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APPROVAL AND CONTROL OF PREMIUM-QUALITY TITANIUM ALLOYS

1. SCOPE:

1.1 Purpose:

This speqification covers the procedures for approval<aef product
premium-quality titanium alloys and the controls to-bg exercised
producing such products.

1.1.1 This sgecification requires approved sources ®See 3.1 and 4.4)|.
1.2 Applicatilon:

For partq of titanium alloys which reqUite approval of the produ
facets off its production to ensure that production lots of the p
of the s3gme metallurgical quality.ahd are produced by the same b
procedurdgs as the products originally qualified; applicable to p
subjected to rigid inspection standards throughout manufacture f
finished [part.

1.3 Classifidation:

This spedification coyers four grades of premium-quality titaniu
products [based on ghé melting practice used in making the alloy,

Grade 1 -qnDouble Consumable Electrode Vacuum Arc Melted
Grade 2-<,Triple Consumable Electrode Vacuum Arc Melted
Grade (3~ Electron Beam Cold Hearth Refined (EBCHR) Followe

s of
in

ct and
roduct are
psic

arts

rom ingot to

m alloy
as follows:

i by a Single

Consumable Electrode Vacuum Arc Melt

[9)

Single Consumable Electrode Vacuum Arc Melt

1Towed by a

1.3.1 Any grade may be supplied unless a specific grade is specified. The grade
supplied shall be reported.

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.
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2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent
specified herein. The latest issue of SAE publications shall apply. The

applicable issue of other publications shall be the issue in effect on the
date of the purchase order.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2631 Ultrasonic Tnspection, Titanium and Titanium Alloy Bar and Billet
AMS 2642 |Structural Examination of Titanium Alloys, Etch-Anodize|l Inspection
Procedure
AMS 2643 |Structural Examination of Titanium Alloys, Chemigcal Etc
Inspection Procedure

=

2.2 ASTM Publications:
Availab11 from ASTM, 1916 Race Street, Philadelphia, PA 19103-1[187.

ASTM B 299 Titanium Sponge
ASTM E 1320 Chemical Analysis of Titanium amd Titanium Alloys

3. TECHNICAL [REQUIREMENTS:

3.1 Ingot:
(R)
Shall be|produced as specifieddherein under effective controls of all
variableg of the melting processes to produce consistently unifgrm ingots
which will yield products.meeting the requirements of this speciffication and
shall be|produced only by‘approved sources (See 1.1 and 4.4).

3.1.1 Raw Material Contvol:

3.1.1.1 Sponge: Meld’source shall either produce or procure sponge [to a

(R) spec]ficatiion approved as in 4.4.2.1.1. Sponge shall be free of
contaminants considered to cause high- and/or low-density inclusions.
Inspgction frequency and methods shall be as agreed upon by |purchaser
and yendor. Composition shall be determined in accordance wWith
ASTM E 120, by spectrochemical methods, or by other analytical methods
acceptable to purchaser.
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3.1.1.2 Master Alloy and Alloying Elements: Melt source shall procure master

(R)

3:1:1.8

Be1.7 .31
(R)

3:.1.1.3.2

va
co
sa
3.

Julud.]

3.]«2.1.1
(R)

alloy and alloying elements to a specification approved as in
4.4.2.1.1. Master alloy and alloying elements shall be free of oxides,
nitrides, and other detrimental foreign materials, including materials
which would cause high- and/or Tow-density inclusions. The boron
content of the master alloy shall not exceed 0.005 (50 ppm). Methods of
analysis and inspection of master alloys and alloying elements shall be
as agreed upon by the melter or supplier and purchaser. No elements
shall be added except as shown as an element in the composition detailed
in the applicable material specification. A residual is defined as an
element present in a metal or an alloy 1n small quantities inherent to

3 aterials anufacty entionally.

Grpde 1 and Grade 2: Previously melted alloy may\be recyqled provided
suth material is clean, free of heavy scale, reffactories)
high-density material, and carbides and is segregated as fo alloy
grpde. Stubs may be used for remelt and shaH be melted d minimum of
twp times as specified in 3.1.2. No flamescut material "qr split
enfis" shall be recycled unless all hard .stale is removed, [followed by
acfid pickling, and rinsing or is processed by hydrogenatign, crushing,
anfl inspection. Turnings which hav®'been cut with carbidq tools may
be| recycled provided they are shown 'to be free of high-density
makerial, determined by a procedure agreed upon by purchager and
vehdor. Casting scrap shall-not be recycled.

