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I. MANUFACTURING TECHNIQUES

In general, the STF219 design configuration does not present
unusually difficult manufacturing problems. Although some of the
parts differ geometrically from existing engines, they use
materials which are successfuily machined, welded, heat and
surface treated, etc., as a normal part of Pratt & Whitney Aircraft
factory activity. The major portion of the engine can be classified
a ""'standard' to Pratt & Whitney Aircraft production departmenrte
due to the experience gained with the TF30, J58, and thrust
reverger parts and assemblies.

1.1 Blades and Vanes

Air-cooled turbine vanes are presently being manufactured by Pratt
& Whitney Aircraft for use in the TF30 and J58 engines.

The STF219 design calls for more complex machining practices.
Slots in the leading edge of turbine blades and vanes present no major
problem; these slots may be integrally cast or electrochemical and
electrodischarge machining can be used. Electron beam drilling of
very small holes is now being developed, and is proving satisfactory
for the installation of the air holes or slots in the trailing edge. The
electron beam and normal fusion welding and the brazing required

by the various airfoil designs eitl:r currently falls within standard
Pratt & Whitney Aircraft production practices or are projections

of same.

1.2 Surface Coatings

Supplemental surface coatings, which are applied to increase the uge-
ful life of jet engine parts, have been in use for some time at Pratit &
Whitnay Aircraft. Intensive development work and testing programs
have yielded several methods by which these coatings can be applied.
These methods include application of a siurry of metal powder in a
suitabie vehicle which is then diffused into the surface of the base
metal, applying molten metals and metal carbides or oxides using an
oxyacetylene flame torch or using an ionized gas (plasma)torch
systerm. Many types of materials are coated ranging {rom stainless
steels, nickel, and cobalt base alloys to titanium alloys. Typical
coating materials are aluminuin, molybdenum, nickel-aluminide,
and various metal oxides and carbides.

A recent innovation is the manufacture of turbine geals using a metal
sprayed porous abradable coating, which permita more efficient
operation of the turbine section of gas turbine engines through

sasg wo. F'1-1
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reduced operating clearances.

At presgent there are two plasma spray installations in the production
plus one unit which is in use for continuing development work. There
are also various types of flame epraying equipment in use. Additional
plasma spray equipment is being procured to meet the increasing
demand for the an~plication of these coatings to engine parts.

Jog

1.3 Use of Titanium

s SN £ 4

The forward portion of the STF219 engine is largely titanium. This
includes such items as:

ey

Fan Cases

Fan Blades

Fan Discs

2nd Stage Vane & Shroud Assemblies
High Compressor Guide Vanes

Fan Diffuser Ducting

Outer Duct Cases

, Pratt & Whitney Aircraft initiated the use of titanium alloys in its

‘( engines over ten years ago. Today, after a great deal of cevelopment,
machining svch as turning, grinding, drilling, broaching, etc. has
become very common to our production. Through the careful contre!l

i of the metallurgical properties of alloys and welding aimospheres,

the "in line' production of quality heat-treated aircrast weldments ig

now routine,

I.4 Compresgsor Section

This compressor section is similar to the J58 comnpregsor, which is
currently in production. The advanced design of integral spacer to fan
disk and integral spacer to turkine disk call for contour turning, which
is standard machining practice at Pratt & Whitn=y Aircraft.

TS LSASMT, U

1.5 Intermediate Case

This case presents average complexity of heat treating and machining
problems. 54" O.D. cases can be handled on conventional turning,
boring and profiling equ. ment using standard processing.

1.6 Burner Assembly

.-y

The annular burner tor the STFZ19 engine presenis no particular

L N
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. problem. It is a Hastelloy "X'" weldment, that will b= processed to
I allow sufficient material for weld shrinkage and for machining.
Smaller parts will be machined from forgings and castings. The
‘ sheet metal will he fcrmed on presses and sized by sizing machines.
] We have had considerzble experiencc in all phases of this type of
‘ fabrication.

1.7 Shroud Containment Rings on the 3rd and 7th Stage Compressor
Biades

Although the use of containment rings for retaining blades in the discs

is an advanced design, present equipment and processes allow the

i machining of 30" diameter rings to close tolerances. Grinding toler-
ances and flatness and surface finishes can be maintained to meet

design requirements.

P —"

- 1.8 Fioating Seal

The floating seal at the rear of the high pressure compressor follows
conventional turning and grinding. Mechanical air seals and labyrintn
seals are widely used in this engine. Pratt & Whitney Aircraft has
used this type of seal in most turbine engines, and has developed
highly speciaiized cutting tools for machining these configurations.

1.9 Outer Cumpressor Duct

Skip milling or s%ip wurning is r=quired on this part to forr the joining
flanges ana 2 bosses. This process is an approved method of
machining and currently applied to the TF30 engire diffuser duct and
si.nilar parts.

1.10 Exhaust Nozzie Section

O e

This section is simifar to the TF3C engine nozzle.
.11 Duct Heater
The design of the corritgated inner saction which is resistance w-Med

to the cuter skin, i3 the same type of construction that is row being
used on the JT11l combustion chamber case-inner assemnly.

1.12 The Thrust Reverger
This eection is made up of pie ghaped plates with standard draw hars

raag o Fi-d
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and hydraulic actuators. These items 2re gimilar to the afterburner
doors which Pratt & Whitrey Aiscraft are manufacturing for the
JT4 and other type engines.

