Dai-si-wei 2018/9/303 [EGE-C50TF22 S17 ARG [2005/5 1

Special Print-Will Not Be Kept Up To Date
PR B R LERHT AR A i

Specification No.C50TF22 #1378 No.CSOTF22

Issue No.S17 4 No.S17

Date February 23,2005 H# 2005 42 H 23 H

Page | of 13

GE Aircraft Engines/GE ¥ #15| % CAGE Code 07482 CAGEf{i%07482

Ceneral Electrfe Company i [ LS A 7] Supersedes C50TF22-S16 Hft C50TF22-S16
Cincinnati,on 4521s
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parts,designs,or configuration changes or to obtain FAA .or-any. other government or
regulatory approval to do so.lf consent is given for reproduction in whole or in part,this
notice and the notice set forth on each page of thistdocument shall appear in any such
reproduction in whole or in part.The information,contained in this document may also be
controlled by the U.S.export laws.Unauthorized export or re-export is prohibited.
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SPECIFICATION i 71

PREMIUM QUALITY 6A1-4V TITANIUM ALLOY BLADES AND VANES

Lt 6A1-av Bk & et AT

1.SCOPE

1.1 Scope.This specification covers requirements for Premium Quality 6A1-4V titanium alloy
blades and vanes.

1.1 JEEl. ATEEFEIR 6A1-4V EKA &M A 9 EE K

1.1.1 Classification.This specification contains the following class(es).Unless otherwise
specified,the requirements herein apply to all classes.

1117028 AR S LT BRIESHE, BALRIZESREH T Brf 20 .

CLASS A: Double Vacuum Arc Remelt (VAR) A 2% XU 75 FEHTE A (VAR)
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CLASS B: CANCELLED-Use CLASS A HXJH - {#F CLASS A.

CLASS C: Triple VAR = VAR

CLASS D:Hearth Melt Plus VAR Jriasbin VAR

CLASS E: Double VAR-Fan and Large Compressor Blades X{ VAR XU KBS R4 WL A
CLASS F: Triple VAR-Fan and Large Compressor Blades = VAR XU Fl K BY R4 WL A

CLASS G: Hearth Melt Plus VAR-Fan and Large Compressor Blades 4Tt VAR-Fan 1K
JE4EHLH A

CLASS H: Small Hearth Melt Plus VAR /NP i 4554 1T VAR

CLASS I: Small Hearth Melt Plus VAR-Fan and Large Compréssor Blades /)N FHLIA 14 1 VAR X,
SRR R 4G ML F

PREPARED NW Betcher £ | REVIEWED Evendale/Lynn i | APPROVED EVENDALE It #E
NW Betcher 1% Evendale /Lynn i) EVENDALE

APPROVED GE Best lt#E[) | DISTRIBUTION 10A%) A& 10A | LYNN

GE Best

CSOTF22-517

1.2 Definitions.The terminology useéd herein'is in accordance with AS 1814.For purposes of
this specification,the following definitions shallapply:

1.2 58 Lo WAL RIAGE FF & AS 181408 T AU H i, LR 5E XN shallapply:
Alpha Case-A continuous hard\white oxygen rich alpha-phase surface Layer.

Alpha Case-A &2 (05 2 d AR Z

Bar-Converted matefrial having a circular or rectangular cross section area of less than or
equal to 16.0.square.inches(103.2 cm).

IR R LR B T A AR N T 8055 T 16.0 5 98~ (103.2 JE2KD.

Beta Transus-The minimum metal temperature that alpha-beta processed material can be
heated to transform it completely to the beta phase. Beta Transus-1] LLII#K a - B AbFEFFR}
MK mim e, s AR B AH.

Capability-The words"shall be capable of" or "capability test" indicate characteristics or
properties required in the product but for which testing of each lot is not
required.However,if such testing is performed by the Purchaser,material not conforming to
the requirements shall be subject to rejection.

REJ) - “PNRENS” BR “REJIINA” — iR R IR AR ST, (AN T R
o= AT IR (H, WU KT AT, M RART &

Crack-A separation,rupture or fissure altering the continuity of the surface,usually narrow or
tight and characterized by sharp edges or abrupt changes in direction with depth to width
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ratio of 4 to 1 or greater.
HEg - o E, BB NCRRINNESE, @E AR ER, HAHEE T 44
(R BT A [ RIRABA, IRFELE RN 4 T 1 B K.
Established Procedure-A procedure that is subject to Purchaser approval and is contained in
a controlled document.lt includes limits,controls,and applicable standards.
CEAL L FP-A B 52 K07 i T F A0 B e 2 4 S rb o R HE BRI, 428 i R0 P AR i
Forging Run-A run of parts at final forging operations that was processed utilizing the same
setup and forging techniques.
WIGIBAT - RS ABOE RAE A s FH AR [R] ) 8 B A BBGE RO AL B ) 2R 4
Hand Operation-An operation where the part or tool is held by an operator.
FERAE - HE RRA T TR ERAE.
Heat-The ingot and ingot product produced from the final melt.
TFaRiE - BE RIRERA s T R RAE.
Heat Treat Lot-All parts heat treat processed within a single or multistep.run in the same
continuous or batch type furnace with no change in the furnace settings or interruption of
power.
PALFRAL IR - A AR BEAE R e 2 sl A B T SRR B IS AT A, T
BB AR E ) F b
Inclusions-Particles of impurities or foreign materials that are present or introduced during
any stage of alloy processing.Examples include a Type | Hard Alpha Inclusion formed by high
interstitial element content and a high density inclusion(HDI)formed by refractory mmetals
such as tungsten or molybdenum.
KA - AEE SN TR TR BAREEEE AN 2% 51 5 5 0 RO o S35 6,455 B vy ) it
TG E TR | BRI a e W RN b M I VR 4 S T BRI v B e k) (HDD
LUEEEIRE R
Intergranular Attack-Preferential attack occurring at grain boundarieswith negligible attack to
adjacent grains.
A [T DL FR G T B e X S(o 0 % v s SR /= T A 9B e 52 1 N i
Lap,Fold,Seam-A dark.irregular-line caused by the plastic working of metal that may create
overlapping surfacesthatiare not fused together.
FH 4 B PRI L S S VR (0 AN e, T RE 2= AR KRRl S E — RS I 23R
2