Grhde 3 and Grade 4: The\use of recycled material for Grgde 3 and
Grpde 4 shall be in accordance with 3.1.1.3.1 or as agreed upon by
pufchaser and vendor.

1ting Practice: Gnade 1 alloy shall be double melted under |vacuum

d Grhde 2 alloy shall be triple melted under vacuum using cgnsumable
ectrpde practice? Grade 3 shall be electron beam cold hearth refined
1lowpd by a simngle vacuum arc remelt. Grade 4 shall be plagma arc

1ted|, coldchéarth refined followed by a single consumable electrode

cuum| arc-melt. The critical variable of each melting cycle|shall be
ntinpously monitored and recorded. The bottom charge shall |be of the

me npmihal composition as the material being melted and shall conform to
| KPS 5 - I

First Melt:

Grade 1 and Grade 2: A suitable vacuum during the steady state
portion of the first melt is defined as a pressure not higher than
2000 microns (2 mm) of mercury with occasional momentary peaks not
higher than 6000 microns (6 mm) of mercury. The pressure shall be
maintained by continuous pumping.
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3.1.2.1.2 Grade 3: A suitable vacuum during the steady state portion of the
first melt is defined as a pressure not higher than 100 microns
(0.1 mm) of mercury with occasional momentary peaks not higher than
300 microns (0.3 mm) of mercury. The pressure shall be maintained by
continuous pumping.
3.1.2.1.3 Grade 4: Melting shall be performed under inert gas at a pressure no
(R) higher than 1000 mm of mercury.
3.1.2.1.4 A consolidation melt to provide electrodes for first stage melting may
(R) be made by consumable electrode, nonconsumable electrode electron beam
O e
3.1.2.2 Grades 1, 2, 3, 4: Subsequent Vacuum Melt(s): A suitabJeé vhcuum during
(R) the sjteady state portion of subsequent melts is defing&d*'as npt higher
than [750 microns (0.75 mm) with occasional momentary-peaks tp
2000 microns (2 mm) permitted.
3.1.2.3 A momentary peak is defined as a temporary surge of pressure|which
(R) recoviers to the maximum allowable pressure Jevel in not more| than
90 seconds in the second-stage melt of a_deuble melt or thir{ stage of a
triple melt and 120 seconds in the first=stage melt and in the second
stagel of a triple melt.
3.1.2.4 Weldipg of primary melt electrodes for either Grade 1 or Grafe 2 alloy
(R) and second melt electrodes foy: Grade 2 alloy shall be performed in
vacuum or in an inert gas (argon and/or helium) filled chamber or
fixture, using plasma arc, eJectron beam, or gas metal arc (GMA)

technfiques only; use of gas’ tungsten arc (GTA) welding is no

t

permiftted. Electrodes shall not be welded outside of chambel unless
agreed upon by purchaser and manufacturer. MWelding of the hplding
fixture may be perfaorméd with an inert gas (argon and/or heljum)
shielded plasma or gas metal arc welding, but such welds sha]l not be
used ps recycle ypaterial and if this weld joint is melted into the
ingot|, that pextion of the ingot shall be removed.

3.1.2.5 PreliminaryoMelting Cycles: Any of the following discrepancjes occurring

(R) during the’first melting cycle for Grades 1, 3, and 4 alloy ¢r during
eitheg\ythe first or second cycles for Grade 2 alloy shall digqualify the
heat i i irj i i iations from
established 1imits may be referred to alloy purchaser for acceptance.

3.1.2.5.1 For Grades 1 and 2, any loss of vacuum exceeding the 1imits of

(R) 3.1.2.1.1 associated with an air Teak.

3.1.2.5.2 For Grade 3, any loss of vacuum exceeding the Timits of 3.1.2.1.2

(R) associated with an air leak.

3.1.2.5.3 For Grade 4 any system leak detected by continuous analysis of the

(R) furnace atmosphere. Compositional 1imits will be as agreed upon by

purchaser and vendor.
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water lTeaks may be removed by grinding.

emical analysis after grinding.

.2.5.4 Any water leak occurring during the melting cycle confirmed by
Minor discoloration due to pinhole
Ingot shall be considered

acceptable only if chemical analysis of alloy removed from the leak
area after grinding indicates absence of contamination.