:

1.13 Cases with Airfoil Buttresses for Welded Struts, ctc.

The buttregs configuration will be machined by th> electro-chemical
method., The lightening slcts in the buttresses are produced by the
electrodischarce method. Both of these methods are highly developed
: and are in regular production use at Pratt & Whitney Aircraft on the

[ JT8D and TF30 cnginea.

s

1.14 Agsemb!:

The manufacture of the JT8D engine has provided considerable
asse.nbly experience on full ducied fan engines. No unusual difficultics
are anticipated with the STFZ219 outer duct design. The majority of

the enginc is amenabie to standard Pratt & Whitney Aircraft assembly
practices.

The assembly and balancing of 'overhung' compressor (3rd} and far
; stages are accom:plished on the JT8D e gine. The STF212 will be
é handled similarly.
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————y
. i

i' pace vo. Fl-4

CONFIODENTIAL

Ere P
|




o

npna s,

terieman

CONFIGENTIAL
PRATT & WHITH IV AINCRAPFT

2. MATERIALS

The materials selected for major components of the STF219 enyine are
listed in Tables F2-1 and F2-2. Table F2-1 also shows the materials
previously proposed for the JTI1F-11 and JT11F-12 in the Phase |
Report, and an indication of th. rcavon for any difference . between the
Prase | and Phase I1-A Reports, Table F2-2 relites these materials
to applirations in current Prait & Whitney Aircra,. engines,

sasa no Fl-] .
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2.1 Turbine Blades

A primary factor in the development of turbojet engines having improved
thrust ratings has been the development of turbine blade alloys with
mechanical and physical propertics capable of withstand.ng the high
temperatures and stresses involved, Early in the development of the
J48 centrifugal compressor turbojet engine it became apparent that the
properties of the current turbine blade alloy, Nimonic 80A, limited the
performance and hindered the development of advanced powerplunte.
The attainment of increased thrust ratings was ciosely linked to the
development by Pratt & Whitney Aircraft of a new nickel-base precipi-
tation hardening alloy. Tuais alloy was the original Waspaloy, with the
following composition - 19.5Cr, 13,5Co, 3.5Mo, 2.5Ti, 1l.2A1, bal-
ance nickel, Initial development efforts were concerned with defining
the composition, directing pregrains &t the fabricators leading to im-
provements in melting and forging practice, and establishing the heat
treatment which is basic for this and similar alloys. This allov system
proeved to be so successful that it formed the basis for a family of forged
alloys, including Udimet 500 and Ucimet 700, which are basically sim-
ilar t> Waspaloy, but with higher hardener contents (T1 and Al). With
each level of increase of strength due to additional alloying elements,
the forgeability of the material was reduced. Beyond the Udimet 700
composition a2 family of nickel-base alloys has been developed which
achieved such high creep and rupture strenyti: that the alloys are cur-
reitly considered non-forgeable and therefore arc ecmployed as castings.
The relationship of forgeability tc cumposition is illustrated schemati-
cally in Figure F2-i. During the period of deveiopment of the family of
nickcl-base superalloys, performance improvems=nt3 c¢f Urutt & Whitney
Aircraft turbojet engines have been realized because of the development
of higher-strength, higher-temperature, better quality, and raore
reiiable alloys, To illuctrate this, the teraperatures capability f these
alloys has increased more than 300°F from 1947 to 1954, This progruss
is shown in Figure F2-2.
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2.1.) A.ioy Selection for the SST Turbine Blades - Selection of the
alloy for the turbine blades of the SST engine is vased on successful
JT11 {J58) engine experience, which was in turn based on thousands
of hours of laboratory and test rig evaluation. The results of this test-
ing are discussed in Section 15 of the Final Contract Report. Primary
factors evaluated in these extensive Pratt & Whitney Aircraft materials
programs include:

. Mechanical properties at elevated temperatures

- Creep and stress-rupture strength and ductility

- Teasile strength and ductility

- Fatigue behavior of test bars and prototype blades
Thermal!l fatigu~, both codated and uncoated

.

. Oxidstion-corrusion and erosion resistance

. Coating requirements for high temperature operation

. Metaliurgical stability durir ; long exposures to temperature an-
Stross

. Reliability of castings as related to melting, casting and quality

control =~ actices,

Bared on an analysis .. wn.. ‘actors as deiailed above, three nickel-
base alloys, PWA ¢58 {IN 101), .7 * 659 (SM 200), and PWA #6313,
are proposad as the most prowu.ising crndidates for first, sezond, and
third stage turbine blad . [ .rA 658, 65 and 563 are corrplex
nickel-base casting alloys which derive their strerzths from disper-
sions of carbides and Ni3 {Ti, Al, M) fywe intern:~tallic compou.ads.
Nominal compoiitions and stress-rupture accentance requirements
of the alloys ar - listed in Tables F2-3 and 1'2-4.

Allov __Type Co o posgition

PWA A58 Nickel-base 3. 5¢

PWwa o5% Nickzl-basgs CCr-10CG-12.8% - iCh-
PWA 663 Nickel-ha=e BCr-10Co-aMu-4.3Ta-1

paag ws F-13
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TABLE F2-4

PWA SPECIFICATION REQUIREMENTS FOR
STRESS-RUPTURE PROPERTIES

Alloy Temp. Stress Life {min.) Elongation (min.)
PWA 658 1800F 29, 900psi 23 Hrs, 4%
1400 8%,000 23 2
PWA 659 1860 29,000 23 3
i400 94, 000 23 1
PWA 663 1800 29,000 30 3
1400 94, 00¢ 23 H

(Elongation at 1400F §s determiined 2 hours
before rupture}s.