[GE PROPRIETARY INFORMATION Subject to restrictions on the cover or first page]

C50TF22-S17
Large Compressor Blades-Compressor blades having a plan view airfoil surface
area(maximum chord width multiplied by the airfoil span at stacking axis)greater than 30.0
square inches(193.5 cm2).
KBS EAEHU - R gaplit Fr AT F 1 B RS AR (fe K% B8 3fe LAHE AR il iy 3 A
PERE) KT 30.0 *FJ5 98~ (193.5cm 2).
Macroetch-Chemical treatment of a metal surface to accentuate structural details and
anomalies for visual observation.
Macroetch-{b 2= Ab B4 SR THT,  LAGE HE S5 A 4015 F0 e i A0 s ML 22
Metal Temperature-The actual temperature of the material,including temperature variation
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from sources such as furnace tolerance,etc.For example,if a metal temperature range of
1725F to 1825'F (941'C to 996'C)is specified as part of the heat treatment process
requirements and the heat treatment is to be performed in a furnace with a furnace
tolerance ofl 25'F(+ 14'C)from set temperature,the furnace controltemperature shall be set
to achieve a nominal metal temperature in the range of 1750F to 1800'F(954C to 982C)to
assure that the metal temperature does not exceed the specified limits.If a
1300'F+25'F(704'C1 14'C)metal temperature is specified,and the furnace tolerance is+ 15"F(+
8'C)then the furnace control temperature shall be set to achieve a nominal metal
temperature of 1290"F to 1310'F (699'C to 710'C).

SRR - MBI SERRIREE, QAR A Z S RIE IR E . B, nRe i
JulE 7y 1725F £ 1825'F (941'C % 996'C) HEARE N KL T2 ER AT AL N AE 4P i
NEETRIENN 125° F (+14'C) I AT, P das il 8 N 1508 9 br PR SR I i 22 3 FE
4 1750F % 1800'F(954C % 982C), LA T4 J il i AN i L 7 PRI PR - 4n SR 4558, 1300'F
+25'F (704'C1 14'C) JBIRSE, T AZE N+ RIEHR TGl E BE 15 “F (+8'C),
PLUABIARFR &8I 12907 F & 1310'F (699'C & 710'C)4

Premium Quality-Material produced under special process,and qualitycontrol requirements
and used primarily for critical rotating and orbiting parts.

PERT - ERPIR T2 TS AE G ZR N A = ARk, 32 E 1 SR i) e i A aE J k.
Purchaser-The procuring activity of GE Aircraft EngineS(GEAE)thatissued the procurement
document invoking this specification.When this specification is invoked by a U.S.Government
purchasing activity (or such activity's designee)the Purchaser shall mean such activity or
designee as the case may be.

KTj - GE FiAE A AIHL (GEAE) HISKIMNESN L 68 1 3% 5| ARG RGO 2438
FE UM RIS 3 (Bu g sh e € N ), 51 FARRITERS, K07 Rifis BARTE LT e 2RE
BNEFRE N

Segregation-Volumes 4in the alloy product containing an abnormal contentof alloying
elements.These segregated volumes appear as zones of abnormal quantities of either the
alpha or beta phases “of titanium. Alpha-rich segregation is called Type |
segregation.Beta-richisegregation is called a beta fleck.

it - S G®IGERE S ERE S T AR X LR T AR R I BRI o 2B
FH S BRI (B o« B O 1 BN, B SR T RN B B
Supplier-Source ‘other than GE Aircraft Engines(GEAE)who provides material,parts or
services,fonincorporation into GEAE products.

BENR - GECRHLAZINL (GEAE) DAAMHHAdRIE, Seftrtrl, T8RS, DMEHAN
GEAE /= it o

Type | Hard Alpha Inclusion-An interstitially stabilized alpha-rich region of higher hardness
and lower ductility than the surrounding normal matrix.Ilt arises from a high local
concentration of one or more of theelements nitrogen,oxygen or carbon.

| BEET o A5 - —FhAIRRAS E M S & o X, s, CRePER T E R IR
B, BRE —FEZMITRE, AR R

1.3 Regulated Materials.The requirements of P2TFI|,CL-A,shall be complied with.The
material(s)shown below were referenced in this specification and P2TF1,CL-A,as of the date
of this specification issue. The list below does not include all materials which are referenced

Shaanxi huaxi titanium industry CO.,LTD -4- / 17



Dai-si-wei 2018/9/303 [EGE-C50TF22 S17 ARG [2005/5 1

in sub-tier documents.
1.3 ZERIAME. BFFE P2TFL, CL-A MJEER. AHE 51 T Frs KA BT A R
WRAZ HE P2TFL, CL-A.  LARFIRAGIE T Z 0 5| BT A MR
There are no referenced materials.
BHZEGERL.
3
[GE PROPRIETARY INFORMATION Subject to restrictions on the cover or first page]
C50TF22-S17
2.APPLICABLE DOCUMENTS & FH S0 14
2.1 Issues Of Documents.The following documents form a part of this specification to the
extent specified herein.Unless otherwise indicated, the latest issue shall apply.
2.1 AR PR SO R AR BB P I — 3870, BRAESS AU, & W SHTRA I
AEROSPACE MATERIAL SPECIFICATIONS
AMS 2249
Chemical Check Analysis Limits Titanium and Titanium Alloys
SR A BT BRI AR ER 5 <
AMS 2642
Structural Examination of Titanium Alloys,EtchAnodize Inspection
NER A NESY AL T A AR E R A rall
AMS 2750
Pyrometry

