady eriise ment, and litigation without writien approval of Isboratory mansger. |

ARt CFMS56 SPM Ti-48-04 INE-T5 ! o RB0B05?
Ret To Tested By = ol@ R
2016.05.20
FHEIMNEEF
Team Manager, Laboratories Team. QA. Kof¢|
LA AT & L may T8 (R

B M- B,

9

T 89 CFM56-7B LPT Case CP6002 & &4 A

3 7)1 A7}

(@ Final Inspection

(6) Aluminum Silicon Powder Z¥ 9] A|zx SPEC ¥

E 44 Aluminium 12% Silicon Powder =¥ A|&A SPEC

P&W SPEC

GE90 SPEC

METCO Spec

PWA 53-35

CFM SPEC

C07-059

52C-NS

=

¥ 2

250

= L gy uEolxl

T

Y (A112Si1) & ¢Fv)F =&

_58_
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< $F 2EE @3 784, v 2 4R

T

9it}. #¥ Spray Parameter= Plasmas ¥€¢

¢Fu)FE ALY Y (A112Si))2 Top ZTHLE A45H, Bond 282 Nickel-Aluminum
Composite Powder(450NS)28} Zo] A83 9lon, CL A%} CL BE £ 35lo] A1-85 0]
CL A= Z¥3A°] 249, CL B ulREA S Alojsl= I8 $5EF A-&3lht).

Au] A FA elw] Powder AFAel METCOAY] 52C-NS #E E2g xg3lgon
Starting Parameters 2A ¥ 3F9 A3} 24 9130l vle} Parameters 449
b 2" A3

o 0.060 inch(1.52mm) FAS 7[R = A3 38 BES (0.003-0.020 ¢1x]9 =8 F

% 0
-1 0
Al g4 wAEZ2AR, ARAR, BEADS FYs] IRFLS AT #

X 45 52C-NS Plasma Starting Parameter

Gun 9MB
Spray 7] Nozzle Type GH-732
Injector Type No.1
Power Direct Current A 66
Recorded Voltage \% 500
Argon Flow, Ar 96
Plasma Gas Hydrogen Flow, H2 SCFH 20
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate g/min 76
Distant inch 4-6
Substrate Cooling Type Air

N

h =29 F2 71E

@ GE90 C07-059 ¥4~ ]—?-_‘—
46 C07-059 71¥ (GE90)

TE e AENE
Interface Contamination A% (aE FAx)

. CL A (¥]¥A)

] A 27 Eutectic Phase CL B (=)
Porosit CL A (M)

y CL B (13A)

CL A 1,200 - 5,000
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—
I3 90 Interface Contamination

@ P&W PWA 53-35 F271&
o F¥ 7%= 0.003 - 0.025 2132 Build Up 2=l A%

X 47 PWA 53-35 7|&
T T 387+
Delamination /5
Interface Separation /5
Transverse Cracks /5
u| X)) 23] Interface Contamination 35% (19 F=x)
Oxides , Oxide Cluster EAZF AR FX)
Unmelt 15%
Porosity 15%
A A E (psi) - 324 3,000

I3 91 Oxide (PW) - 92 Interface Contamination (PW)
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T=m e [w7e [ zmoamam | %3 | mm e mem | % em | anm |
g5 [190_ | 100000 11625836 100000 ] 11625836| 25695 74304

§ 53-35 200X

T2 93 PWA 53-35 Top - PWA 53-37 Bond & & 94 PWA 53-35 0|4 && - Porosity

(7) Nickel-Aluminum Composite Powder Z ¥ 2] A2 SPEC ZE

% 48 Nickel-Aluminum Composite Powder Z® 2] A=A SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 53-37 CP6007 C07-016 CL A 450-NS

YA -¢FejF ZY(Ni 5ADS F 2 359 559 2 Build ups $18 Feo A48
T2 FE O RA A 3dJAo| 31 Absle) 3t A A o] Fo} At == vlR & Bond ZE
o7 wo| A£3kc}. I8 Spray Parameter:= Flame, Plasma, Electronic Arc Wire%

9oz A§ I

Za] Al B Alolw] Powder A|ZAel METCOAMS] 450NS ZE RS 2183519 on Starting
Parameters A& ¥ 5F9 347 &Y Aol @ Parameters 3395

b =29 A9

© 0.060 inch(1.52mm) 7% 7IAl= A9z A& §F< 0.003-0.020 A9 Y F
Al AalA wAZAAY, AFAD, BEAHS FRse] IHRIFLS AT #
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3% 49 450-NS Plasma Starting Parameter

Gun IMB
Spray 7] Nozzle Type GH-732
Injector Type No.2
Power Direct Current A 64
Recorded Voltage \% 500
Argon Flow, Ar 96
Plasma Gas Hydrogen Flow, H2 SCFH 20
Powder Feeder Carrier Gas Type Argon
Carrier Gas Flow SCFH 13.5
Feed Rate g/min 68
Distant inch 4-7.25
Substrate Cooling Type Air

D GE90 C07-016 CL A A7 &
% 50 C07-016 ¥& 71= (GE9Y0)

75 =5 i kad A
Delamination /5
Transverse Cracks /5
u] A 22 Interface Contamination EAZFOHE )
Oxides EAZFAE FX)
Porosity EAZFOFE FX)
134 E (psi) 2% £7(0.015 ) 4% 5999

I 96 Oxide (200X)
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= 97 Porosity (200X) = 98 C07-016 Class A OJA] x4

@ P&W PWA 53-37 EA7&F
0.003 - 0.025 91x] Build up ¥, 0.002-0.007 21x]¢] F7& Bond Z®el A}

= ] -

o I¥ A=
4

® 51 PWA 53-35 7|&
s T 5 87E
Delamination /5
Interface Separation /5
Transverse Cracks /5
v A %= Interface Contamination EAZFAE FX)
Oxides , Oxide Cluster EAQFaE FZFx)
Unmelt 15%
Porosity 15%
AZAAE (psi) - 3 & 5,000

=21 100 Oxide

13 99 Interface Contamination (PW)
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28 | s [ %75 | ZA opmum | 237 | 26 @R gmeam | % 0w | omEn " . i o 2
L .

L F » e~

\%E. 7.000 IDD.COC: 1219.045 IGGGC'C: lZl.ﬂC—é‘S. 377i. 96.225 iy -

"\!"'fik)!"""""""""""""""'.'"""."""; ' 'l\ - w/ '\ ...‘V.‘: :.:-,J“' ;’

:? ‘ PWAS3-37 PR T
- o ’ z

; - :

fa 200X ™ ¥

k ” ’ Lol . B "‘;‘ e — -

\ P ” AR,
1l-' ‘\ “;i ‘?‘ : 4 “_ >
s S "‘L. e

s it >~
s 4 S — a
"1:, A b o -Mb‘
i O S
TP
T g N

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . g ‘&% x
[ et - ? 5 8

Rt B, LN N

I3 101 PWA5S3-37 OJN|RAIA]Y- Porosity - 102 PWA 53-37 O]A] &A1 AA]

2 Bond ZYOoE ©o] A& = HeE CFM56-7B 9% HEFEL
4o% LPC Booster Vane Assy ¢ 17 % <dnl3g &= OIL
Separator Ring 174 /¢ 95 g oen, GE9O 994 HFL 308NS(HUA-1e3}olE) =
gle] Bt Felo g No 5 Bearing Sump Coverd 179 = &3lo] At 35t

3% 52 CFM56-7B CP6007/ CP6010 ¥ &g AA

20169 201743 3
H = =R A6 B
T TR A% A% A%
340-001-308-0
LP Booster Vane Assembly 340-058-302-0 10 8 18
340-058-402-0
Oil Separator Ring 305-396-306-0
Low Pressure Turbine _ _ _
Forward Rotating Oil Seal 336-013-101-0
No. 4 Bearing Forward
. . 336-009-801-0 1 1 2
Rotating Oil Seal

o CFM56-7B LPC Booster Vane Assy —-Thermal Spray 43
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I 103 8 Area- Masking a2 104 38 A AlH ARF g A

O &S daA 7A7Fs g AA
DEESE
@ wv]=}¥] A A} (Spot- Fluorescent Penetrant Inspection)
@ Z¥ Area k27 ¥ I A9 AF
® Z"Y &4 2 AFE F2 A" (CP6007, CP6010)
L ECRL
- wa® AE &4 Top Coating 50-80 HR15Y
- A% A
® 24 59 A 71AF

(@ Final Inspection

¥ 53 GE90 ¢Fvw YA 3aF &5 ZH (NiCrAlD ZH

- 20164 *
¥ PENE . i
N5 (5
No 5 Bearing Cover Sump 1963M30G01 1 7
No 4 Bearing AFT Rotating
Seal 1962M75P02 0 2
ea

o GE90 No 5 Bearing Cover Sump - NICKEL-GRAPHITE COATING

REPLACEMENT &=g]

O &£45-9e Al A 71A7s =2 AA
@ FFAH
@ W38 A2 (Spot- Fluorescent Penetrant Inspection)

@ Z¥) Area "l27 2 3¥] XN#H AFH
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© 28] $4 9 AFE F2 AF
(C07-016 Bond 2/ 0.004-0.008%1%], C07-015 Top I¥)
- A 22X
- W3z Ax =34
- 9% A¥
® 215 5L $ 71A7F

(@ Final Inspection
o No 4 Bearing AFT Rotating Seal - 8 42 A3}

D Part Cleaning
@ Z¥ Areacl dsiA 71& 28 AA (7]4] Machine)
@ W3 A2 (Spot- Fluorescent Penetrant Inspection)
@ F¥ Area wl27 2 I¥ AH B3
© 28 $4 2 A F2 A¥
(C07-016 Bond Z¥/ 0.004-0.0089%], C07-015 Top Z¥)
- A EAA
_WaZz AR =
- 9% A ¥
® 214 5¢< $18 Machine

(@ Final Inspection
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= 107 GE90 No4 Bearing AFT Rotating =2 108 GE90 No4 Bearing AFT Rotating
Seal Seal- Seal Land Of%

= 109 Plasma Spray Coating A a2 110 Plasma Spray Coating A
Masking % QU7JAIE AlH Masking 3 OJA|Z=A] AJH

I3 112 308NS ZE T AFXI(2)

(8) Aluminum-Nickel Chromium Composite Powder 89| A|zx} SPEC ZH

_67_



% 55 Aluminum-Nickel Chromium Composite Powder Z¥¢] #A|zx SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 53-47 CP6006 C07-022 443NS

UA 2% §F TLNICrADES 4 A e S dos wpidd 4 w94
A BAGo] $48 29 S4L 2ED. Plasma® U2 A4 LeolA
A Aol ¥z Atstel G AFHo] Fob Ak ZHA) Bond =Y ®E A
R4 3AR 7pA) ARG A AAFA F shie] e 2shs A48t

2] A Z Aol Powder A|ZHAel METCOAFS] 443NS #¥] E2k& 483519 2n Starting

Parameters AA F %9 343 &4 $1xl°] v}t Parameters F4 345+

b 2" A3

© 0.060 inch(1.52mm) FAE 7K AH7} HE FFS 0.003-0.020 A9 29 F
3}
i =

Al AaliA mAEZHAH, AFAD, BEARE FYse] ZRILE AT

3X 56 443NS Plasma Starting Parameter

Gun 9MB
Spray %] Nozzle Type GH-732
Injector Type No.2
Power Direct Current A 71
Recorded Voltage A% 500
Argon Flow, Ar 96
Plasma Gas Hydrogen Flow, H2 SCFH 27
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate g/min 60
Distant inch 5-6
Substrate Cooling Type Air

bh 29 F2 71

@O GE90 C07-022 271+
® 57 C07-022 F2 71¥ (GEY90)

5 T 387+
Delamination /5
Transverse Cracks /5
u| X)) 22 Interface Contamination EAZFOFE FX)
Oxides EAZFOAHE )
Porosity EAZF AR FD)
24 (psi) 2% %7(0.015 A 3£ 5900
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I 116 C07-022 0]A] =A] AAF AR
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@ CP6006 =A71&

REEER

Test Report
HEMEHE | 5 2R
N ¢ PCI6D212107 i i 20161212
Algy - Plasma Coating Specimen By YR 20161212
Specimen Name  (Sleeve-Air Oil) Reveipt Date SR
olE A A8 xt
Gy SELMECB plakad 20161213
Test Results
W/O No : E17667919 Operator - 31 & 7| 7 9206901
OPNo : 70 Coating Spec' - C07-022 | Coating Powder Lot No : W84456 (METCO 443 NS)
Microstrcture Test (Material Microscope/A N : MG00022295)
Test Tem Limmt Result Remark
) Less than or
v A 2
Porosity o v Figure 25
; Uniformly Uniformly
Oxides i 7 Figure 6
Oxide Clusters None allowed Free of oxide clusters l“m"fﬁg‘"rq‘:t‘““ A3a
Tnterface ‘Less than or - —
Contamination equal to 12 & tgure
Interface Free of interface
Separation oA wed separation
Transverse Cracks None allowed Fare of frstsvecme
cracks
Delaminati None allowed Free of delamination

Bond strengih tensile testing (UTM /A N: MG00022308)

Tensile Test (Average) Min 5 000 psi 9996 psi | 9643, 10 763, 9 584 (psi) |
End
Test Result : Pass
AE=H GES0 SPAM 70-49-21, SPMT0-71-01 AlEE ol & 8005152
Ref To Tested By ~ S 0l & 7,
’h_m"t:\
HuEFANEHEFT 12

" |
. AEYH,
Team Manager, Laboratories Team, QA, Korean & ‘:l ﬁ
i
122 D ALK - 2L X7 AP A| RO E)00 HO) A NTTOID| AINF TS Sel R0l SN UE,
e in h is pror ‘and this repart shall

i i 3
2= ARNELT ANETE A SRS o R MHBLW 2SROS HE WU

nat t and ltigation y ]
AL MA-746(2) 1ofl 21020 Fam.
S=2711900.00.16 T 2 7H-R7/2000.00.01

a3 117 C07-022 28 AlHAAA

® 58 CP6006 7|&

T 5
Delamination /5
Interface Separation /5
Transverse Cracks /5

u) X 232 Interface Contamination EAF Y F=R)
Oxides , Oxide Cluster Oxide cluster
Unmelt 15%
Porosity 15%
A A3 (psi) - 3 & 4,350

13 118 Interface Contamination (Fine, Coarse)
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25 %% [ % | @A umum | %24 | %A B, umam | % BE | aem |

O 2% | 13..| 100000 3351.843 | 100.000 3351843 9.427| 90572

CP6006
200X

- 119 CP6006 O]M|AAIA] & -Porosity I 120 CP6006 OJM|ZAISIH -Unmelt

EER

Test Report
T T —— 2 & 2016.04.21
Report No Sample Dute

] Plasma Coating Specimen
Specimen Name  (FLANGE-LPT1 FRONT)

2016.04.22

Chomsnp | SFLMECB s 20160425
Test Results
W0 No: E 15638584 Operator : M M 5 / 8004780
(Coating Spec’ : CPA006 (METCO 443NS) |OP No: 50
Microstructure Test (Material Microscope/A.N : MGO0022295)
Test lem Limit Result Remark
Porosity Max 15 % 2%
Unmelied Particle Max 15 % 104
Tnterface Max 25 %, 20% of spacimen in cas of fing
Contamination Max 30 % 20% Length of specimen incase 6F coarse
Oxides and Uniacceptable Free of oxide and Must be uniformly
oxide clusters oxide clusters distributed
Transverse Cracks Must be fre Free of crack
separation Max 0.010 inch 0inch Out of corner of the comted
specimen
Delamination Must be free Free of delamination
Microhardness Test{ Hardness Tester'A N : MGO0022204)
Hardness Test | Min 190 HV | 200 HV Average
Coating tensile testing(L'TM /A.N: MGOO022308)
Tensile Test (Average) | Min 4 330 psi [ 0tekps | 923210 53 10741 i)
Test Result : Pass
AlEa -1sCPemeT AER
Ref To  _rs.cpwnem Tested By
2016.04.25

Hu ZEAHEE T

Team Manager. Laboratories Team, QA. Korean

- N

14 ! : » y A
b lest resulls comtaioed in this leat report refer coly o the pocimenisample | that i row ey the applicant. and this rp)
ced) with, <n appraval of e |
[Thi test repont shall not be used for pablicity. propagato and liig writien approval of labis iger

L

I3 121 CP6006 HE A& AIA A

3 P&W PWA 53-47 ZANF
€] ¥+ Build Up 0.003 - 0.025 ¢1x], Bond 28 0.002 -0.015 %]

° 3

R
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X 59 PWA 53-47 7|&

T35 T 387+
Delamination /5
Interface Separation /5
Transverse Cracks /5
u) A 23 Interface Contamination EAZF(AE Fx)
Oxides , Oxide Cluster EAZFOAE FX)
Unmelt 15%
Porosity 15%
AZAE (psi)
a1 & .. o
: ‘.‘ -
R
R
; N
r .= -

| % | %% | 2 umum | %32 | 24 B pmem | % BN

3.000] 100000  3351.046 | 100.000 | 3351045 131

L A

y 200X

a2 125 o)A &4 AE

2 124 oA XA]E - Porosity

(h Az BF ) F4&
201693 € Metco 443NS Z¥] AL GE90 Partel Threaded Sleeve & 17] #F & 44¢
M fxudte] F 2274 FE €= s9ler, CFM56-7B

¥ 60 GE90 ¢Fujw A 3F ¥5 TR (NiICrAlD) 2™ e AF
20164 20174 3
Bgu rEWE N
N N N




Threaded Sleeve 1767M11GO1

O~
—

HPT Inner Sump Seal 1865M36P01

o GE90 the Threaded Sleeve - Inner Diameter Thermal Spray 43

0.079 RAD MIN IN-PROCESS
(20.0) MACHINING SHAPE
4 T

A
DAMAGES

0.465 MIN MAGHINING
(11.8) AREA

© 479 ANA A AT AA

@ FEAA

@ 8v]33 ZA A} (Spot- Fluorescent Penetrant Inspection)
@ ¥ Area v}27] 2 ZY AH ZF

® 2% 44 % AA F2 A

® 24 E9& 3 7AE

(D Final Inspection

o GE90 HPT Inner Sump Seal - Inner Diameter Thermal Spray g

FORWARD

rRaDRT

1 g Area =>
oinK —
0.035-0.045
(0.85-1,14) A -—DiM. L
X 45" CHAMFER
SURF. B—a

Mmooy

=— SURF A

@O &24FS0 e d3A 7A7s 2= A A

@ FFAH

@ ¥l HAF (Spot- Fluorescent Penetrant Inspection)
@ ¥ Area w27 % 3] AH A=

© ZY 4 2 A F2 A3
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S LECPL
SRESL
® A% 20e 98 AN

@ Final Inspection

¥ 61 CFM56-7B ¢Frl§ A 3F 5 T (NiCrAlD I8 S A3

20164 20174 =
H_ Sk A=) F—i]ﬂ S
T—ﬁ“% TEHE 7“_}': 7“—’;: 7“—)’\—
LPT Stage 1 Front Flange 338-111-051-0 1 0

1
o CFM567B LPT Stage 1 Front Flange - Inner Diameter Thermal Spray 4d

REPAIRED
DIAMETER

F-Slell A 7NAITME o2 AA
A=A
7 72} (Spot- Fluorescent Penetrant Inspection)
Area wt27) 2 I¥ AH F2
44 2 A F4 XY
- A2
- mejaz A& 534 190HVO0.3
- g3 A ¥
® 25 E4& 9% AV

@ Final Inspection

©®eeoe
MO = Hrorpy

ol ol & o ox

(9) Copper—-Nickel Powder ¥ 2] Az SPEC ZH

% 62 Copper—Nickel Powder Z¥2] #| & SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 53-69 - C07-013 57-NS
CP6003 C07-020 58-NS

57-NS= Fg-y2 3F¥ (Cu38Ni)eZ FAHY, 58-NS= FE-yA-UAdF

5 Ine®E 74 o

ol o
M

F¥ (Cu 36Ni



¥ nRE K353 FEY O R Plasma 99 o] 43 I8 oz Y EF o= Root &
Disk Slot, ¢$%7] Airseal ¥%9] ulx ¥z]o] F2 A&

An] A Z Aol Powder A|ZHAel METCOAFE] 57-NS, 58-NS ZH E2& Ag3lgon

Starting ParameterS A4

b =29 A9

<
<

BEe a3 29 9o vt ParameterS $4 3}

o 0.060 inch(1.52mm) FAE 7KA&= AH3 & 755 0.003-0.020 =] ZY F
Aol A v ZZA P, AFAE, AEAES 3359 ILFAS A5 &
¥ 63 57-NS/58-NS Plasma Starting Parameter
Gun 9MB
Spray #H] Nozzle Type GE-731
Injector Type No.2
Power Direct Current A 450
Recorded Voltage \% 74
Argon Flow, Ar 100
Plasma Gas Hydrogen Flow, H2 SCFH 20
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 12
Feed Rate g/min 45
Distant inch 2.5
Substrate Cooling Type Air
W =28 F4 7E
@O GE90 C07-013/C07-020 #&7|=
3 64 C07-013, C07-020 +#A 7|+ (GE90)
T Rl akdES
Delamination /5
Transverse Cracks /5
] 4] 22 Interface Contamination ZA=F (™ 7:;}2-5)
Unmelt ZAZF D ZF=xR)
Oxides EAZFCOE F2)
Porosity EAZFOE Fx)
1 21 &) . B = 34 2,900 (C07-013)
Q13X ¥ (psi) =25 7 32 2,900 (C07-020)
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I 131 Unmelt

S

P&W PWA 53-69 ERA7&

>

T 132 Oxide

B TA= 238 97 3= TR A L35 Blade B 29 Gallingg x5 )3 A&

o I% T
¥ 65 PWA 53-47 7|&
T T 387+
Delamination /5
Interface Separation /5
Transverse Cracks /5
u ) 23 Interface Contamination EAZF AR FD)
Oxides , Oxide Cluster EAZFOAE FX)
Unmelt 15%
Porosity Massive Porosity - &3]
A3AE (psi) - 34 5,500
Ae oV 130 - 300

- e o SR

4

13 133 Interface Contamination (PW)

I 134 Oxide




n=
28 | A% | %% | BA umum | %03 | 2E eEemum | % @Y | gpEs

Jj=%| 17.000| 100.000 5111.595| 100.000 | 5111.585| 25741 74258

r : 3 F, [l l\’
; RN/ - PWAS53-69
s "

200X

PWAS53-69
133 HV

12 135 0jA] RXA|E - Porosity = 136 opo]l3 2 HAEA|FE- HV

(10) Aluminum Bronze Alloy Thermal Spray Powder Z® 2] A|2x SPEC =H

Aluminum Bronze ¥ HEo :"itﬁ!ll R w2 = EAde i3 Ed3s ZHoE A
3 4128 ABE E2A7LE (Powder) £ glo]o] (Wire) & AH4-§

gae Az

Aluminum Bronze Z¥L dY°E Frame, Plasma Arc Spraying ¥+ Electric Arc
WireE A8 7158l Az EFolA = F8k=vl Arc Sprays °o| 43 I¥]

% 66 Aluminum Bronze Alloy Thermal Spray Powder #Z®¢] Az SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 53-78 CP6011 C07-023 51F-NS

+ 3}8H4 A E: Cu 9.5A1 1Fe or Cu 10Al
hH =Z"9 A¥

Aluminum Bronze ¥ Spray Parameter+ Plasma #&8] A|Zxlo]n] Powder A|ZHA}el
Metco9] 51F-NS Starting Parameters AAH F FF I A4 $xld ozt

Parameters 433t
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3% 67 51F-NS -9MB Air Plasma Starting Parameter

Gun 9MB
Spray 7] Nozzle Type GE-731
Injector Type No.1
Power Direct Current A 350
Recorded Voltage \% 72
Argon Flow, A 150
Plasma Gas Hydrogen Flow, H2 SCFH 16
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 12
Feed Rate g/min 60
Distant inch 3-5
Substrate Cooling Type Air
0.060 inch(1.52mm) 7719 ZY AAZ} & ¥F& FA°l Aluminum Bronze L& &
A4 sgom WAZGAGH IR FYSe] TIFAAAE F9F

h =2 F42 7]

N

@O GE90 C07-023 #A7|1=
® 68 C07-023 ¥& 7]1& (GE90)

|J

& 137 Porosity 7|&

_78_

T5 T 5 87)&
Delamination /5
Transverse Cracks /5
u) A 23 Interface Contamination EAZFOAE F2)
Oxides EAZFAE FX)
Porosity EAFaE Fx)
A ZA 3 (psi) - 2 2,000
- i [
v . - - 5
- . il
S = Y MR R ;'l-,r
R 9 - ‘- > v :'_ *(. ¥ .\‘: " -
.,I S i s '“ s 2 »:' > y
' _—“. . .k‘_. ; *4*’ - .
- i <, N
. 1 = . M v
. - A + . S T -
‘l&‘g_ { » f s ._‘q‘_ ‘_ RN 5
~ e L B b7 -
-T i - + - ' "
. - —*i-"! > =
- - -".-' .. ¥ - T ‘.J'- L
- ¥ ‘ _-_\ M - .‘._‘h - V “‘ S



13 139 Interface Contamination 7]1%& (200X)

@ CP6011 ¥&A7&
® 69 CP6011 7]

AR = 387+
Delamination /5
Interface Separation /5
Transverse Cracks /5
w4 22 Interface Contamination EZAF Y F=R)
pantie | . = w3ls .
Oxides , Oxide Cluster P‘ggf'éteygluffgf{ogge’
Unmelt 5%
Porosity 5%
AAAE (psi) - 32 2,000
T o - B e
i - o . s
L Sy
r "“ » ] & T o
1. 4 i ‘il

2 140 Interface Contamination (Fine, Coarse)
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- i =N

e

f

' . e 2}#‘{ DI S L s
-

O 141 CP6011 OJAR=Al AAt = 142 CP6011 Interface Contamination Fail

® P&W PWA 53-78 EA7&E

o I8 FAE FFE 87 2 AR L3 viRe) 71 I¥o= AHE-
% 70 PWA 53-78 7|&
T5 L ks
Delamination /5
Interface Separation /5
Transverse Cracks /5
u] A %3] Interface Contamination

35% (1¥9 #%)

Oxides , Oxide Cluster

EAZF AR FX)
Unmelt 15%
Porosity Massive Porosity - &3]
A3 # (psi)

= 143 Interface Contamination

= 144 Oxide
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25 | 2= | %% | @Amum | woA | 2 o pmum | %oy | eomy
=| 1¢000| 100000| 7016686 100.000] 7016686 18540 81459

: ¥
1 PWAS3-78 -
i - T toox -
e 4 R
S 2015-10-36

AAAAAA

: 3
- AT

: , I 146 PWAbL3-78
% 145 PWAbL3-78 Porosity O] NI =R G AL

| <l

(h) 97 RF 8 A&
51F-NS wu}l&o] 73 3m® o7 CFM56-7B 9z X% HPC Vane Sectors - Outer

Platform wlRe| X4 543 I g /MNE ¢w3c

% 71 CFM56-7B CP6011 =¥ g A=A
20164 20174 =

A% A% A%

—z
o
ol

R»EAE

P244G07
P244G08
P244G05
P256G01
Stage 5,6,7,8 Vane Sector P258G02 4 17 21
P257G03
P258G01
P265G04
P258G03

o CFM56-7 Compressor Rear Stator Vane Sectors - Thermal Spray 48
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IALUMINUM BRONZE ALUMINUM BRONZE

COATING COATING
IDENTIFICATION NUMBER
ALUMINUM BRONZE
COATING
ALUMINUM BRONZE
1 COATING

N

% 147 Compressor Rear Stator Vane Sector — Outer Platform Coating

&45-91° dsA 2% F9 Chemical °]§ A7
H-FAH

¥ Area w27 2 3" A9 A3

5 &4 5 A" F2 A (CP6011)

- A EFAH

- A7 A3

® 0o e
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EREL

Test Report

A HE & 2w :
¢ PCI70316-40 2017.03
Report Mo F R Sample Dage 2017.05.15
M= : Plasma Coating Specimen Ha 2 & J017.03. 16
Specimen Name (VANE SECTOR-6 5TG) Reczipt Date AR
2= $M SR AlE 2R o—
Clioni Shop_© “E-MECR e 2017.03.20

Test Results

W/0 No: E I8398302 /E18398316 Operator : 74 Ef 3} / 5108890

OP No: 30 Coating Spec’ : CP601 1 Powder Lot No : WE7580 (Metco 51ENS)

Microstructure Test (Material Microscope/A.N : MGOO022205)

Test lem Limit Result Remark
Porosity Max 5 % 24
Unmelted Particle Max 5 % 2%
Interface Max 25 & 10% Length of specimen in case of fine
Contamination Max 30 % 0% Length of spacimen in case of coarse

Oxides and
oxide clusters

Free of oxide and
oxide clusters

Oxide clusters ane
unacceptable

Must be uniformly
distributed

Transverse Cracks Must be free Free of crack

Free of interface
separation

Must be tree
Inte rface

Out of comer of the coated
specimen

separation

Max 0.010 inch .00 inch

Delamination Must be free Free of delamination

Coating Tensile Bond Testing{UTM /A N: MGO0022308)

7510. 5746, 5673 (psi)

Tensile Bond Test (Average) Min 2 000 psi 6 300 psi

Test Result : Pass

CIPMS6 SPM T0-43-04_ Rev No: 87

{This test repart shall not be wsed for publicity, propagation.adve rtiscment, and

HulERAHEE AT
Team Manager. Laboratories Team, QA, Korean 2 ﬁ\ip 7} e

U o

| T ™™ i . sl gl 1= 4 (R "035-51\;/*“

¥ The test resulls contained in this kst mpon sefer ol o the specimen( samyple) that is provided by the applicant. and this mport hali
oot b amended (e prouced) without writien approval of laboratory manag

cation withont writen approval of lborory manager. |

KAL-MA-TI6{A) lofl
(1900.00.16

(® Final Inspection

(11) Aluminum Silicon Polyester Powder 8¢ A|Zx SPEC ZE

AlSi-Polymer Powder: <¢ulzego g up@A5o] $5310] A2 7}

3= wlEHlz] FE) o7 Plasma Spray Coatings d9°o =& 337

o A&

* 3}&kA] AE: Al Base, 7 Si, 40 Polyester

Aol =gl A8

2
el A ghstE7)