The PWA 458 alloy selected as the prirnary candidate matexial for the
three turbine stages has been demonstrated to be 2 highly reliable
creep-resistant, commmercially available cast material by co siderable
rig, experimental engine, and accumulated service experience in J58
engines, The alloy is re_.dily castable into the intricate configurations
required for cooled turbine blades. Furthermore, though it possesses
nigh creeo-rupture strength in the cast condition, & 1600°F heat-treat-
meni for 12 hours significantly improves ‘he 1400 and 18C0°F creep-
rupture properties over the as-cas® condition. The most significant
improvement in PWA 658 properties occurs in 1400°F ¢~zep-rupture
life and prior creep elongation, This is of primary importance, sinze
the 1400°F ductility of nickel-base alloys is often a limiting factor, par-
ticularly when highly siressed configurations such as blade roots are tc
operate at this temperatire.

Materials design criteria for turbine blade alloys are based on creep
and ruptere data for the proposed operating temperatures., Time {0 |
per cent creep is one of the limiting factors in blade design. and it de-
fines the capability of any alloy to withstand long time operavion. In
acudition to strength to resist the tendency to creep at high temperatures,
a useful zlloy must have gufficient ductility to resist the adverse eflocts
of strzss concentration. ' oing fundamental informatior of this type, the
designer must then provide for supplemental cooling, where operating
conditions require gas temperatures which are incompatible wiih the
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leag-time, high-temperature propurties of the material. Conventional
creep and rupture tests uniortunately show onlv the effects of steady
stresg and temperature on the defcrmation tehavior of an a:>loy. Ther-
mal gradients produced in both cocled and uncoeled parts have a sig-
nificant effect on the alloy's perforrnance, but do not yield themselves
to simple prior analysis. P~att & Whitney Aircraft has built up a ire-
mendous fund of practical sxperience on the applicability and reliability
of both cast and wrought nickel alloys under many varied conditions of
engine operation, 2nd is, therefore, fully aware of the limitations of
these syst:ms. Continual studies of effects of thermal gradients asro-
ciated with air cooling, combined stress fatigue, and thermal fatigue
supplement standaid creep, rupiure, and fatigue tecting in order to
vnderstand mcre fully the complex behavier of turbine blade materials.

Oxidation, sulphidation, corrosion, and srosion resistance are also
of importance. Because these material properties as revesaled by
conventional laboratory methods often do not correlate with behavior
exhibited in an actual engine, new testing methods have had to be
devised, The rotating specimen rig, picture- in Figure F¢-3 shows
cne type of apparatus. This rig is capable of siraultaneously exposing
geveral samples of promising blade or vane materials and coatings

to high velocity, high temperature gases, with or without addi-
tives, to simulate englne service, Through laboratory rig tests and
experimeatal engine tests, the sources of failure in the cobalt-and
wickel-base alloy systems have been defined. It has been found that
coatings could be ta:lored te retard sulphidation, erosion, corrosion,
and thermal f{atigue iriggered by oxidation at grain boundaries. One of
the sigunificant results of this program has been the development by
Pratt & Whitney Aircraft of an aluminurn-silicon coating [ PWA 47)
which is used to protect nickel-base turbine blades from intergranular
oxidation. The effectiveness of this coating in protecting the metal sur-
face is illustrated in Figure F2-4. A high temperature diffusion cycle
is employed to produce 2 layer of intermetallic compounds closely con-
trolled in thickness. The coated surface is an effective barrier against
surface reactions generated by the combusted gases. The factors
which limit coating life, exclusive of the prespect of foreign particle
damage, are the physical changes associated with the diffusion mech-
anism, the surface melting temperature, and the erosion resistance of
the cozting. The PWA coating is known to melt at approximately
2100°F and the test data which have been collected under rig tests
predict that metal surface temperatv=es should not exceed 1900°F

for extended engine operation. Tes: Jata in excess of 1400 hours at
170G°F have demonstrated that the WA coating maintains its integ-
rity with no signiricant signs of distress., Because of the importance
of coatings in the operation of nickel alloy hardware at temperatures
above 1700°F, Prati & Whitney Aircraft has maintained a development
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Figure F2-4, Effect of Pratt & Whitney Aircrafs Coatings on 1000
Hour Erosion Properties of Three Nizkel - Bage Alloy
Turbive Materials at 1700°r

Program aimed at increasing the effectiveness cf coating-base meta}
protective systams. Ope coating, on which mauy hundreds of hours of
rig data are available, has a 200° melting point advantage over the
present commercially used FwWA 47 coating.

Metalb:rgical stability during long time €Xposure o temperature and
stress has been of concern iu commercial operation with the Precipita -
-lon hardening nickel-bage ailuys, chiefly Waspaloy, Udimet 500 ond
Udimet 700, Prait & Whitney Aircraft has conducteq extensive electron
metallographic an microprobe phage identification studies of carbide,
boride, ang 8igma phases in both wrought and cagt Llade alloye, Thesa
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results are presented in Section 15 of the Final Contract Report, Over-
aging and attendant loss of rupture strength, as wel' as embrittlement
due to {a) precipitation of M23C¢ or M¢C carbides at grain boundaries,
or {b) duplexed grain structure resulting from forging and intergranular
cracks zssoc.a.ed with creep deformation mechanisms, have been en-
countered, Althougzh Pratt & Whitney Aircraft has millions of hours

of commercial and military experience on wrought and cast nickel
alloys, it confinus to direct cnnsiderable attention towards defining

the effects cf the above factors in order to extend *he useful life of
wrought turbine olade material and to impzove the temperature-time
capability of the cast nickel alloys.