AEROSPACE STANDARDS fi 4% bt

Terminology for Titanium Microstructures

BRI R ARAE

AS 1814

AMERICAN SOCIETY FOR TESTING AND MATERIALS 3 [E R 581 8l 242
ASTM E8 Tension Testing of Metallic Materials 4 )& £4 1 i 56

GE AIRCRAFT ENGINES SPECIFICATIONS GE KAHL&R ShHLEIAE

ESOTF148

Axial StraimControl Low Cycle Fatigue Testing of Metal Test Bars
1) 2 AR il S 1 9 57 1

PITF28

Premium Quality Multiple VAR Titanium Base Alloys

% VAR £k &4

P1TF73

Premium Quality Hearth Melt Plus VAR Titanium Base Alloys
fIt 5l Hearth Melt Plus VAR £k3E &4

P1TF79

Metallic Test Specimen Preparation,Low Stress

&R AR, RN
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P1TF103

Premium Quality Small Hearth Melt Plus VAR Titanium Base Alloys
P IN EAE AN VAR BR4E &

P2TF1

Regulated Materials

SE IR R

P3TF2

Fluorescent Penetrant Inspection

GBI

P3TF5

Radiographic Inspection

CIES T

P3TF19

Examination of Wrought Titanium Alloys for Alpha Case
B JR VR 2R e O B < ARG 56

P3TF25

Structural Examination of Titanium Alloys,EtchAnodize Inspection Procedure
ERE e gt ss, Rl R E R AR

P3TF34

Ultrasonic Inspection of Metallic Bar Stock Using Pulse Echo Immersion Techniques
i R 1 s AR T 46 i A s s Al

PATF3

Cleaning of Titanium

ERRIE T

P10TF1

Vacuum Heat Treating and,Brazing

B AR BT R

P11TF3

Shot Peening of Metal Parts

P29TF40
Acceptability Limits for Fluorescent Penetrant Inspection of Compressor Blades and Vanes
JEA AL ORI By (8258 D' 2 3 Ao i ) P 8 52 11 PR o

GE AIRCRAFT ENGINES PHOTOGRAPHS

320817

Titanium Microstructure at 100X,Level 10 and Level 20
BRI S5 FI7E 100X, 10 4 A1 20 2

320818

Titanium Microstructure at 100X,Level 30 and Level 40
ERTE FITE 100X, 30 Z0F1 40 4
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4

[GE PROPRIETARY INFORMATION Subject to restrictions on the cover or first page]
C50TF22-517

320819

Titanium Microstructure at 100X,Level 50 and Level 60

EKFRZE FITE 100X, 50 2l 60 2%

320820

Titanium Microstructure at 100x,Level 70 and Level 80

ERFU A5 MITE 100x, 70 ZF1 80 2

$20181

Acceptable Shear Banding

A2 B V)

$20182

Limit of Acceptable Shear Banding

AT FERZ (BT P R )

3.REQUIREMENTS3. Z3R

3.1 Bar And Forged Parts. #EF1iE 1)

CLASSES A AND E:Parts shall be produced from 6A1-4V titanium alloy bar.Bar shall be double

VAR processed and converted using procedures and aeceptance criteria in accordance with

P1TF28,CL-A.Ultrasonic inspection of finished bar shall be performed in accordance with

P3TF34,CL-A,CL-B or CL-D.Acceptance testing may,be performed on one end of each bar

utilizing an Established Procedure approved by the Purchaser.Bar shall be finished

byalpha-beta processing and machinedsor centerless ground.Substitution of CLASS C Or

CLASS D Or CLASS H For CLASS A and CLASS F Or CLASS G Or CLASS Ifor CLASS E is permitted.

ARHE G TR 6A1-AV G ST . BRI VAR 402, JREME P1TF28,

CL-A PR 7 RIS S RIE HEAT it . 1 R ()38 PR VR A B S 4% B P3TF34, CL-A, CL-B B}

CL-Do ] LA F SE 7 AR BE € A2 P AE BT ) — i BEAT 3 Sl i e #F RIS o - B b 2R

FIHLIN T BT Lo HL T 58 il o CLASS C BY, CLASS D BX, CLASS H X -J- CLASS A il CLASS F 5%

CLASS G B{ CLASS Ifor,CLASS E & fe 1 .

CLASSES C AND F:Parts shall be produced from 6A1-4V titanium alloy bar.Bar shall be triple

VAR processed, and converted using procedures and acceptance criteria in accordance with

P1TF28,CL-B.Ultrasonic inspection Of finished bar shall be performed in accordance with

P3TF34,CL-A,CL-B or CL-D.Acceptance testing may be performed on one end of each bar

utilizing an" Established Procedure.Bar shall be finished by alpha-beta processing

andmachined or centerless ground.Substitution of CLASS D for CLASS C and CLASSG for

CLASS F is permitted.