% 72 Aluminum Silicon Polyester Powder Z® 2] #|z4 SPEC

P&W SPEC CFM SPEC

GE90 SPEC

METCO Spec

- CP6010

C07-037
Class A

601-NS

hH Z" A

o
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AlSi-Polymer Powder ¥ Spray Parameter+ Plasma ZHa] A 2 alol Powder A%

e 343 F4 A o=}

A8l Metco®] 601-NS Starting Parameters A2AA X

Parameters 54395

X 73 601INS -9MB Air Plasma Starting Parameter

Gun 9MB
Spray #3H] Nozzle Type 733
Injector Type No.2
Power Direct Current A 500
Recorded Voltage A% 42
Argon Flow, A 175
Plasma Gas Hydrogen Flow, H2 SCFH 46
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 20.5
Feed Rate g/min 60
Distant inch 3-3.5
Substrate Cooling Type Air
8 AAFY HE HFE TAl AlSi-Poly Z®<E 0.06093] (1.52mm) FAIZ A 319 e
) E A2 R ARANEE SUse] IIFAAAE ST

3 74 C07-037 A 7=
T 5 ks
Delamination /5
u) A 22 Transverse Cracks /5
Phase Uniform
A 23X & (psi) - 34 800
323 7% (HRC) R15Y 65-80

@ CP6010 E&7|&
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® 75 CP6010 7|&

T L ki d s

Delamination /5

Interface Separation /5

Transverse Cracks /5

u) A 2] Interface Contamination %.XH“";“(IE?‘_: f‘,}?ﬁ) '
Oxides , Oxide Cluster P%*g);(li%yvéuﬁsf;t%f}_O%x%ie,
Unmelt 5%
Porosity 5%
A A & (psi) - H& 2,000

T gy T T~

q

-

= 150 CP6010 Interface Contamination = 151 CP6010 Porosity

() DA RF 59

)

3

601-NS njRoj 73t IE]o g CFM56-7B 2% 3% LP Booster Vane Assembly -
Outer Platform wlRe] 24 B3 3go = AL gl
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® 76 CFM56-7B CP6007/ CP6010 Z¥ &g A=
20164 20174 =
T A A% A% A%
340-001-308-0
LP Booster Vane Assembly 340-058-302-0 10 8 18
340-058-402-0
Oil Separator Ring 305-396-306-0
Low Pressure Turbine _ _ _
Forward Rotating Oil Seal 336-013-101-0
No. 4 Bearing Forward
336-009-801-0 1 1 2

Rotating Oil Seal

SLLESPL:

- "lo]aE AE 24 120HV0.3

- A% A
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o CFM56-7B Oil Separator Ring -Thermal Spray 48
REPAIR DIA C
o L_J
[ f/ I
| |
| N "‘«\
REPAIR DIA A =
@ &25-91e dHalM 1AMz AA
Q@ FFAH
® uv]337 A2+ (Spot- Fluorescent Penetrant Inspection)
@ ¥ Area wt27 ¥ Z® A8 33
® 28 &4 9 A" F2 A¥ (CP6007)




A EEERS

Test Report

EELEE: e

= : PCI1&60713-70 ; 2 3
Report No Sample Date : AiaLra
| : Plasma Coating Specimen 4 o ’F . Wept =ILY]
Specimen Name { RING OIL SEPARATOR) Receipt Date 3 fistas ke
= 4 AlEl S xE
: SELMECRH vt 2 7
Clicnt Shop Test Date Ata 0714
Microstructure Test Resulis
W/O No : EL6069184 Operator : 2142 (8204092)
OF No: 40 Coating Spec : CP600T(450NS)
Microstructure Test (Material Microscope/A.N : MGOO0222395
Test liem Limit Resull Remark
Porosity Max 15 % 5%
Unmelted Particle Max 15 % 2%
Interfice Max 235 % 104 Length of specimen in case of fine
Contamination Max 30 % 15% Length of spacimen in case of coarss
= In case of oxide clusters
Onides and Orxide clusters Acceptable pinsrige
Oxide clusters Oxides Acceptable Uniformly distributed
Transverse Cracks Crack Acceptable I cas= ':;“z;rm::mi 3
Interface Max (101 inch (L0 inch Out corner separation
servarati i I case of inkerface separation is
separation Interface separation Acceptable = l;n.x_uaplahl-:
Delamination Delamination Accepluble b ”im:ii!t;m"nn T

Coating tensile testing(UTM /A N: MGOOO22308)
| Tensile Test (Average) | Min 4 350 psi | 8148

82308270 7945 psi) |
Microhardmess Test{ Hardness Tester' AN ; MGOO022204)
| Microhardness Test | Min 120 HV | 144 HY | Average |

Test Result : Pass
174 -SPAMT0-4%-04, SPM Ti-48-03, ESMT2-22-05 P
Tested By X
2016.07.14
Hu EFAMEEH

Team Manager, Laboratories Team, QA, Korean |

(The test results contained in this test report mefer oaly o the specimenisample | that i provided fy the applécant, and this repant shall
nct be amended frprodaced) without writien approval of labsratory manajer.)

(This test report shall noé be used for publicity, propagation,advertiseme t, and [itijstion without writien approval of libombcry manager )

® 24 Hd< AT 7AE

@ Final Inspection

o CFM56-7B No4 Bearing Rotating Oil Seal -Thermal Spray 438

SECTION AA
D
=3 & 7
CHAMFERD — r )
clAC
755 003 [AE]
v
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—f-_“—"(}—rﬂ"ﬂ dail A 7)Ao A7

H] 3} 74/‘} (Spot- Fluorescent Penetrant Inspection)
¥ Area w27 o 3¥] A 3%
8] 84 2 AHE F2 A" (CP6007/CP6010)

S LESVLE:

SNCHTNCHS)

Fu K

- wW3az® A=

- A% A

® A% HU

54 Top Coating 50-80 HR15Y

AEHEHAM

Test Report

TR

7-0411-53 2017.0¢
Report N PC17-0411-53 Suwiete Date 2017.04.10
Al -F 2 Plasma Coating Specimen =+ &k 20170441
Specimen Name (SEAL#4 BRG ROT OIL} Receipt Date S
= A A . Al = XL
; - SELME St 01T 3
Cliont Shop_— STLMECH i) 2017.04.13

Test Resulis

W0 No: EIBST72594 Operator : ] =H /8204092
OP No: 50 Coating Spec : CP600T/CPE0I0 | Powder Lot No @ WE4903(430 NSYWET664(601 NS)
Microstructure Test (Material Microscope/AN : MGO0022265)
Test ltem Limit Result Remark
Max 15 % CPalO7
Porosity
= Max 5 % A% CPe0iD
. Max 15 % 20 CPalT
Unmelted Particle = =
Max 5 % 2% CP&010
e Max 25 % 15% Length of specimen in case of fing
Contamination Max 30 % 15% Length of specimen in case of coarse
In case of oxide chusiers is
Oxides and Cilde Chuleiy Acoealik macceptable
Oxide clusters Onxides Acceptable Uniformly distributed
Transverse Cracks Crack Acceplable MGG, LA
unacceptable
it Bt Max 0.010 inch .000 inch Dut comer s parution
separation Interface: separation a\t'i.‘i.‘r-l:ihle In case of |nLc.:|';1L'|.' saparalion is
unacceptable
- + In case of delemination is
Delamination Delamination Acceptable e '_ _ "_m.'mun 1
unacceptable

Coating tensile testing{UTM /A N: MGOOO22308)

Tensile Test (Average) |

Min 800 psi

4507 psi

| 46364253, 4632 (psi)

Hardness Test(Hardness Tester/A N : MGODO1Z812)

Hardness Test | 50 ~ 80 HR15Y 67 HRI5Y Average
Test Result : Pass
C I-\i'\{. SPM T
TR Al &= T} | @
; . ol 8+ 083
- LI’\.T:{. SPM 70-31-13, Rev No:87 Tested By
-W/O No : E18572504

FHEIMEEF
Team Manager, Laboratories Team, Q\ Korean

LA AL Ao B on LS ME i W
(The e renalhs ccvatalnet o s ek reprot el ol bothe specimen{mrple) that fs rmuk‘hlh: applicant. and i

not be amended {reproduce d) withoa writien apgroval of libomicey manager.)

{This st repart shll mot be wed for publicity, propagation.sdvertisement, and litigation without written approval of lsboratory manzger. )

FAL-MA-TA6(A)
1 1999.09. 16

lof1l 21
Ll RT200409.01

Chmrm? mim

g 71AI7FF

(@ Final Inspection
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(12) 75:25 Nickel-Graphite Powder Z€8 2] A| 24} SPEC =¥

% 77 Aluminum Silicon Polyester Powder Z€ 2] Az SPEC

P&W SPEC

CFM SPEC

GE90 SPEC

METCO Spec

PWA75-1

C07-014

307NS-3

75U -25 e} sho| E

A a7 A B 84 %

I 437 A FEFH IAR F
4] (Frame Spray Coating) S A}-$3l= Heat Resistant Z®HoZ

FFe FE £ 58S F

UA $3 % 2ol wPRAAE vk 39 Agee, 4R e gt PerEe o
B o) 4§

b =25 A ¥
307NS-3 #& 4MP Powder Feeder Frame Spray #H]E o]£3}o] Starting Parameter
AR F 759 34T FY Yl w2t Parameters: A0S

X 78 307NS-3 Starting Parameter

Spray %] Nozzle Type P7C-K
Oxygen 35
Pressure Acetone SCFH 15
Oxygen 46
Flow Acetone SCFH 52
Type N,
Carrier Gas Carrier Gas Flow SCFH 37
Pressure PSI 55
Feed Rate RPM 50
Distant inch 9

0.060212] (1.52mm) 7|9 ¥ AR} & FFS Tl 307TNS-3 ZHS £4 35on
M ZAA A AZAR S At ZHLEFLAAE FAF

W =28 F2 7

o wWlaE AEAF/AZAF AR 2 FA7F & 0.080 AA

N

@ GE90 C07-014 E&A7&
E 79 C07-014 =A 7]1F (GE9Y0)
T 57 ks
Porosity ZAZ% (29 FA=x)
u) A 2] Transverse Cracks /5
Delamination /5
A A & (psi) - 34 750
a2 FAE(HRC) R15Y 30-50

_89_



I 80 Nickel - Graphite @& Porosity

@ PWA 75-1%%2 7=
o WaRE HEAQ/IZANRE AR Z¥ FA7} 0.002-0.007 U]
o %715 AAF}7) Aol EFo Preheating (66° -93° C)F ZE & AL

® 81 CP6010 7|&

FE i ST
Porosity /5

: . . B ok

a] ) 24 Ni/Graphite constituent v_;iuo
Transverse Cracks /5
Porosity 5%

13 158 Porosity

|

(13) Thermal Spraying 85:15 Nickel - Graphite (Powder) Z® 2 A+

Nickel-Graphite 282 &357] 34 F&F3 JA}A 42 FF2 45 o 88 F
317] $13 319 £} A¥](Frame Spray Coating) S A}-£3l+ Heat Resistant € o F
bg o ol ®2¢l 7ol AAlE METCO 308NS Zyeoezm <A glow, ozl RF
PW4000 Seriest= PWA 1352-2 Z¥ Specl®, GE90 A2 C07-0152.2 A}-43}

) BA Y

t}. CFM56 QA% YA -Tztglo|lE I8q& AF4-31aL A &}

3]
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® 82 Nickel- Graphite 85:15 Z8 9] A&} SPEC

P&W SPEC CFM SPEC GE90 SPEC METCO Spec
PWA 1352-2 - C07-015 308NS-3

308NS-3 Z®& 405NS (Aluminum Silicon) Z®WE $43ste] 0.004-0.008 X<
7719 Bond W< A& F Top LHE FF3} Aol &Astsich

*‘211 & FFZ PW4000 Ao YR -TestelE IR S AL FFE 24, GEIO 2

FFe 4N F-Fel Y A&3ka don FA FAAE Sl %3 AFA FAVE 2742
ul/ﬂ]}_’il7,;‘*}(M1crostructure), A AA & (Tensile Test), ®wW3IE AEAZ(Macro
Hardness) 7} &7 =},

No.5 BRG
Cover Sump

No. 5 BRG
Stationary Seal

=

No. 4 BRG
AFT Rotationg Seal

1% 160 GE90a1Al, 14’2—13}3}°IE 29 9 4% FF

o =28 A8
308NS-3 #¥ 4MP Powder Feeder Frame Spray 8] & o] %3} Starting
Parameters A4 F §F° 343} 74 91l w2t Parameters 543} +
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X 83 308NS -3 Starting Parameter

Spray %] Nozzle Type P7C-K
Oxygen 30
Pressure Acetone SCFH 15
Oxygen 42
Flow Acetone SCFH 50
Type N,
Carrier Gas Carrier Gas Flow SCFH 37
Pressure PSI 55
Feed Rate RPM 45
Distant inch 9

h == F2LAE
o WA AENW/AFAY AAL T8 FAAsk H2 0.080 2

@ GE90 C07-015 EA7&
% 84 C07-015 && 7|&

T T o e s
Porosity A EANF
u] A 2% Cracks /5
Delamination /5
A E (psi) - 1,200 -3,000
a3z A% (HRC) - 50 -70

I 85 Porosity for Nickel - Graphite ZE

AL FA A1EE 237 Asel B SR UA-TekstelE B 2 SEst A
Avle] W3tel hE FL AA4E FUHAT UA-Tekshol= 799 FA A4 A, w424
RA A B4 ST 05 ZRFA skl dab UA-Tebhel = FHES W3 A9l ol
29 F2 T GRS WAA XL o AE B H9eh b A TeksolE 7Y FE
Amsh e EHE ZUes EAel e EAE AL AL Fsten] old A
0% Qstel ARAYE AT AAA EFEilm/Liquiddl = JFE B AT B selch
E 86 HFA Fiwol wE YA-IeslolE ARAF A3}
| Adhesive | Fixture | AZAE 7 (psi) | A3} |
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Film Gravity 676 524 587 Fail
Pressure 1522 2032 1270 3 A}
Liquid Gravity 8357 8060 7368 Fail

NEFEL

NEEELD
Test Report

Test Report

= AR s BEEED 5
072 & 2 A 3 L PC16-D41244 3016.04.11
PCIT-0221-13 ,Jw'k = 2017.02.20 Repart No Sennple Dt &
g A Prasma Coating Specimen A &b
Plhicoris Chotings Sipectiing o - ;. | i 5
S i B "’”‘V“R(]"’“‘\';*\.(Eﬁ\‘l_‘.';‘x:] F T Rc‘mwrm : 2017.02.21 Specimen Name  (Seal Rotting AFTICover Sump Bearing) Receipt Date: 0512
. | \E 2R
R \ = . SELMEC & 5
i SELMECE 20170224 CliniShop = SELMECE et 20160414
Client Shop
Test Resulis
WO No - E 18213284 ¢ W = /1001895 WO No: E 15606709.E 15606763 |(>pera:m 28 206501
- -de Jo : Was 00450 NS Coating Spee' : CO7-016.C07-015 (O No : 40 (METCO 5.308NS)
OPNo : 40 |Coating Spec: C07-016,C07-015 |Pewder Lot No s Wi (MEICO 150 NS, oating Spec | L
3 fa Microstructure Test (Material Microscope/A N : MGO0022205)
Microstructure Test (Material Microscope/A.N : MGO0022295)
Test bem Requirements Results Reork
Teslem Requirements Results Remark
less than or vl Fiaure 35
T 2 Cigure 2
Less .har‘\‘.r Vil Figure 25 equal to V-1 i
e I o V-1 - i T
. gl Poroaity Nicke! content shall not
Porosity Nickel content shall not ) i 5 5
! excoed view 2 or be less Acceptable Figure 26
exceed view 2 or Acceptable Figure 26 R
2 * than view |
be fess than view |
o Uniformly e T f e Eview X3 h Ocides Uniformly Uniformly Tn cuse of figure 6 view X-3 is
izl distributed distribuid micct Sigtybisted digrhiid Tejpdt
Oxide clusters None allowed Free of oxide clusiers Onide clusters None allowed Free of oxide clusters
~Theriuoe T ham or o e Tnterlace Tss e ox i P
Contamination equal o [-2 equa to 1-2
Tnicrface N it Frec of interface Interace N i Free of interface
sepaf separation separation
Transverse Cracks None allowed Free of Cracks Transverse Cracks None allowed
Delamimations None allowed Free of Delaminations Delaminations None allowed Free of Delaminations
Integrity Soundness Acceptable Integrity Soundness Acceptable
p—ren » . AN - MGOOO13S Mecrohardpess Test(Hardpess Teste? AN - MGOOOEI812)
Hardness Test | 50~ 70 HRISY | 64 HRISY | Average J

Bond Coating Tensile e Bond Coating strength tensile testing(UTM /A.N: MGOO022308)
[ Tensite Test (Average) | Min 5 000 psi §261.9171 8812 psi) | ‘ Tensile Test (Avoragel | Min 5 000 psi 7 480 psi [ 7709.7430. 729 ipui) ‘
Top Coating_Tensile testing (UTM /A N- MGOOD21308) Top Coaling s ensile testing(UTM /A N: MGO0022308)
[ Tensite Test thverage) | 1200 psi= 3 000 s 1320psi L0471 588, 1335 (psi) [ Tensile Test (Averagel |1 200 psi= 3 000 psi 1243 psi [ s2eian swes |
Test Result; Pass Test Result: Fail
UERISEM T0 488 x| AL & = BE SPM T0-20-10 Nicked- Aluminem Al REE e s
Tesed By O B g Rer To Tested By 83
016,041

HU EEAMNEET

Team Manager, Laboratories Team. QA. Ko

o EFANEEHT
Team Manager, Laboratories Team. QA. Korean \

eyt hall The st mesls containgd i i st report
e e (s procucedwihout wrioe appy

s provided by e applicant, snd pec
labcrasary manaper.

oy ation udve isement. and Tt ation kot Wit appry

sm wilbeal writkm apgroval of Ishoraiory manayer. | (This test repert hall ot e wied o

13 163 308NS FE A|FGAA - &4 2 164 308NS ZE A|SAA - 235HA

(th) aA HF S
2016Q e YRA-TIg3}o]E F¥ AL GE90 Partdl I¥ 4 No. 4 Bearing AFT
Rotating Seal$] 37 ¥Fo] FMNLt g8

E 87 GE90 YA -IeuolE I¥] 2] AH
20164 20174 ¥

N N M

5 FEHE

No4 Bearing AFT Rotating

Seal
No5 Bearing Cover Sump 1963M30GO01 1 3 4

No5 Bearing Stationary
1963M36P02 0 0

Seal
No4 Bearing FWD

Stationary Air Seal

1962M75P02 2 4 5

o

1961M15P01 0 2 2
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o No 4 Bearing AFT Rotating Seal - & 438 Az}

D Part Cleaning

@ Z¥ Areacl dsi4 7] 28 AlA (7]A] Machine)

@ v)3] H A} (Spot- Fluorescent Penetrant Inspection)
@ 8 Area v}27) 9 38 XA A3

©® ZY &4 2 AR F2 A3

® 214 59¢< $18 Machine

(@ Final Inspection

12 165 GE90 No4 Bearing AFT Rotating 12 166 GE90 No4 Bearing AFT Rotating
Seal Seal- Seal Land 0Of%

72 167 Plasma Spray Coating A a2 168 Plasma Spray Coating A
Masking 3 I7FAIG AlH Masking & OJX| =4 A]H
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(1) % 170 308NS ZE & AXI(2)

= 169 308NS ZE & ARl

(14) Cobalt-Molybdenum-Chromium-Silicon Powder Z 82| A2} SPEC ZE

A3l 9 oA mlR A 5] $43 FE) o7 Plasma Spray Coatings 492z A&

% 88 Cobalt-Molybdenum-Chromium-Silicon Powder =¥ ¢ A|zx SPEC

GE90 S
P&W SPEC CFM SPEC PEC METCO Spec
- CP6021 C07-031 68F-NS-1

« 318k AJ#: Cobalt Base, 28.5Mo 17.5Cr 3.4Si

b 2" A8

CoMoChSi ¥ Spray Parameter= Plasma 78] A|Zxlo]ln] Powder #|2HAel Metco?)
68F-NS-1 Starting Parameters A2A 3 XF9 3dA3 24 x| ule} Parameters

FARAE

_95_



3% 89 68F-NS-1 9MB Air Plasma Starting Parameter

Gun IMB
Spray 7] Nozzle Type CH or 732
Injector Type No.2
Power Direct Current A 500
Recorded Voltage \% 75
Argon Flow, A 175
Plasma Gas Hydrogen Flow, H2 SCFH 18
Carrier Gas Type Argon
Powder Feeder Carrier Gas Flow SCFH 13.5
Feed Rate g/min 100
Distant inch 4
Substrate Cooling Type Air

FE) AAF} AE BFS FA AlSi-Polymer ZEE 0.06020%](1.52mm) FAZE 4 3
gov wAZAANGH AR GE FYse] IYFAAAE FAF
h =28 #4247+
o WA AEAW/ARANY ARE == A7} A2 0.080 U3
@ GE90 C07-031 F&A7|&
% 90 C07-031 #& 7]1& (GE90)
TE T He7E
Delamination /5
Transverse Cracks /5
] A 2 Unmelts _ EAF (Y 7:3*3‘-)
Interface Contamination EAF Y F=2)
Oxides EAZF AR F2)
Porosity ZAEFaY ZFZx)
AZA 3 (psi) - & 4,000
W3z 7% (HRC) R15N Min 82

a2 171 Unmelts (200X)
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@ CP6021 ¥A7]&

5 173 Oxide (200X)

% 91 CP6021 71&

Fu =5 kA ko
Delamination /5
Interface Separation /5
Transverse Cracks /5
B 4] 22 Interface Contamination EAZFOE )

Oxides , Oxide Cluster

PorosityES £33 Oxide,
Oxide cluster - 3]

Unmelt 5%
Porosity 8%
LA (psi) - #H& 4,000

_97_

13 174 Interface Contamination (Fine, Coarse)




| 7= | sevbes | 23 umam | %2 | 2R BE umum | % BE | SEEE |
5.000| 100000  29979.275 | 100.000| 29979275 97.617 | 3682 |

J ’—‘| ! y i
'Hj N

N

)

-U1,SZ8T000
0521000

i

a3 175 CP6021- Porosity 34 176 CP6021 Unmelt

o

NEEEE
Test Report

A& U

Sample Date

© PCl6-1212-106 2016.12.12
: Plasma Coating Specimen

( RETAINER-HPT PR SEAL) Aeizi2

Clonthy | SELMECE st 0161212
Microstructure Test Resulls
W/0 No: EI7522350 Operator: 8HE7| (9206501)
OF No: 40 Coating Spec : CP6021 Powder Lot No - WT6056 (Meteo 68FNS 1)
Microstructure Test (Material Microscope/A N : MGOO023295
Test Iem Limit Resull Remark
Porosity Max 8 % 5%
Unmelted Panicle Max 5 % 5%
Interface Max 25 % 20% length uf speciman in case of fine
Contamination Max 30 % 15% Length of specimen in case of coarse
Okides and Oxide clusters Aceeptable I L.M‘S{a::lda:;:imn I
Oride clusters Onides Acorptable Unitormly distributed
Transverse Cracks Crack Aceeplabie Incase Tlr:::::‘:‘}:‘cm" 5
Tilrtaie Max 0.010 inch D.000 Dut comer separation
separation Interface separation Aceceplabie e Dr‘i':\i::a;zm“m =
Delaminstion Diefamination Acceptabk In Ea“;;;ﬂ;?:;‘:“m 4
Coating tensile testing{UTM /A N: MGDOO22308)
Tensile Test (Average b Min 4 000 psi 4 145 psi ‘ 4077.4057. 4 312 (psi) ‘

Test Resull : Pass

-CFM356 SPMT0-48-04, SPM Ti-48-03. | Eb
Tested By

Hu EFAEEHE
Team Manager, Laboratories Team. QA. Korean

L gy ST EETHE STRT SR TR TR o R
{The sest pesults cantained in thiz st repart sefer anly 1 the specimeni sample} that is provided by the applicant. and this report shall
ot e arme e (reproduced) whihout writien approval of Lshoratony manaper.|

1y A
{Thas et report shall not be wsed Fiée publ

. and litigation sppeaval of Inbaralory manager. |

KAL-MATAR A Tofl 210mmX 2%Tmm
$ 199909, 16 e ART009.09.01

2 177 CP6021 Al3 A& A
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(15) Nickel-Chromium-Aluminum Wire9 Az} SPEC ¥

# 92 Nickel-Chromium-Aluminum Wire2] A|Zx} SPEC

P&W SPEC CFM SPEC GE90 SPEC Polymet

PWA 271-47 - C07-043 PMET 886
A7) ofa glo]o] A=H|o](Electric Arc Wire Spray) S d9<& A&3sle] 43 12 A3}
2 WA T =8F 9 3Ed SAS 7R 9 ZY e ® Self - Bonding, x|$5Uel

w@ol A%
x 3}3HA A E: Nickel Base, 20Cr, 7Al
ohH 289 A ¥

Ni20Cr7Al ¢9}ele] Spray Parameter= #7] o}=3 glojo] 2=go] Anu] A ZAlo]n
Powder A|ZAel PMET 886 Starting Parameters A& $F H¥F9 JAF 24 x| o}

2} ParameterS $A3}9 S

X 93 PMET 886 Starting Parameter

Power Direct Current A 200
w Recorded Voltage \% 30
Primary Air 40

Plasma Gas Secondary Air SCFH 40
Distant inch 7-8

Ze AL BEIH} 20.060202(1.52mm) FAZ 7/IAE FL AR AAE wEo] 0.009 ~
0.013 Ax]¢] ZRHFARZ &4 stgem w2 ARAFS FH3

Y

</

o WZE AEAR/ARANE ABL == FA7 H2& 0.080 A

@O GE90 C07-043 F&7|&
3% 94 C07-043 ¥& 71¥ (GE90, &= GE SPM 70-71-04)

3 == 3871+
Delamination /5
Transverse Cracks /5
u) A 23 Interface Contamination EAZFOAE FX)
Oxides EAZFCORE FD)
Porosity EAZFOE FX)
QA F (psi) 29 57(0.015 U £ 5:998
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3 180 Porosity (200X)

- 100 -



. 3 ﬁ"h ! o ~
- — . A L I L
b . ! - -2 = - -
S R A MR e
o Tl F L o< Sl
W kg A " - -
A A rm e, B0 K
*‘ ) - - o - u' p <
— — % d * @ - = o = bt
- z .':i, iy L B e . ~
Wi ow — T e . z
B s P IR by -
ST Gy L N, T
__‘". ’( L 4 s - — ll“l
"k . - - - - - - b e
k S SR = e . .. *
= Y ;. .
R % Ry A ey
,*. - Rk =" ’h-‘t‘ e A—m’ “' :,:,
I 181 C07-031 oJM&=A AFX]
% 95 PWA271-47 7=
T % A=
Porosity 10%
u] A A Laminar Feature Separation /%
Transverse Cracks /5
A 23X (psi) 4,500
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2. AFAAYE o187 SHAA 7<

7t AAYrIE 4 2AA

(1) PWA @xj2)71& Az}
b CEMA @22 87273 4

O 9xg7|& 2§ dA : PW4000 A g = ozl BE Ax
@ AZA} W74 ¢ PW SPM (PN 585005)
@ AMS 2750 : Gx]ol] AL = I8 Az 1 A 9T A3

2

Review No - I5-FWT042 Review No : 15-FWTI
4 HE (Procedure Review) 3 HAE (Procedure Review) "
BEV.LIR 0 EEV.LTER 0
TIILE )Beﬂ t Treatment IOILE )Hea t Treatment
FROCESS
FROCESS
OFERATION TRDGEIRE OFERATION i i
IR sqqairemens AMS 2750 |Cleaning Pamz must be fally cleaned before heat meament
Camain part: must have descalmg.
ATnosphare Argon (1) SPOPE, SPOD 10, SROD 103, SPOP 211, or SBOP 213 after hant rearment in air
(1) Max Dew Poim - -6 °F
(2)  Pumny : 00.80% _
¥ i [Local Stress—Felief Local smesz—reliaf is perminad on sfanc parts whes specifisd
(1) Max DewPom:-60 2 i e b g gl ot
(2 Pumty . 99.09% Mathods
Vacmm . _ () Fezsmnce
(I} Pumry : 0.5 microns H or lower Hzaters have michrome wire slaments insuiated with caramvic fiber Thess wire slemens)
IFmiace Even . s . - . are Comained within 2 fendble wire jacket.
Looding | L oaging and mmloading 3 cold oven is posstbls without 3 Friher decvazes in the tenpermre These components are woven imto a thermal blanket, which nmst be held in closs]
contact with the srface i be stress—relisved.
Cold oven 2 Indurtion
(1} Defimed as amy oven wherein the tenmperanre iz not over 500 'F It is pecessary to have a hish frequency zemermor, with a water—cooked copper
indhaction codl of sufficient mmiber of turns 1o be pozitoned over the toal area fo be heail
% Pants which are prone to distortion during hear reatment mmist be comecthy supported ‘reated (much as, a waldsd parch).
and remperanure wised gradually by st=ps. 3)  Guariz mp
Fadiant larp gives irtense infared heat, which can be easily directed roward the part
dunng soress—rehiaf. Tempemnme can be comtroliad by pulsing lanp on and off.
[TenmpemnmeTime

Time Variston© =55 or =15 M -SMi £ Bae s b,
Gas burmers give sood beanng panems and temperatre conmol
Tenperature Vamiation CALTION:
1 'QG:I-"F g DONOT USE A GAS BURMER. TO STRESS-RELIEVE TITANIUM PARTS.
W el EXHAUST GASES CAN CAUSE A HARMFUL SURFACE REACTION

(Opammm remperarres | Each SPOPicycle, with tolarances for firmace variations

fover terperanTe Set at no more than 50°F (28°C) above the necessary heat meatment fsrperanme
[procecnom

a9 182 PWA dX g7l 4 HEA

@ @A 7tx
b X1F (Vacuum) : 2.0 x 10-2 EZ o]3}
@D EFA 712 (ol2F) : £% 99.99% o|A, o]&FH -35°F (-37T) °]3}
© dxg 22/A7 : AN M F8% 94
b AYFY 571 AAFE &5 =223 S wiFE AHAL F&
W XA T2 AAHA FS A,

879 x4 XA £ 5% £ +15%, -5
e F9/3%9 (Air Cool or Faster)

Mo
L)

5§
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- 1,100°F (5937C) o]A : A 2} 30°F (197C) o]}
) .