The two alternate ~ast alloys, PWA 659 ard PWA 663, considered for
turbine blade application have also undergone extensive rig and experi-
mearal engine testing. Comparison of all three cast alloys on the baris
of strcss for 1 ner cent creep at 1680°, 1700° and 1800°Y indicates that
PWA 659 is more creep resistant than PWA 658 or PWA 663 for iimes
of 100C to 10,000 hours. These resuits are shown in Figures F2-5 tc
¥2-7, These materials are considered on the more realistic basis of
strength-density r<lationship in Figures F2-8 through F2-10, The cast
alloys are more nearly equivalent n strength-density,

fhe PWA 656 alloy has performed favorably in advanced JT-4 and JT-
11D engines. PWA 663 also has experienced engine tests in JT-8 and
'TF33 engines, showing impressive performance in creep and thermai
fatigue. Although PWA 659 shows superiority in creep and thermal
stability to all other cast alloys, the alloy shows lower creep duciility
at .ntermediate temperatures (12502° to 1400°F). Since PWA 659 anu
PWA 663 alloys offer considerable promise, improvements in master
heat production methods anc investment casting techniques are being
expiored by vendors and Pratt & Wlitney Aircraft. Based on curreni
data, encouraging ductility advances have been roted. In fact, when
thermal stability and rmechanical stzength (exclusive of ductility) are
ccnsidered, PWA 659 and PWA 663 are equivalent to PWA 658, and
when the cxpected dictility advances are confirmed by extensive rig and
sngine testing, these alloys may well surpass the best performance of
PWha 653

Althougzh evalui tion of all candidate alioys has been discussad largely

in termys of creep-rapture, thermal fatiguz, and oxidation-crosion
resistance, a sigaifiant factor concerning the mechanical behavior of
these cast anickel-base illoys should be noted. Reversed bending fatigue
data for PWA €58 and PWA 659 show high {atigue strength, with notched
fatigue strength (108 cycles) equivalent to or higher than smcoih strengih
at elevated temperatures. Note that PWA 659 is superior to PWA 658,
These notch strengths, which range as high or higher than smooth bar
strengths, are mest encouraging from a design standpoint. These re-
sults are listed in Tabie F2-5.
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TABLE F2-5
FATIGUE PROPERTIES (108 CYCL ®S) FOR
PWA 658 AND PWA 659 ALLOYS

Smooth Motched
Temp, PWA 658 PWA 659 PWA 658 PwaA 659
1200F 38 ksi 4] ksi 32 ksi 46 ksi
1350 38 39 38 39
1500 38 44 38 44
ESTIMATED MIN:sUM
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Figure F2-5. 1.0% Creep Strength at 1600°F, PWA 658, PWA 659,
PWA 663, Nicksl - Base Alloys
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Figuve F2-6. 1.0% Creep Streangth at 1700°, PWA 658, PWA 659,
F PWA 663, Nickel - Base Alloys
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Figure F2-7. 1. 0% Creep Strength at 1800°F, PWA 658, PWA 659,
PWA 663, Nickel - Base Alloys
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Figure F2-8. Time to 1. 0% Crecp at 1600°F
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2.2 Turbine vunes

Prait & Whitney Aircraft has nade extensive use of cobalt-hase silcys,
particularly as precision-cas: first stage turbine vanes. bcecause of
their excellent resistance to thermal shock, high rmelting temperature
{cobalt has zome 70°F superiority over nickel in melting point, 2745 °F
vs, 2651°F}), and good castability. The cobalt alloys gain their strength
principally from complex refractory metal carhides. which are Aifficult
to dissolve and diffuse. This carbide strengtnecing, aithough effective
at high temperatures, is less ~ffective than the strengthemng ~rocess of
the nickel alloyz at intermediate temperatures. Thus, cobait alioys are
used more in vane (high temperature) thau in blade (interme diate tem-
perature) applications. Pratt & Whitney Aircraft use of cast cobalt
alloyer includes Stallite 21 (AMS 5385), Stellite 3] {AMS 5382), Wi-»2
tPWA 653) and SM 302 (PWA 637). The latter two ailoys, whick use in-
creaged amounts of the refractory mectils tungsten and tan‘alum. are
significantly stronger than the Stellite 21 and 3] alloys. W’-52 . lloy,
containing 21Cr-11W-2Fe- 1. 75Cb-2,45C, hae been shown to have the
greatest bow resistance of any cur.cent casi cobalt base 2lloy. It does
require a suitable proten.ive coating for long time use, and it has been
found that a diffused aluminurn coatiiy {PWA 45) prevides adequate
protection for this alloy. The cropert.e- and characterisdcs

of the rickel-basec superalloys being considered for SST application

are described under the turbine blade portion of this section.

The alloys under discussion are iundamentally subject to damaginy
structural chang=s depenlent u~on certain ¢ nditions of stress, tem-
perature, and tinie. Some cobalt-ch.romium alloys strengthened by
refractory metal carbides are susceptitle at high femp2ratures to the
formatiop of a brittle chromiut.. -cobalt inte~metaiiic known as cigma
phase. Further, tne strengthening carbides under conditio s ¢ figa.
heat may coz_¢sce and eventuaily disscl.v, causing loss of strength.
The nickel-base alloys strengthened by the Nig (Al, Ti) compound :re.
«f couvse, also .usceptible to ios: in strength whe: overaging (inciease
in parvicle size} or dissolving of the hardemng constituent occurs at
high temperatures. Further, these alloys are (o varying degrees sus-~
ceptible 1o damage under conditicns of therma! tyclig and therniul
fatigue. Pratt b Whitney Aircraft is very aware of the lim:utations
the nickel and cobalt systems vith regard 1o long timyo =talilitv ane has,
sver the years built up a tremendous amount of expericace in this arcé
Add:ticnal information iu this area 18 provided in Section 13 of the Final
Contract Report. Material: for the turtine cornipricews of Pra®t &
Whiteey Aircrafl cogines are selected ¢ the hasiz of meening lorg Lime
durability reguirements.