.2.6 Final Melt Cycle:

.2.5.5 Any unscheduled furnace disassemblies.

Any of the following melting discrepancies shall

disqualify the heat for applications requiring this specification.

Any loss of vacuum exceeding the limits of 3.1.2.2.

An
Mi
g
an
ab

An
me

Hot
to 3
cont
rest
If ¢
oper
the

y water leak into the ingot chamber during the melt¥hg

nor discoloration due to pinhole water leaks may_bé’ rem
inding. Ingot shall be considered acceptable anjy if c
alysis of alloy removed from the leak area after grindi
sence of contamination.

y power interruption lasting longer tham-30 seconds dur
1ting cycle.

Topping: During final melting, ingéts shall be hot top
n established procedure with defined T1imits which shall
inuously monitored and recorded® The melting discrepan
rictions of 3.1.2.6.2 and 3\1.2.6.3 shall apply during

ne or more of the definedy¥imits are exceeded during th
ation, the corresponding, portion of the ingot shall be

balance shall be consddered acceptable only if chemical

othdr tests show the inget to be free of contamination or o

detr

Furn
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Stock fd
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ingot pr
procedur

imental defects.

ace Cleaning: >>-Fhe furnace shall be inspected and clean
rdance withCan” established schedule and procedure.

r Forging or Extruding:
bar<«and slabs for forging and extruding shall be manuf

oduced as in 3.1. Limits shall be established for ingo
es which will produce stock conforming to the following

requirements; these [imits shall be continuously monitored and
Deviations from established parameters for the control factors for ingot
conversion procedures of 4.4.2.1.2 shall be reported to purchaser of the
stock and approval obtained before the stock may be considered acceptable.

beriod.
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3.2.1 Macrostructure and Defects:

3.2.1.1 Visual examination at 1X of transverse sections of forging stock or
extruding stock, etched in accordance with AMS 2643 or other etching
procedure agreed upon by purchaser and manufacturer for sufficient time
to develop a well-defined macrostructure, shall show no imperfections,
such as unhealed pipe, cracks, porosity, laps, folds, pitted areas,
segregation, or inclusions, detrimental to usage of the stock. A
processing tree-ring structure is permitted provided there is no
chemical segregation outside of the composition limits and
microstructure of the tree-ring pattern is acceptable. Additional
etching procedures, such as AMS 2642 etch anodize or an ammonium
biflupride etch soTution of 68 grams/gallon (18 g/L) of NHzHF, at
room [temperature, may be used when agreed upon by purchaser” and vendor.

3.2.1.2 Macrof-Grain Structure: The macro-grain structure shall be equal to or
better than the following levels of Table 1; visual/standardg for
macrof-grain structure are shown in Figures 1 through 10:

TABLE 1 4 Macro-Grain Structure Standards, Forging and Extruding| Stock

Rounds
Macro-Grain Structyre Level
Ti-6A1-4V
Nominal Diameter Nominal Diameter Ti-6A1-6V-2SN
Inches Millimeters Ti-6A1-2Sn-4Zr-2Mo Qther Alloys

Up to R.0, incl Up to 51, incl - 20 20
Over 2.0 to b.0, incl Ovexr~51 to 152, incl 30 30
Over 6.0 to 10.0, incl OQver 152 to 254, incl 40 50
Over 10.0 to 14.0, incly Over 254 to 356, incl 50 60
Over 14.0 to 17.0, incd~ Over 356 to 432, incl 60 70
Over 17.0 Over 432 70 70

Squares, Rectangles, Hexagons, Octagons:

Macro=Graim Structure Level
Nominal Cross Nominal Cross Ti-6A1-4V

Sectional Area Sectional Area Ti-6A1-6V-2Sn
Square Inches Square Centimeters Ti-6A1-2Sn-4Zr-2Mo Other Alloys
Up to 4, incl Up to 26, incl 20 20
Over 4 to 28, incl Over 26 to 181, incl 30 30
Over 28 to 79, incl Over 181 to 510, incl 40 50
Over 79 to 154, incl Over 510 to 994, incl 50 60
Over 154 to 226, incl Over 994 to 1458, incl - 60 70
Over 226 Over 1458 70 70
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3.2.1.3 Any

porosity, folds,

macrostructural defects including unhealed pipe,
pitted areas, segregation, and inclusions

cracks,

laps,
visible at 1X

with 20/20 standard vision at a 1ight intensity of not less than 100

foot-candles (1075 2X) are not acceptable.