- 1,100 - 1,000°F (593 - 538

HF B9 15°F (8C) °]3}

b LRYNE 34 2R
PWAS B4 24271% 35340 dste] 39S AA st

X 96 PWAF Solution €x87|& A&

SPOP Material
480 HASTELLOY X (except PWA 1038) Solution Treat
481 Inconel 718 (All Forms) In-Process Solution Treat
482 PWA 1038 HASTELLOY X Solution Treat
486 Stellite 31 Cast Cobalt Alloy Solution Treat
493 Waspaloy (Cast, PWA 1471) Solution Treat
E 97 PWA SHAA A7 A&
SPOP Material
455 Type 410, Greek Ascoloy, Low Alloy Steels
456 6061 Aluminum AZ92 and ZE41 Magnesium
458 InconelX—750
459 Inconel 713, Inconel 600
460 GreekAscoloy
461 WASPALOY (Wrought), Udimet 700
462 Types 321/347 (Partial Stress—Relief)
463 HASTELLOY X, W, N, S, Haynes 188, Inconel 625
464 Titanium (Ti—8Al—1Mo—1V and Ti—5Al—2.55n)
465 Inconel 718 Short Cycle Precipitation Heat Treatment
466 17—7PH Austenite Conditioning
468 A—286 Tinidur Stress—Relief/Age
469 Inconel 706 or 718 Simple Stress—Relief
470 Incoloy 901 (Structural Welds)
472 A—286 Tinidur Stress—Relief/Age
473 Cast Nickel and Cobalt Alloy Airfoil Materials
474 Inconel 718 Full Heat Treatment
475 Incoloy 901 (Knife—Edges)
476 Waspaloy (Wrought) Full Heat Treatment
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477 H—46 (12% Chrome Steel)

478 Inconel X—750 Full Heat Treatment

479 Martensitic Corrosion Resistant Steels

483 PWA 1471 cast Waspaloy

485 Nickel Castings (Precipitation Heat Treatment)
487 17—4PH (H—1025)

488 Inconel 718 Full Heat Treatment, Not For Stators
489 Inconel 718 Full Heat Treatment

490 Waspaloy (Cast PWA 1471) Full Heat Treatment
491 Haynes 214 Honeycomb

%"7@ @E (Procedure Review)

Review No : 15-5POP455

REV.LIR 0

two hours
% Air_argon or a vactnm atmosphers may be sed for titannum and titanium alloys
# Heating and cooling rates are optional

CAUTION
THE WELD JOINT IS BRITTLE AS WELDED. THE PART

MUST BE HANDLED CAREFULLY AND KEPT CLEAN
AND DRY UNTIL STRESS-RELIEVED/TEMPERED TO
PREVENT CRACKING. IT IS HIGHLY RECOMMENDED
THAT SUBSEQUENT STRESS-RELIEF/TEMPERING BE
DONE WITHIN 24 HOURS WITH LESS THAN 12 HOURS
PREFERRED.

%";ﬁ @E (Procedure Review)

Review No : 15-SPOP455

REV.LTR. 0

IILE [Heat Treatment / Stress-Relief After Welding (SPOP 435) TITLE [Heat Treatment / Stress-Relief Afrer Welding (SPOP 455)
PROCESS 3
[ PROCEDURE FROCESS
OPERATION OPERATION PROCEDURE
P e 1 Increase the temperamure of th 1000 ~ 1030°F (538 — 354°C) amd bold for | [TCL e
GRORAS:T) * S s (g~ ) s (SPOP 455.2) L Put part in a cold oven. Air, PMC 2200 argon or a vacimm atmosphere may be used

for titamum and titanium alloys.

Increase the temperature of the part to 600°F (316°C) and hold for 30 rumites.
3 Increase the temperature of the part to 800°F (427°C) and hold for 30 minutes

4 Tnerease the temperanwe of the part to 1000 — 1030°F (538 — 534°C) and hold for
two hours.

5 Decrease the temperature of the part to 300°F (260°C) not faster than 100°F (36°C)
every 15 mumutes.
Subsequent cooling rate 15 optional.

CAUTION
THE WELD JOINT IS BRITTLE AS WELDED. THE PART

MUST BE HANDLED CAREFULLY AND KEPT CLEAN
AND DRY UNTIL STRESS-RELIEVED/TEMPERED TO
PREVENT CRACKING. IT IS HIGHLY RECOMMENDED
THAT SUBSEQUENT STRESS-RELIEFTEMPERING BE
DONE WITHIN 24 HOURS WITH LESS THAN 12 HOURS
FPEEFERRED.

I 183 PWA €x2l7]& ¥A AxlA
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(2) CFMA €4871& A=}

QA& e F& RES Qe TuA, AAA, s 5

2+ Foll A&l
h CEFMA 222 8773 &4

O dAEr7|E A4 A 1 CFM56 A= ax BF AA
@ AZA} W72 : CFM56 SPM (PN CFMI-TP-SP.2)
® dAg Fw

o) I3 932 (Localized Heat Treating)

@ %= 92 (Furnace Heat Treating)

A< HAdT 543 38 S

Review No : 15-CFMT042

—}‘}%‘} @ E (Procedure Review)

[Type of heat reating (1) Localized heat treating
() Fumace heat treating

[Time at Temperature Pemmssible time tolerance - + 10 percent

of alloy properties and confamination.

"H" for hydrogen. and "A" for air

Vacuum

(1) 1x10-3 torr (0.13 Pa) or lower
Inert Gas

(1) 99995 % Punty

(2y - 60°F (-51°C) Dew point

[Localized Heat source
[heat treatment {1} Radiant hmgsten-quartz lanps with reflectors
{2y PBesistance heating elements

REV.LTE. 0
TTLE Heat Treatment
PROCESS —
OPERATION YROCEDURE
[FHeat treatment Heat treatments are used following repair operations to restore. as closely as possible,

the original physical. mechanical and chemical charactenstics of metal parts.

All parts or material to be heat treated, inchading fixtmes and fumace, must be free
of surface contaminants which may be detimental to the part or material being heat meated.

|Atmosphera Various atmospheres are employed during furnace heat treatment to prevent degradation

Fumace atmespheres will be specified in the process decument for the heat treatment
of a particular part and will be coded by the suffix letters "V" for vacoum. "T" for inert gas,

[Fumace Cleanliness The firnace intenior and all holding fixtores used in furmace must be kept clean and free
of contamunants which could be detrimental to parts being heat treated.

1% 184 CFMAF €Ad7& 34 HEA

@ 2AY 7t=
Fu 54 A%t 2 29S AAH] A3 = AT Fel o
@) AF (Vacuum) : 10-3 EZ o3}
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@ EZA 7tA (o} EZ JFX) 1 £E 99.995% o)A, °]&A -60°F (-517C) °]3}
©® 42 FZ

dx2) 2 UF 2 dxe AEEHE BE 24 Azl FZA FAISoF e dxz] &
BEo A2 5 U 24 EHo] glojofdt

b AAYANE 34 2%
CFMALS] B4 AA#7& 258400 datol TAERT A0
% 98 CFMA = 949 £§/

Cycle Material

1 Inconel 718 and Incoloy 903 (Full age)
Rene' 41 and Rene' 77 (Full age)

2

3 Rene' 77 (Final age)

4 17-4 PH (Aging)

5 A-286 Alloy (Stress relief)

300 series Stainless steel and Hastelloy X

6

(Solution treatment)
7 Rene' 77 and Rene' 41 (Solution treatment)
8 Titanium alloys (Stress relief)

Ti6-4 (Stress relief)
10 X-40 alloy (Stress relief)

11 Hastelloy X and HS188 (Solution treatment)
12 Rene' 41 and Hestelloy X (Solution treatment)
13 Incoloy 903 (Solution treatment)

14 Inconel 718 (Solution treatment)

15 Inconel 718

(High temperature solution treatment)
17 Inconel 718 (Short age)

18 IN100 and DS200 (Stress relief)

19 Rene' 77 (Stress relief)

20 Rene' 77 (Stress relief)

21 Inconel 718 (Alt full age)

22 DS200 (Full age)

23 17-4 PH (Stress relief)
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% 99 CFMAF Local |x871& £5

Cycle

Material

L1

Age treatment for Rene' 41 and Rene’ 77

L2 Age/stress relief for 17-4PH

L3 Short age for Inconel 718

%"% @E (Procedure Review)

Review No: 15-CYCLE-L

%"7§ @E (Procedure Review)

Review No : 13- CYCLE-23

which may be detrimental to the part or material being heat treated.

2 Position parts in fummace in a mammer that will ensure mmiform heating and cooling.
Do not stack parts.

3 Position a mimnmm of one thermocouple at both the hottest and coldest regmons of
the firnace working zone, as determined by firnace approval standard practice. Attach
or place thermocouples mside parts within the thickest section

NOTE: Thermocouples chould not be welded to parts imless specified

4 Establish furnace atmosphere as specified in process document as follows:
(1) Am(A)
Maintain an ar atmosphere in the fumace during the entire cycle

b1 Perform the furnace cycle procedure

(1) Heatto 1325= 125 degrees F (720 = 14 degrees C)

(2) Held for 8 hours.

(3) Coal at 100 degrees F (35 degrees C) per hour to 1150 = 25 degrees F (620 = 14
degrees C}.

(4) Held for 8 hours.

(5) Air-cool or equivalent to room temperature

REV.LTR. 0 REV.LTR. 0
TTLE [Heat Trear Cycle 1 TITLE [Heat Treat Cycle 23
PROCESS PROCESS
CEER TN PROCEDURE SFRRATION PROCEDURE
[Procedure [Procedure
[CYCLE 1) 1 Ensure that all parts and fistures are clean and free of all surface contaminants (CYCLE 23) b Ensure that all parts and fixrures are clean and free of all surface contaminants

which may be detrimental to the part or material being heat treated.

Position parts in fumace in 8 marmer that will ensure uniform heatng and cooling.
Do not stack parts.

Position a mummum of one thermocouple at both the hottest and coldest regions of
the furnace working zone, 2s determimed by firnace spproval standard practice. Attach
or place thermocouples mside parts within the thickest section

NOTE: Thermocouples should not be welded to parts inless specified

Establish firnace atmosphere as specified in process document as follows:
Vacum (V)
Evacuate the fimnace to a pressure of 0.3 x 10-3 torr (0.07 Pa) prier to application
of heat Maintain 1 x 10-3 tomr (013 Pa) modmuom pressure during heat
application.
2) Air (A)

Maintain an air atmosphere n the funace during the entre cyele

1

Perform the firnace cycle procedure
(1) Heat to 1095 = 15 degrees F (390 = 10 degrees C)
(2} Hold for 2 hours.
{3) Am-cool to room temperature

13 185 CFMAF €x]371& 24 A4
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(3) GEAF A7 & A7
A& e &3, Beolq 59 ful A Fol Ade) A, AAA, A 54 2
& REe Bt o Loy ol

h GEA €38 277 <
O dxg7lE A& dA ¢ GE9O A= Az HF A
@ AZA} w7 ¢ GE90 SPM (PN GEK9250)
® 429 Fw
b % 938 (Localized Heat Treating)
W = €x]8] (Furnace Heat Treating)
@ B5AQ AE s Ao
b i &, & ASs £5, 374 £E5, 334 #9719 F5 2 7lE 84
© I4&E=
ob APt AF Bv EBA IR A FYHIL Aol F vt FES TEHE AL
- ol2F = A2 YA 1,000 °F (538 C) uute g Yz}g]ofof3hc},
@ B84 7t= Y4S ALse AT,
- 1,000 °F °o|3}7}#] : ¥ 20 ~ 40 °F (11 ~ 22 C) oA
- 1,000 °F (538 C)olA A&7 : AT 9.
® fAg v HxA
h &5 #LA (Temperature Uniformity)
- Ale] XEEHY AF AN I 5 W= d HY AEHelA £ 25 °F (14 ©)
£ 73R golofsict.
- A1P§ AN 29 el 22357 Hell FHd Alo] LEF 23 EEF YA
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Review No : 15-GET0H

-‘S"@ @E (Procedure Review)

REV.LIR. 0
TIILE Heat Trearing
PROCESS
OPERATION PROCEDURE
|General Heat treating is a general term which refers to a wide vanety of processes (annealing,

hardening. stress-relieving. nomalizing. nitriding, ete.) which change some of the physical,
mechanical, and chemical properties of metal

The spectfic processes desenibed here are those necessary for restonng the original

plysical mechamcal. and chemcal cf to metal parts foli 2 TEpaIT operations
such as welding or brazing.

[Localized Locahzed heat treatment 15 a process used to stress relieve or age repar welds and

[Heat treatment cold-worked areas

The process is particularly suited to the heating of small localized areas on large parts that
can be difficult or mconvenient to transport or process m a fumace

Heaters
(1) Quartz-halogen, tmgsten-quartz, and mfrared heating elements with directional or
focused reflectors.
(2) Ceramic pad heaters, etc.

[Furnace The beat treatment cycles described are identified i groups related to the type of firnace
[Heat treatment atmosphere required.

Cycle code mmsbers with the prefix letters “V™", “T", “A”. and “H" show atneosphere
Tequirements for vacam. inert gas, air. and hydrogen. respectively.

Atmosphers
(1) Argon :99.995 %; Purity
(2) Nitrogen : 99.98 % Purity
- Nifrogen may not be put into the firnace above 2000°F (1093°C).
- Nitrogen may not be used with titanium alloys above 630°F (343°C)

Dew Point ; -60°F (-51°C) or colder is required

a9 186 GE €AE7lE 33 AEA

ol

b aAeE B4 A%
GEA] B4 2A71E 3237400 Wstel 3444 LA,

® 100 GEAF dx8 = A& Aol F

Cycle Material

A-1 Solution cycle for Inconel 718.

A-2 Alternative procedure available. Full age cycle for Inconel 718.
A-2 Alternative procedure. Full age cycle for Inconel 718.

A-3 Full age for certain Ren. 41.

A-4 Full age for Ren. 41, Ren. 77, Ren. 95 and Ren. 120.

A-5 Stress relief/ age for 17-4 PH and temper for 403 and 410 stainless steel.

A-6 Stress relief of aluminum. See LH-4.

A-7 Short age cycle for Inconel 718. See LH-1.
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% 101 GEAF B§ dx]g] Aol F

Cycle Material
V-1 General solution treatment for Inconel 718.
Vo Alternative procedure available.
Full age cycle for Inconel 718 fabrications.
V-2 Alternative procedure. Full age cycle for Inconel 718.
V-3 High temperature solution treatment for Inconel 718 fabrications.
Also, the regular solution treatment for Inconel 718 forgings.
V-4 Solution treatment for Ren. 80
V-5 Second solution cycle for Ren. 80.
V-6 Simulated diffusion cycle for Ren. 80.
N Stress relief for 300 series stainless steel and Hastelloy X.
Solution treatment for Ren. 41 and Ren. 80.
V-8 Solution treatment for Ren. 41 and Hastelloy X.
V-9 Solution treatment for Ren. 41 and Ren. 77.
V-10 Final age cycle for Ren. 77 and Ren. 80.
V-11 Solution treatment for certain (special) Inconel 718. X-40 stress relief.
V-12 Full age cycle for certain (special) Ren. 41.
V-13 Full age cycle for Ren. 41, Ren. 77, Ren. 95, and Ren. 120.
V-14 Stress relief for certain titanium alloys.
V-15 Stress relief for certain titanium alloys.
V-16 Short age cycle for Inconel 718.
V-17 Solution treatment for Hastelloy X and HS188.
V-18 Solution cycle for A286.
V-19 Age cycle for A286.
E 102 GEA FH-2AE 2§ Ao S
Cycle Material
LHo1 Short age cycle for Inconel 718 fabrications
and some A286 fabrications.
LH-2 Full age for Ren. 41 and Ren. 77 castings.
LH-3 Age/stress relief for 17-4 PH fabrications.
LH-4 Stress relief for aluminum weld repair.
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:g‘;ﬁ @E’:-. (Procedure Review)

Beview No : 16-GE-V1

REV.LTR. 0

[

TOTLE [Furnace Heat Trearment (V-1)
PROCESS
OPERATION FROCEDURE
[Procedure
V-1 CAUTION ;

DO NOT APPLY THIS PROCESS TO ALUMINUM OR ALUMINTAM AT LOY
HARDWARE OR ASSEMBLIES, UNLESS APPROVED BY GEAE
ENGINEERING.

Arr Cool Rate.
(1) If the procedure iz done in a vacuum or inert gas furnace and the cycle states to
aircool the parts, they shall be cooled to less than 1000°F (538°C) by backfilling with
ATgon o nitrogen.
When inert gas cooling 15 used. the cooling rate shall be at least 20 to 40°F (11 to
22°C) per numute to less than 1000°F (338°C)L
Coolmg from 1000°F (338°C) to the ambient shop temperature may be at any rate.

CAUTION: DO NOT INAMERSE PARTS IN LIQUID TO COOL THEM.,

(2) When the heat reatment cyele is done in an atmosphere firnace and the cooling
rate specified 15 air-cool or faster. the parts shall be withdrawn from the fumace and
cocled in the ar with 3 mininmm cooling rate of 20 to 40°F (11 to 22°C) per minute to
less than 1000°F (538°C).

Fans may be used to aid and aclieve the coolng rates.

Cooling from 1000°F (3387C) to the ambient shop temperature may be at any rate.

Load Thermocouple Requirements.

{1) Use a mininmm of three load thermocouples for each fimnace nm. More than three
thermocouples may be required.
{2) Put the load thermocouples spaced in the firmace load to make sure that the mass
and location of all parts in the fornace load are represented.

The use of a heat sink representative of the part's thickness and thermal properties is
penmitted

The load thermocouples or heat sink must be in contact with the parts,

1% 187 GEA €A E7& 4 AAA
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}. PW4000 949%1%] 91A Low Pressure Turbine Case 938 A7

(1) ¥F Msa

LA T 1.4
P N hs F ]
1 '

o " 2 A R 2
i oumion iy e~

Ep
; TOAyLT
ST Ty

1% 188 PW4000 94%1x] <z

PW4000 94¢1x] Nz1e] Low Pressure Turbine Case (LPT Case)2 ¢
A& o]&3leo] Fan ¥ A ¢4%7])(Low Pressure Compressor, LPC)E
3l= A te]uwl (Low Pressure Turbine) Module?] ¥%°]t}. LPT Case: X
k22 YR ZE 4] A 2A H|edF} A Edo]Eed F3o] &2 07 A% Fan Blade
gt LPCE 75355 fAIEH A, Adzlo] AFsie 9 L&, 1 37AA Case W
FF 9%, 455, AF ol 9ste] Caseel w2 ¥ F4 dAe] #A%}. LPT Case?
ntRel Fd& Jz ZAF F RS dukEed dAdeln, Blending, 3 2 44X, & =
q 7le& AHEste] e Y3

(2) A7+ 534

43 % 4942 (Post-Weld Heat Treatment)olAE {Fo] A &9 Fastener, &&, &%
q 5 493F AA F FAsks Zo] ditH o, AAAZA(PE&W) A= &3 A9%S
2 A3 AFAAE 2AA AFHoR FEIVE AAFA S A= LPT Cased] &
F dAYE &3t 9

ole] LPT Case &% ¥ dxg o]F Ni-Cr-Al 2538 F2 w3l dslo] Lolr iz} 3
st

o n& K
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1% 189 PW4000 94%1%] a7 LPT Case

(3) AF2AF A 24

LPT Case €3 %
AgsL 9o LPT
3} o}

@ AFAE A Aol F : SPOP 465-2

@ 2E ASE P 25 FAS AT FF] WY WA

® &%, A7 : RFe] AYT L& FulS Si8 TAHE 3087 LE §
@ 37, k= BE R
© 24g HF : F2A

A5 59 AR A AAYsE Gaste, A4 34
Case Y& AT AT A5 dFsdel AAY 34

o
T
= AA

17Vv010401 (SPOP 465-2)

* Pyrometry: AMS 2750 Permitted
* Vacuum: 20.0 microns Hg or lower Temperature Variation For Temperature Of:
1 * Quenching Gas: Argon
1000 £25°F »1099°F
£15°F 1001° - 1099°F
£10°F <1001°F
1350 °F, 4 Hrs

Cooing rate Max. 125 *F/hr and hold, total 3 Hrs
1200 °F

1200 F, 30 Min.

1000 °F, 30 Min.

Decrease temp to 500 °F not faster than 100 °F every 15 Min.
- 800 °F, 30 Min.

600 °F, 30 Min.

e PP S e FCETC E TANKVAC HIVAL FG m [ GAD 01 e AT G2
—OAD LS —OAD (6 m— OAD-OT

7w | CADOE - LGAD-D9 LOAD-10

LOA

2% 190 PW4000 9491x] 1A LPT Case €33 I =
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Department Code Repair Shop Code
Program Record
SELMEC 881 - MET
Powerplant Maint. Center Program MNo. Equipment Code
Kerean Air PW4000-5 VACUUM FURMACE
Part Description Part Number ATA Chapter
LPT CASE 51M448-01 72-53-17
Job Description
PWA000 LPT CASE STG3 HOOK - STRESS RELIEF : SPOP 465-2
600°F 30M, BOOF 30M, 1000°F 30M, 1200°F 30M, 1350°F 4HR, 1200°F 3HR
Program Description
¥ - m il Trops T - - s Ll e
O | . i~
Prosgriss Canire
=
Bart va Astel Duw  fun fasn Gvarme Srara Gosergeinn |
T T sk e Halg 13 3 48 67 8 8 BN nuew
v [ H] " 3 BERODODOEONODOOCDET
: [ = r [ MR alwl =l udnt ol ml nlmd 58wl wH ol o
= = ' r ECNONNENONONEn s
N | it r ROCENOCONONRNORCE
s = 3 [ r EONOOOROCCOOOOC D
o Ry =] ] I . Sl el el ol ol o ol ol ol el
N | C . Aulolallol ol - ol af 8 o ol ol s =l
(| f EOCECNCOCOCODORNECCE
o [ F A I RCCMMRPENCCCCCCECT
L [ O EOCONOORNCCOEnET
T | f - dednfafolal Selefelclelelcf o),
1 [ 5 r . ROooOoCcooCceECcooonon
u [Gm =] [= r Anl el nl sl wl sl elinlnd Trlpinf ol s
w [ = ‘ r ECOOCCCDoDCOOCOnC
L P r EMONrCONNCRONAMO T
w [Eew =] s x Al el el ol el ol ol el ]l i 8 el
0 [ I rOoORCOCCrRCONCoC
uw [==_ 3 r o e el el il el il el il
t [fom = o sl cladoledal ol ol of ol 58 sl nE sl n
w [om r (B ulshnlnlntndwlnf wh ol ol o b o b #ll &
Reason for Revision
Programmed By Checked By Inspecteded By
Signature ‘,} Signature Signature -
& Ay o, -
lr"“l T Y % s @
Date Date Date '
EVER 1 c327 110327

29 191 PW4000 9491x] <1zl

(4) A3 By

LPT Case €32 Program Record

a2

O
=

Tgste] AL

ELT

LPT Case$ %
. % IZ"9 F

Strength) % =

A& (Inconel 718)2] EAe] Ni-Cr-Al &
A W3E nwstr] SlsiA
g ZA A2 (Microstructure Examination)E $
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'A'¢} 'B AlA'Fo R Uit B AFFLE AT 976l o3 ZHedS WAIs] §)skd]
AFE 10-3EE o]ss: A= AFIAHIAZE AL35te] AFA wi{7de] PW SPOP
465-2 (Cycle No. 12A)el w}g Inconel 718 €3 % dAxg S 43439},

¥ 103 Ni-Cr-Al=Z¥ Spray Parameters

Spray parameters Specification PWA 53-47 (Metco 443NS)
Spray Material Chemical Composition Ni18.5Cr6Al

Spray Gun TMB

Spray Nozzle GH

Direct Current (A) 500

Voltage (V) 71

Flow rate of primary gas Ar (SCFH) 96

Flow rate of second gas H, (SCFH) 27

Powder Feeing rage (g/min) 60

Spraying Distant (inch) 6

Z} A AT AANAREAP L ASTM C-633 (Standard Test Method for Adhesion
or Cohesion Strength of Thermal Spray Coatings)ell W&3sl= 2705, IgYd 27
A= AZA w72 (PW SPM) el utEst= 2702 A 839,

(5) A8 2=}

b AH#AAARAAE A8 (Tensile Bond Strength Test)

Ao F& 29 PARelA Fadgo] 2L Wrkx L] £(0.040 inch/min) T FE
£ 378k 9Asg o, sdddo] 24 we BES ?l’J AE o FIgc. A ANHE
(1070)= #x 8,778 psi, A 6,739 psi AFNA FHAF spddde] DAL HF
7,930.8 psi® AFAEES Bk B AAF (1570 H7F 8,577 psi A2 9,673 psi, 3
# 7,391 psi)E B},

\ Avg. 7930 psl
8000 ————————
6000 |

Acceptarce Min. 4500 ps

Avg 8577 psi I l I I

Atcep!ance Min. 4500 ps

Tensile Bond Strength (psi)

5000
-
IIIIIIIII —
TP

T ¢ ¢y -,1-' @ > ; -
2 A- A-4  AS A- A A-8 A9 A-10 s v d COAEE S S S S

o

Specimen - A Specimen - B

1% 193 Ni-Cr-Al Z¥ FAJNAAE Ag 23}

R AAARES} 49 A% Boo.
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X 104 AATEE Ni-Cr-Al ZEAZAINARE AF A3

Specimen Group Min. Tensile Strength Max. Tensile Strength Avg. Tensile Strength
A 6,739 psi 8,778 psi 7,930 psi
B (PWHT) 7,391 psi 9,673 psi 8,577 psi

Note: Acceptable Bond Strength Limit 4,500 psi (PW SPM Acceptance Standards)

(W} Z€¥d =AA 2 (Microstructure Examination)

100 F3¢dn)7 S o]&3te] Ni-Cr-Al 34 Z® Do) FAH e 28] 224& 92
k9. A, B AFAF EF AZAFEe PWA 53-47¢ wAXATFE IAIE
(Microstructure Acceptance Standards)el] wE3d= AFE R, 5 728 AAH o9

o O

(Interface Contamination), th&A (Porosity) @ 38 < AH(Globular Particles) B &<
F AR AFE vnE Yl AEskg. A AT ZYH 226 A B AR v sty
g e g e o-FA (Porosity, Avg. 4.7%)3 73 Y A(Globular Particles, Avg. 3%)
&S Rg oy, AW 29 (Interface Contamination, Avg. 21%) H]Eo] AgAo=z =

A velstct.

¥ 105 Ni-Cr-Al 28 &334 23

Definition (Acceptance Standards) Specimen A Specimen B
Interface Contamination
(Max. 35 %) Avg. 21 % Avg. 13 %
Max. 30 % Max. 20%
Porosity
(Max. 15 %) Avg. 4.7 % Avg. 6.8%
Max. 5 % Max. 15 %
Globular Particles
(Max. 5 %) Avg. 3 % Avg.3.4%
Max. 3 % Max. 5%
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(ch =& 399 dx A5 F4 H3 47
i

Inconel 718 EAd] Ni-Cr-Al % =
F7tstel §43F 2 o] F9 Ni-Cr-Al |
£ 79 3 B AFT] 25 ¥ FFIAEY A

To]l 27 o £ Z¥xZ A4S Jehdd. Inconel 718 $HF dAT olF9 IHF
AL AR W 7Ee FRVEE HoluxA d+=

LPT Caseel 883 Ni-Cr-Al 5% 3% F2Z Inconel 718 43 F dx d4%4
F3A 7T 9%

RS9 Cased] §3 Fe7t BaF At AZel A48 F£ 2L BF AA}w
$4 F AAUE FAHGL o Tl A2 FE IIL Agse] £IE At ol: FE
o] A4H Case RIS AL Wl 29 B Asslo] Fdo] Aslo] A7
3 2% T9e oA SAstlopt Aok AFAAY V%S Aol $4 F AAAE FUs
9g W 35 299 Fdol BI2ele 2AE vehhgon, A%l 9t J1EY F& Y
AARA Gz B S PUT 5 ot $ES A8Y 5 Ao}

t}. CFM56 917 Rear Vent Tube 48 ZAFA AA)

(1) ¥F Msa

LPT Shaft Assemblys Booster Shaft?} LPT RotorE 97Z34, LPT Shafte} Center
Vent Tube, Rear Vent Tube® TFA%e¢] 9t}. Rear Vent Tubex Center Vent Tube
o] Futel] Fzo] Hn, 379 Locating Pine® A3 7 9315 =18t

.......