CHIF 2 AR SR 6A1-4V ERG SMEA A 77 A SR FH = 2 VAR I L, R4 8 P1TF28,

CL-B HREFr MG SObR e HEAT B e o B 75 IR S0 St P A S 42 8 P3TF34, CL-A, CL-B B

CL-Do A LM F O 57 AR PP AE B A ) — S EAT 32 32 ko AT RO a - B ARBEAIIN T

B O SE . CLASS D I #y CLASS e ¥R CLASS F ) C il CLASSG

CLASSES D AND G:Parts shall be produced from 6A1-4V titanium alloy bar. Bar shall be

hearthmelt plus VAR processed and converted using procedures and acceptance criteria in

accordance with P1TF73,CL-A.Ultrasonic inspection of finished bar shall be performed in
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accordance with P3TF34,CL-A,CL-B Or CL-D.Acceptance testing may be performed on one
end of each bar utilizing an Established Procedure.Bar shall be finished by alpha-beta
processing and machined or centerless ground.
D Fl G 2&: TAFRIH 6A1-4V Ak A& FEMI K. HRYE PITF73, CL-A, {3 FFE P AG Sebr v
SFHEAA AT I AN 4. MRS P3TF34, CL-A, CL-B B CL-D #EATHIA BAGLG . Wi
W AR SR P AR RN — I AT o AT RGE o - B ALBRAIHLIN T ETG Ot
Tl 56 A o
CLASSES H AND I:Parts shall be produced from 6A1-4V titanium alloy bar.Bar shall be small
hearth melt plus VAR processed and converted using procedures and acceptance criteria in
accordance with PITF103,CL-A. Ultrasonic inspection of finished bar shall be performed in
accordance withP3TF34,CL-A,CL-B Or CL-D.Bar shall be finished by alpha-betaprocessing and
machined or centerless ground.Substitution of CLASS C or CLASS D for CLASS H'and CLASS F
or CLASS G for CLASS | is permitted.
) H R 1 AR 6A1-4V kA AT o FRRA/NEL P i AS AT VAR AREE, I % IR
PITF103, CL-A FIFEF IS UWSCAREEAT G4 . 1l e V8 RO I A4 T P3TF34, CL-A,
CL-B & CL-D #E4T . FENLEL o - B AL AN TE TG Lo hGE R o X CUASS H £l CLASS D
AT, FT CLASSH Fil CLASS | [¥] CLASS F B, CLASS G s 70T 1)
3.1.1 Chemical Composition,Weight Percent.Material supplied to this specification shall have
the following composition:
3.0 Er, EEA . AVERR A RN B BT Bl
Aluminum-------- 5.50-6.75,AL<<0.30%
Vanadium-------- 3.50-4.50V<<0.30%
Tin,Molybdenum,Copper, 4%, %H, %
Manganese,and Zirconium, % fll%k,
5

[GE PROPRIETARY INFORMATION Subject to restrictions on the cover or first page]

C50TF22-S17

Iron------------ 0.30 Max. Fe<<0:30%
Oxygen---------- 0.20/Max.0<:0.20%
Carbon---------- 0/05 Max.'C<0.05%

Nitrogen-----=-= 0.05 Max. N<<0.05%

Hydrogen-------+ 0.0125 Max. H<<0.0125%

Yttrium-4=----~ 0.0050 Max.[1] Y<:0.0050%

Boron-fffj----— 0.0014 Max. B<<0.0014%

Each-—---- 0.10 Max. f/~<0.10%

Total------ 0.20 Max. =3£<0.20%

Other Elements, L& It%K,

Each----0.10 Max.[1]

Total---0.20 Max.[1]

Titanium---Remainder [1] £k 42[1]

Note:[1] Determination not required for routine acceptance.
e [AE R A 7 EE i E -

3.1.1.1 Chemical Analysis.The analysis made by the Supplier to determine the percentages of
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elements required by this specification shall conform to the requirements of 3.1.1 and shall
be xeported in a certificate of test.

3.1.0.1 Aot BERIE i E A RVE BRI o B 2 U EAT R0 B N AT & 3.1.1 1Y
TR, I SAEDNRIE 5 A g AT S ]

3.1.1.2 Other Elements.The "Other Elements"covered in 3.1.1 may be residual metallic
elements from the sponge making process or from the use of recycled material in the
melting process.No intentional additions of metallic or non-metallic materials shall be made
other than titanium, aluminum,vanadium,iron and oxygen.

3.1.1.2 HAh T &R 3.1.1 kg “HAhooR” AL IgAHIE S R RSB ITER,
WA LR s AR TP AR SR TR . ANA BRINEREEEE /MR B
TER, 48, B, BRI DAAMEG AT b

3.1.2 Beta Transus Temperature.The bar or forging Supplier shall determine the'beta transus
temperature for each heat of bar material used to produce parts procuredito this
specification.

3.1.2 Beta Transus I J¥ . B4 Bl (it B s R e B T A ASKITERIE) %5 0 ) A3 Fh i A4
ET B HARTRE

3.1.3 Bar And Part Suppliers.Bars and parts shall be procured-only. fromSources approved by
the Purchaser.

3.1.3 KT RAEN R . ST AN ZA e NS5 AR B8 R

3.2 Material Processing.Parts supplied to this specification shall beproduced from alpha-beta
processed bar.All processing shall be performed‘inaccordance with Established Procedures
which shall be controlled as specified herein.

3.2 MPRHIN o ASHUVEHE B 104 s = B TAR A= . A I T35 i e i e IR
FPHEAT, AR NAZAS SO E #EAT 12

3.2.1 Process Control.Suppliers shall maintaina controlled document with effective controls
for each step of the processingfsequence. Significant process parameters shall be identified
along with their corresponding control points and control limits(within engineering
requirement limits).Process»parameter measurements shall be made at the control
points.Frequency ofieontrol point monitoring shall be identified.Procedures for documenting
and processing control limit violations also shall be identified.