Figures 11 thro

ugh 13 are

typical of the type, but not the minimum size, of such defects which are
cause for rejection.

3.2.2 Microstructure:

Shall be that structure resulting from alpha-

beta

(R) processing. Microstructure shall conform to 3.2.2.1, 3.2.2.2, 3.2.2.3.

3.2.2.1 Equiaxed alpha in a transformed beta matrix.

(R)

3.2.2.2 Equilaxed alpha and elongated alpha in a transformed beta magrix.

(R)

3.2.2.3 Partlially broken and distorted grain boundary alpha with plate-like

(R) alpha.

3.2.2.4 A milcrostructure showing a continuous netwdrk of alpha in prior beta

(R) graiin boundaries is not acceptable.

3.2.3 Ultrasonic Inspection: Unless otherwise ‘agreed upon by purchaser and
vendor|, the product shall conform tojthe classification requirements of
Table |2, 3, or 4, determined in accordance with AMS 2631, usipg
longitudinal wave method. Product:size and configuration at yhich the
inspedtion is performed shall_be as agreed upon by purchaser and vendor.
Produdt 4.5 1nches (114 mm) _and over in nominal diameter or 1p square
incheq (103 cm?) and over .i® cross-sectional area containing fndications
exceeding the limits of the applicable classification of Table 2, 3, or 4
shall [not be shipped unt?l the indications have been investigpted and
verifiled as to type;(areas containing ultrasonic indications exceeding the
speciflied 1imits sha}! be removed. Sonic indications exceedipg the
speciflied 1imits shall be removed from product under 4 5 inches (114 mm)

in nom
Cross-
invest
free @
croppe

after

inal diameter or under 16 square inches (103 cm2) in

sectiopal area prior to shipment; indications do not re
igationm and classification. End faces of removed secti
f defects; if end faces reveal defects, the product sha
des required. If only evidence of grain size variatio

etching additional cropping will not bhe rpnn1rpd

quire

bns shall be
11 be further
h is revealed
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TABLE 2 - Rounds

Nominal Diameter

Nominal Diameter Ultrasoni

c

Inches Millimeters Classification
Up to 4.0, incl Up to 102, incl AA
Over 4.0 to 9.0, incl Over 102 to 229, incl Al
Over 9.0 to 14.0, incl Over 229 to 356, incl A
Over 14.0 Over 356 B
\2&9
TABLE 3 - Product Other than Rounds, Excepti%gs&e
SN
o\'
Nominal Dimension Nominal Dimension (é;D
Between|Parallel Sides Between Parallel S Ultrasonilc
Inches Millimeters " Classificafjion
Up to 3.0, incl Up to \? incl AA
Over 3|0 to 9.0, incl Over 76 9, incl Al
Over 90 to 14.0, incl Over 229‘$ 356, incl A
Over 14]0 to 18.0, incl Over ggg>¢o 457, incl B
N
@Q
JABLE 4 - Plate
N
DN
<:§7
Nominal |Thickness >> Nominal Thickness Ultrasonic
Inghes {? Millimeters Classificatlion
N2
Csbf
0.5 to 4.o,qf)b)c1 13 to 102, inc] Al
S . " .
3.2.3.1 Produtt containing evidence of interstifially stabjlized alpHa structure
(Type I), aluminum-rich stabilized alpha structure (Type II), voids,
porosity, bursts, pipe, and inclusions found by ultrasonic inspection
and identified by metallurgical investigation, by macro-etching in
accordance with AMS 2643, or by other macroetching procedure agreed upon
by purchaser and vendor may be used only if the requirements of 3.2.3
are met.
3.2.3.2 A1l areas containing surface defects such as laps, end concavity, and

enfoliations shall be etched after removal of the defect to ensure

complete removal.
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3.3

3.3.
3.3.

3. 3.

3.3,

3.3,

2

.3 Forgi

o

Forgings:
Shall be produced from forging stock conforming to 3.2.
1 Preproduction Forgings:

1.1
treat these forgings as specified by purchaser.