FWA 653 {Wi-5Z) has Leen selected as the first stage vane alloy ‘or the
SST engine. This selection was based cn the matenial’s gnod th-rimal
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shock and bow reristance, and the accumulated flight experience in
various models of the J52, JT8, JT3, ana J75 engines., The alluy re-
r3ires a proiective coating for service above 17C0*F but, as stated
previously, an established alun.inum-base coating has been found to be
adejuate for this purpese.

PWA 658 (IN 100) has been selected for both the second and thard stace
vanes in the SST engine based on the excellent performance sf this (1 y
in the J58 engine. The higher strezeees in these stages require a strc .g-
er ailoy than PWA 653, The ovtstanding properties of PWA 658 alloy,
excellent castability and excellent high temperature and thermal fatigue
strengt &, have been demonstrated in turbine blade applications as
described eariier in this section. Stress-ruptur~ acceptance require-
mneats for these two alloys are listad in Tabie F2-6.

TABLE F2.6

ALLOY STRESS RUPTURE REQUIREMENTS

Temperature Stresn Life Elongation
(°F) {psi) (Hrs, Min.) {% Min.)
PWA 653 1800 15,506 23 5
PWA 658 1800 29,000 25 4

These prorerties and others are contrulled by specification. In addition,
Pratt & Whitney Aircraft alloy qual.fication includes stringent rig and
exverimental engine testing to evaluate bow, thermal fatigue and thermal
shock resistance. Average results of such testing ave shown in Table
Fi-7.

Al three vane stag=s will be coated for protection againsy suriace
oxidation and corrnsion and cooled to decrease metal temperatures to
acceptable levels, As indicated previcusly, PWA 43, a ditfusion coat=
ing, will be vsed vn WI-52. Tnis .lloy~coating system has been used
succ essfully in the J52, JT3, JT3 and 575 engines for millions of

hours of commercial ard military operation. PWA 47, diffused alumi-
r.ume-siticca ~oating, will b : used to coat the PWA 658 (IN 100} vanes.
Based on maximum expectzd turbine inlet temperatures and the cooling
schomes to be employad, average vane metal temperatures of 175%°F.
will be experi.nced, with maxirium temperateres not exceeding 1800°F.

Of severa: alternate alloys considered for vane use, FWA $5% has
been relected as the back-up matarial to PWA 658 in second and third
stage vanies, and PWA 663 for use in all thrae stages. PWA 563 has
demonstrated outstanding thermal shock and thermal fatigue charace
teristicy in both rig and experimental engine tests.
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TABLZ F2-7

{m.wv’

‘f RIG TRAILING EDGE 30W AND THEEMAL SHOCK
il DATA FOR VARICUS COATED AND UMCOATED
NICKEL AND CORALT-BASE ALLQYS

i
)‘ Trailing Eage Bowle]l  Cycles to Crxakl?)
, Traiing Edgeli) & Thermal Shock In Thermal Shonk
. Alloy Coating Bow {inzhes} Bow Test {{nchea} Bow T'caL(Cxches) '
| Nickei-Base 7 V
i PWA 658 {IN 100) Mone 0.004 0. 004 800 . -
l FWA 58 (IN 100} PWA 47 0,693 9, 004 9006
i PWA 659 (M ?.OOi Neone 0.003 - 0.007 0,003 - 0,010 ud - 400
' PWA 659 {TM 200} PWA 47 £.601 - 6,002 2.902 - 0. 006 300 - 1268
P BWA 662 Noune 2,062 - G.0wW 0.004 - 0,015 200 - €00
“ PWA 642 PWA 47 0.6802 - 0.003 0,303 - 0. 004 960 - 1300

PWA 653 {WI52) None 0,005 .., 007 ¢, 007 - 0,023 100 - 506

PWA 653 (W] 52) FWA 45 G.004 - 0. 008 0.009 - 0,617 50¢ -~ 700

PWA 657 (SM 102) None 0.014 - 0,024 €,029 ~ 0,072 400 - 6C0
. PWA 657 (5M 392) FPWA 45 0.005 9, 025 300
L.; (1} 12 hours at 1950°F and 5000 psi.

{2} 12 hourse at '95G°F and 5000 psi + 430 thermal cycles (2100°F - 15 seconds hot, 30 secounds

cold}

For future vane and blade consideration new nickel-base alloys recently
developed by Practt & Whitney Aircraft and designated PWA 664,

PWA 1401, and PWA 1402 promise thermal fatigue properties far

above any existing alloy. The anticipated thermal fatigue life should
lead to longer iived and more reliable turbines.

In a more advanced class, the duPont uevcloped dispersion strengthened
alley, TD nickel is a promising vane material. This alloy is attracrive
because of higher melting point {2650°F), and higher thermal conduc-
! tivity than conventional superalloys, permitting higher vane operating
temperatures and greater resistance to ther.nal {atigee and shock by
minirmnizing thermal gradients, Uncoated TD nickel sheet metal vanes
have ghown exceilent endurance in 2000°¥F. rip tests. T nickel vanes
have heen engine tested or scheduled for test early in 1965 in J%8,
TF30, T¥33P-7 and JT8D engines. TD nichromse, recently released
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by duPont also is receiving a great deal of attention since it has
greater oxidation resigtance than TD nickel.