CFMVSE-7B
Turbofan Engine
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(2) CFM56 <1% Rear Vent Tube ¢ A AA)
7h AM3A (Cleaning) 2z} AE

O &z#] (Degreasing)
oh €A MA (Solvent Degreasing)
@ Z7] MA (Vapor Degreasing)

@ =AA (Descale)
b A+ =47 (Descaling Ferrous Alloy)

(}) A A+ (Inspection) Az} A&

@ 3F3FAF7H A (Fluorescent Penetrant Inspection)
@ <972} (Visual Inspection)
@b All area
- Cracks
- Dents
- Nicks and Scratches
W Mating Surfaces (Diameter A, B and E)
- Fretting
- Pitting
@@ Seal Teeth
- Seizure Marks, Scratches, Nicks and/or Dents
- Bent Seal Tooth
- High Metal
- Waviness
- Cracked or Missing
- Worn Outer Diameter
@ Locating Holes (Diameter G)
- Impacts, Marks, or Scratches
- Wear
Locating Diameter P
- Fretting
@ %1474 (Dimensional Inspection)
- Diameter A, B, C, D, E, G and P

(th) 49 (Repair) A3} AE

[1 42 WA : Repair of the index holes by weld build—-up
Rear Vent Tube? Index Hole& Weld build-up $ 9] i3t ¥y
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D F7F 2 AMH] (Tools and Equipment)

@b Special Tools : §&

@ Standard Tools and Equipment : §l&
@ Locally Manufactured Tools : $l&.

@ AR #AA (Consumable Materials)
ch -2 - Jethete M190 (Martensitic Stainless Steel Weld Wire)
@ €A-YE - Jethete M152 (Martensitic Stainless Steel Weld Wire)

@ 432 &3 (Procedure)

b E-E¢] Diameter Pell Ni-Cr-Al 8 o] ZA3bd A)A sk},

@ ZA3¥o] 91+ Holes Machinedtt}.

@ Gas Shielded Tungsten Arc Welding(GTAW)Z 254 E Build-up %3},
e FFdA e 24 A YE g}

H-F°] Diameter P2} IS Machinedtr}.

Hole¢] Diameter G& Machinegdtc}.

@ Y FNE FFFEFHAE X-ray@AHE 3.

HFo = oF HAAE k. (Ni-Cr-Al ZH S A AsIG e &3 871 283}

— REPAIRED HOLES

J2 198 CFM56 <1# Rear Vent Tube9 Index Hole
Weld Build-up
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SECTION AA

D
A DETAL
CHAMFER H ﬁ\] IM. F

CHAMFER D —_ \

DIM. § —of—t== / ANGI;E .
¥ \
1
|
Vi)
LY
\
— RADIUS R

I3 199 CFM56 9% Rear Vent Tubef] Dimensional Information

DiM. E

DA Q oia C Dia B

0.0008 (0,02) |B-C|

[ ##] 0008 (0.02) [A-B]

2 200 CFM56 <7 Rear Vent Tube® Final Dimension

@ AsdArlE AAAA

@
hAFE: 1 x 10-3 EE o3
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16VAC001 (CFM56 Rear Vent Tube)
|

* Pyrometry : AMS 2750
* Vacuum: 102 Torr Hg or lower
* Quenching Gas: Argon

1200

1000

800

650 °C, 90 Min.

600
,// |.\
400 = i
/ It
1 I\‘I
200 + Wi \

Date Time

Value

SPR-SP PV ——FCETC PV — TANKVAL PV HIVAC_FG PV ——LOAD-01 PV ——LOAD-02 PV
—LOAD-03 PV ——LOAD-04 PV LOAD-05 PV LOAD-06 PV ——LOAD-07 PV ——L0OAD-08 PV
LOAD-09 PV LOAD-10 PV LOAD-11 PV LOAD-12 PV

I3 201 CFM56 91z Rear Vent Tube €37 1=
@ dAYTAH HE

(1 271, 4% Jethete M152 A}&.

o AAYR Y BF &5 1,208 + 18°F (650 = 10 T)7HA]
@ 1X17F 3087 1F 55 Fx3).

& EZA7FETE o] &35t AE&7A] Yl

O
of¥
=
ol

(] 272, £3% Jethete M190 A}&.
D A2 W BFEY 255 1049 + 45 °F (565 + 5 CT)7AA XA
@ 3AFEG HF & )
@ BEZA7I2E o] &3t A&7ix] Yz}iir),
@ F WA Iz,
Ax]Y 2 Y BF &5 F 1022 + 45 °F (550 £ 5 C)7HA] 53},
@ 3AZHE¢ F-Fe LEF fA|gt).
@ BEAII2E o] &3l A7z P73t

oy
=~
Su)

©:
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Program Record bzl R
SELMEC BBL_MET
Powerplant Maint. Center Program HMo. Equipment Code
Karean Air 1% VACULUM FURMACE
Part Dascription Part Mumber ATA Chapter
REAR VENT TUBE 304-170-401-0 EMGOOIH ESM 72-55-10 REP 004

Job Description
Repair of the Index holes by weld bulld-up

Refer to ENGDOIH ESM 72-55-10 REP 004 Heat Treatment Cycle

Program Description

Fasw | DIWEEL Dsaprgnge | TEAR S TG T TR0 N ErgUni |G
Ry T (B0 ] e T | Fot Den B bleuim
L | LTI I T e
L T T 1]
Fregre= Centred
T - —
| i e T T 1 ¥ i B BT B W W W
|dem :"’ r“"' [ e o EERCODODODCORDDOG0n
Ame o] [ mw [ am e EODCOOCODOOGCOOOOOOOD
[ #e  [Tww @ EBECOOCOBCECOGOODGCO

LoooEDoOoDOCCOoOOGoO0O I

.flﬂf{f[

-
i
#|
oapDoooocoooff
L]
S

1
k|
L]
L]
L] [ Twm [ sw DOOOGCRCOOCORDOOON
] [ne [ om Mer OOOOCOCEOCOSOCOOD |
1 = A [Tam T ["w poOCcOoDOCOODCCOOGOOO
s [ [ew [T = OEooRGooEOnOooRnOn |
v e+ [Tem T Em i@ ooocoCoCcOoQOOooQoOOon
# e =] [TEm [ e [Tom QoOoO0DO0OCCORS 000N [y
Resgon for Revision

Programmid By Checked By Inspecteded By
Signature Signature Signature

o] A 4 Y ik 5, ?’JHM

. L

Date Date Date

M o8 SE N o 15 e s

T2 202 CFM56 91z Rear Vent Tube F&<9x]¥] Program

Record

@ 24 FA A2A
CFM56 <% Rear Vent Tube® Index Hole Weld Builup ##lel+ Jethete M152
LREE A8l 2719 AT ES AL FY FAHS AA A
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KSREANAIR  WORK ORDER

W (s 126277 T
[V o « puE conT N0 Fitar 1o CFIYS8~78 ESUIPH CAW=TP S 10] /208510 REPA-004
Tgn e TR o (I IF PUE DOES HOT NEED, 0O HIA. Pter lo C38~T8 BPUIPN CPMI-TP-57 21 70-44-50
e T 2) cueating PERSPM T0-21-10 (1) VAINTERANCE PREPARATION
e T o Rl i AERSE TIE ACTUA bt AT
1 o ARNING * use thernel aloves when you move of lauch the pet. ol garl & PHE TR NG e
= Ao T B PO WD | SSMER-T M o wERSE TEU oezEED Liuse-en DEGREEIG WARNING : o " ot bt
S [t - S 2 o I et oy 2) Maching the clamater G and the chamter 1 of i s hales,
£ ACTION & TASK DESCRIFTION Resaurces (2) 1 weket Busg up Lssd CPS00D, use the eyese s fellows: [0S T NG TR WG |
W0 ok Number (8] [®Er G e [a) 151 Heat Traatment In the vacuurn * In¢réase the 18moerature to 1040 & 45°F (565 Mol {
- i - e | vamce | |
SUBTASK 72-55-TUBD7S-NEF~005 REMOVE COATING FROM DIA P. b 1) Mol Tirs i i 120 MIUTES (3 HOUR) | el s |
Fleler 1o CFMSE-T8 ESM(PN CFU-TF-SI10) 72-55-10 REPAIR-004 e (€] Daerease tha tamperaturs i the room tempsraiure In Inen simosphete, [y —
It e 13 SN TP 10 - -2 s A A A R orcnte poo-oss o e —
(1) Maintarce Preossstion SUSTASK 72-55-TUBDIRH-REP-017 FIPf an the rachinsd diselés P £5) (R —
Pl et N Pt 1o CPS8=T8 ESM{PN CFIA-TPSH. 10) 72-85~10 REPAFT=003 () Mol Time i e 180 MKLITES (3 Hours)

* atord tha tesull of e sach dimersian(s) o the bakow tabls.
(1) 00 FP1 PER SPN 70-32-12 OR 70-32-13

e} Ducrasas 1 e
(2] Rmove coaing trom diamsier P. (REP-005)

1o e foarm larnpesstirs I s e aimashsre.

if couing does not exist, ship O 05, 017, 400, 420, s

: ; R SR S TR
noEx LinaTT fce) CTUAL (INCH) 1 — R
b o 2.28819 | i o b 7

SUBTASK 72-55-TUBDIEH-FEP-330 FPL

- e - T T | [ T - || et 1 Crsse 7S seutp e Te-s2) r0mism02
— || meeecusrmrwicmrranaea
- — B suETASK WELD BuLe-UP SUBTASK 72-55-TUBD7SH-FEP~300 MACHINE DIA # AND | (1150 P e S f0m32m22
) Reia o CPASE=78 ESW(F CFI-TP.S3. 10) 7225510 AEPAR=004 Rt 1 CEISA 73 ESUIPI SU-TP S 10) 72-58- 10 AEPA-004
e H () Vainance preparston Rater Lo CIASE=T1 SPMIPN CTUT7-592) F0m44-10 + RESULT <O CRREK () orack ()
Fete lo GFNSE- 78 ESU(PH CPU-TFSALI0) 72-55-10 REPAR-004 e Conns Nos OO (1) MAITENANCE PREPARATION
1) Maintarce Preerasion i - PUIE CONTACL HO: MEDOD.
) o 85t i caingd asd (2)Machivs the dimetor P ond. e Tect: K0 it
ETERMEE=—————— + Rale 10 SPU 70-4511. Gas Stisdsc Tungsten Are Welding Of Stess. Hekel And C o et s i
St ARy - | |
(2 Machine the darmaged area. I darect hoie i iohar tnar 0,240 nch, il 2 naw e 3202243 20587 L5
2 DA couta e crin i waid w2
LT i aCTuL o
< L . ] Facord e weit Wie He. S Svaron 08 008t s o SUBTASK 72-45~TUB0/SH-REF-21 TRANSFORT 10 GIMPO
DuG 2.2 o

[ Bar Bass- 30 n
+Wie Traching Pl -

= e T e s
E

e 3 D P Pt
i i [ IIIHIII'IIII e ' ’
e i o — s
T

u— pn
S —— N 1T ——

Flelsr 16 CHS6~78 SPU(PH CFUI-TP-8P.2) 70-21-18 CLEANING. SUBTASK 72-55-TUBD7SH-REP-210 HEAT TREATIENT e r oy LT

e

Peler lo CFHS5-78 ESMIPH CFW-TP.SAL10) 1255~ 10 REPAR-004
Flstat 10 CFS6-78 SPUPH CPI-TP-5P.2) 704300 Feter o CFASE75 SPUIPH CFHI=TR-5P 2) 70-34-00

+ PIE CONTRDL NG MEQDN, Fitar 1o CFME~T SPHIPN CFMI-TP-39,2) 70-40-11 TR Sean i

(1) MATENANCE PREPARATION SUBTASK 72-55~TUBDSH-FEP-310 MACHILE DIA G AND CHANPER H e g i

FANSPORT 10 GIMPO.

e et oA i

T N 7 I |

e T T P T E [ =T e Foit T
e s v [ I3 — e T3 o Ve B
(2] Do the Xeray inspection of the purt. * Cost Siarting Time: ____ (24+iRS)

b0 R S 3 e
e A e i (500 e i et 1k PG00, it 10 SFM 10~18-03. Teale ond Tea.
i i 06 Terase Sand Limi 4,350 PS1 (30 WPa)

A T2-55=T UBDT9H-EP=180 CLEANING
Fiter lo GFUS6~TB SPHIPH CFWI-TP-5P.2) 70-21-18
(1) MAINTENAGE PREPARATION

1 M longth e D.0384 Ineh {1 )

roer defect

*Make 3 lest sppciiners by esch coula

+ fecor I Repert o, an msul of Tast Report * PHIE CONTROL 1D: WEQDR,

3 Wi soscii Setwsen o Felcators: e Hines e ana of e

tect
+maport o (2) CLeatnG PER S 70-21-13
R ——— WINERSE TIVE ACTUM___ 1 T 560
1 M langih ndicabions: 0.0501 tneh (1.5 ). restRes ERSE TEP ACTUA___SEGAEEic] i 51-65 OEGAEE(E)
2 HAm BN B s e ons i 8 gth. (61 Do he viers test. el lo SPA 705112, Vckers Hardess Testig
norE
eoaian i et e rmen 5 1501 03
conoimon = ac: Toc 5 s
R e Report Ho. ana tosil of Tes Reget .
st
i T B w
e e 0 o PR ————
SUSTASK 12+557 UBDH-RER=S00 TABLE WSPECTION
T TR ST i Rt Pt o CIIS6=78 ESUIFH CPH=TF.W.10) 725510 BSPECTION-001
71 Do i meteloarapble exeminalon 64 viaus!inspeclon, Felr o SPU 70-48-D4 v Mo
SUETASK 72-55-TUBO/H-FEP-325 TRANSPOAT TO BUCHEON Uisnasgagnic Exaooaiin,
() TRwsroRT 0 sUCHEaN “Recard e Fepart Ho. &0 sl 1 Test e
i +Resanttio
o e ik e A (211 1o =0T(REP._) peosmec. sk ‘FIEP CO7" bebin the s
* Test Fesut
e

Rl 16 CFMS8~78 ESWIP CFI-TP.SN.10) 72-55-10 REPAR-005
(1) Ancly masiing tothe coicent sutace of the par thal you wll nat biest

]

e Jee =TI

{2) Dry sbwrasive blast e Dla P nd speciment. fef to 70-51=12 SUBTASK 72-55-TUB0ISH-REP-420 FINAL MACHINE DIA P.
(3) Inatsl the test specimens and Metallograohic Examination In the same position. Flster 1o CFASE=78 ESU(FI CFM=TP.S\.10) 72=55-10 REPAIN-004
(O e s o0 0 ¥ i
eson o o Lo s RS it ——
e e AT et P “rue coumo o vewo
il i ot LA SO P TR O P T e 4
ronaime o et ey i
o o e kg ]
T - I I
o ey e ot I
T = = e T e Thegszar

a2 203 CFM56 91z Rear Vent Tube g ZFA X
g}. PW4000 1% Combustion Chamber Guide €3 42 ZdFA A

(1) & M8
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R
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"ﬂ-a::- ’ i

I3 204 PW4000 913 Combustion Chamber Guide
Combustion Chamber Outer Liner2} 1 Stage Turbine Nozzle AssemblyE <73
=1 oysk
I

As+S 3= H-Fo|d}. Upper / Lower Combustion Chamber Guidetx Turbine

Nozzle qFFo)| BoltZ IAHe] glen], Diffuser Module?t ZRZ w, ¢¥e] C/C
Clamp”} Guide8} C/C Outer LinerE A3},

(2) AL3A AA

(7h A& (Cleaning) Azt A E

O €28 544 (One-Step Alkaline Rust Remover Long Soak)
@ 589 HA (Degreasing of Parts by Aqueous Cleaning)

(}) A A+ (Inspection) Az} AE

O FFHAFAA (Fluorescent Penetrant Inspection)
@ §93 A} (Visual Inspection)

@p Surface Damage

- Wear

- Crack

- Dent
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- Nick
- Corrosion
- Burning
- Coating (Chipped, Worn)
@ 4734 (Dimensional Inspection)
- For Wear and Distortion

(xh) 42 (Repair) ZA FE

(1 4% WA : Axial and Radial Crack Weld Repair
Combustion Chamber Guide Index Hole®] &3 2 QA3 #d 44549y

@D #A¥] FF (Tools and Equipment)

@b Special Tools : §<

@ Standard Tools and Equipment : §1&
@@ Locally Manufactured Tools : $+&

@ AE #AA (Consumable Materials)
b 838 AMS 5798 (Hastelloy X Weld Wire)

@ 4% 23} (Procedure)

b BEE& Solution A8 E sic},

@ &3] A BE 53, 48 749 ¥9E Route outdtd}.
@ Route outdt #AF$e ¥+ Stop Drillgt}.

@ 425919 Plasma Z® S A A ).

- Grit Blast £+ Wet Blast® Z¥-2 A A%}, (No. 60 Aluminum oxide Grit)
Gas Shielded Tungsten Arc Welding(GTAW)Z F4t3), 9483 445 843},
@ ¥%F°] Cooling Hole< Drillgtc},

BZ9S Solution €3]S 3o},

@ FFAFHAE do] 37 d4S FUd.

@ e F9e AFHA 2 FAHAE gt
(Plasma Z¥e°] AAHJ A s & 3t

g1l
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SECTION B-B
VIEW &
STOP DRILL
HOLE F F
i OR —7 <P-
F F
STOP DRILL HOLE
A
\ COOLING HOLE
i
I
TYPICAL FADIAL CHACKS '
(REPAIR PERMITTED)
VIEW D
\
VIEWE  awia) cRACK
[TYPICAL)
(REPAIR PERMITTED)

CIRCUMFERENTIAL CRACKS
{REPAIR NOT FERMITTED) L-B5003 (0897)
PW Y

I3 205 PW4000 913 Combustion Chamber Guide?] &43F Q9A418b3k 7 €4
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—3
? 10 LOCATIONS

11 l 10
o BOTH SIDES

VIEW A
(TYPICAL 18 LOCATIONS)

22 206 PW4000 9% Combustion Chamber Guide®] Final Dimension

SECTION B-B

@ AsdArlE FAAAA

Oz
of
ret

eh AxTYR Y RFJ &%= 1,875 - 1,925 °F (1,024 - 1,052 C)7HA] X%
Fo RFE 2EE A%

& SZATIEE o] &3t A27hA] ¥4
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1

1200.00

Batch Report - BR
Batch ID - KAL1

Lot ID - 16V060701

1000.00 -k

200.00

&00.00

Value

400.00

200.00

0.00

00
4138
un 2008 7m0

16, 4208

/

\_

N

B _
7 fun 2018 3

35-.35
7 Wn 20181

4308
70 %

oL

016

1333 016,180 00

7w ? 7 ? 7 pun B

Date Time

apeA® o0 Agld
016426, 1:;.‘*1““ 2016:1° 2

=—SPP_SP PV
== FCETC PV
——TANKVAC PV
—HIVAC_FG PV
—LOAD-01 PV
= LOAD-02 PV
= LOAD-03 PV
— LOAD-04 PV
= LOAD-05 PV
— L OAD-06 PV
e LOAD-07 PV
e LOAD-DE PV
= LDAD-02 PV
e LOAD-10 PV
LOAD-11 PV
= LOAD-12 PV

I 207 PW4000 913 Combustion Chamber Guide €38 1=
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Program Record

Powerplant Maint. Center

Department Code
SELMEC

Repair Shop Code
881 - MET

Frogram Mo.

Equipment Code

Korean Air PW4000-4 VACUUM FURMACE
Part Description Part Number ATA Chapter
CJ/C Guide 50K364-01 72-51-08
Job Description
PW4000 C/C Guide - SOLUTION HEAT TREATMENT
Program Description
rane. [PWROERA  Doscnpao [TE5108 T (e B ORIES] Engunes [7G
il o owe it IR rom Do T s
I [ T T | e Helgbelm [ WG omnempc[0Ed
deor Mol U | woo
Pregresn Canirol
[_Svet Duncrotion |
- s S Ve S od e m:ui WU 42 13 M 4S8 [T
1 [Geme -] 200 [ e [ I T EEEL‘EEDE‘DDDUDEEE_
2 R o] 7T W@ [ Em O™ EROCOCCOOAOAOGOORGEON
I T | ' | s=m O | vy ECCCCCOCDODOOOCOooE ||
4 [Rew -] 50 00 [ em C [ om ECCcooCcOnaOonRnoann
£ [ =] e | e Oof[ew EEoCCCOCOOCOoOOOOCOOO
e [Fee - B0 [ em o [ em EOommACQAnRANMOONANG
v B f] v [ 7w 0O} w RBOCCCCRECODOOOOOG
L L ] T T [ i L I T ) CCCCECOCODOROOOn
LI T man =0 O [ o CCCCERCOCOOROOOOC
n Bk » LG [ em C [ o CCCCCOOEOOOOOCOQOLD |«

Reason for Revision

Programmed By Checked By

Inspecteded By

Signature Signature

A 4 2 AN |

Signature

L&

Date
/"J; o3 J"/

Date
180315

L=

Date

sbodof

22 208 PW4000 9% Combustion Chamber Guide €3]z

Program Record

3 29 34 44

PW4000 9% Combustion Chamber Guide® =
A4l Ay 3L

Hastalloy X A& ¢ Solution €38 7|&&
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TR veT e

KSREANAIR _ WORK ORDER ok Ot 1363701 T e Tow Wk Order 1263701 Tt B Tiance: Tow

Work Onder, 1263701 Tiem B T

VistNo. W00 TPosivon:

Origin WO: | NHA Unit: ~ RESULT : NO CRACK (_) / CRACK (_) Dae: Tech: T3 Insp: |

Program Type. REF/ Repair Redenity Hem iy

oo s il Ref Do i AT 0 RoweNamer © TR v e
GUDOOEP_REP_C "AXAL AND RADIAL CRACK WELD REPAIR CIR/S1A357/86/72-51-08 o e —_
T SUBTASK 72-51-GUDBOSP-AEP-070 HEAT TREAT THE COMBUSTION CHAMBER GUIDE
0 [Rowe Naber © TRED MET_INSP
NOT APPLY TO CUSTOMER ENGINE -
T ACTION & TASK DESCRIPTION [ Resources
% | Rowe Namber: ©

MATERIAL

NOTE

NOTE : ©o

AECORD LOT ID:

SUBTASK 72-51-GUD00BP-REP-017 HEAT TREAT THE COMBUSTION CHAMBER GUIDE
Refer to PW SPM(PN 585005) 70-42-04 SPOP-48:

(1) MAINTENANCE PREPARATION

= PME CONTROL NO: MEODO,
= IF PME DOES NOT NEED, DO N/A.
CAUTION : SPOP 482 MUST BE USED TO SOLUI

(2) Increase the temperature of the part to 1875 — 1925°F (1024 — 1052°C) and hold
for one hour. PMC 2232 hydrogen. PMC 2200 argon. or a vacuum is a satistactory
atmosphere

When solution lreating is to be followed by weld repar that requires complete prior removal
of oxides. hydrogen Is preferred bacause of s characterlstic and beneficlal cleaning
action aver the entire part. Hydrogen cleaning removes oxides fram al surfaces, including
those dilficult 1o clean mechanically and, to 50 extent. from the Inside of cracks
welded.

Load thermocouples make sure that parts mest process temperature and rate requirem
ents. (SPM 70-42-04 GENERAL-01)

A minimum of one load thermocoupfe must be aitached to the workload or put in a rep
resentative work block

not weld thermocouples to parts unless specified differently in the Engine Manual
par-

(EAT TREAT PWA 1038 HASTELLOY X

SUBTASK 72-51-GUDO0SP-REP-030 WELD REPAIR CRACK

(1) ROUTE OUT THE CRACKS TO BE REPAIRED THROUGH THE METAL THICKNESS.
(2) STOP DRILL THE END OF THE ROUTED OUT CRACK.

(3) INSTALL THE GUIDE INTO A SUITABLE FIXTURE TO PREVENT DISTORTION DURING
WELDING.

(4) USE WELDING WIRE(P05-180, AMS5798) TO WELD THE CRACKS PER PWA 16. USE
TIG WELD METHOD.

« Weld Wire Lot No:
* Weld Wire T/R No:

Tech: T2 Inspi |

&

ot
Trer i

[Rowe Number: (©)

Refer to PV SPM(PN 585005) 70-42-04 SPOP-482
(1) MAINTENANCE PREPARATION

* PME CONTROL NO: MEQO,

++= IF PME DOES NOT NEED, DO N/A

CAUTION : SPOP 482 MUST 8E USED TO SOLUTION HEAT TRE/
MATERIAL

PUA 1088 HASTELLOY X

(2) Increase the temperature of the part to 1875 — 1925°F (1024 — 1052°C) and hold
for ane hour. PMC 2232 hydrogen. PMC 2200 argon, or a vacuum s a satisfactory
aimosphere

NOTE : When solution treating is to be followed by weld repalr that requires complete prior removal
of oxdes, hydrogen is preferred because of Its characteristic and beneficial clearing
action over the entire parl. Hydrogen cleaning removes oxides from all surlaces. including
those difficult to clean mechanically and. to so extent. from the inside of cracks to be
welded

SUBTASK 72-51-GUD00SP-REP-036 BLEND
(1) Maintenance Preparation

* PME Control No: MEOGO,
++ IF PME DOES NOT NEED, DO N/A.

(2) BLEND THE WELDED AREA TO RESTORE THE ORIGINAL DIMENSION. REFER TO
FIGURE 902,

Inch (Limit: 0.420=0.440 Inch)

Tech: T Insai N/A

Actual:

203701 00

TREr VAT o7

Load thermocouples make sure that parts meet process temperature and rate requirem

ents. (SPM 70-42-04 GENERAL-01)
A minimum of one load thermocouple must be attached to the workioad or put in a rep
resentative work block.
NOTE : Do rot weld thermacouples to parts unless specifled differently In the Engine Manual
repalr

(3) RECORD LOT ID:

Dae Techi T1 Insp: |

TI0_ [ Route Number: (C1

Date
T [Roue Number: (€7
i m W

40| Route Number; (Cy [NDT_FPT

SUBTASK 72-51-GUDOOGP-REP=025 FPI

Refer to PW SPM(585005) 70-33-00 SPOP-62

(1) DO FPI PER SPOP-62

+ FPI THE WELD AREA PER SPOP 62. CRACKS ARE NOT PERMITTED.

Revion Dite T-TAN-TT Rl D TageTars

SUBTASK 72-51-GUDO0SP-REP-045 DAILL COOLING HOLES
i Preparation

» PME Control No: MEOQO,

(2) DRILL THE 0.100-0.104 INCH DIAMETER HOLES. IF THE HOLES ARE FILLED WITH
WELD. SEE FIG 901, 902 AND 903

(3) USE THE PREVIOUS RECORD OF HOLE SIZE AND LOCATION,

ul, CFM56 %1% LPT Shroud Sector Ring 4:¥]

(1) #&F N

&

Vision Date TIANTT T Reteased Daic

SUBTASK 72-51-GUDCOSP ~REP-073 FPI
Refer to PW4000 CIR(51A357) 72-51-00 INSPECTION/CHECK-02
Refer to PW4000 GIR(51A357) 72-51-09 INSPEGTION/CHEGK-02
Refer to PW SPM(585005) 70-33-00 SPOP-62
(1) DO FPI PER SPOP=62

+ FPI THE WELD AREA PER SPOP 62. GRACKS ARE NOT PERMITTED.

* RESULT : NO CRACK (_) / CRAGK (L)

[T vy Dale TTAN-TT T Retessad Dot FEETWE
KALMA-1391 v N o1 gt KALMA-191 e Nt RIOD0110101
ek DR O s S [insance To ok Order, 1263701 = X e Taw

Dae: Tech: ND s NIA

« Blast Ending Time

(24HRS)
« Coat Starting Time: (24hRS)

+ Powder/Wire Lot No

T30 [ Rowe Number: (€] rep_sim : /R No

SUBTASK 72-51-GUDO0SP-REP~074 REFORM
(1) REFORM THE GUIDE TO THE NECESSARY DIMENSIONS AE SHOWN IN FIG. 902
Dae Tech: T1 s NIA
Date

Tech: Tt Insp: N/A

T30 Rowte Mumber (©7

150 Route Number: ()

1289701 140

128701 120

(1) MAINTENANCE PREPARATION
 PME CONTAOL NO: MEQOO,
«xx IF PME DOES NOT NEED. DO N/A

Condition:

(3) MEASURE THE FOLLOWING DIMENSIONS
REFER TO AE SHOWN IN FIGURE 902
* KAL INTERNAL NOTICE FOR MECHANIC

SUBTASK 72-51-GUDO0SP~REP-075 TABLE INSPECTION

(2) DO AN EXAMINATION THE WELDS WITH A 3X MAGNIFIER AND WHITE LIGHT. CRACKS
ARE NOT PERMITTED.

* MEASURE TWICE USING RERUN WHEN UNDER/OVERER LIMIT, N/A WHEN WITHIN L
IMIT

TIM_PW4_ INSP

(1) MAINTENANCE PREPARATION
« PME CONTROL NO: MEQOO,
«xx IF PME DOES NOT NEED. DO N/A.
NOTE : REPAIR AXIAL AND RADIAL CRACK PER REP:
(DO NOT SCRAP AT LOCAL BUT, SCRAP IF
(2) VISUAL INSPECTION

SUBTASK 72-51-GUD00SP-REP-500 TABLE INSPECTION
Refer to PW4000 CIR(51A357) 72-51-09 INSPECTION/CHECK~03
Refer to PW4000 CIR(51A357) 72-51-09 INSPECTION/CHECK~04

TIV_PW4, INSP

AIR-05.
YOU FIND CIRCUMFERENTIAL CRACK)

(3) DIMENSIONAL INSPECTION
DX UMIT(NGH) ACTUAL DX LMIT(INGH) ACTUAL
i 36.623-37.213 1 0.465MAX
2 16.665-16.935
i e = I“IIIIII""II
Date Tech: T1 Insps | [SRED
T30 Rt b (€7 TRep MET
SUBTASK 72-51-GUDO0GP-REP-090 APPLY SPRAY COAT
Refer to PW4000 CIR(51A357) 72-51-09 REPAIR-01
(1) * PME Control No: MEOQO,
+++ IF PME DOES NOT NEED. DO N/A.
(2) APPLY HARDFAGE COATING PER Figure 901, Figure 02 and Figure 903,
(3) REFER TO PWA 53-5.
+ RECOAD THE GRIT BLAST USED AIR PRESSURE
- SUCTION TYPE ACTUA PSI(LIMIT:40-60 PSI)
- PRESSURE TYPE ACTUA PSI(LIMIT:30 PSI)
Revion Daie TEIANTT [ Released Dt PageAors Revision Dite: D3-TAN-TT [ Relesa T TPazesars
[ RevNobu: oo ianoy  KALMA-

= 209 PW4000 913 Combustion Chamber Guide

Ak
2,
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2 210 CFM56 <% LPT Shroud Sector Ring

Ax1e] Low Pressure Turbine (LPT)E A&AdA whEolzl A&yt oUvA]E Low
Pressure Compressor (LPC)ell AZ3dt= IS = F-Folth. LPTolA wEol3 o]
T 39 FA4e] Turbine ShaftE 3|AA7]3L, Turbin Shafts} 2% LPCrt 3d &3t
Al e}

Shroud Sector Ring< LPT Module?] A4 $Jx]3sted HPT (High Pressure
Turbine) Module®] Stage 1 Nozzle Support® Bolt® 2%+ Flange$ Rivete = 4
ZA=o] g}, 4719 RFO R o]Fo]z Shroud Sector Ringe dZY 718 Z=Ao]r}.