The forging vendor shall produce preproduction forgings and shall heat
A representative

forging or section thereof shall be tested to determine conformance to
all applicable technical requirements of the forging specification and
this specification and supp]emgntary requirements of the drawing and/or

prepfroduction forgings may be produced as part of the
run.

1.2 One
shalll be suitably prepared and etched to reve
structure, including grain flow if discerni
forglings. The section or sections shall
macriostructure examination. Photographs ‘of* the section

shal|l be submitted to purchaser. C§\

A relsume of the process control fgﬁisrs (See 4.4.2.1.3)
preproduction forgings shall be submitted with the resu
Yﬂmatively, the resume

O
r more sections taken from designated areaigé?'the
h

develop

1.3

conducted on such forgings.
itted with the test resu
inspection by purchasg§§gt any time.
Shals be produced using the same ba
e tolerances where applicable,
oduction forgings.

2 Production Forgings:
and prlactices, and the
approvied (See 4.4) p

Production forgghgs shall not be shipped prior to appro
preproductio rgings by purchaser.

g Aqsgp ance Standards: Preproduction forgings whe
purchalse nd production forgings,
follo t§gb

forgling shall be submitted to purchaser for conf1rmator?C§p

ti

tes

e Cross-s

ed i

be used for g

or

use
1ts
need

but shall be prepared and k

sic
as u

val

nre

shall be in accordance wi

dor-test
5ts.
b1 production

t forgings
pctional

h the
bneral
sections

 to produce
bf tests
not be
ept on file

bperations
sed on the

bf the

uired by
th the

Macrostructure:

Visual examination of representative sections from
forgings, etched in accordance with AMS 2643 or other etching procedure
agreed upon by purchaser and forger, shall show a uniform structure of
fine or medium grain size as defined in Figures 14 and 15 and shall show
no imperfections such as pipe, cracks, porosity, laps, folds, pitted
areas, segregation, and inclusions, detrimental to usage of the
forgings. (Examples of defects are shown in Figures 11, 12, and 13).
Figure 16 is defined as unacceptable coarse grains in section sizes
under 5 inches (127 mm) and Figure 17 is defined as unacceptable coarse
grains in section sizes 5 to 9 inches (127 to 229 mm) exclusive. If
grain size is obscured by flow lines, as indicated in Figure 18, the
structure shall be acceptable. These macrostructure standards shall not
be applied to forged surface planes.

-G =
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3.3

3.4

N -5

3.3

. -

4.1 Bar and

2.
N

3.2 Microstructure:
applicable product specification.

Shall be in accordance with requirements of

the

The attached photomicrographs are for

information only and are not intended for use as acceptance standards.

Ultrasonic Inspection: Each forging shall be ultrasonically

at the stage of manufacture agreed upon by purchaser and vendor.

inspected
If an

inspection is to be performed by the vendor, that vendor shall submit a

procedure to purchaser which includes the method to be used,
for acceptance, and a scan plan.
3.4 Etch Inspection:
surfag
upon
machi
Examp

Each forging shall be etched and inspected

ned prior to etching to reveal segregation and inc

R

les of defects are shown in Figures 13 and 19.

Etch-
etch-
exten

Anodize Inspection:

t of segregation and defects if present.

O
S

Finished Mill Products:

require

requirements of 3.2 and 3.3.3.3. O

N

bns: Shall be produced ﬁgg% extruding stock conforming
Visual pxamination of a slice
in accordance with AMS 2643,2hall show a uniform structure ang
imperfeptions, such as pt$§§scracks, porosity, laps, folds, pif
segregaftion, and inclus , detrimental to usage of the produg

Extrusi

Quality Requirements:
separate konfirmed

thereof per ingot.Qr
ingot profduct a é§¥ound, whichever is less, the entire ingot pro
be rejected. formance to this requirement shall apply only t¢
over 4.5 1Q§§§z (114 mm) in nominal thickness or diameter.

as of segregation, inclusions, voids, or c¢

QUALITY ASSURANCE PROVISIONS:

ce imperfections in accordance with AMS 2642 or AMS 264:
by purchaser and vendor, and when specified by puti§g§9r,
ion

Specimens shall be cut forging
bnodized in accordance with AMS 2642 to de ine the nd

Plate: Shall be manufactured f \C?ngot which meets th
ments of 3.1. The finished ban\ d plate shall meet thg

om the back end of each extrusi

the event that more than three distinct

standards

to reveal

AMS 2643 as agreed

shall be
S.

s and
ture and

to 3.2,

on, etched
no

fted areas,

£

and
pmbination

found, or more than one per 1500 pounds (6$0 kg) of

uct shall
p products

Responsibility for Inspection:

The vendor of the product shall supply all samples for vendor's tests and

shall be responsible for performing all required tests.