Furthexmore, a new nickel-base alloy recently developed by €ratt &
Whitney Aircraft and designated PWA 664 promises thermal fatigue
properties far above any existing ailoy. Operating temperatures will
necessarily be limited by coating melting point and stability; howevel,
the anticipated thermal fatigiue life should lead to longer lived and more
reliable turbines.

_2-.3 Material De~crinotions

Gereral descriptiona of the chemical composilion, mechanical prop-
erties, and fabrication characteristics of the materia.s selected for use
in the supersonic engine are presented on the folicwing pages.
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UTNEPAL_INFORMATION
SPECIFISATICONS: LNS 4310 NS 49R6 AMS 4366
ROV N H Sheet, ttrip, Barc Porgings,
plate forging stock
CihDITION: Arvaaled Amealed anrealed
{Rc 36 max) {Rc 36 max)

C 1200 DERIGRATION: A=110AT, T1-541e2,5(4
PSSO LN PR LJICES Kaitiple consumable electrods zelied under vacuum

GBhaNal, DRSCHIPTION: T1-541-2,58n 1~ an ajlpha titenium elloy which 13 not hardenablis
by Laatrestrens. alloy is ap;licable to compressor componants which must be
welded and/or which 2eq\imw strengthd superior to that of ahS 4901 st Semparatures
up to 800 F. Tcnaile strengih of sllcy 17 Inferiar to thut of AMS 4928 (T1 -cAl-4V}
~ut 1ty ereep strangth is supyrior at tenperstures shove 800 P, Alloy forgea with
3li,ntly more cifflculty chan AKS 4928 snd its smchinability 1s conmparsble to that
of ths cther tikanium allays (similer to s.stenitic steinless stesis). Weldabilicy
poaes no prodlem wnen accomplished wirh proper techniques. Oxidation reslstanco Is
5004 at temparstures up to 1000 F. Corrosion resistance in ceneral 1y excellent;
however, with sdverse combinitions of stress, tompersture, and halogen madla, stress
corroaion cracking is possidle.

APPLICATL. "S¢ Titaniwa parts requiring gowi weldability and strength superior to chet
of AMb 4901 and AMS 4921 at temperatures up to 800 F, Particularly applicabls to
COMPI® $30F ¢ OMPONONLS,

CEIMICAL CoWFOSITION (Nowlnall:

C [} Sn Fe i3 H N T4
TA%e 5T 73 .55« [t (11939 5o Twma {nder
o lmam

HRATAEaTH SNT s %ot hardenarls by hettreatmant.
Solution anneal: 1500 F ¢ 2%, alr cool.
Vacuum or ipsit atmosphere required for hestrertment of sheet src finish machinad
sur{aces at temperaturss shove L1150 r.
Siress-rolief: 115C F for 2 hours in air, air c2ol.

FudaanBlidat: Good forpesbility, but nore Aifficult than AMS 4328 (T! - GAle4V).
Hecommended forging renge is 1300 - 1600 P,

Uittt JLITY: ralr to gooa formability st roon tamperaturo; inferiur to austenitic
stafnloch stesls and AMS 4901 titanium., aAnnsaled shest (<0,07C !n.} is capable
of rocm tempereiurs bena of 1095 dsg arounc a dlsmeter which is n tines 1its
thickne s. PFuximm “ormability reslized with slow rates of deformation at
eslavatad tespuraturss (400 - 1200 F),

Pl 1iABILITY: Somvwhat difficult; more aifficult than that of commar. :lly pure
srades and sustenitic stainless stesls, assentlal recuirements for :.:cessful
mchining are: shaip toocls, heavy {eeds, slow speeds, rigid support, u«nd
syurdant supply of coolant.

WlLaBILITL: keadiiy weldabls by resistance or fuasjon methods. Pusion weldirg s
done 1n protective inert .as stmoa;hsrs with ~MS 4331 (commerclally pure titanium)
f1iler motal, Stress-relief at 1150 F for 2 howrs in air requirsd for lsrpe or
complex tuaton weldments.

BRAZEARILITY: Rot readily brazesble. Limited experiments! brazing has produced
ductlle joints with pure silver brezing metal. For specific ~rplications
econsult leslyn Fetallurgy.

CHSRICAL WiOPERTISS

WRUS Il hsBiSTanugt venersl corrgsion risistsnce ls excellsnt. Subject to stress
corrosion fallure when exposed under stress to helogen-contsining stmospheres
At tomparwtures sdove 500 F.

UXIEATIVR RaSISTadCEs sealsts oxidation at temperstures up to npprox!-tox¥ 1000 F.
.

Bxtended exposure at 1000 P snéd higher resulis in loss of duckility and tigue
strength dus to diffusion or oxygen.
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SPECIPICATION: P 1802, MA )H04 ‘\
PORM: Bars, forgligs, farging stosk ‘\\

CONDITION: Bars and forgings: 3Solutlon and stedilization annealed - nC 39 maximum
Forging stock: As ordered by forger

Ay
COMMON DESIOLATION: T1-8A1~1Mo-1V
KilTIi& PRAVIICE: Muitiple consumable ¢ lectrode malted under vesuus

P

i 7 GEMSHAL DaSCRIrTION: 1+dAl«1%0=1V 13 an alpha-lean bete titarium alloy which i3 waed
in the Jduplex annesled condition. alloy 1s articulsarly aprlicanle to jet a:.lne
coEprayscy com.onents shlch requirs (ood strencth and theormal stanii‘ty within the
terporature ran; e 503 -« 1000 F, alloy 1s auperiar in strensth to anneslsad Al. 4988
(T1-uAl-¢V) l.lpr.a-bou elloy j&rticularly st temperatured ab~ve &0C F, 1erallur,lcel
and sarlace stability are ,00d up to ap,roximetely 0G0 ¥, alloy ior.ss with slightly
more difficulty thaa AlS 4928 and its mmchinabllity is on-pcnblo to that of the other
titanium slloys (similar to sustenitic stainless steels). wl«billg in som 1 s
comparebls tH that of ANS 4910; howsver, whers joint restreints -9 » Wl u. . U{
?o m‘!?ﬂueut. Oxfcatic) and corrosion resistance are ¢ aflar to that of . L. 491C
Aw .