3.2 Xt TR AR N ORI SO, KA ERY (RN P R ARG B
| EEL SRR o R S S AR L P 42 ) e A ) BRAE (FE AR SR limits ). I FE S &
PLAEFE AN EHEAT . VR 2 ] I AR o SR A AL BRI PR RE I RE e A 1%
T E -

3.2.1.1 Process Parameter Control.The controlled document shall be subject to approval by
the Purchaser and,once approved,no changes to thesignificant process parameters shall be
made without obtaining written approval from the PurchaserWhen any of the significant
process parametersexceed the defined control limits,the Supplier shall follow procedures
defined in a controlled document.

3.2.1.1 IRESHEEN . I SCHERE LT HAE, —&HtiE, RESLTBIvrnT, A
HESBESHHATAEM AL . SR EE RS HOE e sl FRE], R N
P23 A RUE IR FR

3.2.2 Hogouts.Parts may be machined directly from alpha-beta processedbar if approved by
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the Purchaser.If parts are machined from bar,the machining Supplier shall be considered the
part Supplier for purposes of this specification.
3.2.2 Hogouts.Parts 7] LLEL#% M alpha-beta 1 LAFIN Lo dnsRET7dtkitk, Qi 202 s
1 1 P 9 A 1) R A B N e O 2 A
6