Purchaser reserves

the right to sample and to perform any confirmatory testing deemed necessary

to ensure that the product conforms to the requirements of this
specification.

Classification of Tests:

1 Acceptance Tests:

Tests for the following requirements are acceptance

tests and shall be performed on each heat or lot as applicable:

- 10 -
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4.2.1.1 Elemental Additions: Composition requirements of the respective
procurement specifications.
4.2.1.2 Sponge, Master Alloy, Alloying Elements, and Recycle Material: Visual
(R) and x-ray inspections or other equivalent nondestructive inspections and
composition requirements of the respective procurement specifications.
4.2.1.3 Stock for Forging or Extruding: Composition, macrostructure,
(R) microstructure, beta transus temperature, and ultrasonic inspection.
4.2.1.4 Forgings, Bar, and Plate: Ultrasonic, microstructural, etch
insp 5 i ification.
4.2.1.5 Extnusions: Macrostructure examination and the accept@ﬁ%e tests of the
matgqrial specification. (SSS
4.2.2 Periodic Tests: Tests for the following requiremsgf? are perfiodic tests
and sHall be performed at a frequency selected py ‘the vendor punless
frequgncy of testing is specified by purchaseq:>
4.2.2.1 Sponge, Master Alloy, and Elemental Additions: Trace elemept
detdrmination. N
().
4.2.2.2 Forgings, Bar, and Plate: Macros{§§t%ure.
(R) Q$?
4.3 Sampling and Testing: \}
(R) N
Shall bd in accordance with fRe following; when sampling is on p lot basis,
a lot shall be as deﬁned@\a.z for each product.
4.3.1 Compogition: (:$>
4.3.1.1 Sponge: Each$§% shall be sampled in accordance with ASTM B 299.
4.3.1.2 Master A1ug§>and Alloying Elements: Each lot shall be sampfled at a
frequen ufficient to ensure compliance with the procurement
spetiEb ion.
N :
4.3.1.3 Inget: One sample at or near top and bottom of each ingot.| Results
shall be reported separately by location.
4.3.1.4 Stock for Forging or Extruding, Forgings, Extrusions, Bars, and Plate:

When chemical analysis is not performed on an ingot, two samples shall
be selected from the product of the ingot, one each from the top portion
and the bottom portion of the ingot. If the location in the ingot
cannot be determined, three random samples shall be selected or, if a
lot represents less than one-quarter of an ingot, a single sample shall
be selected. Samples for determination of hydrogen content of forgings,
extrusions, bars, and plates shall be taken from each lot after all
processing has been completed.

- 11 -
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4.3.2 Macrostructure and Microstructure:

4.3.2.1 Forging Stock: One transverse slice shall be taken from the top of each

(R) billet and the bottom of the bottom billet. If only a portion of a

billet or a heat is used, one slice shall be taken from each end of the

portion; however, the testing frequency shall be not less than that for

a full heat. For bar stock when traceability relative to ingot position
cannot be maintained, one transverse slice shall be taken from each end

of each bar.

4.3.2.2 Forgings: At least one preproduction forg1ng shall be sectioned so as

(R) best neral macrostructure.

The spgecific areas to be examined shall be as agreed upon by [purchaser
and vandor. Production forgings shall be sectioned in the' same manner
at a firequency agreed upon by purchaser and vendor.

4.3.2.3 Extrugions: Transverse slice from the back end of each'extrusion.

4.3.2.4 Bar and Plate: As agreed upon by purchaser apd wvendor.

4.3.3 Etch Ingpection: Each forging shall be etched“to reveal surfade defects
and, whdn specified by purchaser, the forging shall be machined and etched
to revedl subsurface defects and segregation.