(2) CFM56 9% LPT Shroud Sector Ring 29 A AA

(7 AA (Cleaning) Az} AE

@ 2x] (Degreasing)
ob €A MA (Solvent Degreasing)
%7] A7 (Vapor Degreasing)
@ ZAIA (Descale)
b A¥F =A)7A (Descaling Ferrous Alloy)
@ 2H|YolE stFe] A3EAA (Oxide Removal from Austenitic Alloys)
) 2 2EH Yol E 35 v WE7e] FAA
(Heavy Oxide Removal from Austenitic Alloys and Heat-Resistant Alloys )
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(}) A A+ (Inspection) Az} A&

D FFHAEAA (Fluorescent Penetrant Inspection)
@ &A@ A (Visual Inspection)
“p Ring Sector Support
- Crack (Radial / Between two holes)
@ %47 A (Dimensional Inspection)
@b Dim. J

(t}) 42 (Repair) Bz} AE

[1 48] |WA : Repair of Cracks on the Shield Shroud Sector by weld build-up
LPT Shroud Sector®] #<€e] i3t Weld build-up 42 =3

O &7 2 AM¥] (Tools and Equipment)

@b Special Tools : &

@ Standard Tools and Equipment : §l&

@ Locally Manufactured Tools : 5.

@ &% A (Consumable Materials)

b 3% - AMS 5832 (Nickel alloy weld wire, Inconel 718)

@ 4% 23} (Procedure)

b ¥-Z9] Front Flange? Rivet MZ2H 1EFL BF A|A3}).

@ Shield Shorud Sector® ¥FFAFHAE S},

@ Gas Shielded Tungsten Arc Welding(GTAW)Z #<g& £33},
(Area HE &3°] &7}stt})

@ FFE= A3

@ FHFNE 27 AR 7153
@ LPT Case® ¥FAFHAES &
@ LPT Case Front Flange°] ¥%<& 32z3tt},

=
Falky
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MATERIAL :
1 : REPAIRED SHIELD SHROUD SECTORS, INCONEL 718 (NC18FeNb)

=2 211 CFM56 <% LPT Shroud Sector? Weld Build-up
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CRACKS
CRACEKS INITIATING INTO AN HOLES :

REPAIRABLE LIMIT
-CRACKS "TYPE 17 (RADIAL)

- CRACKS "TYPE 2" (BETWEEN TWO HOLES)
- CRACKS "TYPE 3"

ONE CRACHK PER HOLE, ANY LENGTH

ONE CRACK PER HOLE, ANY LENGTH

ONE CRACK PER HOLE, MAXIMUM LENGTH
0.7874 (20)

NOTE:

DIMENSIONS ARE IN INCHES WITH
MILLIMETERS IN PARENTHESES.

22 212 CFM56 91Z LPT Shroud Sector®] #7}1s ¢4
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SECTION FOR THE 4 SHIELD SHROUD SECTORS

DiM. J

72 213 CFM56 9% LPT Shroud Sector?] 4239

= AFeAYrle s82A

O AFdAE =24
D AFEE : 1 x 10-3 EZ o]}

@ YA HE

0 2211, 232 Ao

= A

=

eh dxE = U FFo & % ,325 £ 25 °F (720 £ 14 C)7}A] A&3she}).
@ A T HF 2EF g

- 135 -



[0 272, 938 Heo|F 21.
b X E W FF 2EE

@ 5AI7 T FF EEE FAF).

@ BES 1,200 °F (650 )72 WA},
@ 1A%} T FF LEF FA3).
@ F272] FYgct.

[ 272, dx]2] #olF L3

op BFS 25F 1,400 = 25 °F (760 = 14 C)7HA] 53},
(FH& HY< 98 £ 2 10 °F (6 0)9 A% vd)

@ 217 F¢ FF EEE AT}

@& BFS 600 °F (315 C)7kx] ¥ZA A},
(H& A3 & 98 92 F2 10 °F (6 0)¢ ¥7 v§)

@ APE 13 FYANG
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100 °F (55 C)¥]€&= 1,150 £ 25 °F (620 *

1,400 + 25 °F (760 = 14 T)7A
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Batch Report - BR
Batch ID - KAL1
Lot ID - 16V112401

1200.00
1000.00 J = SPP_SP PV
e FCETC PV
——TANKVAC PV
B00.0D |- ——HIVAC_FG PV
\ ——LOAD-01 PV
——LOAD-02 PV
600.00 - —— LOAD-03 PV
)
2 — LOAD-04 PV
-
/ e LOAD-05 PV
400.00 +
——LOAD-06 PV
e LOAD-0T PV
— e LOAD-08 PV
i ~LOAD-09 PV
e LOAD-10 PV
s LOAD-11 PV
o0 o a0 o0 o0 o0 o0 o —— LOAD-12 PV
o 2078 “T'M; 7018 @;53;@ 203 -"'D"Bs;l l -;ﬁlﬁ,ti‘-'” -NDU 20% -ﬂ'ﬁ;& 2008 53.-;1-‘*;1 \ 2018 1""53; 2016 160
s 28 74 24 WO 24 24 N8 74 NG 74 T
-200.00
Date Time

72 214 CFM56 9% LPT Shroud Sector €38 Iz =
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Department Code Repair Shop Code
Program Record '
SELMEC 88B1_MET
Powerplant Maint, Center Program Mo. ' Equipment Code
Korean Air 16 VACUUM FURNACE
Part Description Part Number ATA Chapter
EMU-LPT ASSY 338-092-303-0 ENGOD1H ESh 72-54-07 REP 025

Job Description
ENGOO1H LPT CASE SHIELD SHROUD SECTOR
Refer ta ENGOO1H SPM 70-49-11 Furnace Heat Treatment - Cycle 21

Program Description

PR S — mmw:lrmmmﬁ% - ewuw (6
jRemp T [RATE ) our B Twee: (RS =] Frowa Duraon: [T namaes
TesUnis [Finds =] Gusr Haldlolr [ j4m Gvariamp: [700 “
Gusr HudH Lim [ 1.0
Program Comirsl
I I S
T 2 8 4 8 8 7T B B 10N 1213 16 8 [
A [ew [em O [ sw EECOOOCCOOCOCOON [
t [Remp  ~] [ am [ een | ow RI'"IEEEEIEEEIEIDEIEIT.HDJ
3 [sew =] [ oo | sm o] omw mODOCOQQAOCOCOOCOon
« [fome =] [ zoom [ mm: o [ om EOCDOCOOOOOONoOoOoE
s [Gow 7| [ veam [ om0 O 000 EOCOCOROCOCOGOON
s w o [mm [_sw M0 [ o EOCODOCOOCGOOOOOO
T [Ek TH [@mw [we O [ e EOCONOEROCOCOCOON
B [Reme ] [Temon [ omanan 0 [ oee CopOoROGCOROCOCGCOOO
p [swk ] [ 7w [ 1002 m o[ oo COPRnECCCOCOROCCOO
w [sek_ v [ mum [0 C [ CODRDOOCEODCOEEEE [
‘ Reason for Revision
Programmed By Checked By Inspacteded By

Signature Signature Signature 3
o] & 7 Y 7
Date Date Date
/7 04 57 ey Ipeaq
a2 215 CFM56 91# LPT Shroud Sector €3]
Program Record

.

@ #4q A AA
CFM56 9% LPT Shroud Sector? Weld Build up $8el+= Cycle 219 2349 718
AA oo]A dAEr|ES HLde A FAS AAsA).
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B}. PW4000 913 Support Clevis Boss, Bushing Repair

(1) ¥F Msa

KSREAN AIR ‘WORK ORDER

Msimensnce Crganzaton Ceficae

Work Order: 1247988

lem; SN Instance:

Tay:

SUBTASK 72-54-CAS004H-REP-360 THE WELD BUILD-UP

Refer to CFM56=78 ESM(PN CFM=TP_SM.10) 72-54-07 REPAIR=025

Work Order, 1247988 liem [SA: Instance [On-
Vit o 000 [Posiion Crmer
Grigin WO, [ITA Tt NG Uit
Program Type: REF/ Repair Rerdenitity lem
Roue No Fouie Tl Ref Dos tab i ATAT
CASO04H_PEPD WELD REPAR FOR CRACKS O THE SHELD

SHROUD SECTORS (REP-25.MTC 18-
NMEE-012)

ESM/CFN-TP SH.10/5572-54-07

(1) Maintance Preparation
« PME Control No: MEODO,

Seq |

ACTION & TASK DESCRIPTION I

Resources
0 | Rowe Marmber (57

(2) Weld build-up the shield shroud sector with Inconel 718

Trersur

SUBTASK 72-54-CAS004H-REP~100 AEMOVE RIVET

Refer to CFM56-78 ESM(PN CFM-TP.SM.10) 72-54-07 AEPAIR-001
Refer to CFM56-78 SPMIPN CFMI-TP-SP.2) 70-43-1 1

(1) Remove the rivets which attach the defsctive rivatad itsm by drilling.

(2) Do the inspection of the rivet holes

24790810

Date Tach: TI Insor N/A

50 Rowts asber: B

+ Refer to SPM 70-45-02, Parts Inspection

* Refer to SPM 70-45=11, Gas Shielded Tungsten Arc Welding Of Stesls, Nickel And C
obalt Alloys

NOTE : Do ot weld In Area H. Refer to Figure 903.
+Record the Weld Wire No.

+ Wire No. ©

+ Wire Tracking No.

Te

EN

SUBTASK 72-54=CAS004H=REP=1 10 CLEAN THE LPT CASE AND SHIELD SHROUD SECTORS
Refer to CFM56-78 ESM(PN OFM~-TP.SM. 10} 72-54-07 AEPAIR-021

Refer to CFM56=78 ESM(PN CFM~=TP.SM. 10) 72-54-07 REPAIR=025
Refer to CFM56~78 SPM(PN CFMI-TP-SP.2) 70-21-13
(1) CLEAN THE LPT CASE PER SPM 70-21-13, STEAM CLANING

24 2

D Tech: SC Inspi /A

50 o Nusmber: ()

Date Tech: T

50| Roue Number: (D)

Trer T msr
SUBTASK 72-54-CASQ04H-REP-370 STRESS-RELIEVE THE SHIELD SHROUD SECTORS
Refer to CFM56-78 ESM(PN CFM-TP.SM.10) 72-54-07 REPAIR-025

(13 MAINTENANCE PREPARATION

~ PME GONTROL NO: MEOO,
= IF PME DOES NOT NEED, DO N/A

SO

(2) Stress-relieve the shield shroud sectors in vacuum or locally stress-relieve.

SUBTASK 72-54-CAS004H-REP-305 F/P/| PER SPM 70-32-13
Refer to CFM56=78 SPM(PN CFMI=TP=3P.2) 70-32-13

(1) Do the fluorescent penetrant inspectian of the shield shraud sectars per SPM
70-32-13

« Refer to SPM 70-49-00. Heat Treatment - General
* Referto SPM 70-49-11, Furnace Heat Treatment - Cycle 1 or Cycle 21

+ Referto SPM 70-49-21, Localized Heat Treatment — Cycle 3.

+ RECORD Cycle No

* RESULT * RECORD CHART No ©
s | I
| L
30 ] Route Number: (D) REP_MET, INSP )| Route Number: (D)

Teviston Date TIANTT

T etemad e Tae T or T

T

SHT

R Nt ROBE01 10101

Work Order. 1247988 liem: N Instance: [Qy-

Revision Date (4-9AN-T7

T Released Date

TP ors
KALMA91

R N RO201 L L1

Work Order: 1247988

T o

SUBTASK 72=54=CAS004H=REP=390 BLEND THE WELDED AREAS ON THE SHIELD SHROUD
SECTORS

Refer to CFME6-78 ESM(PN CFM-TP.SM.10) 72-54-07 REPAIR-025
(1) Blend the welded areas to initial contour.

I

Aefer to CFMS6-78 SPM(PN CFMI=TP-SP.2) 70-43-11

(1) Install the new rivets and riveted ltems. Refer to Figure 901 and Figure 902.

* Refer to SPM 70-41~11 and to Figure 903.

NOTE : Thickness of the welded areas must nat be less or more.

Date Tech: T1 Insp: NfA

1247385 90
00| Rowe Number: (D)

v v inop

(2) Reshape the shield shroud sectors to initial pattern by cold metal working.

Tech: T1

(roei A ‘IIIIIIIlIlIII
e
70 Rouse Number; (D) NDT_FPL

SUBTASK 72-54-CAS004H-REP-500 TABLE INSPECTION

Reler to CFM56-78 ESM(PN CFM~TP.SM. 10) 72-54-07 INSPECTION-001
(1) VISUAL INSPECTION

SUBTASK 72-54-CAS004H-REP-470 F/P/|

Date Tech: T2 Inspi |
Refer to CFM56-78 ESM(PN CFM-TP.SM.10) 72-54-07 REPAIR-025
(1) Do the fluorescent penetrant inspection of the LPT case.
+Refer to SPM 70-32-13, Fluorescent-Penetrant Inspection Stationary Post-Emulsifia
ble
+ RESULT =
R (111111
e
W0 Roue Number: (D) ST
SUBTASK 72-54-CAS004H-REP-490 INSTALL THE RIVETED PART FOR SB 72-0718
Refer to CFM56-78 ESM(PN CFM-TP.SM.10) 72-54-07 REPAIR-001
Refer to SPM 70-43-11
Refer to CFM86-78 SB 72-0718
(1) INSTALL THE REMOVED PART FROM LPT CASE.
~ IF ANY BRAKCETS HAS BEEN DAMAGED, REPLACE WITH NEW BRAKETS
S T (11111
2 80
50 | Route Number: (D) TRer_SiT
SUBTASK 72-54-CAS004H-REP-495 INSTALL THE NEW RIVETS AND RIVETED ITEMS
Refer to CFMS6-78 ESM(PN GFM-TP.SM.10) 72-54-07 REPAIR-001
Rev o Dile FTANTT [ Refeaed D [Pizesord Fevimion Dare FEIANTT Refeased Baie: Taged ot
- RO ROOROIERDL KALAA1S

I3 216 CFM56 91% LPT S
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e
%

a3 217 PW4000 91A Support Clevis Boss

2

N21E 437] Pylonell A&l AZ2RFSE TS TECE FXFH O dxle] Fa3
ojc}. dlzle] F2vtsf Suieky) vl 59 sFS 2s = Engine AFT Mount®} TECE 9
3} Engine Support Clavis Boss Assembly: 2% 25 Fo] TECS Pine® 9723
oA wlR27} Aol Hcf,

(2) PW4000 1A Support Clevis Boss 2y A AA

b AM3A (Cleaning) &z} A&

O &¢Z8 =AA (One-Step Alkaline Rust Remover Long Soak)
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@ $89 AHA (Degreasing of Parts by Aqueous Cleaning)
(}) A A (Inspection) 23} AE

O FFHAEAA (Fluorescent Penetrant Inspection)
@ H%<e+7A A} (Visual Inspection)
@b Threaded Hole
- Any Damage
@ x]47 A+ (Dimensional Inspection)
- Bushing Diameter

(x}) 48 (Repair) Bz} AE

1 42 |9A : Replace Bushing
ezl Support Clevis Boss® Bushing A %2+ 424}l

@ F7 2 A¥ (Tools and Equipment)

P Special Tools : ¢S

@ Standard Tools and Equipment : ¢+
@ Locally Manufactured Tools : 5.

@ Z&E A (Consumable Materials)
oh &HE - AMS 5616 (Stainless Steel)

@ 432 #A} (Procedure)
b F-Foll A wtR=AY EAo] 1+ Bushings AlA gt}
@ #F°] Bushing Hole®] w23 E 3 A3},
@@ AMS 5616 Stainless Steel® Bushings A]%}shc},
€@ Bushing AlZ& 93] Bushing Holef 4% 7] =3t}
Bushing A& €32 st
Bushings =W 7o @30 71353t}
(Bushing Holed} 9x]7]9J%t& (0.0005 - 0.0025 )& 535
Bushing? Diameter AS 7}&3kc}.)
@b A2 Bushings Clevis Bossol &2 3kt}.
Bushing®| % z|5el wt5o] 7153},
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BUSHING

P T TR RO

T T T N T e

7))
& A |2z mm(M 2 /];

SECTION B-B

$lale ['E'I%‘;,r’;m]nh<337
i (GRTH

- S\ W [P r
K 7 \k/ ©

v/

WIEW C WIEW A
SHOWN WITH
BUSHINGS REMOVED

12 218 PW4000 91A Engine Support Clevis Boss9 Bushing A A& $g
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007 in
4
o= (1025 mmj) @ B &3 /
16 \\ﬂ[ l

a
0015 in
‘\Ir’? {-038 mm) 8

NOTE: ALL DIAMETERS

010
I_EB-E{.EE-ﬂ-mmﬁ M) 8 “@

2 219 PW4000 993 Engine Support Clevis Boss® Bushing A #

O3~
of
ol
)

oh dAEE Y BFe &5E 1,750 - 1,850 °F (954 - 1,010 C)7}A] X%

(571.1 C) =X 247 5k AH

@ 1,060 s},
& HEES T ).
BEFe AEE FA . (C30 - 38 HRO)

@ 2 A A2A
PW4000 1% Engine Support Clevis Boss®] Bushing A &2 429 Bushing
ZHA 9] dxl)7|ES FEste] FY TAHAS AAs.
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1200.00

1000.00

800.00

Batch Report - BR
Batch ID - KAL1
Lot ID - 16V082301

% 600.00
=
vd i
400.00 /
200.00 \ /
0.00 ———— |
4500 R 4500 47:00 00
20163% 29 20062577 5016, 367 e AT 16, 4%
3 bt 73 B e 73 huE 73 hub 23 PuB
Date Time

e SPR_SP PV
e FCETC PV
=——TANEVAC PV
—HIVAC_FG PV
—[DAD-01 PV
——=LOAD-D2 PV
—OAD-03 PV
— LOAD-04 PV
s LOAD-05 PV
— LOAD-06 PV
e LOAD-07 PV
= LOAD-08 PV
= LOAD-09 PV
= LOAD-10 PV
LOAD-11 PV
——LOAD-12 PV

3 220 PW4000 91A Engine Support Clevis Boss? Bushing €938 1=
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P R d Department Code Repair Shop Code P R d Department Code Repair Shop Code
rogram Rkecor rogram Recort
g SELMEC 881_MET g SELMEC 881_MET
Powerplant Maint. Center Program Neo. Equipment Code Powerplant Maint. Center Program No. Equipment Code
Korean Air 08-01 VACUUM FURNACE Korean Air 08-02 VACUUM FURNACE
Part Description Part Number ATA Chapter Part Description Part Number ATA Chapter
CLEVIS BOSS 802473 ENGO01P CIR 72-54-02 REP-02 CLEVIS BOSS 802473 ENGOO1P CIR 72-34-02 REP-02
Job Description Job Description
Replace Bushing - Engine Support Clevis Boss Assy Replace Bushing - Engine Support Clevis Boss Assy
Program Description Program Descriptio
toues: [FGET sserioton: [FNGED TESLTATERGT g [€ Mo [FHARGOET Osscreon [PIRESH ~ emwnn [T
[ P - — Bras Dursten (BT num Fams o Guar v Ty, ot o P cates
L — o vsatotin [ w6 Cversrs: [T s o | L ) L L —
Gur rtium [ B (R —
i
me G pesan Euis T T s
Sork: Thae ... Dale 12 3 8 6 7 8 8 W 12T MBI e hidad Samk Vakie Soah Thie Hala . Ve 13 3 4 6 8 7 8 8 107 121 KW
0 O w RBROCOODOONOOOCOGO N s w0 o EBEOOCDCOCOOCCOGOOO
[m 0 [ se ROCCOODOOODOOGGOECO nEe s (ea [se 0D ow EBEOODOOOCOOODOOOOO
& =] w BONCOOOOOOCOCOED 1 [Re__- [wm [ o o = ROpooOooooonoonsa
[ o e EOCOOOOCDOCOGOGO n e o [ww [ O 7w ROOOOCOOCOOGCOOGO
o O[ew EOCCOODOOCOOOCEGCO “FE_dlswm [we O @ BOOOOOROOOOOOOOO
™ 0O ewm ROCOOODOGDOOOGOEOGR N e waw O % OCOOOROCOCOOOOOCGO
=% O i ROOCCOOROCOOOOCEO e o [Aw [[me 0O [ OOOOROOCDORGOOOGH
[mn 0O "w OOCOROOODOQNCOEECO | "[E_A[#s [w 0O w® OO0ODOOORAOODDOGH
@ O [ ww OOCOROOORNCEROEGECA | wEE _F [ [ = 0O w OOODCOCOOCCDOOCOO
[ o[ ®EECOOOOOOCOOGOOOD w Bk o [[ow [ @ O @ OOODCOCOOOGEOOGOO
Reason for Revision Reason for Revision
Programmed By Checked By Inspecteded By Programmed By Checked By Inspecteded By
Signature Signature Signature Signature Signature Signature
<
o7 3 HE o s*q Y 2l
Date Date Date Date Date Date
¥
(7 0% 27 1 o> 17042 19 o 27 1 ot > /) 64>

% 221 PW4000 9% Engine Support Clevis Boss®l Bushing €3¢
Program Record

KSREAN AIR WORK ORDER Work Order. 958219 e SN Tnstance: Qy’ e QRIS i [sm Tt Jay
Work Order: 958219 Titem: |EXE Tnstance: [y
Visit No 000 [ Positon Guner. (3) MACHINE DIA A, INDEX 1, AS REQUIRED TO OBTAIN A 0.0005-0.0025 INCH TIGHT FIT
Origin WO: A U TNG Unit: « Bushing Hole Dla Actual ¢ Inch WITH ACTUAL
Program Ty pe. REF/ Repair Reidenitiy fiem: Object Limit (inch) Actual (Inch)

Roue No Roue Tile RefDoc INDEX 1 0.0005-0.0025 INGH TIGHT FIT
BSSO02P_REP_A AEPLACE BUSHING CES
BOSS(REP=02) Date: Techi T2 Inspi |
Seq | ACTION & TASK DESCRIPTION [ Resources _ _ _ i Tk a o
30| Rowe Number, (A1 [Rer_wac, e 10| Route Number. (A) [REP_MET, ISP
— 52
TT0TRowe Namber (4 TREF WiAC 67

SUBTASK 72-54-BSS002P-REP-030 REMOVE BUSHING SUBTASK 72-54-BSS002P-REP=105 HEAT TREAT BUSHING

- (1) MAINTENANCE PREPARATION.
(1) Maintenance RieRAAon «BHE Bontiol NoPEDR SUBTASK 72-54-BSS002P-REP~-110 INSTALL BUSHING
« PME Control No: MEOO_______ e N (1) INSTALL REPLACEMENT BUSHING. BUSHING MAY BE CHILLED TO AID INSTALLATION.

(2) REMOVE WORN OR DAMAGED BUSHING USING PUSHER, OR BY GRINDING. REF (2) INSTALL BUSHING.
REP ~02, FIG 901 (2) HEAT TREAT BUSHING MATERIAL TO 1750~1850%F FOR 30 MINUTES IN A PROTECTIVE
NOTE @ 1F THE ACTUAL DIMENSION IS LESS THAN 1.553 INCH, PLEASE N/A THE OP 050, 100 AIMSPHIE. (0. A1 A TIIE (/L GOUL BRFASTER
T 105, 106, 109 - (3) TEMPER AT 1060°F FOR TWO HOURS. AIR COOL
Dt Tech: T2 Insot |
Object Limit (Inch) Actual (Inch) Blsceyd B
12} 1.559 Inch MAX — TI5_ [ Route Number: (A) [REP_MAC , INSP

* BUSHING PN: 802474
SUBTASK 72-54-BSS002P-REP~115 FINISH MACHINE

R [ckizrs nspil (1) Maintenance Preparation
L TERHT Lo ‘I“IIIIIIIII 106 Rowte Number: (47 T Pwe ST, T o
iy = (2) FINISH MACHINE THE REFLACEMENT BUSHING(FIG.901)
N A — [Rep_wac mr SUBTASK 72-54-B55002P-REP~106 HARONESS GHECK + BUSHING PN : 802474 (OR MANUFACTURED BUSHING)
(1) MAINTENANGE PREPARATION. Obect Limit (inch) Actual (inch)
SUBTASK 72-54-BSS002P-REP-050 REMOVE WEAR + PME CONTROL NO = MEOOO, BieRinGig 1375-1.376
(1) Maintenance Preparation 45 [ PME DOES NOT NEED, DONA,
< PME Sontrol oz ME0ot——————— (2) DO A HARDNESS CHECK OF THE BUSHING MATERIAL.
(2) MACHINE HOLES TO 1.600 INCH MAXIMUM TO REMOVE WEAR. HOLD TO MINIMUM Due: Toch: T2 —
VALLE HARDNESS ACTUAL: ________(LIMIT * HRC 30-38) S0 15
Object Limit (inch) Actual (Inch) 500 Rowe Number (A) [rv w2 ivsP

HOLE 1.600 MAX
SUBTASK 72-54-BSS002P-REP-500 TABLE INSPECTION

(1) VISUAL INSPECTION
Dae: Tech: T2 Inspr |

36219 50 Date: Tech: T1 Insp: |
00 Rows Number: (41 — [RerwAC T

165 Rowie N (A7

NOTE : IN CASE OF OLD P/N(791077 AFTER BUSHING REPLACEMENT. Reldentify as New P/
)

SUBTASK 72-54-BS5002P-REP-100 MANUFACTURE BUSHING 1(802473) (REF : S8 72 - 168

(1) Maintenance: Preparation SUBTASK 72-54-BSS002P-REP-109 FINISH MACHINE BUSHING
* PME Control No: MEOOO___________________ (1) Maintenance Preparation
(2) Locally manufacture replacement bushing using AMS 5616 Stalnless Steel. + PME Control No: MEOOO. Date Tach: T3 nspi |
(a) Measure and record bushing hole diameters for oversize bushings. (2) MACHINE BUSHING TO REQUIREMENT OF FIG.903 fi
Reviion Date: T0-NOVIY T Refeasad Date Fage T or3 Revision Dite TENOVTT [T TPazzors Feviion Daic 203 T Released Duie: Faze3 of3
e oD ROUGOIAL0 KALSAIII [ ——

KA1 R N ROOROILL0 KALMALIO!

= 222 PW4000 913 Engine Support Clevis Boss ¢34 4]
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2. PW4000 112921%] 91x LPT Borescope Plug 8 #¢3A A2A
(1) 2= He

!

A4edl 2E(LPT Module)s A4 B F =& Azl B Ao BES ElskA o
2 A BE R AF Aol Ta % JFe Fo BEe A% Ads % 3
AAse] RES A Edlistd & 2 & 2A357] $138ke] Borescope Inspections
Sy g,

Borescope Plug= A g¢elul 34 Zubo) x5tz 99en, 324le] Inner Dect
Segments, Vane Cluster Assemblies, Vane airfoil surface, Blade airfoil surface
%< Borescope Inspectiono® 2l @ A 4= 9ic),

(2) PW4000 11291x] 913 Borescope Plug &4 33 24

mlm ot
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(7P A& (Cleaning) &3 A&

DO &2 A4 (One-Step Alkaline Rust Remover Long Soak)

@ 89 ANA (Degreasing of Parts by Aqueous Cleaning)
@ <29 9 A A7 (Four-Step Alkaline Rust Remover and Acidic Descaling)

(1) A2+ (Inspection) Az} A&

O FJAEAA (Fluorescent Penetrant Inspection)
@ J<+# 4} (Visual Inspection)

@b All area

- Crack

- Nick

- Dent

- Scratch

@ %1474 (Dimensional Inspection)

- %i%
(th 49 (Repair) A3} AE

(1 42 93 : Borescope Plug Wear Weld Repair
Borescope Plug? €% 44y

O &7 2 AM¥] (Tools and Equipment)

@b Special Tools : &

@ Standard Tools and Equipment : ¢+
@@ Locally Manufactured Tools : ¢-%.

@ &2 A (Consumable Materials)
oh 4% - AMS 5798 (Hastelloy X Weld Wire)

Z} (Procedure)

Solution €2 & sk},

157 A} (Fluorescent Penetrant Inspection) & 3},

I E fAA 23 AlA T A ¥ E

Gas Shielded Tungsten Arc Welding(GTAW)Z Z339E Build up £% 3},

ofo ol
J
4y o o X
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& Solution €8 & 3},

72} (Fluorescent Penetrant Inspection)S
of 3ol §RHEE 71T
, AFRAA 5 HF HJAE .
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VIEW A

-‘_I

[ ]

fian

@

-+

I3 224 PW4000 1129%] 913 LPT Borescope Plug 3
% Finish Dimension

@ AFeAY7IE T4
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O AFdAg =74
AFE: 1 x 10-3 EZ o]3}

@ dxY3H A&
o dXYZ v ¥FY 55 1,875 - 1,925 °F (1,024 - 1,052 C)7HA] 53
& 1A7 F FF LEFE FAT.