[GE PROPRIETARY INFORMATION Subject to restrictions on the cover or first page]
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3.2.3 rorging Proces8,Unless machined directly fron bas,parts shall beTorged at a selected
Cemperature using an Eatablished Procedure,The maximumMetal Temperature to which the
slugs or preforms are exposed shall not exceedthe Deta transua temperature minus
25"F(14'C) during any operation of che Corging procens,The material shall be heated to the
salected Metal Temperature and the temperature variation within the material shall not
exceed 1 25"T (1 14'c),The forging temperature used shall be recorded.
3.2.3 rorging Proces8, PFRIEE B MICHEHATIN T, 75 0] SiAd FH O 8 a7 1R 7 76 3% 5 1R
BTN BB BEAT N T, Ao 2% BT A 2 R 1) B v 4 i NS I Deta transua i
225 “F (14'C)  FEARATHRAEERE A, AORLS N S i I i i S ARE A (1) 2
AAEARRGHERE 125 “T (114'c), MidHEERE
3.2.4 HeatTreatment.All heat treat and processing temperatures rererEo Metal Temperature
and all times refer to the minimum time at temperaCUEGror Che thiakest section,leat treat
temperatures shall be mmaintained Withint259F(t 14"C)of the Metal Temperatures
specified.
3.2.4 LI . A K BANIN TR 50 6 JR R AN all X2 2% iR E S AT T B 1) fe 7y
IFIE),  CREFIRE N 11 (R FFAETE E SRR 259F (114 “C).
3.2.4.1 Hleat Treat Requirements,Before machining,all forged parts and bar for hogouts shall
be heat-treated at 1300"F (704"C)for 2,0 houra In accordance with an Eatablished Procedure.
3.2.4.1 Hleat AL ZR, 7510 T, Birf #o 4 A1 H T hogouts HIFEH M. 7E 1300 F(704”
O THEATHALEE, FFEH Ay 2.0 h iR C LR .
3.2.4.2 3tress Relieving,Blades and vanens that have been subjected to bonding,torging or
other plastie deformation processes at temperatures belOW1100'T(593'C)shall be stress
relleved.Additional stress rellef operatLonsmay be perrormed in acdordance with this
paragraph,Parts shall be BtrOSé6relLieved at 1020"F(549'"C)for 2 hours.8tress relief after-
peening;coatingand thread rolling operationg ds not permitted.
3.2.4.2 /R T 410° T (593'C) HYIREE 252k, M s A B IR LN 3 SN
JIHER, RN ST LTI R o BTN D) V8 B ERAE FT RE s iR AR B g AT AL BE, 5
ff BtrOS6 M7E 1020 “F (549'” ©) TFHHT 2 /N8 NAVFHHAT /G ALEE, IRZEFIRSUR
JE AR
3.2.5 Cleaning.Part and in procens cleaning ghall be in accordance withPATF3,CL-A,with the
following additiongt (a)Halogen levels in excesa of 50 ppm are permitted for forging
lubricanta and solutiong used to remove forqing lubricants,and Lor ringe water uaed during
in-process cleaning unless the ringing operation ing followed by a thermal process
performed at a temperature greater than 500"F(260c). (b)The presence of antrapped
machining coolant compounds having a halogen content in excens of 50 ppnm 1s permitted
during the removal of aneapsulation material providod the removal process is performedata
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metal temperature not to exceed 675"F(357"c).
3.2.5 7 Ve, ERAEAIALEE B TS B R PATF3, CL-A 3HAT, FRASINBAFAZ: (a) 4Mins)
H ) 22 A 50 ppm,  FoVE A TBRAETE T AR T R BRIE W IEE RS, BAX Lor
ringe BRAEFERT 500 “F (260c) MURIE FHEATHAEIE, SREHATHGERE, 5 7N T
R R EMAK. (b) fA7E X & S &k 50 ppnm 1s MIHLEIN TA EFIGEY 1525
BERARH I R R VT 2B E AR, BRI 675 “F (3577 o).
3,2.6 Peening_ Requirements,All parts supplied to this specification shall be peened or
otherwise surtace @nhanced after all thermal treatments, metal removal in the designated
peen areag,initial fluorescent penetrant inspection and before coating.
3,2.6 WIALER, ARTEIRMEI A TSN A BRI, $5Em AT 8 2R, ¥
B GIBZ R B FIUR 2 AT EAT 15T ALAL 3 Bl HAth it
3.2.6,1 Airfoil Peening.Compressor blade and vane airfoils shall be glasa beadypeened in
aroas specified on the drawing to an intensity of 0.006to 0.012 incheg(0.152 to 0.305. mm)N
using Number 5 bead in accordance with P11TF3,CL-A,Fan blade airfoils shall be peened as
specsfied on the drawing,Care must be taken on small,thin airfoilg to not damage the
edgeswhon uaing the upper limit of the intensity range,Hand dressing of edges of Liniohed
parts to remove raised metal resulting from handling damage‘is\permitted without repeening
provided the operation is part of an EstablishedProcedure.
3.2.6,1 BRI, RAEHLI BRI Fr 3R SR P HVRI E 1K) 05 T BERD SR EE D 0.006 &
0.012 incheg (0.152 % 0.305mm) N, ffif'S SERKL, & PLITF3, CL-A, KU fr#
T 4% AR E R E BEAT WS FULAL B . A5G NI T B A, DA S 4 R o BV L B
1 Mih%, FI1LIE% Liniohed RN Z, VLEBREHIL AN EEE. WREREZ
EstablishedProcedure [f]—#4), NIFapsbids fim A E S .
7
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3.2.6.2 Dovetail Peening.Blade dovetails and vane roots shall be steelshot peened in areas
specified on the drawing to'an intensity of 0.004 to 0.008 inches(0.102 to 0.203 mm)A using
an $110 or S170 shetsize in accordance with P11TF3,CL-A.
3.2.6.2 MG EEMEMTH & FREIASHLE B XA, AT 110 87 S170 HYRF 42/ P11TF3,
CL-3#/E N 0.004 %% 0.008 Fi~} (0.102 & 0.203 22K A [FIBLIHE R R IH: F AR 3832047 1
FAC A, — N
3.2.6.3 Small Part Peening.When specified on the drawing,blades and vanes with very thin
airfoils which 'may be susceptible to peening-induced distortion may be tumbled using a
Purchaser approved process to achieve desired surface enhancement.
3.2.6.3 NEBMFm L. WP, ORI R AR, RS WOALGERIATE, W]
DU SR N AT I 200, LS S B AR I R T 92 .
3.3 Acceptance Criteria3.3 KU bnE
3.3.1 Acceptability Limits.Forgings and parts supplied to this specification shall be uniform in
quality and free from imperfectionsr such as cracks,voids,pits,laps,segregation and inclusions
detrimental to the performance of the finished parts.
3.3.1 W PERR . ARG R R BN, JEHEE B, g,
R, MG, WL RETAR IR, AR R PERE .
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3.3.1.1 Inclusions.One or more inclusion in any forging or part may subject the entire heat to
disqualification.
3.3.1.1 RIRW) o AFRATHRAT B AT o ) — AN B AN 2R P AT REAT AN INF R AL
3.3.2 Macroetch Inspection.CLASSES E,F,G AND | ONLY:After completion of all processing
operations except peening or tumbling,coating and airfoil tip machining,parts shall be
macroetched in accordance with AMS 2642 and then inspected to acceptance limits in
accordance with P3TF25,CL-A.
3.3.2 Macroetch Inspection.CLASSES E, F, G Al | {7 5€ iliBRmE ML EGENR, REMBE IR
Ui I T2 AN T B I TR I, NA% IR AMS 2642 Xt 41347 Z 00N T, SRIE1% 8 AMS
2642 B2 IRAA 8 H P3TF25, CL-A.
3.3.3 Radiographic Inspection.Forgings and parts shall be capable of being free from
radiographic indications interpreted as cracks,voids or inclusions.Radiographichindications
having a maximum dimension of less than0.015 inch(0.38 mm)are considered
non-interpretable.
3.3.3 SFARMRARRI A . SR RIS e 08 36 G S A IEAH 4R el R AR 4%, B el 2%
Yo BRNST/NT0.015 35 (0.38 ZK) 1S IRAREE /Rl N 2 AT ERE I o
*3.3.4 Mechanical Properties.Tests for mechanical properties,shall“beperformed on each
heat of mmaterial from each bar size used to producesforgings.Specimens shall be cut
longitudinally from the bar and heat- treated in accordance with the requirements of this
specification.Parts andforgings shall be capable of mmeeting the mechanical properties
requirements of this specification.
3.3.4 HUBPERE. BERR T AR PSR AR IR 4 T Ak IRk 1) A B SR AT AL i 1K
BREN WA B DIE, 4% ARG EESR AT PV BE . AR R T R s
JEAFRTE AR BEZEK
*3.3.4.1 Tensile.Bar shall meet thetensile requirements of Table I.
3.3.4.1 Pifife FERLHE R — IR E K
Forgings and parts shall be capable of meeting the tensile requirements of Table I.
AT R A L BE T 2 R — W A 22K
8
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Table I - Tensile Properties

®1 - hrfikag

Property &% Requirement at Room Temperature 22 it 2 3K
Tensile Strength,Minimum,psi(MPa) i35, /)N, psi (MPa) 130.000(896)
0.2% Yield Strength,Minimum,psi(Mpa) 0.2 % JIE IRIESE, /N, psi (MPa) 120.000(827)
Elongation(% in 4D) Percent Minimum 1% (4D%) /N4t 10
Reduction of Area,Percent Minimum Ji/D T, #/NE 73 EL 25

3.3.4.2 RIEA G ER. FR. G124 Y drawing IRIEIARE 57 MR A F8 e i, N
$% 18 ES0TF148, CL-A 4T
3.3.5 £AMKGE . A B BRI S -
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B RIAEGN A &) 7wl W B 5 AT B ) AT EAE B S20181
F1 520182 Frn I n] B2 52 AR o B B A1 R ZH U138 5 GEAE phto 320819 117 60
oo FESH [RKTF 0.2 ) (051 =K1 BAMALGUR AN B2 .