4.3.4 Ultrasonnic Inspection:

4.3.4.1 Stock|for Forging or ExtrudingstBar, and Plate: Each billet, bar, and

plate

4.3.4.2 Forgings and Extrusions:(MAs specified by purchaser.

4.4 Approval:

4.4.1 Preprodiyction forgings and the forging procedure shall be apprgved by
purchasir before@orgings for production use are supplied. Apgroval of
preprodyction forgings shall in no way relieve the forging vendor of
respons{bility;for continued conformance to all purchase order
requirementst

4.4.2 The respéective vendors shall establish for ingot, forging stocH, extruding

stock, bar, plate, and forgings and extrusions of each part number or
conf1gurat1on parameters for the process control factors which will yield
products meeting the respective requirements of this specification and the
material specification. These shall constitute the approved manufacturing
procedures for each product and shall be used for subsequent production of
the product. If necessary to make any significant change in parameters
for process control factors, vendor shall submit for reapproval a
statement of the revised operations, and when requested, sample product.
Production products incorporating the revised operations shall not be
shipped prior to receipt of reapproval.
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4.4.2.1 Control factors for producing the product include, but are not Timited
to, the following for the respective forms:

4.4.2.1.1 Ingot:
(R)

Sources and methods of producing sponge, master alloy, elemental
addition, and recycle material

Specifications and inspection procedures for sponge and master
alloy

Procedures for use of recycle alloy

Nonconsumable, EBCHR, or PAMCHR melting practice

Electrode fabrication procedure

Preparation of i1ngot for remelting arter preliminary melting cycle
Arc voltage and current

Melting chamber pressure

Ingot cooling procedure

Hot topping practice

Ingot quality analysis procedure

4.4.2.1.2 Stock for Forging and Extrusion:

Conversion source if not the inget source
Preparation of ingot for conversion

Ingot heating procedure

Cogging and rolling procedayres

Inspection procedures

4.4.2.1.3 Fgrgings:

Source of stock
Nominal size (eross-sectional area) and shape of forjging stock
Type of processing equipment (e.g., press, hammer, rfing roll,
mill, etc)
Sequencecor’ number of operation changes which would fresult in a
diffecent cross-sectional structure or different working of

the metal

Prgtective atmosphere and/or coatings, if used
Thermal cycling, including heating for working and specified heat
treatment of the product
Cleaning operations (e.g., chemical descaling, blastfing, etc)
Imspectiom procedures

4.4.2.1.4 Any of the above process control factors for which parameters are
considered proprietary by the vendor may be assigned a code
designation. Each variation in such parameters shall be assigned a
modified code designation.
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4.5.
4.5.1

4.5.2

4.5.3

4.6

4.7

4.7.1

4.7.2

Records:

Mainten
that th

ance of Facilities:

e facilities used to produce, control, measure and test

Each vendor shall keep records demonstrating

the

respective products during manufacture and inspection are properly
maintained and are checked at stated intervals against acceptable

standar

Process

ds for accuracy.

Sheets:

Each vendor shall prepare and maintain documented

instructions defining the processing methods and routing in the

manufac

Traceab
traceab
vendor
slab wh
orientat
or slab

and its
maintai

ingot f{¢

the pur

not les$

Reports:

The vendoy

supplied
technical

in the report required by the material specification.

Resampling and Retesting:

turing cycle for producing the respective products.

Tity:
1ity of each ingot to raw material including recycle al

jon in the final remelt ingot.
b exceeding 16 square inches (103 cm2),

orientation.
med by the vendor (e.g., scrapped for. cause, shipped,
brm, etc). A similar degree of traceability may be requ
thaser for other product forms. Regords shall be mainta
than ten years. .

shall furnish with each'shipment a report showing the
See 1.3) and the resudbts of tests to determine conformg
requirements of thi$specification. These data shall b

The ingot producer shall maintain records to gxd

hall maintain records to provide traceabi]ity of ~gath b
ch exceeds 16 square inches (103 cm 2) as to it§tocatid
If forgings are made fr
the-'fiorging vend
maintaip records to provide traceability to a pardticular billet
Records of the dispositighof all stock ¢
st

vide
loy. The
illet or
n and
om billets
or shall
or slab
hall be
i1l in
ested by
ined for

Grade
nce to the
e included

If any specimen of any product used in the above tests fails to meet the

specified

results of

results i
to meet t
product r

material

If segregation,

requirements, disposition of the product may be based g
addit¥onal test1ng as specified below. Except where 1
1 discard of nonconforming material, failure of any retg
neCspecified requirements shall be cause for rejection g

n the
etesting

st specimen
f the

d

presented. Resampling and retesting of bars, plate, an
hall be in accordance with requiTements of the appiit

extrusions sha

specification.

laps, folds, cracks, pitted areas, inclusions,

able

or voids

are found in macrostructural examination of stock for forging or
extruding, two adjacent slices, one adjacent to each face of the original

slice,

shall be cut and examined.

the defective area has been removed.