AFPLICATIONS: Titanium parts requiring superior te¢ sle yleld a * creep strengtha
within the tempsrsture re.ge of 500 « 900 P, lsed primarily tor oompressar blades
snd dlscs,

i
)

v

o

CdurlCAl "W FOSITION (hominal):

d X ¥ P [+] | | T

vhEs 2 8 o ¥ o 0% U mmbnr
(500 ppm) (150 ppm)

shaxizcim

HoATHaAT: stiTe

dolut'son anneels lg2k -~ 7 75 F for 1 iw, alr cool

Stabiiise snreal: 1035 « 1115 F for & he (sin.), air cool

Normal heatreatment 18 & dupux treatmnt which incorporatas both solution and
atablliliing erneals. 3olution sruealing within 177% - 'S$75 F rernye enhances slevate .
temperatiuse atrength and rong toaperature notch strengths al the expsnse of scam loas
of rooa tempersiure tensils ductilisy.

FURGEADYILITY: Gaod tomlbuiti un.nsﬁ aore A{fficult than AMS 4520 (Ti-6A1-4V).
Hecommnded forging renge is

MChInaILETY: aosowhat Wfliru . da to high rete of work haprd,nin.. lachining
J accompliahea with e peneral techniques exmployea for asustan!tle stainless steels, .
but witah siigntly more difficuity.

. .
oo |

WELDABILI?Y: Ducttile wolds with good n.s'ol"A s are obtainedlse bi reslstance or fusion
mihods genera’ iy used for ANS 4910 (A-110AT) alrha type titanlum alloy. Por striss
relieving hea’ . ;atments required after fuaion wldlm large or compley sasemblies,
consult Deui Ibnunrr . Por a given we'dment involving joints of moderite to high
restraing, t‘oy my Y9 wore diffjouit . weld than AMS 49.0,

)

BraZuafIL1TY: Prelfiminary Matorinis Devsloprent '~ 'ratory csta 1:cicates that
teecessll joints can be produced with Ag rasze wrazlig slloy. PRrazesdility in
general should ve similar to that of A=1l0

[+ (Y YT R )

COnRualON Ruw.uia ot venarsl corrosion renistance is eo:.. .ilen., ._ubject to stress.
corrostior crecal:y  ion 9Y)O~2¢ unusr strosi to halo en contsindr, atmaspheres at
tene utures mbove . " P,

{ dallmllui AsulaTAMLR: nesisesy oxidation terperatires up to apjroximmtely 1C00 F.
&2 enus periods uf erpcaurs &t higher tempersturss mesuits {n loss of ducttiiity and
deterlioration of il progertiss lu penersl.
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PWA 1203

GENERAL INPORMTION

SPECIFICATION: e 1903

COMEDR DoslubaTIoN: Ti=BA1=02r-68n

Pl bary, forgings, forging stock, ahest

CURDITION: Amnoaied

MalZine PRACTICAS Mitipls consumablo slscircds meite’ under eacuum

GhXEHAL DuoChIrTION: Ti~6A1-5Zr=85n 18 an alpha titanium alloy which ia not hapéanshle
by heutruatment, A4lloy 13 applicatle %o jeU engine compresaor cosponents shich
require xo0d strength and atebllity within o00 to 10C0 F range_  Compersd with
Pl 1202 (T1-0Al-1¥0=1V), elloy hAs lower elevated tompersture tanaile propertiss
and hijhar cresp resistance cbove 900 F, an¢ has comparably gaod scability up to
1000 ¥, rorgeability of alley is similar to that of T1-7A1-12"y but consideprsbly
podPer than that of PMA 1202, Weldsbility 1a roughly cosparable to rWA 1202 and
alightly wore d fficult than A-110AT for weldrwnts with high weld joint restraint.
Oxidation and cor-2s.0n resistance &re ocosparedle to tno. of A-110AT and Puk 1202,

APPLICATIONS: Compressor campoments roquirl creer resistance supsrior t> tmat of
ANS 4vie u.u.ﬂ? and rak 1202 (Ti-841-100-1V) withis 40O - 1000 F temporature
recge.

CHRMICAL COMPOSITION {Nominel):

e H & A e o b by sdies
bl (300 ppm} (130 or)

HaaATKaA T T: hot hsrdenable by heatrestmont. Generally used in siagie or duplex
annesled copdition. Best heatreatment to date for optimum combimation of te 'ilo,
creep, aixd stabllity has beent 1650 F/4 hr/alr cool,

PORLaaBILITY: Diffioult, oimilar to Ti-741~172p¢ titenium alloy, but conaiderably
more difficult than Fuk 1202 (Ti-3Al-1Mo«1V) ard A¥S 4920 (Ti1-6Al.4V). VUsuslly
forged betwsen 1u25 P and 1700 P,

PAChINABILITY s Somewhat difficult due to high rete of wrk hardsning. (omperedle %0
ather tistanium slloye wrd slightly more difficult then the sustenitic stsinless
steels.

doLlAELLITY: ho WA e, erience to date. rublished iitersture indicatey that guctile
walds with good strergths sre possible by techniques ised for A-110AT. For ¢ glven
woldment involving jointy of moderate o high reastreint, slloy may he mipry difficult
to weld than A-11l0M? ar Ti-cAl-1¥o~1V, For stress relievins hestpwatrents reauired
£3r ler,e or complex waldmerts, conault Lesiyn Metallumy.