3.3.6 WILBIERI (FPD.

3.3.6.1 KILBIER AR .

3.3.7 B E R . BRI E A EAS IS 0.0125%.

3.3.8 i) B O RBIAT AT o i B AN B R AR R I Ty (IGA) BT 7R V2993 491

9
[GE PROPRIETARY INFORMATION Subject to restrictions on the cover or first page]
C50TF22-517

3.3.9 Surface Requirements.There shall be no visual evidence of oxidediscoloration on
finished parts.Pickling,descaling or other surface polishing to remove. discoloration is
permitted if part of an Established Procedure.

3.3.9 RIMEK . BUmEs i EASAE S L I stdiRdE o WSS BT 7 1 — 7
W SO VFREAT A B, BRI A R T Y DAV BRAE €

3.4 Testing Suppliers.Inspections,testing and test specimen machiningspecified herein shall
be performed only by Suppliers approved by the Purchaser.

3.4 MERAERFR o AL 2 B ES,  CAIARE N RAN HH S 7 #i e i AL R AT
3.6 Material Traceability And Accountability.Bar, shall be traceable inaccordance with
P1TF28,CL-A or CL-B,or P1TF73,CL-Ajor P1TF103,CL-A.

3.6 AR AT IE P AN 51T 14 . BAR N AR$EPITF28, CL-A 5 CL-B B P1TF73, CL-A 8{ P1TF103,
CL-A HEATIE IR

3.6.1 Forging Traceability.The forging Supplier shall maintain a systemto permit traceability of
forgings to the forging run,mmelt source heat number and heat treat lot number.Each
serialized or lot numbered,part produced from bar shall be traceable to the ingot.

3.6.1 B PAE P ARG RN T N OR K — N R G, RVFRAT AE W B BOE 1T, R
FEORN AL PR g AN B A P 1 2R 51 5t 5 224 B 1 38 W B B4 5

3.6.2 Forging Accountability.The forging Supplier shall certify all chemical and mechanical
testsépecifiedhherein.The forging Supplier shallmaintain a system documenting disposition of
all procured bar.

3.6.2 BOGHT e HBOG LR P SO I AL AR AE H T AT AL S ARG e B AT VAR . B v
Fo 2 ORI SR FITAT SR A 3 A B 1) 3R 5

3.6.3 Machining Traceability.The machining Supplier shall be responsible for maintaining the
traceability of forgings or bar to the heat number and heat treat lot number.

3.6.3 MRG0 AR S R R A7 DT 4R P S A R A B FAER AN B A R S T I
PEs

3.6.4 Machining Accountability.The machining Supplier shall document the results of all
required tests and inspections that are not performed by the forging Supplier.

3.6.4 I LHTAT . N AH S P 2 1 SR A A L P A PAAT ) BT B A A P 45 2R
4.QUALITY ASSURANCE PROVISIONS

4. J5 B RAUE 2K

Shaanxi huaxi titanium industry CO.,LTD -13- / 17



Dai-si-wei 2018/9/303 [EGE-C50TF22 S17 ARG [2005/5 1

4.1 Test Procedures.All testing shall be performed in accordance withASTM standards or
methods approved by the Purchaser.The Supplier shall inform the Purchaser of the test
procedures used.Once these procedures areestablished,they shall not be changed without
approval of the Purchaser.
4.1 PWRFERF o FrA M B A% I ST HEHE ) ASTM BRUEER T VEIREAT o« fH 7 8 5 0 3K
J7 A IRy e — HARSLIR SRR, R LTTHIME, AN
4.2 Chemical Analysis.Chemical analyses shall be performed in accordance with ASTM
standards or methods approved by the Purchaser.
4.2 WA A BT N AL IR ASTM FR i B S 7 e (1) T k347
4.2.1 Chemical Check Analysis Limits.Chemical check analysis limits shall be in accordance
with the chemical composition requirements herein andthe limits of AMS 2249.
421 ERG A BT BRAR o AP AS A 20 HT BRAB B AR5 AR S 27 il 70 BE KA AMS 2249 1R
fE.
4.3 Beta Transus Temperature. Beta transus temperature shall be determined in accordance
with the following:
4.3 B B AR IR B NARYE LR TV E -
CLASSES A and E:P1TF28,CL-A 255 A fll E: P1TF28, CL-A
CLASSES C and F:P1TF28,CL-B
CLASSES D and G:P1TF73,CL-A
CLASSES H and I:P1TF103,CL-A
10
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4.4 Furnace Control.Furnace surveys and calibration of temperature controllers and
recorders for forging preheat furnaces shall be in accordancewith Established
Procedures.Furnace surveys and calibration of temperature controllers and recorders for
heattreatment furnaces shall'be in accordance with AMS 2750 or P10TF1,CL-A.

4.4 P . BT R OR R Fa ) A RO A I A DR A HE B & DL LR
¥ o FAKEER i AR 25 AL A B P A IR AR HE LT & AMS 2750 B P1OTF1,
CL-As

4.5 Radiographic Inspection.Radiographic inspection of bar forgings andparts shall be
performedin accordance with P3TES5,CL-A.