This procedure may be repeated until

If acceptable 1imits of macrostructure are exceeded, further working of
forging stock and extruding stock to produce a smal]er size with
acceptable macrostructure is permitted.
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4.7.3
(R)

8, P
5.l

If ultrasonic indications greater than the Timits permitted for the
respective class are found, the areas containing such indications shall be
removed and examined. The defect characterization procedures shall
include, as a minimum, analyses by metallography and microhardness.
Wave-length or energy dispersive X-ray analysis in a scanning electron
microscope also shall be used when metallography and hardness evaluation
are insufficient to identify the indication or when the indication is
identified as a Type I hard alpha defect. Type I hard alpha defects shall
be analyzed for oxygen and nitrogen. The product faces adjacent to the
indications shall be macroetched and examined. If the ultrasonic
indications are determined to be isolated and caused by, or associated
with, 5 5 5 affected
billet, bar, or slab may be used. However, if etching ofythe adjacent cut
faces|of the product reveals additional evidence of segrfegation, voids, or
inclugions, further cutting, etching, and examinationsas”in 4.7.1 shall be
condutted until it is ensured that the defective area’has begn removed.

REPARAT[ON FOR DELIVERY:

Identiffication:

uct forms ordered to and meeting .this specification shall be
ed with AMS 2380 and the following:

and Extruding Stock: Shall_be identified as agreed upgn by
ser and vendor.

g Stock, Forgings, Extyusions, Bar, Plate, and Slab: $hall be
fied in accordance w¥th requirements of the applicable|material
ication.

g:

uct shall e prepared for shipment in accordance with ¢ommercial
and in-<gompliance with applicable rules and regulations pertaining
andling), packaging, and transportation of the product to ensure
accepbtance and safe delivery.

cDGMENT :

A vendor shall mention this specification number and its revision letter in
all quotations and when acknowledging purchase orders.

REJECTIONS:

Product not conforming to this specification, or to modifications authorized
by purchaser, will be subject to rejection.
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8. NOTES:

8.1 Marginal Indicia:

The (R) symbol is used to indicate technical changes from the previous issue
of this specification.

8.2 Definitions:

8.2.1 Sponge and Master Alloy and Alloying Elements Lots: A Tot shall be all
material produced in one time period by a single source as defined by the
producer pa 3 n—and maintained, sampled, tested, and inspected as
a common unit ~§

8.2.2 Forging|Stock and Extruding Stock: A lot shall be all riall of the
same now1na] size from the same heat processed in acc nce wilth the same
approved manufacturing procedures. ’<§§

8.2.3 Forgingg, Extrusions, Bar, and Plate Lots: A1 C?ha]l be all |product of
the sam@ part number or configuration from th me heat and prjocessed in
accordampce with the same approved manufacturing and heat treatment
procedures. N

() "
N

8.2.4 Electroge Stub: The material that may\be joined to the top of |an
electrode to provide the connection‘p ween the electrode and the
electrodge holder. A

8.2.5 Electrode Holder: The materiafxthat is joined to the top of the electrode
or electrode stub to provid @he connection between the electrdde and the

VAR fur

ace electrical qu§p ent.
Ob
N
Q)\s
>

S
&
O

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE "G".
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FIGURE 1 - Level 10 Titanium Billet Macrostructure at 1X
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FIGURE 2 - Level 20 Titanium Billet Macrostructure at 1X
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FIGURE 3 - Level 30 Titanium Billet Macrostructure at 1X
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FIGURE 4 - Level 40 Titanium Billet Macrostructure at 1X
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FIGURE 5 - Level 50 Titanium Billet Macrostructure at 1X
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FIGURE 6 — Level 60 Titanium Billet Macrostructure at 1X
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FIGURE 7 - Level 70 Titanium Billet Macrostructure at 1X
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FIGURE 8 - Level 80 Titanium Billet Macrostructure at 1X
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FIGURE 9 - Level 90 Titanium Billet Macrostructure at 1X
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FIGURE 10 - Level 100 Titanium Billet Macrostructure at 1X
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