@ SZY7FEE o) &3t A27HA] P73

O
of
]
L

Batch Report - BR
Batch ID - KAL1
Lot ID - 16V060701

1200.00
1000.00 ——SPP_SP PV
——FCETCPY
—— TANKVAC PV
800.00 - ——HIVAC_FG PV
—— LOAD-01 PV
e LOAD-02 PV
2 500.00 - —— LDAD-03 PV
=
—— LDAD-04 PV
- LOAD-05 PV
400.00 - —— LOAD-06 BV
—— LOAD-07 PV
- LOAD-08 PV
200.00 \ LDAD-03 PV
' LOAD-10 PV
T LOAD-11 PV
0.00 LOAD-12 PV
3800 06 2530 ot 430 0200 L aaged 5930 @it
7 2008 ﬁ; on 2016 ﬂ; yun 2% 111 yun 2018 137 an 1°4‘& 131 un 2038 1 208 - - an 200 1Lj"11 yun 20 W

Date Time

T3 225 PW4000 112¢1%] LPT Borescope Plug €& I#=
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® 24 A AA

PW4000 11291%]
Solution @38 71&S&

Department Code

Program Record
SELMEC

Repair Shop Code

881 - MET

Powerplant Maint. Center Program Mo.

Equipment Code

Korean Air PWA000-4 VACUUM FURMNACE
Part Description Part Number ATA Chapter
C/C Guide SOK364-01 73-51-08
Job Description
PW4000 C/C Guide - SOLUTION HEAT TREATMENT
Program Description
g [PWAGERA  Casenpaony [TEE008 CIC U S0RMBE] Enguns [*6
R T, [RIEE 4] Gu Ml Trw.  [FaEe 7] T — T
BT e — | L A B O[T -
Gor MUl | wen
Pregrem Canirel
— PO — P T
v B Tk Vaud Pl o BT OB B WU MW [
v [E__F EX r W meccccocodadsadE
: [mmn =] TEm o[ %% ROCOCCoOOOQAOOOQOGON
E T | ST o [ em ECCCCCOCcOOOOCcooo [
4 [Be 5] TEmE c [ EROoCOomCOGEAOOAONONN
¢ [Fw =] el Oo["em EBOoOCCOCOCOOOOOOOD
e [ ] o[ te EOMOOGEAONOAOMNOOQOAD
LI TG Y 0O} ew| RBOCCECC®BCOOOOOCOOC
o [m T] T N[ e CGCCCCECOCOOONDOOOR
¢ B mar O » CCCCEBCOCOOEO0OO0O0O0C
w [Ewm = Tx s W CCCCCOQECOCOOOOC |
Reason for Revision
Programmed By Checked By Inspecteded By
Signature Signature Signature
- 3 AL
- i £
7 4? i L/%
Date Date Date
160315
o4 02 >f /6640y

a3 226 PW4000 112<¢1%] <% LPT Borescope Plug &

#]2] Program Record

AR

A §-5he]

A TS

151 -

LPT Borescope Plug £&$g o=
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KSREAN AIR WORK ORDER

Work Order: 1200212 Ttem:

SN [Tmstance: [or:
‘Mamemsce Organizanion Ceraficae -
Wezk Order. 1290212 [Tieam: [sm: Instance: [oy I
Visit No: 000 | Pesition: Owner: _
Origin WO [EA Usit ENG Unit D BEHEND iiaBEhIA IIIlIIII‘
Program Type: REP/ Repair Re-idenitity e T 22
Route No Route Tille Ref Dot (upeNoRevATA) 40 [Route Number: (A} |REP_MET  INSP
PLUOOBN_REP_A Borsscops Plug Wear Weld Repair(REP-01 CIR/51AT50/73/72-53-00
EM17kNO30) SUBTASK 72-53-PLUOOSN-REP-200 WELD REPAIR
Seq | ACTION & TASK DESCRIPTION | Resources Refer to PW4000-112" CIR(PN 51A750) 72 EPAIR-01
10| Rowe Number (A) |REP_MET . INsP

SUBTASK 72-53-PLUOOSN-REP-010 Solution Heat Treatment
Refer to PW4000 SPM(PN 585005) 70-42-04 SPOP-482
(1) MAINTENANCE PREPARATION

+ PME CONTROL NO: MEQQO.
+++ |F PME DOES NOT NEED, DO N/A.
UT|

(2) Increase the temperaturs of the part to 1875 — 1925°F (1024 — 1052°C) and hold

for one hour. PMC 2232 hydrogen, PMC 2200 argon. or a vacuum is a satisfactary
atmosphere.

NOTE : When solution tieating is to be followed by weld repair thet requires complete pri
of oxides, hydrogen is preferred because of its charecteristic and beneficial
action over the entire part. Hydrogen cleaning removes axides from all su

welded.

(SPM 70-42-04 GENERAL-01)

resentative work block.

A minimum of one load thermocouple must be attached to the workload or put in a rep.

or removel

riace
those difficult to clean mechanically and, to so extent. from the inside of cracks to be

Load thermocouples make sure that parts meet process temperature and rate reguirem
ents

Refer to PWA000 SPM(PN 585005) 70-42-01 GENERAL-01
Refer to PW4000 SPM(PN 585005) 70-21-00 SPOP-208
(1) Remove the damage and prepare the par

{(2) Clean the repair area by SPOP 208,

{3) Weld build—up the repair area by PWA 16—3. Use GTAW—MA procedure and Welding
Wire PO5—180.
* Wi

Wire Lot No:
+ Weld Wire T/R Not

Date:

Insp:

50 [Route Number: (A)

BUBTASK 72-53-PLUQO5SN-REP-220 FPI

Refer to PW4000 SPM(PN 585005) 70-33-00 SPOP-62

{1) DO FPi PER SPOP-62
* FPI THE WELD AREA PER SPOP 62, CRACKS ARE NOT PERI
* RESULT : NO CRACK (_) / CRACK (_)

NOTE : Do not weld thermocouples to parts unless specified differently in the Engine Manual Date: Tech: ND Insp: N/A
repir
RECORD LOT ID: 60| Route Number: (&) [rEP MET INSP
SUBTASK 72-53-PLUOG5N-REP-300 Solution Heat Treatment
Date ST liep Refer to PWA000 SPM{PN 585005) 70-42-04 SPOP-482
bbbt {1) MAINTENANCE PREPARATION
20 [Route Number: (A) [~oT_FP1

SUBTASK 72-53-PLUQOSN-REP-020 FPI
Refer to PW4000 SPM(PN 585005) 70-33-00 SPOP-62
(1) DO FPI PER SPOP-62

+ FRI THE WELD AREA PER SPOP 62, CRACKS ARE NOT FERMITTED,
* RESULT : NO CRACK {_)

+ PME CONTROL NO: MEGOO.
=+x [F PME DOES NOT NEED, DO N/A,

CAUTION

SWA 1038 HAST

A (2) Increase the temperature of the part to 1875 — 1925°F (1024 — 1052°C) and hold
CRACK () for one hour, PMC 2232 hydrogen, PMC 2200 argan, or a vacuum is a satistactory
atmosphere.,
Revision Date: 01JUN-1T | Beleased Date [Pagedloft Revision Date (100N 1T Released Dat: [Pageoid
RALAGRI31 R NoDie RIOILOL0L  parssa-tisL R oD EOO 20110
Werk Order: 1290212 [Trem SN \ Qw
Work Order: 1200212 Tten: SN Instance: ‘ Qny

NOTE : When sclution treating is to be followed by weld repir that requir
of ‘oxides. hydrogen is preferred because of its

action aver the entire part. Hydrogen cleaning rem:
those difficult to clean machanically and, to so sutent, from ths inside of cracks 1o be

teristic and beneficiel cleaning

welded,

Load thermocouples make sure that parts meet process temperature and rate requirem
ents, (SPM 70-42-04 GENERAL-01)

A minimum of one load thermocouple must be attached to the werkioad or put in a rep
resentative work block,

NOTE ¢ Do not weld thermocouples to parts unless specified differently in the Engine Manual

RECORD LOT ID:

Date:

Tech:T1 Insp!

0

repair.
021 260

Route Number: (&)

s oxides from all surfaces, including

e complete prior removel

Refer to PW4000 SPM(PN 585005) 70-21-00 SPOP-209
{1) MAINTENANCE PREPARATION
= PME CONTROL NO: MEOQQQ.

{2) CLEANING PER SPOP-209
[+ 5P0P-20¢ - AEC0RD USED AEQUANE
| E e —

TATUS FOR THIS PAOZEDURE |
LIMIT:5-30 MY |

[ TP scTuR_oseeEie)

|Umim=s4-80 DEGREE(C)

Date:

100 [Route Number. (2)

Tech: SC

Insp! N/&

12021200

[T PWa, INSE

[»D1_FPI

SUBTASK 72-53-PLUD0OSN-REP-350 FPI

Refer to PW4000 SPM(PN 585005) 70-33-00 SPOP-62

(1) DO FPI PER SPOP-62

* FPI THE WELD AREA PER SPOP 62. CRACKS ARE NOT PERMITTED.
* RESULT : NO CRACK (_) / CRACK (_]

SUBTASK 72-53-PLUOO5SN-REP-500 TABLE INSPECTION
Refer to PW4000~112" CIR(PN 51AT!
Refer to PW4000-112" CIR(PN 51AT!
(1) VISUAL INSPECTICN

—98 INSPECTION/CHECK-03

50)
50, 94 REPAIR-01

) 72-

T [ s IIIIIII ||‘|I||I
120021
Date Tech Inse: N/A
\nziz
80| Rouie Number. (A) [REP_MAC . INSP
SUBTASK 72-53-PLUODSN-REP-400 FINISH MACHINE
Refer to PW4000-112" CIR(PN 51A750) 72-53-89 REPAIR-01
(1) Maintenance Preparation.
+ PME Control No: MEOGO.
=+ |F PME DOES NOT NEED, DO N/A.
(2) Finish Machine the repaired area to the limits given in figure 901
[ Limit [actus |
[voEX 1 0.432 - 0.438 Inch [ Inch |
T
120120
90| Rouie Number (A) [ciN_GEN
SUBTASK 72-53-PLUOOSN-REP-450 CLEANING
Revision Date 01JUN-17 [ Released Date [Paged ofd Revision Date: 01-JUN- [ Feleased Date [ Pagedof 4
Fev NoDate RVIDTLA1L

= 227 PW4000 1129x2] 9% LPT Borescope Plug #4344
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ol. GE90 A Turbine Rear Frame Heat Shield 8] 2434 A4

(1) ¥F Msa

TURBINE REAR FRAME

= 229 GE90 91A Turbine Rear Frame Heat Shield

GE90 917 ¢] Turbine Rear Frame< LPT (A ¢El¥) R Eo) &3= RFo|w, LPT Rotor
S AR FFold. Turbine Rear Frame: oNZE FF7)o AFslE After Main
Engine MountE A A&+ FZE°|tl. Turbine Rear Frame Heat Shieldi= Turbine
Rear Frame F 4ol Az},

(2) GE90 91# Turbine Rear Frame Heat Shield {33 A4
(7hH A3 (Cleaning) 23} FE

O ¢Z8 2 A 5474 (Four-Step Alkaline Cleaning and Acidic Descaling)
(}) AAF (Inspection) Az} A&

D IFAEAA (Fluorescent Penetrant Inspection)

@ ¥eHA A (Visual Inspection)
@b All area

- 153 -



- Cracks

® X472 A (Dimensional Inspection)

- oo
A=

(th) 42 (Repair) A FE

[1 4% WA : Turbine Rear Frame(TRF) Heat Shield®] £% 444

@ ¥7F 2 A¥ (Tools and Equipment)

@b Special Tools : &

@ Standard Tools and Equipment : &
@ Locally Manufactured Tools : 5.

@ 4&E A (Consumable Materials)
oh 4% - AMS 5832 (Inconel 718 Weld Wire)

@ 432 #A} (Procedure)

@) TRF Assembly°l# Heat ShieldS Z23kc},

@ Heat ShieldE Steam Cleaninggtc}.

@@ Gas Shielded Tungsten Arc Welding(GTAW)=®
@ SHFNE 9FoE J1E3).
7}edE Etching @ ¥F3JAEAAS
FEFs X3

) ddF HAFNE A AT

$¥#< Etching 2 J3HFHAE I}
@ F-E& HFAAE T

@ Heat Shield® Turbine Rear Frame©o)] #3Z 3k},

s

o,

- 154 -
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TOP VERTICAL

CENTERLINE

—

e e ——————————

i

FWD LOOKING AFT
(RESTRAINED STATE)

TOP VERTICAL

CENTERLINE

o1zl Turbine Rear Frame Heat Shield 3 44

-100

230 GE90

29
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1.010 REF
2065
(2585) “‘—‘ -

1.565 REF
(39.75)

157 REF
(309)

D-D EE RR

ROTATED TO TOP
VERTICAL CENTERLINE
APPLIES 56 PLACES

I 231 GE90-100 1A Turbine Rear Frame Heat Shield 7 A}

7327

@ AT HE
[J] 271, Short age cycle for Inconel 718 (Cycle V-16)
b AR Y BFE &5F 1,400 £ 25 °F (750 £ 14 C)7HA] A53he}.
@ 147 (£ 158) ¢ #F 255 A8
@ Xz v FF2
€ 447 (+ 15%8) ¢ ¥ 255 A5
gk

272 37
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® A9l

GE90

:g—zJ Aé 7;]]

d
kil

Zl Turbine Rear Fram

age Cycle?l V-16 9x871&S

e Heat Shield €%
g5l Ay TAHAS

KSREANAIR  WORK ORDER

Work Order: 1203041

Z=g)el = Inconel 718 AR Shot
A A 519 o}

Re-eniiiy e

Route No. |

Route Tile
FAMOGSLREP_C

| WELD HEAT SHIELD (REP-003)

Rel Do (bt NaRevIATA)

Seq_| ACTION & TASK DESCRIPTION

EM/GEK 109893/32/72-57-01

0| Rowte Number ()

Tiiem EX Tirstncs Toy
Maimcrnce Orgaizaion Cetifene

Work Order, 1031 Thiem T Tow

Visit No: 000 ‘Pmmnn Owner: (a) USE CLASS 'C' ETCHANT.

Origin WO TR Un NG Uit

Frogram Ty pe REF Repair

SUBTASK 72-57=FRM003L~REP=205 WELD HEAT SHIELD
Refer to GE90-100 ESM(PN GEK109993) 72-57-01 Repair-003
(1} WELD REPAIR THE DAMAGE ON THE HEAT SHIELD.

(a) USE WELD WIRE AMS 5832.

(b) USE COPPER PLATES TO PREVENT DISTORTION.

Record weld wire used in this procedure after welding
*WELD WIRE LOT NO:
+WELD WIRE TRACKING NO:

‘ Resources Date: Tech: ND Inso: N/A ‘IIII II|II|II
TR T
X ook
% [Foue v (€1 TNDT 71

SUBTASK 72-57-FRAMO03L-AEP-354 FPI HEAT SHIELD

(1) MAINTENANGE PREPERATION
“PME CONTROL NO:

(2) DO A FPI PER SPM 70-32-03

(a) USE CLASS 'D' PENETRANT.

Refer to GE90-100 ESM(PN GEK109993) 72-57-01 Repair-003

+ RESULT :
Date: Tech: T1 Insp: N/A
N S [T
30_] Route Number: (€
THos001 40
50 Rowte Namber: (€ TREP VT INSP
SUBTASK 72-57-FRMO03L-REP=251 BLEND HEAT SHIELD
Refer to GE9O-100 ESM(PN GEK109993) 72-57-01 Repair-003 SUBTASK 72-57-FRMO0SL=REP=301 HEAT=TREAT HEAT SHIELD
(1) MAINTENANCE PREPERATION Refer to GE90-100 ESM (PN GEK109993) 72-57-01 Repair-003
SRUECONTROL NO {1) MAINTENANCE PREPERATION
+PME CONTROL NO:
(2) BLEND WELD REPAIRED AREAS
(a) BLEND TO THE INITIAL THICKNESS OF 0.018 - 0.022 inch (2) HEAT-TREAT THE HEAT SHIELD.
(b) BLEND TO THE INITIAL DIAMETER OF 0.180 = 0.208 inch T
+ CHARTID
Date:

Tech: Ti Insp: N/A

)

(3) POLISH TO REMOVE HEAT DISCOLORATION.

120504120
Roue Number: (C) [NoT_NDI
Date: Tech: T1 Insp |
SUBTASK 72-57-FAMO03L-REP-428 ETGH HEAT SHIELD
Refer to GES0-100 ESM(PN GEK109393) 72-57-01 Repalr-003
60| Route Number: (€) [NoT_NDI
(1) ETCH THE BLEND AREAS. =
R D BTN TE TPzt orT Teviion Dale BIANT6 Released Date: g old
KALMA3 Kool KOO0 L0100 RALMASS e ol K00201 10101
Work Order: 1203041 Tiem SN Instance [
Work Order: 1203041 Tiem: SIN: Instance [y
SUBTASK 72-57-FAMO03L-REP-429 ETCH HEAT SHIELD
Refer to GE90-100 ESM(PN GEK109993) 72-57-01 Repair-003 Dt Tech: T2 Insp: NJA
{1) ETCH THE BLEND AREAS.
(a) USE CLASS 'C' ETCHANT.

Tech: ND Insp: M/A

12
70| Rouic Number; (C)

| Rouie Number: (C)

SUBTASK 72-57-FAMO0BL-REP-751 INSTALL HEAT SHIELD
Refer to GEGO-100 ESM(PN GEK109993) 72-57-01 Repair-002
(1) MAINTENANCE PREPERATION

+PME CONTROL NO:,
03041 50

T

SUBTASK 72-57-FRMO003L-REP-357 FPI HEAT SHIELD
Refer to GES0-100 ESM(PN GEK108998) 72-57-01 Repair-003
{1) MAINTENANCE PREPERATION

*PME CONTROL NO:

(2) DO A FPI PER SPM 70-32-03

(a) USE CLASS 'A' PENETRANT.

* RESULT :

Tech: ND Insp: N/A

0

Rouie Number: (C)

{2) INSTALL THE HEAT SHIELD ON THE GONE.

(a) SET-UP TO HOLD THE HEAT SHIELD IN POSITION.
(b) APPLY A THIN LAYER OF LUBRIGANT (C02-058)
(c) INSTLL BOLTS AND NUTS

+ BOLT PN : J813P002A, UPA 28
« NUT PN © JB26P03, UPA 28

(d) TORQUE THE NUTS TO 45 = 55 Ib in.

* ACTUAL TORQUE RANGE : Ibin.
(s) INSPECTION OF THE GAPS. (MAXIMUM 0.00 inch)

Date: Tech: T1 Insp: |

T00 [ Rovie Nusber (€7

e sirr e

SUBTASK 72-57-FRMO03L~REP~152 CLEANING
Refer to GES0-100 ESM(PN GEK108993) 72-57-01 Repaii-003
Refer to GES0-100 SPM(PN GEKI250) 70-21-03
Refer to GE90-100 SPM(PN GEK9250) 70-21-22
(1) MAINTENANGE PREPARATION
+ PME GONTROL NO : MEOOO,

{2) CLEANING PER SPM 70-21-22

= DIP TIME LIMIT : 15-60 MIN' , DIP TEMP' LIMIT : 54-66°C
~ CHECKED & ACCOMPLISHED [__]

Revision Dite’ 0-JANTE Releasal Date!

Triv,_pwe isr

SUBTASK 72-57-FAMO03L-REP-800 TABLE INSPECTION

Refer to GE9O~100-100 ESM(GEK109893) 72-57-01 Inspection=001
(1) VISUAL INSPECTION.

Tech: T1 Inspi |

1203041-100

RALMA-L1

TFagesard

Ry Nt ROOCOILOL01

a3 232 GE90 99A Turbine Rear Frame Heat Shield 2t

Tevimion Daie TO-TANTG T Relesed e

AL

Pagedold
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ZF. GE90 ¢1x HPT 194 Nozzle Support $8 334 A4

(1) ¥F Msa

NOZILE
SEGMENT

NOZZLE
SEGMENT

SUPPORT

a2 233 GE90 A HPT 194 Nozzle Support

GE90 9#e] HPT Module2 HPC Assembly$} LPT Assembly A}o]o] $1x]stx, 1<
Nozzle Supports= HPT Moduledl %3l £Fo 24, 2719 Vanes 7F4 20719 Nozzle
Segmentg} ZH o] 1944 Nozzle Assembly7} wtEo]zlc},

HPT 194 Nozzle Assemblyt 4&AoA whEo]zl Hot Gasg Rule] HPT 19/
Rotorg 7%3= 98 3.

(2) GE90 91#A HPT 194 Nozzle Support 24 33 A7
(7 A1A (Cleaning) Az} AE
@D &2#] (Degreasing)

Z7] AA (Vapor Degreasing)

obztE] AA (Heavy-Duty Alkaline Clean)

a7+e] =474 (Three-Step Heavy-Duty Alkaline Descaling)
a7+g] =44 (Four-Step Alkaline Descaling)

Eg2E A& (Dry Abrasive Blast Clean)

Eg2E A& (Wet Abrasive Blast Clean)

ONORONCCREY
oy A on
L)
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(}) A A+ (Inspection) Az} A&
D FFHAEAA (Fluorescent Penetrant Inspection)

@ %<9+ A} (Visual Inspection)

@b All Body Surface & Oter Flange
- Crack
- Dent

Nick and Scratch

Buckle

- Corrosion/Pitting

W Honeycomb

- Annular Wear Groove

- Cell Damage/Erosion

- Missing Cells/Visible Housing

© Bayonet Surface

- Wear

- Nick, Dent, Scratch, or other Damage

@ 4734 (Dimensional Inspection)
- Diameter : AA, BA, CA
- Runout of surface DA
- Dimension : E, F, H

(th) 42 (Repair) HA FE
(] 44 WA : Dimensional Restoration
- Solution @ Age 9x8E o] &3 HPT 194 Nozzle Support X53E9Q $a)dd

D FT7 2 AH] (Tools and Equipment)

@b Special Tools : &

@ Standard Tools and Equipment : &
@ Locally Manufactured Tools :

- 9% % Fixture
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22 234 GE90 914 HPT 194 Nozzle Support
dx]2] & Fixture

2 AA (Consumable Materials)

e
Qe
A u

@ 432 #z} (Procedure)

@b After Flange©l#] Gang Channel Nut Assembly g #|7#gtc},
@ Solution ¥x]2]& gk},

@ Age A E g},

@ 24574 AHE 3}, (Diameter, Run-out, Dimension)

HF°] Braze JointE §<9F 7 A3},

Gang Channel Nut AssemblyS 32 3tc},
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a3 235 GE90 9% HPT 194 Nozzle Suppor Braze 74}

- 161 -



oM H

FORWARD

oim. F 77

oin A

A-A

0.283-0.281 (6.68-7.13) DIA THROUGH
ONE HOLE LOCATED AT TOP VERTICAL

}@fnqu«::‘s;ﬁ@ll!ﬂ @[c @
F-

0.263-0.281 [6.69-7.13) DIA THROUGH 38 HOLES

ON THE BASIS OF 40 HOLES EQUALLY SPACED

STARTING AT [ F - |, OMIT ONE HOLE AT [ F -]
& 0010025 & GO]A]B GOIF GO

HOLES TOTAL

TOP

J2a 236 GE90 912 HPT 194 Nozzle Support 34734

1 428 93 : Weld Repair for Wear on the Outer Flange Inner Diameter
- HPT 194 Nozzle Support =& 3¢ €34 $ajuty
O ¥ %2 A¥] (Tools and Equipment)

@b Special Tools : 95
@ Standard Tools and Equipment : §+&
@ Locally Manufactured Tools : 714344 Fixture, 93]2-% Fixtures
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AR ZHA (Consumable Materials)

@
b 2AE - AMS 5800 (Rene 41 Weld wire)

@ 4% Az} (Procedure)

b After Flange°l*] Gang Channel Nut AssemlbyZ A]7A 3},
@ Solution @x]g & 3},
@ #F9 "= #9E Blend 3},

@ Gas Shielded Tungsten Arc Welding(GTAW)E ZA3329 = Build-up £4 3},

L] E HFXFE 7.
HAZE Etching ¥ 3357 A (Fluorescent Penetrant Inspection) S g},
< g .

BFAEA 2 (Fluorescent Penetrant Inspection) S 3},

]
ofN o
W

14724 (Final Dimention Inspection)Z 3k},
Gang Channel Nut AssemblyS #23ic),

N RORERE)

@ 429 4= (Dimensional Restoration) X3 ZA 7AE

[ Solution €x*]7].

b dATYZ U BF £5E 1,875 - 1,900 °F (1,024 - 1,038 CT)7A 53},
& 3027 HF EEF RISt

@ 30%%F 1,000 °F (538 C)74A] W73,

[1 Age €32] for Ren. 41, Ren. 77, Ren. 95, and Ren. 120 (Cycle V-13)
op A= U HFe &5F 14000 £ 25° F (760° =*= 14° C)7}A] Ars3te}).
@ 16A17F F FF TES A3
@ EZA7}2T o] &sle] 1,000 °F (538 C)7kA] WY ZH3ic}

(2 30° F (17° C) o] 37 v §)
@ F27A Yt

@ 43 &8 XY FTA HE
] Solution €3]

eh dx]TE U BF &5E 1,725 - 1,750 °F (941 - 654 C)7A] 53},
@ 10 - 1537 »F 255 FA8).
& 5 1,900 - 1,925 °F (1,038 - 1,052 C)7HA] A543},
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(2% 20 - 25 °F (11 - 14 0)9 €5 A5 0E)

€ i 353 FF LEF AT

255 1,750 - 1800 °F (954 - 982 CT)7tA] ¥Z XN 7+}.
(2 F3 20 °F (11 ©) d7 v %)
10 - 1587 ¥ 255 A%
255 975 - 1,025 °F (524 - 552 C)74A] 3087 WX},
& A YA et

Age 938 for Ren. 41, Ren. 77, Ren. 95, and Ren. 120 (Cycle V-13)

dxgE W BF 25F 1400° *+ 25° F (760° £ 14° C)7}A] 53},
16A17F 59k ¥ 255 #xIg.

EZ84712F o] &3ty 1000° F (538° C) 7kA] ¥ Zgle}.

(2 3A 30 °F (17 C)9 ¥7 v &)

& 72 YA 7]}

@ 2 A AA

@b GE90 91z HPT 194 Nozzle Supporte] X455 F2e&= Solution L oA
QAY71es HE5 A 34 AAl Feoldh
(dx]¥g] Fixture WL F, Z+ A¥ FA P 2E %8

OO 0 @93

F

s
@ GE90 1% HPT 1%4] Nozzle Support?] €% F8el= Solution 2 oo|A dx]g
IS A&3te] 24 ¥4 AA Fold.
(222 2 7|A7}F Fixture ¢ 5, 2 AF 34 H2E 45 F 35 ALY TAHA
AA oA)

J?i

:g—xg }4.] Al 741 oﬂ ;ﬂ

d

2}. GE90 <% HPT 294 Shroud Hangers 428 #Z¢5A A7

(1) ¥F Msa
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SECTION AA

. b \
AOREF  Z0RZF 10

™,

2 237 GE90 1A HPT 2%+4] Shroud Hangers

GE90 91A HPT 294 Shroud Hanger= HPT 294 Nozzle Assembly®] &3l= H-Fo
24, 21719 Shroud Hanger= HPT Stator Case°l Retaining Clipe.® #Azstc}. HPT

2944 Nozzle Assemblyx 19HA|o A w7]¥l Hot GasE Hulo] 2¢+4] HPT Rotors +%
gt}

(2) GE90 912 HPT 294 Shroud Hangers &4 33 A7)

29 Sl
(7P AA (Cleaning) 2x A&

b 7] MA (Vapor Degreasing)

@ &7 AA (Heavy-Duty Alkaline Clean)

@ <28 544 (Three-Step Heavy-Duty Alkaline Descaling)
e 74 E2E AR (Dry Abrasive Blast Clean)
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+24 E282E A& (Wet Abrasive Blast Clean)
(Y} A A (Inspection) A3} AE

O FFHAEAA (Fluorescent Penetrant Inspection)
@ &e+g A (Visual Inspection)

“d Body Surface
- Crack, Brazing Crack, Nick and Scratch, Blocked Cooling air hole
- Discoloration, Corrosion/Pitting, Fretting wear

W Forward and After Support Rail
- Circumferential Crack, Radial Crack
- Wear, Dent

©@ Air Baffle
- Dent, Distortion, Blocked Cooling Air Hole, Crack

® X472 A (Dimensional Inspection)
- Dimension : SA, SE, G, R, J, H
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FORWARD

AFT QUTER RAIL

FORWARD OUTER
RAIL

00350045 (0.88-1 14) 00500070 (127177 T ) )
bt :H AWFFR A 45| CHAMFFR 00500060 {1.27-1.52)

+ \ X CHAMFER
S|

DM SE

A-A
13 238 GE90 1A HPT 2%¥+A4 Shroud Hangers A4+
(th) 42 (Repair) Z3} AE

(] 42 9A : Outer Rail Weld Repair
- HPT 2974 Shroud Hanger®] FWD & AFT Outer Railel] 2% nlre] £4 &

O &7 %9 A¥] (Tools and Equipment)

@b Special Tools : &
@ Standard Tools and Equipment : <
© Locally Manufactured Tools : 7141244 Fixture

@ A% AA (Consumable Materials)

op €A E - AMS 5800 (Rene 41 Weld wire)
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|
VIEW TYPICAL 21 PLACES 5\ '

EQUALLY SPACED

.