4.5 SHERI B BRI AR I S B B i A% P3TES, CL-A #E47.

4.6 Mechanical Properties L I BE

4.6.1 Tensile.Tensile specimens shall be prepared and tested in accordance with ASTM E 8.
4.6.1 e FLAAE R ASTM E 8 il FlikEe .

4.6.2 Low Cycle Fatigue.Strain control low cycle fatigue test specimensshall be prepared in
accordance with P1TF79,CL-A using a Purchaser approved specimen configuration and tested
in accordance with E50TF148,CL-A. Switching from strain control to load control in
accordance with E50TF148, CL-A is permitted.

4.6.2 IR D7 o AR T ARG I 7 B A it N2 AZ R PATF79,  CL-A AT K7 At gl
FCE BT HI 4%, JF%IE ESOTF148, CL-A HHATIAES . R4 ESOTF148, MRAZ 1) 46 3
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AR, VI CL-As

4.7 Metallographic Inspection.Microstructure shall be evaluated at 100Xmagnification on
samples  prepared using  standard  titanium  alloy  polishing  andetching
procedures.Microstructure acceptability shall be determined by comparison to GEAE photos
320817,320818,320819 and 320820.Shear banding acceptability shall be determined by
comparison to GEAE photos S20181 and $20182.

4.7 SRRSOV EE R NEAE 100X TR A5 280 WS FH AR HEER & S IO FI IO AR e il £ 1)
FE AT VAL . RO RM B nT ez Bl 5 GEAE [ 320817,320818,320819 I
320820 MILLIBCKRIfE . BIVIAT AT 2 1 NIt 5 GEAE MR A I EL BRI E . S20181
A1 520182,

4.8 Fluorescent Penetrant Inspection.Fluorescent penetrant inspection shall'be performed in
accordance with P3TF2,CL-H.

4.8 JOGBERE . vOUBER ENIZM P3TF2, CL-H #17.

4.9 Hydrogen Limits Of Finished Part.Chemical analyses for,hydrogen content shall be
performed in accordance with ASTM standards,or methodshapproved by the Purchaser,on
specimens cut from finished parts or on specimens' representative of finished
parts.Representative specimens shall have the same nominal composition as the parts they
represent and shall be processed along with parts through “all chemical and thermal
processes.

4.9 R ARSI S ERW A PTRAZ I ASTM PR el L7 e 777%, K
ritt oA B AR R B i A AR i B D)L T o ARG i B B A A [F] IR RR PR A7)
VEREATHTARER R AT, R8I P 15 A AL S 2 — e in L

4.10 Intergranular Attack And Alpha Caserlnspections.Examination for IGA shall be performed
at between 400 to 500X magnification on representativespecimens mounted with the
surface to be polished at a nominal‘angle 0f'90 degrees to the original specimen surface and
prepared using a standard titanium alloy polishing procedure.Examination for alpha case
shall be performed in accardance with P3TF19,CL-A.

4.10 4 [H]JE AT Alpha TS 2T 1GA (KA SL7E 400 2 500 f5 UK R T, ARRIEFE
SRR G R, 5 UG AR TR 90 BERIARFR AL, A AR R & St
TR il g o SRR N #2 E P3TF19, CL-A HEAT.

4.11Macroetch Inspection.Macroetch inspection of forgings and parts shall be performed in
accordance with P3TF25,CL-A.

411 77 WG ET & AR AN A 1) 7 RS B A% R P3TF25, CL-A 3EAT S

4.12 Shot Peening.All peening of airfoils,dovetails and vane roots shall be performed in
accordance with P11TF3,CL-A or CL-C.

4.12 WEHRALER . HLEE, AT AR 00 I A R 4% R P11TF3, CL-A BY CL-C 4T,

11
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5.PACKAGINGS, %%
5.1 Packing.All material shall be packed to prevent damage,loss orcontamination during
handling,shipping or storage.
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5.1 f%. FraMESN AR, DB EAR, @il iR, ERsysi.
5.2 Marking.Each shipment shall be legibly marked with the purchase order
number,Supplier's name,quantity,batch or lot number and this GEAE specification
number,class and issue number.

5.2 hride BEANTUAFRIE R HAR IR B, SRR ARR, BE, et s Lk
It GEAE FUkE S T, R FIS 5 o

5.2.1 GEAE Manufactured Parts.Packages of parts manufactured by GEAEshall be marked and
shipped in accordance with the procedures set forth inthe GEAE Shipping and Receiving

system.

5.2.1 GEAE #illi& 214 .GEAE ffill it i) 2245 40 25 N 1% I GEAE 2518 Fi 5% 2 G0 Ml e R P i3k AT
Frid fEiE

6.NOTES

*6.1 Purpose.This section contains information of a general nature, which may be helpful,but
it is not mandatory.lt does not contain any requirements.

*6.1 Hie AW EE—BIEER, TSGR, EAGE Sl TER. €AV & F ] %
*6.2 Classification Of Characteristics.This is furnished as an‘index tothose paragraphs that
have been classified:

*6.2 FHESr 8. XRAENRGIRAEN, &5 KM Bk

Critical:None

Major:None

Minor:All paragraphs

*6.3 Data For Ordering(DFO)Sheet.DFO-C50TF22 list approved sources.

* 6.3 1T TWEdE (DFO) %.DFO-C50TF22 B H L1 R o

*6.4 Bar Orders,Whenathis specification is used to supply bar for subsequent processing into
parts,paragraphs which are specific to parts shall not apply.Hydrogen level requirements for
bar orders shall be as specified on the Purchase Order.

*6.4 KT, AT UL 80N TRcE AR TEN, A& T 240 BE. %IE
T S 1 SR MR W 1T B RILE -
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