7€

/ﬂ

——

2 239 GE90 A HPT 244 Shroud Hangers After Outer Rail 714l %# Fixture

11,12

@ 48 Az} (Procedure)

b Shroud Hanger?] After$#} Forward Rail& 7]A|7}&3te] vlRE A A3k},
@ H¥-F9] 714718 ¥9E Etching 2 J3HAFAAE ).

& ¥F& Solution 438 ).

@ Gas Shielded Tungsten Arc Welding(GTAW)Z £4 3},

H2ES Solution €438 3},

FEFS o)A dAg 3.

b §3 = Raile JF FAXFE 7|A 715}

71A17Ve #9415 Etching 2 I3 FAAE It

@ FF= HF 5 9 AFHAE ).
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)

VIEW TYPICAL 24 i [T
PLACES EQUALLY SPACED i T = | A

L5

NG

/.-HJ

"

‘-‘-‘-“‘-—a"jz..-""f’
I3 240 GE90 912 HPT 294 Shroud Hangers Forward Outer Rail
71A1 54 Fixture

1 48] |9A : Locating Slot Weld Repair
- HPT 2974 Shroud Hanger® Locating Slotel]l A= wlre] £4 43

O 37 2 AH) (Tools and Equipment)

@b Special Tools : §&
@ Standard Tools and Equipment : ¢&
@@ Locally Manufactured Tools : 5.

@ AR #AA (Consumable Materials)
b $8% - AMS 5800 (Rene 41 Weld wire)
@ 48 =z} (Procedure)

b Shroud Hanger® w2 2 &£A5 ocating SlotS Blend 3k},
@ Blend #$]S Etching 2 IJFAEAAS 3},

@ Solution @x]gE g},

@ Gas Shielded Tungsten Arc Welding(GTAW)Z £33},
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Solution €x]g] & gk},

ool X E 3.

¢p Locating Slots x]gel] @3] 7|A|7}%F e},
Z1AI7F8 #91E Etching ¥ 331 F HAAE 3.
@ HF F¢ 92 A5 HAE o

(2 AFdAY7|= AR
O AFdAY 27
eh AFE : 1 x 10-3 EE o3}
@ Outer Rail Weld Repair 938 +A A&
[] Solution €3]2] (Solution treatment for Ren. 41 and Ren. 77.)

b TR WY 2FEY 55 1,975 £ 25 °F (1,079 = 14 C)7kA] A58},
@ 30%7 ¥ 255 fAIg.
@ €% 1,000 °F (538 C)7t#A] W¥Z3},
(2 3A 30 °F (17 ©)9 ¥Z v%)
@) 4-271x] Y73k},

] olo]A 438 (Full age cycle for Ren. 41, Ren. 77, Ren. 95, and Ren. 120.)

b A2 U 2Fe 255 1,375 - 1,425 F7A] 53
@ 4A7F £ 1587 ¥F 255 A8
@ %5 1,000 °F (538 C)7kx] WZ3c},
(2 F# 30 °F (17 C)9 ¥z v]&)
€ FE7A Y73t

@ Outer Rail Weld Repair 938 3A AE

[ Solution €38 (Solution treatment for Ren. 41 and Ren. 77.)
oh AAYZ U FF9 £EF 1,975 = 25 °F (1,079 = 14 CT)7A A5},
@ 30%7 HF 25 A%
@ L= 1,000 °F (538 T)7A W§Z3ke}.
(F2 A 30 °F (17 ©)2 ¥ v §)
@ A&7tA] Y73t}

[] ole]A dx]7] (Full age cycle for Ren. 41, Ren. 77, Ren. 95, and Ren. 120.)
o dAE U ¥F 25T 1,375 - 1,425 F7A] A5
@ 4AZF = 1587 ¥F EEF FAIg.
@ %5 1,000 °F (538 C)74=] Y z3h}.
2 3% 30 °F (17 C)9] ¥ v $§)
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@ AertA) W7k,

@ Z] FA AA

b GE90 9% HPT 294 Shroud Hangers® Outer Rail €% 49+ Solution ¥
oo]A dxer|Es HAEst] &Y T AA Fold.
(@3] Fixture ¢ F, Z AlF 34 H2E &5 F 3F AFFHA 2A 4A)

@ GE90 o1z HPT 2944 Shroud Hangers® Locationg Slot €3 4g]o]%x Solution
9 oo]A dAx]Er|ES H st FAY wA AA Fold).

7}. GE90 91% No. 4 Bearing After Stationary Air Seal 3 &L 3FA A4
(1) ¥ Ms

FORWARD

1% 241 GE90 %A No. 4 Bearing After Stationary
Air Seal

(2) GE90 9% No. 4 Bearing After Stationary Air Seal ¢ 3A AA

b MA (Cleaning) Az} AE
O %7] AlA (Steam clean)
@ <&z AA (Heavy-Duty Alkaline Clean)

@ &z ZAA (Three-Step Heavy-Duty Alkaline Descaling)
@ Light-Duty Aqueous Clean
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(}) A A+ (Inspection) Az} A&
D FFHAEAA (Fluorescent Penetrant Inspection)

@ %<9+ A} (Visual Inspection)
@b Flange & Inner and Outer Cones
- Cracks, Wear
- Nicks, Dents, and Scratches
- Distortion
@ Seal Surface (Diameter M)
- Rubs or Grooves, Missing Coating
- Cracks
@ After Surface and Groove (Diameter M)
- Wear
€@ Diameter P
- Fretting
Seal Serrations
- Turned Metal, Bending, High Metal, Wear, Nicks and Dents
Drain Tube
- Braze Joint Cracks, Damage on the Tube Fitting
b Locked Studs and Lockrings
- Loose or Missing Lockring, Loose, Missing, or Broken Locked Stud
- Damaged Threads

® 24724 (Dimensional Inspection)
¢p After Stationary Seal
- Diameter : E, P, M, N
(th) 42 (Repair) Z3} AE
(1 42 93 : Weld Repair for Diameter M
Diameter M2 £342 i

D F7 2 AH] (Tools and Equipment)
@b Special Tools : &
@ Standard Tools and Equipment : $+&
@ Locally Manufactured Tools :
- 7|A1I7}¥4 Fixture
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LEGEND:

2. BASE PLATE

3. RESTRAINING PAD
£, HOIST RING

_: | | P
! ] L |

a2 242 GE90 QA No. 4 Bearing After Stationary Air Seal
Fixture

T
I
Design Concept Modeling (E2 el ssi [ o ey o
Tool Ne.(Code) 15TDEA048 (72-54-0SREP004902)
Tool Function Machine Fixture for Dimensional Restoration Dia "M"
Manual NO. 4 BEARING AFT STATIONARY AIR SEAL - REPAIR - WELD REPAIR OF DIAMETER M
a
f ANELE N2 17 47, B0 T SR 07 TR 1Y
R 175 A 57, A &7 2R 25
FTRE I ]I
T ANCTEN
LD T G S 751 RS O,
M |_aameson uEs i
AR B 1 ELAOK OMUE RECLIRED A4
i A LT 3 REF T SAVRLE PORTS F NEESARY
3 RV CAN B CHANEED AR LSAGE & FUNCTIN
[Woaetr iyfré A D DG NG ON TETL. STE NIN-FLNTIN AEA) o
SESTE
seTue
150 VIEW

1% 243 No. 4 Bearing After Stationary Air Seal 7]7|7}% Fixture
(Restoration Dia. M)
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Design Concept Modeling

Tool No.(Code) 15TDE404T (72-54-05REPO03902)

Tool Function Machine Fixture for Dimensional Restoration

Manual ESM 72-54-05, REPAIR 003 NO. 4 BEARING AFT STATIONARY AIR SEAL - REPAIR - DIMENSIONAL RESTORATION

SETUP

150 VIEW

ST N -

a9 244 GE90 917 No. 4 Bearing After Stationary Air Seal 7|47} Fixture
(Restoration)
@ AR AA (Consumable Materials)
eh 8% - AMS 5832 (Inconel 718 Weld Wire)

@ 42 &z} (Procedure)
b ¥-F°] Ni-Graphite Z®& AlA 3}
@ 42 ¥9E Blend 7}¥3te).
@ 7F8F9%E Etching ¥ 333 FAAE g
€@ Diameter M 7}5-%$]1S GTAW (Gas Shielded Tungsten Arc Welding) &%
FEFS 9xg .
LA3FNE 3T x5l 250 7 A I} S
@ 71A17F8%91E Etching ¥ I3AFAAES
HF FAPA 2 AFHAE T
@ Ni-Graphite 28 ¢S e},

(ol

o},
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@ Azl $42A

© AedA] =4
@B AFE : 1x10-3 EZ |3}

Q@ dAEsAH FE

[] %2711, Short Age Cycle for Inconel 718.
o TR W FF &5 1,400 £ 25 °F (760 £ 14 T)7HA] 4
@ 217 +15% F¢ FF 25 FAIg.
@ ¥EF 1,150 = 25 °F (621 = 14 C)7kA] 53},
& 417 +15% F FF L5 FAg.
@ FFe] 255 A7 Y73,
Q &AQ A A2A
GE90 917 No. 4 Bearing After Stationary Air Seal Diameter M &34 g =
Inconel 718 Short Age Cycle®] AFdA 7| ALslo FY TS AA ).

O
of\
rdt
R

E}. GE90 99A Turbine Center Frame After Outer Hanger 8 2453 AA

(1) & He

TCF ASSEMBLY

FORWARD LOOKING AFT

1% 245 GE90 91A Turbine Center Frame
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3 246 AFT Outer Hanger Damage 7%+

(2) &9 A AA
(7h A= (Cleaning) Ax} AE

D Degreasing
b 7] AA (Steam Cleaning)

(}) A A+ (Inspection) Az} A&
O FFAFHZA

@ <A A} (Visual Inspection)
@b After Outer Hangers
- Cracks
- Nicks, Scores, and Scratches
- Damaged Threads at Nut Plates
- Wear form Tripod
- Wear and Fretting at surface AA, AD and AB
- Wear at the Anti-Rotation Tab
- Cracks at the Anti—-Rotation Tab
- Damaged, Worn, or Loose Nut Plates or Seized Bolt in Nut Plate
- Rivet Hole Size

(c}) 48 (Repair) 2z} AE

[ 48]9A : Tang Flange Weld Repair
After Outer Hanger Surface AE®] w}Ro)] o3t &4 52 vy

@ A¥] 7+ (Tools and Equipment)
@p Special Tools : Inspection Fixture
@ Standard Tools and Equipment : 9%
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@@ Locally Manufactured Tools :
- Machining Fixture
- Setup Block

STRAIGHT !'!EADLESS PIN

23,207 AEF
AFT OUTER HANGER - (589.46) e
i
LOCATOR
BLOGK ~ TRACKING SL0T
A SRy 133350 REF
£ = ELECTRONIC (3367.09)
ct |-+ INDICATOR
=10 30
o v B o | Poo—pe i — .
_ CAMFOLLOWER
(2 PLACES) SR

BY - :m:"r”“ .

BASE PLATE 25 500 HA"D/

(647.70) }
GAGE L7
BLOCK
H 27 708 RAS
CONSTRUCTION (03,78
BALLS

T3 247 GE90 1A Turbine Center Frame After Outer Hanger
Inspection Fixture
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Design Concept Modeling

Tool No.{Code) 15TDE4051 (72-54-13REPD05904)
Tool Function Set-up Black for Parts Installation
Manual ESM 72-54-13, REPAIR D05 AFT OLTER HANGER - REPAIR - TANG FLANGE WELD REPAIR

FIXTURE— |

SETUP BLOCK

b

150 VIEW SETUP

=
=T o Jome | e | wow] o

I e
[EI=T == o> | o= | woor | o

]

R4
| oo
i
g e= [ H H
7 R
| EEEnGEE

545 G BHS
585 =005 TUL FNCTEN

T AN
L6 T G S 7 R O ; SR
g AT CLITER NG FEF R W0 FEAR SET U2 FRRRE e
i g == H e H
@ 3 ELAOC ONTE RECLIFED 840 L ELAK DI RELFED A
5 3 R T0) SAWALE FRATS F NSLESBIRY & R T SAULE RIS B NECEEARYT
8 ] E 3 CEVENTN 0% B NG FTR LB & RACTEN 3 CEMENGLIN A 6 CHANGEDD FOR LSACE & FUNCTIN
2D MG MO ON TEL. ST NON-ELACTEN 484 & DOWG NI ON T STE NON-RLACTEN 4764
El == 5 REP CITLMENT v8) S R CITLMENT /A
q AEEEEE A\ R T LN B WS SETED A\ B R T LN S5 ETHERWEE FECFED
Exa5 oE

T

T
AT S0 0 ET AT EGREANATY, KGREANATR |,
@ Enpamc wore e
< e s = BTHAED
; re—— — Sur

1% 248 GE90 99A Turbine Center Frame After Outer Hanger 7]A|7}% Fixture, Setup
Block

@ &% AA (Consumable Materials)
@ PMET 880 (Rene 80 Weld Wire)

@ 42 A2} (Repair Porcedure)

b BFEE TCFelA A&3ic),

@ 23T E $AFYUE AHNA s

@ 7}F¥9E Etching @ FZ3HAEHAAS ).

@ Anti-Rotation Tab®] 7}¥¥9E GTAW £33},
ERFNE 3AF AA gl gFo] 7)A 7 g
ANA7F 54 S Etching ¥ IFAFHAAE g},

W FEFE AFEAEHE T
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[] Solution treatment for Ren. 41 and Ren. 77
o) A2 E U ¥F £EF 1,975 + 25 °F (1,079 = 14 T)7HA %
W 30% ¢ FF 2EF AR
@& €EF 1,000 °F (538 C)7t#] $73te).
(2 A 30 °F (17 ©)9 ¥ v §)
@ F-F9 EEE A27A] Y73

O3
ofy
=
n

[] Final age cycle for Ren. 77 and Ren. 80.
o) dx8g = Y -rw«] 25% 1,650 £ 25 °F (843 £ 14 T)7HA] A5sit}.
@& 16A17F & F ‘9‘C‘€ %] get.
@ LEF 1,000 °F (538 C)74A] W73
(F2 A 30 F (17 ©)¢ ¥ n§)
e FF ETEE A27A Y73

® 24 4 A2A

GE90 91z Turbine Center Frame After Outer Hanger 42 o] Rene 7729
Solution 2 ojo]A AFdA7|&Es ALste AP FAS AA ],

KSREAN AIR WORK ORDER LT ] i 1L L2 [ Work Order 1289354 [ B Tnsancs o
ok Onter 9 T B T &
Vi No: 00 Troson T e
e BN SUBTASK 72-54-HGROOBL~REP~260 AEMOVE COATING
Program Type. REF/ Repair Re Refer to GE90~100 ESM(PN GEK109993) 72-54-13 Repair-001 -
o o T Rovie Tl Ref Do AR TAT Rofer to GESO~100 SPM(PN GEKG250) 70-44-02 N sy e
TGRS e TESTORATION OF THE WATHG WG B 513 (1) MAINTENANCE PREPARATION e ech s
| Somrrcesingroor) g i o L V!
Sea | ACTION & TASK DESCRIPTION T Resources [ Route Number: ()
20 1| ok () [ et (2) Blend remove the thermal spray coating from surface "AD" and "AB". e I
SUBTASK 72-54-HGROOBL-REP-370 FPI . Refer 1o GE90~100 ESM(PN GEK109993) 72-54-13 Repali=001, Sublask 72-54~13-350-011
Refer to GESO~100 ESM(PN GEK109993) 72-54-13 Repair-001 Refer 1o GE90~100 SPM(PN GEK9250) 70-44-02
Refer to GE SPM (PN CGK9250) 70-32-00/70-32-03 s [Focis. T N/ (1) MAINTENANCE PREPARATION
(1) DO FPI REPAIRED AREA PER 70-32-03 Y [T + PME CONTROL NO: MEOOO.
(a) Use class "D" penstrant. e o t
(2) Blend the hanger machined areas of surface "AE".
(5) Do an inspection of the mating surfaces for thermal spray coating L T —_— 0
If you can not find thermal spray coating on the hanger, cancel OP 060/260/355. Refer to GEG0-100 ESM(PN GEK109993) 72-54-13 Repair-001 CAUTION : o il 2
Ve LEp. o HANGER
+ RESULT : No coating () / coating (_) Refer to GE SPM (PN CGK9250) 70-32-00/70-32-03
(1) DO FPI REPAIRED AREA PER 70-32-03 9B on e maling suriaces “AB" and "AD" o remove weat and make smooin. Asfr (0
(a) Use class "D" penetrant. i
Date: ech: Insp: Ny (4) Do an inspection of the remaining wall thickness at the blending area. Refer to Subtask
b " W ‘ (b) Do an inspection of the mating surfaces for thermal spray coating. 72-54-13-220-055 (paragraph 3.A.). Dimensional Information, Figure 901, Figure 902,
* RESULT : No coating () / coating (L)
0 Rowie Nommher (0

NOTE : 11 you find that the parent material wall thickness on a hanget is less than the minimurm

parent matelal thickness you cannot epal the hanger wi (i procedure.
Bcfer 10 GEOR-100 ESMIPN SEKI0080) 725413 Renel-001 fEonitd (@) Find the minimum parent maerlal a the wear areas to make sure that there s
Refer to GES0~100 SPM(PN GEK9250) 70-00-03 = [Ros e

(1) MAINTENANCE PREPARATION :

sufficlent parent materlal o let you repalr the hanger.
» Record the smallest value of thickness

+ PME CONTROL NO: MEOOD,

SUBTASK 72-54-HGRO0BL-REP~070 PRE-MACHINE *AE"

1 Do mutile checks to find the minimum value for dimension 0O

Refer to GESO-100 ESM(PN GEK109993) 72-54-13 Repair-001 thickness in the areas that havs wear on surface AD,

CAUTION : METAL THICKNESS OR DAMAGE TO THE || Rsfr to GEO~100 SPM(PN GEK9250) 70-00-03 2 00 3 chack of imension DA to find the minimum parent mataria
- (1) MAINTENANCE PREPARATION

thickness in the wear areas on surface AA and surface AE
NOTE : This step applies to surface *AE" orly. + PME CONTROL NO: MEO0O. 3 Do a check of dimension DB to find the minimum parant material
(2) Machine to remove the thermal spray coating from surface "AE"

thickness In the wear areas found on surface AB and surface AE
Flefer to 70-00-03 and Subtask 72-54=13-220-055.

CAUTION : NESS OR DAMAGE TO THE frex Cimiingh) « nprocess
(a) Set-up the hanger for machining. [Dim “DA" Min. 0.055
(b) Machine the hanger from surface *AE". NOTE : This step applies to surface AE only. [Dim *DB* Min, 0.055
(2) Machine the hanger. Refer to Dimensional Information, Figure 902 , Figure 910 Jhin: 100" M. G111
(6) Sotup the henger for machining, raex et ctua (mi) [Gw(ER) Fosut
ke T Lo (b) Machine the hanger surface "AE" to remove the wear to remove the wear of the trip Dim “DA" (A EhTOREh)
ez 0 clamp contact area. surface AE Out of Limit(inch)
0 R Nwben. () REP AN o Umi(iner) TActual(nch) + Record the range (Wi~ om D@ Limitinch)
V) Out of Limi(ncn)
[Dim *DA™ Min 0,055 Dim "DD"|Within Uimittinch)
T D AT RTINS TFsTar TS D IO [ Recaa e Trators e D I e EEEDE

1% 249 Turbine Center Frame After Outer Hanger #9334
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X 106 Program 7R} List

Program Part Description Part Number ATA REPAIR Engine Media
No. No. Type

No.

1 01001 PW4056 LPC | 51B022-01 72-31-08 09 PWA4000 Shot
1.6-4 STG DRUM
DISK

2 01003 PW4000-94  FAN | 50B221 72-31-07 License PW4000 Shot
HUB SLOT (02)
INTENSITY TEST

3 01004 FAN HUB SLOT | 50B221 72-31-07 License PWA4000 Shot
INTENSITY TEST (02)
(Radius Only)

4 01005 PW4056 FAN | 56A821 72-31-82 License PWA4000 Ceramic
BLADE (03)

5 01008 PW4000 HPC |53 H431, 723532 08 PW4000 Shot
DIFFUSER AIR | 54H792
SEAL

6 01011 PW4  HPT 2T | 50L242 72-52-23 02,05 PWA4000 Shot
PLATE OUTER
FACE

7 01014 PWA4056, 4168 | 70R693 72-61-31 04 PW4000 Shot
MGB IDG SPUR
GIS

8 01015 PW4056,4168 HPC | 50S813-01 72-35-10 04 PW4000 Shot
13~15 DURM

9 01016 MNT BRG | 310T4025-2 71-21-16 4-1 PW4000 Shot
HOUSING ID

10 | 01020 PW4000 HPT | 550102 72-52-06 04 PWA4000 Shot
REAR HUB
INNER

1 01021 PW4000 HPT | 55L102(REP- | 72-52-06 08 PW4000 Shot
REAR HUB ANTI | 08)
ROTATING SLOT

12 | 01022 PW4000 TURBINE | 50A432 72-32-84 02 PW4000 Ceramic
SHAFT NUT

13 101023 PW4056 MGB | 70R777 72-61-45 01,02 PW4000 Shot
EEC/PMA ALT
SPUR

14 | 01032 PW4056 FAN | 56A631 72-31-82 07 PW4000 Shot
BLADE ROOT

15 | 01033 PW4056 MGB IDG | 70R508 72-61-31 04 PWA4000 Shot
SPUR

16 | 01040 PW4000 HPT | 55L102 72-52-06 10 PW4000 Shot
REAR HUB
FRONT

17 | 02002 PW4168 HPT | 50L664 72-52-17 03 PW4000 Shot
INNER AIR SEAL

18 | 02003 PW4168 HPT | 53L030, 72-52-22 03,04,05 PW4000 Shot
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2STG AIR SEAL

19

02004

PW4168 LPT
6STG DISK
FRONT DIA

51N706

72-53-16

10

PW4000

Shot

20

02005

PW4056, 4168
HPC 13~15
DISK-DRUM

505813-01

72-35-10

04

PW4000

Shot

21

02006

PW4056, 4168
HPC 13~15
DISK-DRUM

505813-01

72-35-10

05

PW4000

Shot

22

02012

PW4000-100 FAN
HUB SLOT
INTENSITY TEST

51B321

72-31-07

License
(02)

PW4000

Shot

23

02013

PW4168 FAN
BLADE

58A121

72-31-82

License
(03)

PW4000

Ceramic

24

02014

PW4 MGB G/S
STARTER
CARBON SEAL

70R077

72-61-24

02

PW4000

Shot

25

02015

PW4000 MGB F/P
GEAR SHAFT

70R009

72-61-27

02

PW4000

Shot

26

02016

PW4168 LPT
5STG AIR SEAL

50N419

72-53-41

08

PW4000

Shot

27

02018

GEARBOX (REAR
HYDRAULIC
PUMP DRIVE)

SPURGEARSHAFT

70R010

72-61-29

01

PW4000

Shot

28

02019

PW4000 HPC
DRIVE SHAFT

54H767

72-35-09

05,06,26

PW4000

Shot

29

02020

PW4168 LPC
1.3~4STG DRUM
DISK

50B882-01

72-31-08

09

PW4000

Shot

30

02021

FAN HUB SLOT
INTENSITY  TEST
(PWAT75885
FIXTURE)

51B321

72-31-07

License
(02)

PW4000

Shot

31

02022

PW4 SPUR GIS
REAR BRG
JOURNAL

71R073

72-61-22

01,03

PW4000

Shot

32

02023

PW4 MGB FRT
HYD PUMP SPUR
GIS

70R691

72-61-34

02

PW4000

Shot

33

02024

PW4 IMC BEVEL
G/S UPPER BRG

50A017

72-34-21

01

PW4000

Shot

34

02025

PW4 AGB BEVEL
GEAR SHAFT

51G373

72-62-03

01,02

PW4000

Shot

35

03000

PW4090 HPC
Front Disk Drum

55H206-01

72-35-07

23,24

PW4000

Shot

36

03003

PW4090 HPC
REAR DRUM
DISK

57H210-01

72-35-10

07

PW4000

Shot

37

03004

PW4090 AGB
BEVEL GEAR
UPPER BR

50G949

72-62-02

01

PW4000

Shot

38

03005

PW4090 HPC
DRIVE SHAFT

505135

SBPW4G-1
12-72-338

PW4000

Shot
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39 | 03006 PW4090 LPT,LPC | 51A650-01 72-53-80 06 PW4000 Shot
DRIVE SHAFT
BLE

40 | 03007 PW4090 HPC | 55H190 72-35-09 06 PW4000 Shot
DRIVE SHAFT
NO3 BRG

41 | 03011 PW4 HPC 5STG | 54H705-001 72-35-06 04 PW4000 Shot
DISK SLOT

42 | 03040 PW4 HPC FRONT | 51H572 72-35-05 05,07 PW4000 Shot
HUB

43 | 05000 GE90 MNT | 1846M33G02 | 72-09-07 001 GE90 Shot
PLATFORM ASSY

44 | 05001 BOEING SB | 182W6401 SB Boeing Shot
777-55A0018 777-55A001
PIVOT 8

45 | 05002 BOEING  UPPER | 3861492-102 | 27-20-13 07 Boeing Shot

RUDDER PCA
PISTON
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7}. GE90 <A High Pressure Compressor Inlet Guide Vane ¥4 ZT 2713 AlA)

(1) ¥F Msa

GE90 91ze] High Pressure Compressor Inlet Guide Vane(e]3t “HPC IGV” )=
Fan Hub Frame Assemblye] #AZEE RFozx HPC Assembly2 Eo]7l:= Fan
Booster(Low Pressure Compressor)? *¢4537]9 H#ekE vlite] ¢4&57]e a&S =9
3, A 2E(Stal)s FEA7IE 42S Fod. 2F 92+ Fan Frame Hub Module}
HPC Module°] v} === A2 59 o))

Fan Blade

Spinner

Low-Pressure
Compressor (Booster)

I3 250 GE90 HPC IGV x| (w7t )

HPC IGV+: EPR(Engine Pressure Ratio), N1(LPC Rotor) &2 N2(HPC Rotor)
Speed 59 AXRE nlgoz AAX7tez g2 oln Fan Booster Discharge Aire %43k
< v AY HPC Assembly?] XS A}, wepx] Azl ZFA 7L 9 Tdsle]l $45F
718} Bes|dA F71F WA Fel 23 FOD(Foreign Object Damage)ell A4 k&5 o]
¥ 39, 53] Leading Edge®} Trailing Edgeel Nick, Dent, Scratch, Erosion, Tear,
Crack &9 39 Z$to] LA, ol=st W ZAFEL 53] EWEES Ho] W= Inner
Trunnion® Outer Trunnion % Leading Edge$} Trailing Edgeel AZ 7% High
Cycle Fatigue(HCF)el| 23t s}¥7} A sic}, HPC IGVel 323371 A7jW HPC IGV7}
IOD (Inner Object Damage)”?} o] HPC, HPT(High Pressure Turbine), LPT(Low

- 183 -



Pressure Turbine)?] EE Blade$} Vaneol €A% of7|sw, A& 79 Engine Surgee®l
2]3} In-flight Shut Down(IFSD)-& 2AXZ $£% 9t}

o]8]8t o] =2 HPC IGVY Inner/Outer Trunnion Z(°]3} "Area A", 13 XX #=x)9
Leading Edge$} Trailing Edgee] 243 341 Z{¢2 AL7s 7€ 24 3% F¥7t
Brletar A g 7)ok}, oS Eo] Area A9 Leading Edgeol4 2= Nick: 749l
239l 0.003 inch B} Zoj7} 23 AF A3 =3 A& & fldh. &, 0.003 inch &
t} Az geow Ig=E A AALEe] shestel. 2 wek Area A9 Leading Edge®l
Tearyt Cracke] 2R P chd 1 37)¢ Mgt A Qo] BF 7] dAdo]dt.

I8 sH 23] Area AZ A9 3 Vaned 71&dl EE(o]3} "Area C")ol] AT A9
+ Blend Repairg F#33te] A8716d FFLE IJEAZ 5 s odF E° Area C9
Trailing EdgeclA] Teart} Cracke] 274 AS$ 1 A" 2R QA ZHoj| A4 = ¢
o, A Aol ARgle]l 1 Zelsk 0.060 inch Rt} Frhd Blend Repairg F3 s}t
87158 Fe® wE 4 9th. Blend RepairZt 7bsst 239 T/ ofiel 2.

- Area C9 Nicks, Dents

- Leading & Trailing Edge? Tears, Cracks
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IGV {15-480)

JUNCTION
RADIUS

&
|

oM. D

TRAILING EDGE

.

LEADING EDGE

1 va

U ARER A0

\ JUNCTION

JUNCTION RADIUS

RADIUS
INNER TRUKNION

INHER PLATFORM
TRUNKION

——~D0isC

e

J2 251 GE90 HPC IGV Eoj¥ wR

) 3 v B AeT

=
°i JJr 2, 7]%—, A= Aol g Atelt}. AMS 2432 A]HJ 4— g 3]y
oj7} B Z 2N AT F8 AF HyTt AR FAE Rod v A3 A
Zpell Al s F S LHI WA FA o7 A|Fste] AH| o o]A} o RE AA7to R
F A Fh F AFelAE AMS 2432 Aubell o] AlZ% Progressive Surface A9
RPB6952 v & 24315 t).

HPC 1GVE] 9 #91: SREE AT Vane Edwt APHnz vdo] Bax] ge 29
g Jte)7) s FAFE RAE MTE 2Ale] AFTFE Al ohelet el Bt

HPC IGVE @7o] dstal 9y diAdde] ¢F=2 550 9o 3/8 inch ID9 Id =&
< HPC IGVY ¥4 di4dde] 905 257 55 =279 39},

N S

<
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= 252 GE90 HPC IGV ]9} Atulof] M= &

(3) 93 4 2A

B

HPC IGVel Blend Repairg F3q3¥ Fe 5 3 F&9 EZAZE &5 AA=H] WiFS5o|
9] Fo] =EHt}. o] wW] RE =t Al ZUAI} HA G2 AHo|BE ZHAE FA
J2AES F3ANI7] fd A9 A4S FRdH ek I HPC IGVE 2A 71 &3, 74
Zed WAo] Forng Iy dFe] ZFo| A4 HYsl7] 93l Ceramic Beads A43 QS
sk, HPC IGVE #Y 71 ol gt 2},

Bead A}e] = 7300
Almen Intensity 6N - 7.8N
Coverage 125%

& FAe] @&l Nozzled Ast 5% 3= @< AAVL 7Hedtgth. £% Intensity
+ Stand Off Distances 8 inch & A3 Ao 4 Feed Rate 20 in/sec, 10 in/sec,
5 in/sec, 2.5 in/sec Z}Zte] A3l Almen Strip TestE 433} Saturation Curved A
Aslgdel. o) [13 XX] ¢ Saturation Curve® EW Air Pressure 7 psig, Media
Flow 8 lb/min ZZA|4 T1°] 5.405 sec/in & w] Arc Height7} 6.7301% T2(T19 ¥
)7} 2.703 sec/in € W Arc Height 7.4003 ¢ 90% = Intensityel] 333s &9
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»

32

= 253 GE90 HPC IGV Actual Arc Height
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Machine ID: Enter New Machine 1D Process Sheet: Enter New Process Sheet
Part Number: All Media Change Program: 00012
Part Description: Media Change Part Prog Fixture: APMOD2 90DEGREE
Date-Time: 22017 2:00:05 PM
Exposure: Feedrate Desired Delta: 10
Exposure Units: infsec Air Pressure: PSIG T
Process Type: Pressure Blast Shot Size: Z300
Almen Fixture Type: Simple Media Flow: Ib/min 8
Strip Type: N Orifice Plate Size: MY
Arc Height Units: Inches Stand Off Distance: 8
Nozzie ID/Type: 38 Angle of Impingement: 90
Intensity Range: 6 Notes:
Intensity Data - Location: 01
Exposure: 20 10 5 2.5
Arc Height - Run 1: 4.5 5.8 6.9 TE
Arc Height - Run 2: 4.6 5.8 6.8 T4
Average Height: 455 58 6.85 T.45
] T1 L2
g - LE)
z 6
I‘:“ 4
o 4
£
52
0 : I i ) * T t I L T : I L 1 ¥ I I
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45
Exposure - 1/Feedrate - 1/(in/sec)
Location 01 Results: T1: 5405 infsec T2:2.703 in/sec
Data Within Range Intensity: 6.7301 N {ln) Arc Height: 7.4003 N (In)

(4) 99 =279

I3 254 GE90 HPC IGV Saturation Curve

HPC IGVE] 3y =279 Azhs ofsh 2o,

N100(09994)

N101(GE90 VSV AIRFOIL BEAD PEENING)

N102
N103

N104M48 (RESET SURFACE TIMERS)
N105#998=-1 (SET SURFACE NUMBER TO -1)
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N106

N107G00X62Z61.438A0B0 (MOVE ROBOT HOME)
N108M41 (SELECT MEDIA TYPE #1, NON FERROUS)
N109

N110(AIR PRESSURE PARAMS)

N111#520=[4*10] (AIR PRESSURE LOW SHUTDOWN)
N112#521=[6*10] (AIR PRESSURE LOW ALARM)
N113#522=[7*10] (AIR PRESSURE SETPOINT)
N114#523=[8*10] (AIR PRESSURE HIGH ALARM)
N115#524=[10*10] (AIR PRESSURE HIGH SHUTDOWN)
N116

N117(SPINDLE SPEED PARAMS)

N118#525=[17*10] (SPINDLE SPEED LOW SHUTDOWN)
N119#526=[19*10] (SPINDLE SPEED LOW ALARM)
N120#528=[21*10] (SPINDLE SPEED HIGH ALARM)
N121#529=[23*10] (SPINDLE SPEED HIGH SHUTDOWN)
N122

N123(MEDIA FLOW #1 PARAMS)

N124#530=[5*10] (MEDIA FLOW #1 LOW SHUTDOWN)
N125#531=[7*10] (MEDIA FLOW #1 LOW ALARM)
N126#532=[8*10] (MEDIA FLOW #1 SETPOINT)
N127#533=[9*10] (MEDIA FLOW #1 HIGH ALARM)
N128#534=[11*10] (MEDIA FLOW #1 HIGH SHUTDOWN)
N129M45 (SAVE RECORD)

N130G04X3 (DWELL)

N131

N132G01G90X15.8Z17.1B30F1000

N133G04X4 (4 SECONDS DWELL)

N134

N135M03 S[20*10] (RUN SPINDLE CLOCKWISE AT 20 RPM)
N136M71 (BLAST AIR ON)

N137M51 (BLAST #1 MEDIA ON)

N138G04X3 (DWELL)

N139

N140BOF500

N141712.1F5.41

N142717.1
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N143B30F500

N144

N145M61 (BLAST #1 MEDIA OFF)
N146G04X4 (4 SECONDS DWELL)
N147M81 (BLAST AIR OFF)

N148MO05 (STOP SPINDLE)

N149G04X7

N150(THIS COMMENT REQD AFTER MO5)
N151G04X1 (DWELL)

N152M44 (READ MACRO DATA)
N153G04X4 (DWELL)
N154G00X62761.438A0B0 (MOVE ROBOT HOME)
N155G04X2 (2 SECONDS DWELL)
N156COF10000

N157G04X2 (2 SECONDS DWELL)

N158

N159M02 (END PROGRAM)

%

. After Engine Mount ¥ Z 2713 A7

(1) & Me

2

ot
off o

Engine Mount+
Fo2 izl 39
3
Hof o

" g

3%7] Pylon(@37]¢ A& AZAs= F2E)d AFs= A4
7ol A= g&EE s}, FEHS 337)q =
S8 =77 ad. a2 A3 2H1F U FEEF 7

©
|

L_LIN_,

F U
ze A

au

olo

[ ofo
Fi?

GE90 91zx1¢] 79 Fan Frame Hubel Forward Engine Mount’} Z#% 3, Turbine
Rear Framee°l] After Engine MountZ} Z3 %] 9t}. ¥ /¢ Mounts Thrust Linkel
s Ao AR FHE F /| Mountel ZF A2 § JEE AAE o] 9},
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a2 255 GE90 After Engine Mount 9 X|(®7F )

After Engine Mount= After Engine Mount Platform, Whiffletree, Left Link,
Right Link, Failsafe Link ¥ 57/ ¥&%°o2 FA=cglct. Platforme Elely ZAlolx
Yz] 47 BFL 99349 LA e}, After Engine Mount Assembly®] #4& [21¥ XX]¢}t
). ¥ AForE= After Engine Mount Assembly®] Platform3} Left Linkel] A3k
A A3 & Post-Blend Repair Shot Peening 33& AA 3¢, 2+ %4 Blend

Repair7} 75 2 $1x13 /L ol 2o}
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AFT ENGINE MOUNT
PLATFORM

& M = A
LINK FAILSAFE ‘\—1{,/
LINK

T2 256 GE90 After Engine Mount Assembly®] /g

O Platform

- Clevis Hole Bore&t Edge =2 Bore9 Nick, Scratch

- Left, Right Failsafe Thrust Clevis Bore® Fretting

- Right Hand Clevis® Inner Surface?] Fretting

- All Other Area?l Nick, Scratch

- Pylon Interface® Fretting

- Mating Surface? Pick Up, High Metal

- Bolthole Outer Surface®] Central Whiffletree Clevis®] Fretting

- Bolthole Outer Surface?] Left, Right Hand Clevis® Fretting
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O Left Link

- All Plain Bearing Surface$} Lug Hole Bore?} Edge®] Nick, Scratch

- All Other Area®] Nick, Scracth

F9 ®HAI}EL Nick, Scratch, Fretting, High Metal 59 Minor Defecte]t}. &9
23] 7171 Aejete fid 23 F-9el F-2lo] BAZY FFo] 3, 4 FAlo] AFEW ul
E5 = 3t Aol FAlel A&t wE SE Aol A WFE FAiEo] sty o|F
g k. o] F AEy] 91 mHZFe] A Blend Repairg F33te] FAlo] WAL 5
S FHEHA 89S AAS AL, HRF] BAs = 7S @l ofgtt. Blend Repairg:
P F-9+= o)A 9 madvt BF AAHY] ool Aude] g,

(2) g A 2 25T

After Engine Mount Platform® 73-$- Platform® Upper Surface’} FdolBn=z HE «]
2 FT o] I3 Au)e] gHlo|Eo] &€ Aol 9IS X x4}, Platforme Boreg 7

1/4 inch OD9] Lance [(1% XX] & A}£3}¢] Bore Inner Surfaced] RzZte = —L]‘a‘ol %
2 ol B oA

F AEF 34

12 257 GE90 After Engine Mount
Platform mYd 25
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(3) 93 4 AA

After Engine Mount Platform< EA FA7} F43, 39 2 wHAo] ylon, HALr}
E2 EEely &Alo]BE Conditioned Cut Wires AH8-3 393& 34389}, Platforme] 3
Y 71 ofele} 2.

Bead Ale]= CCwW14
Almen Intensity 4A - 8A
Coverage 100%

E3% Intensity= Stand Off Distances 1/2 inch & A3 Aejo]4 Feed Rate 20
in/sec, 10 in/sec, 5 in/sec, 2.5 in/sec ZtZ}e] W3] Almen Strip TestE 4335}
Saturation Curved AAstgch. ofl [13 XX] ¢ Saturation Curved EWH Air
Pressure 28 psig, Media Flow 4 Ib/min Z7Ze]A T1e] 10.526 sec/in € W Arc
Height7} 6.2369% T2(T1¢ Fu])7} 5.263 sec/in € W Arc Height 6.8553¢] 90%
£ Intensityel] i3g< A 4 st
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Machine ID: 1978 Process Sheet: CCW1i4
Part Number: 1/4 OD LANCE RDU TEST Program: 00050
Part Description: CCW20, CCW14 FEEDRATE TEST Fixture: Enter New Fixture
Date-Time: TH2/2016 11:36:57 AM
Exposure: Feedrate Desired Delta: 10
Exposure Units: infsec Air Pressure: PSIG 28
Process Type: Pressure Blast Shot Size: CCW14
Almen Fixture Type: Simple Media Flow: Ib/min 4
Strip Type: A Orifice Plate Size: MY
Arc Height Units: Inches Stand Off Distance: 12
Nozzie IDType: 1/4 OD LANCE Angle of Impingement: 45
Intensity Range: 4 -8 Notes:
Intensity Data - Location: 01
Exposure: 20 10 5 25
Arc Height - Run 1: 5.3 6.4 6.8 7.2
Average Height: 5.3 6.4 6.8 7.2
°] B

o T1

S 6

« |

-

a4

{ 4

£

L IS L T N R l I
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Exposure - 1/Feedrate - 1/(in/sec)

Location 01 Results: T1:10526  infsec T2:5.263 inisec

Data Within Range

Intensity: 62369 A (in}

2 258 GE90 After Engine Mount Platform Saturation Curve

(4) 34 ==

05000
N100

Arc Height: 6.8553 A (In)

N101(GE90 MNT FLATFORM CCW20 1/40D LANCE)
N102(EM72-09-07)

N103

N104M48(RESET SURFACE TIMERS)
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N105#998=-1(SET SURFACE NUMBER TO -1)

N106

N107G00X62Z61.438A0BO(MOVE ROBOT HOME)
N108COF500

N109M42(SELECT MEDIA TYPE #2, STEEL )

N110M91 (CHECK FOR STEEL MEDIA SIZE CCW 14)
N111

N112(AIR PRESSURE PARAMS)

N113#520=[25*10] (AIR PRESSURE LOW SHUTDOWN)
N114#521=[26*10] (AIR PRESSURE LOW ALARM)
N115#522=[28*10] (AIR PRESSURE SETPOINT)
N116#523=[30*10] (AIR PRESSURE HIGH ALARM)
N117#524=[31*10] (AIR PRESSURE HIGH SHUTDOWN)
N118

N119(MEDIA FLOW #2 PARAMS)
N120#535=[2*10](MEDIA FLOW #2 LOW SHUTDOWN)
N121#536=[3*10](MEDIA FLOW #2 LOW ALARM)
N122#537=[4*10](MEDIA FLOW #2 SETPOINT)
N123#538=[5*10](MEDIA FLOW #2 HIGH ALARM)
N124#539=[6*10](MEDIA FLOW #2 HIGH SHUTDOWN)
N125

N126(ROTARY LANCE SPEED PARAMS)
N127#540=[143](ROT LANCE SPEED LOW SHUTDOWN)
N128#541=[145](ROT LANCE SPEED LOW ALARM)
N129#542=[150](ROT LANCE SPEED SETPOINT)
N130#543=[155](ROT LANCE SPEED HIGH ALARM)
N131#544=[156](ROT LANCE SPEED HIGH SHUTDOWN)
N132M44(READ MACRO DATA)

N133G04X4(DWELL)

N134

N135G01G90X0.93Z36A-16.3B0COF500(MOVE TO START FLOW)
N136

N137M71(BLAST AIR ON)

N138M78(ROTARY LANCE ROTATION ON)
N139G04X3(DWELL)

N140M52(BLAST #2 MEDIA ON)

N141G04X7(DWELL)
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N142

N143G01G90X0.93229.39F100(TOP)
N144G01G90X-1.2722.74F10.526(BOTTOM)
N145G01G90X0.93229.39(TOP)
N146G01G90Z36F500(MOVE TO STOP FLOW)
N147G01G90Z45F500

N148M62(BLAST #2 MEDIA OFF)
N149G04X7(DWELL)

N150M81(BLAST AIR OFF)

N151M88(ROTARY LANCE ROTATION OFF)
N152

N153G00X62Z61.438A0BO(MOVE ROBOT HOME)
N154COF1000

N155M02(END PROGRAM)
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Tack Welding

LPC 4t Blade(518404)

23"

0.5"

29"

14”

o

I3 260 PW4000 9Xl LPC 4™ Blade Fixture

I3 261 PW4000 LPC 4™ Blade Peening %3
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Machine 1D: Enter New Machine ID Process Sheet: Enter New Process Sheet
Part Number: Enter New Part Number Program: Enter New Program
Part Description; Enter New Part Description Fixture: Enter New Fixture
Date-Time: 81272016 7:01:25 AM

Exposure: Time Desired Delta: 10

Exposure Units: Seconds Air Pressure: PSIG 30

Process Type: Pressure Blast Shot Size: CCW20

Almen Fixture Type: Simple Media Flow: Ih/min 15

Strip Type: A Orifice Plate Size: MY

Arc Height Units: Inches Stand Off Distance: 8

Nozzle IDiType: 3/8 INCH Angle of Impingement: 45

Intensity Range: 6 -5 Notes: ROTATION SPEED: 10/MIN

Intensity Data - Location: 01
Exposure: 30 60 120 240
Arc Height - Run 1: 6.7 1.6 7.8 8.2

Average Height: 67 76 78 82
10—

Arc Height - A (In)

T1:3248 Seconds
Intensity: 6.8595 A (In)

Location 01 Results:
Data Within Range

T T T I T

104 130 156 182 208

Exposure - Time (Seconds)

T2: 657 Seconds
Arc Height: 75458 A {In)

T3 262 PW4000 LPC 4™ Blade Saturation Curve
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T3 263 PW4000 LPC 4™ Blade Actual Arc Height
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BACKGROUND:

KAL reported crack finding during FPI on PW4090 LPC Drum (PN 52B121-01, SN
CBDUBS99703), 3rd stage disk lug. Based on provided photo in attachment, it appears the
crack initiated from forward to rear of the lug, curved area and 0.2 inch long. TT/TC s 38,470/
5.917. No engine operational event, FOD, bird strike was reported and no abnormal condition
was reported from this engine/module maintenance work at shop.

(ElelOEGEEICEEEEEIOEIIOIEIIE]

QRCAECeEEeeeeeeeceeeeee@
REQUEST:

Please kindly review this finding report and let me know if you need more info.

Just in case CT5 think it need a CPR investigation for this case, please let me know.

KAL is asking if PW is interested in this case for further investigation.

ANSWER:

Thank you for the report of the LPC drum 3rd stage lug crack in drum PN 52B121-01, SN
CBDUBS9703. As you are aware there have been a number of drums that have expernienced
similar cracking of the lug. PW has reviewed and investigated several of these drums in our
lab. At this time we do not find a need to investigate further cracked drums however we do
appreciate KAL's offering of the drum for investigation.

PW has undertaken an engineering task which has investigated the 3rd stage blade slot lug
cracking and determined that the cause of the cracking is due to galling and fretting of the
contact surface between the disk slots and the blade’s root. Corrective action has been
identified which will involve the addition of root coating on the blade and anti-gallant to the 3rd
stage blade slots. An Engineering Change is in process to add the coatings with expected EC
approval by the end of the 3rd Quarter 2016.
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N10

N11(PW4056 LPC BLADE R&D TEST )
N12
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NI13(INTENSITY 6~9A)

N14M48(RESET SURFACE TIMERS)

N15#998=-1(SET SURFACE NUMBER TO -1)

N16

N17#998=01(SET PROCESS OPTION NUMBER)
N18(90 DEGREE NOZZLE)
N19G00X62761.438A0BO(MOVE ROBOT HOME)

N20

N21G01G90X28Z25A0B0OF500

N22

N23(SPINDLE SPEED PARAMS)
N24#525=[7*10](SPINDLE SPEED LOW SHUTDOWN)
N25#526=[9*10](SPINDLE SPEED LOW ALARM)
N26#528=[11*10](SPINDLE SPEED HIGH ALARM)
N27#529=[13*10](SPINDLE SPEED HIGH SHUTDOWN)
N28G04X1(DWELL)

N29M44(READ MACRO DATA)

N30G04X4(DWELL)

N31MO03S[10*10](RUN SPINDLE CLOCKWISE AT 10 RPM)
N32M42(SELECT MEDIA TYPE #2, STEEL )
N33M92(CHECK FOR STEEL MEDIA SIZE CCW 20)
N34(AIR PRESSURE PARAMS)

N35#520=[28*10] (AIR PRESSURE LOW SHUTDOWN)
N36#521=[29*10] (AIR PRESSURE LOW ALARM)
N37#522=[30*10] (AIR PRESSURE SETPOQINT)
N38#523=[31*10] (AIR PRESSURE HIGH ALARM)
N39#524=[32*10] (AIR PRESSURE HIGH SHUTDOWN)
N40

N41(MEDIA FLOW #2 PARAMS)
N42#535=[12*10](MEDIA FLOW #2 LOW SHUTDOWN)
N43#536=[13*10](MEDIA FLOW #2 LOW ALARM)
N44#537=[15*10](MEDIA FLOW #2 SETPQOINT)
N45#538=[17*10](MEDIA FLOW #2 HIGH ALARM)
N46#539=[18*10](MEDIA FLOW #2 HIGH SHUTDOWN)
N47G04X1(DWELL)

N48M44(READ MACRO DATA)

N49G04X4(DWELL)
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N50M71(BLAST AIR ON)

N51M52(BLAST #2 MEDIA ON)
N52G04X7(DWELL)

N53X28717.43B0F300

N54G04X32.8(T1: 32.8 SECONDS DWELL)
N55

N56224.7

N57X13.17

N58B-90

N59A45

N60G04X32.8(T1: 32.8 SECONDS DWELL)
N61

N62MO5 (STOP SPINDLE)

N63G04X7

N64(THIS COMMENT REQD AFTER MO5)
N65MO04 S[10*10] (RUN SPINDLE COUNTER CLOCKWISE AT 10 RPM)
N66

N67X26.7

N68713.78

N69A-13.5

N70B26.16

N71G04X32.8(T1: 32.8 SECONDS DWELL)
N72

N73Z30F200

N74X0

N75A0B0

N76Z17.43

N77G04X32.8(T1: 32.8 SECONDS DWELL)
N78G01G90X0Z30A0BOF500

N79

NSON81M62(BLAST #2 MEDIA OFF)
N81G04X7(DWELL)

N82MS81(BLAST AIR OFF)
N83G00X62Z61.438A0BO(MOVE ROBOT HOME)
N84MO5(STOP SPINDLE)

N85G04X7

N86(THIS COMMENT REQD AFTER MO5)
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N87COF10000
N88MA45(SAVE RECORD)
N89G04X3

N90

NI91IMO2(END PROGRAM)
%

2}. PW4000 Inch 9% Fan Blade Airfoil Bead 99 9+

a2 269 Airfoil Intensity Check A]™
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Intensity Data - Location: 01
Exposure: 4000 2000 1000 500
Arc Height - Run 1: 124 156 174 192

Average Height: 12.4 15.6 174 192

20 o T2]

16—

Arc Height - N (In)

ﬂ' T T T | T |

0006 0012 .0018
Exposure - 1/Feedrate - 1/{in/min)

(4) 94 =219

01005

N10

N11(PW4056 FAN BLADE AIRFOIL BEAD PEENING)
N12(MEDIA : CERAMIC BEAD SPMC102-3)
N13(INTENSITY : 15 - 19N)

N14

N15

N16M48(RESET SURFACE TIMERS)

N17#998=-1(SET SURFACE NUMBER TO -1)

N18

N19G00X62Z61.438A0BOCO(MOVE ROBOT HOME)
N20

N21(AIR PRESSURE PARAMS)

N22#520=[27*10] (AIR PRESSURE LOW SHUTDOWN)
N23#521=[28*10] (AIR PRESSURE LOW ALARM)
N24#522=[30*10] (AIR PRESSURE SETPOINT)
N25#523=[32*10] (AIR PRESSURE HIGH ALARM)
N26#524=[33*10] (AIR PRESSURE HIGH SHUTDOWN)
N27

N28(MEDIA FLOW #1 PARAMS)

N29#530=[7*10] (MEDIA FLOW #1 LOW SHUTDOWN)
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N30#531=[8*10] (MEDIA FLOW #1 LOW ALARM)
N31#532=[9*10] (MEDIA FLOW #1 SETPOINT)
N32#533=[10*10] (MEDIA FLOW #1 HIGH ALARM)
N33#534=[11*10] (MEDIA FLOW #1 HIGH SHUTDOWN)
N34

N35(SPINDLE SPEED PARAMS)

N36#525=[18*10] (SPINDLE SPEED LOW SHUTDOWN)
N37#526=[19*10] (SPINDLE SPEED LOW ALARM)
N38#528=[21*10] (SPINDLE SPEED HIGH ALARM)
N39#529=[22*10] (SPINDLE SPEED HIGH SHUTDOWN)
N40G04X1 (DWELL)

N41M44 (READ MACRO DATA)

N42G04X4 (DWELL)

N43

N44M41(SELECT MEDIA TYPE #1, NON FERROUS)
N45

N46G01G90X13Z53F500(MOVE TO THE PART)

N47

N48M71(BLAST AIR ON)

N49M51(BLAST #1 MEDIA ON)

N50G04X3(DWELL)

N51

N52G01G9I0X2Z48A66B74.5C8F1428

N53X-6

N54X2A74C10.5

N55X-6

N56X2A80

N57X-6

N58

N59X-5Z56A46.9B0C-346

N60X12B0.7C350

N61X-5Z56A46.9B0C-346

N62X12B0.7C350

N63

N64X-4Z48A66B-88

N65X5

N66X-4A74C7

N67X4
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N68X-4A80

N69X4

N70

N71
N72X14.4750.8A5B1.35C-342.8
N73Z18C31.7
N74X9Z27A55B1.2
N75729.3A20B18.2C-8
N76X9Z27A55B1.2
N77229.3A15B18.2C-6
N78

N79728.8B-5.5C50
N80A60B-5.92C-44.0
N81728.8A15
N82A60B-5.92C-41
N83Z28.8A15

N84

N85
N86X15221.8A-57C276.
N87B18

N88B-18
N89X15720A-68B18
N90B-18

N91X16.5B16

N92B-16

N93
N94X14721.8A-57B-20C-100
N95B20

N96B-20
N97X14Z20A-68C-98
N98B18

N99B-18

N100X15.5B16
N101B-18

N102

N103
N104X15.6Z721.8A10.1B3.72C-232.8
N105X16748.8A2.9C-168
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N106239.3C192.5

N107X16.5B-3C175

N108B-30

N109

N110

N111(AIR PRESSURE PARAMS)

N112#520=[22*10] (AIR PRESSURE LOW SHUTDOWN)
N113#521=[23*10] (AIR PRESSURE LOW ALARM)
N114#522=[25%10] (AIR PRESSURE SETPOINT)
N115#523=[27*10] (AIR PRESSURE HIGH ALARM)
N116#524=[28*10] (AIR PRESSURE HIGH SHUTDOWN)
N117

N118(MEDIA FLOW #1 PARAMS)

N119#530=[6*10] (MEDIA FLOW #1 LOW SHUTDOWN)
N120#531=[7*10] (MEDIA FLOW #1 LOW ALARM)
N121#532=[8*10] (MEDIA FLOW #1 SETPOINT)
N122#533=[9*10] (MEDIA FLOW #1 HIGH ALARM)
N123#534=[10*10] (MEDIA FLOW #1 HIGH SHUTDOWN)
N124

N125G04X1 (DWELL)

N126M44 (READ MACRO DATA)

N127G04X4 (DWELL)

N128

N129X16.5Z47A0B-41.2C284F1250

N130B42.4C-228

N131B42.6C-54.4

N132B-41.8C98.4

N133Z46

N134B42.8C-54.4

N135X17.5B39.6C-235.3

N136X16.5B-41.5C278.9

N137Z45

N138B42.6C-234.5

N139X17.5B39.5C-62.2

N140X16.5B-41.1C96.5

N141744

N142B42C-55.8

N143X17.5B42.2C-236.8
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N144X16.5B-41.1C290.9
N145743
N146B39.6C-249.9
N147X17.5B42.3C-67.0
N148X16.5B-41.1C97.53
N149742
N150B42.3C-70.43
N151X17.5B41.8C-240.78
N152X16.5B-41.5C284.38
N153741
N154B41.9C-260.68
N155X17B41.3C-71.45
N156B-41C99.3
N157740
N158B41.3C-68.9
N159B41.9C-249.4
N160B-41.2C287.0
N161739
N162B41.4C-264.2
N163B41.8C-74.1
N164B-41.9C108.4
N165738
N166B41.8C-71.6
N167B41.4C-255.9
N168B-41.4C293.1
N169Z37
N170B41.9C-262.7
N171B41.3C-67.9
N172B-41C119.6
N1737Z36
N174B41.8C-76.0
N175B41C-262.87
N176B-41.85C292.93
N177Z35
N178B41C-266.2
N179B41.8C-79.9
N180B-41C113.8
N181Z34
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N182B41.3C-77.4
N183B41.5C-268.1
N184B-41.8C291.4
N185Z33
N186B41.1C-266.8
N187B41.4C-77.19
N188X16.6B-41.5C118.8
N189732
N190X16.2B41.6C-84.3
N191B41.2C-259.8
N192B-41.1C293.6
N193Z31
N194B41.2C-269.9
N195B41.6C-76.9
N196B-41.5C120.5
N197Z30
N198B41.3C-83.7
N199B41.9C-270.9
N200B-41.1C294.7
N201Z29
N202B41.3C-270.5
N203B41.7C-80.4
N204B-41.6C127.9
N205Z28
N206B41.3C-84.3
N207B41.5C-271.1
N208B-41C297.8
N209Z27
N210B41.5C-280.8
N211B41.4C-87.85
N212B-41.6C128.4
N213Z26
N214B41.9C-84.8
N215B41.6C-278.9
N216B-41.4C306.0
N217Z25
N218X16.2B41.1C-278.94
N219B41.92C-89.2
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N220B-41.2C132.8

N221724

N222

N223(AIR PRESSURE PARAMS)

N224#520=[27*10] (AIR PRESSURE LOW SHUTDOWN)
N225#521=[28*10] (AIR PRESSURE LOW ALARM)
N226#522=[30*10] (AIR PRESSURE SETPOINT)
N227#523=[32*10] (AIR PRESSURE HIGH ALARM)
N228#524=[33*10] (AIR PRESSURE HIGH SHUTDOWN)
N229

N230(MEDIA FLOW #1 PARAMS)

N231#530=[7*10] (MEDIA FLOW #1 LOW SHUTDOWN)
N232#531=[8*10] (MEDIA FLOW #1 LOW ALARM)
N233#532=[9*10] (MEDIA FLOW #1 SETPOINT)
N234#533=[10*10] (MEDIA FLOW #1 HIGH ALARM)
N235#534=[11*10] (MEDIA FLOW #1 HIGH SHUTDOWN)
N236

N237G04X1 (DWELL)

N238M44 (READ MACRO DATA)

N239G04X4 (DWELL)

N240

N241B41.9C-95.2F1428

N242B41.4C-288.4

N243B-41.6C304.93

N244723

N245B41.9C-294.7

N246B41.1C-98.3

N247B-41.3C142.3

N248722

N249B41.2C-98.7

N250B41.4C-292.8

N251B-41.3C308.9

N252721

N253X15.2B41.8C-302

N254B41.2C-98.5

N255B-41.6C147.2

N256

N257
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N258Z25A25B-42F1428
N259X12.5Z22A15B42C-79.4
N260Z25A25B-21C113.3

N261B22C289.3

N262722A15B-36C334.2
N263Z25A25B35C-286.8

N264

N265

N266M61(BLAST #1 MEDIA OFF)
N267G04X3(3 SECONDS DWELL)

N268

N269X18B0F300

N270M04 S[20*10] (RUN SPINDLE COUNTER CLOCKWISE AT 20 RPM)
N271

N272Z50F100

N273Z20

N274

N275M81(BLAST AIR OFF)

N276MO05 (STOP SPINDLE)

N277G04X7

N278(THIS COMMENT REQD AFTER MO5)
N279

N280G00X62761.438A0BO(MOVE ROBOT HOME)
N281COF3600

N282

N283MO2(END PROGRAM)

%
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