SaeRlcal s IPHTIas
CORROSION RESIZTANCE: Jenwrsl oorrosion sesistance 1 sxvellsnt. Subdjeat to atress
corrosion crecklog when ezposed under stress to Bslogea containing atmospheres at
Semperstures above 500 P,

OXIDATION ARSISTANCE: Compsradle 3o P 1N0T,

L e ]
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AMS 3813 AMS 5304 AMS %59
o T

SEERRAL IFFORNTICN
SIECIPICATION: AMS 5413 ANE 6504 AMB 8503
AVAILARIR PORNS: Bara, forgings ai:o':. steip, Seanless tuding
4

COEDITION: Nar: BHot end sold finishad. Bhn %41 maz
Yorgings: As ordered
Shest: Annealed

COMON DRITOMATION: AISI Type 410, 3AE 52420

MXITING PRACTICE: Gonecalily air salted in slectrin furnace., Vecuum melited snd
vasuunm degassed mterisls sre ovailable for spesial epplicstions.

QRMERAL DESCRIPYION: ATS8I Type 4.0 s & mcrtaaaitis, corros’~n resiatant steel which
18 heatrestable over hardness reage of b 90 = Re 48. Stress-rupture and creep
str.agths of slloy are fafe . lar to thoss of Oreek Ascoloy (AMS 5816, AMS 5508)
whon heatrwated to same hndnou. Yield atrerngth of alloy {s comparable to that
of Ureek Ascoloy (cams hardnese level) nt tomperatures up to lpxmxln“l{ ego 7,
but inferior at higher teiperatures. Jorgeadbility, machinabiliry, and weldadllity
of alloy are slightly superior to G.eek Ascoloy. OGemera® corrosion resistance of
alloy 1s swperior to that of low alloy steels and cowparsble to Greek Ascoloy.
When tompered withia 700 « 1100 F range, alloy L/ suseceptidle to striss corrosion

erecking. Oxidetion resistence of alloy 1s good up to wpproximately 1000 F.

APPLICATIONS: A wide varisty of strustursl parts requiriag modertte to high strength
and st resisterce at tesperstures 1 to approxismtely 852 P and vhioh might require
welding or brasing. Aleo used where low expancion is desiredle.

CEMNICAL CONFOSITION (Momimal):

) 4
*urimm
NEATREATHENT :
Austonitise: 1750 - 1880 P for i # br, air eocol or oli quench
Temper range: 900 - 1860 P for 2 by, air ccol (See "Nardness vs. Tempering
rature” curve o specific hardness lavels snd tempereturs)
Process anmeal: 1 -~ 1400 P for 1 « 8 Ar, alr erol; typieal hardness - Dhu 188

Pull ann.el: 1580 « 1680 P (1 hr per secticn inchj, furnade cool to 900 P, air
eool; typlical hardness - Bhn 188

FOROAST ITY: Resdily forged, more eusily than A 6018 nmubh. earrcoion
resistant steeli. Usual forging temperatww range is 2130 - 1800

PORMABILITY Pair. HNore difffcult to form in znnealed condition than the austenitic
stalinless stesls, but more onur formed than AN 34N8 bardenadle, corrvaion

% resistant steel. "In process” anmesls me; s nucessary depsnding upoa degres and

; naturs of forming operation. Revere dsfomming cperstions should de roumd by

i

i

Foa—
tym: .

stress relisf or enpeal.

MACNINABILITY: Palr to good. Slightly better then L)8 Uéld hardenable, corrosion
Pasistant steel and the sustanitisc stainless steels. Optimum condition for
.-h@i.x;lou ;:cb-";mea and teugered, or anneeled and 00lé woriked to dardness of

WIDABILITY Pulr to good. CTan be fusion or reeistance welided with less di1ffioulsy
then ANS 5503 hardssabls. corrosion reelstant steei. Eigh strsagsh assesbdlies
are uauvally welded in the anuealed condition, an’ tubsequen 13 austenitised end

. Melam ul:::! i mu{ done vith fillar metal parent metal
cholnry. use of sus 310 type flller metals ie pareittod when Dardensd details
are t0 be joined ead/or wided joints have low strength ragquiremsnts.

e
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AMS SEI3 AMS 5504 AMS 5891

SRIRNAL JNPORMATION (cont. )

’l

; BRAZSABILITY: Resilly bresed by sll methods. Adsemdblies gold-niciel braxed per

! P 19 or silver Drased per 9666 sy be bardensd in the brasing cycle.

| Copper braziag per AMS 9871 should be followed by separate hardening snd

[ tenpering operations. Strsss relisf or tosper hsatsestmert s regquired after
AN 2668 sliver brasing snd gold-nickel brasing; no hsatrestment recessary
after AMS 2685 silves breasing.

( CREMICAL PROPENTINS

CORROSION RESISTANCE: Genersl corrcsion resistance of alloy 1s superisr to that
of low alloy steels dut is inferior to thet of sustenitic steinless steels.
Cerroaion resiatunce s reduced b{ ezpooures to temperatures above 300 F;

: hardened metarinl has best currosion resistance vhen Neatreated per PWA 18,

'Y Alloy, 1iks AXS 5616 (Ureek Asscoley), 1s Jusceptivle to stress corroeion

o crec whan tempered witiln 700 - 1100 F renge. For tempering temperatures
up So T00 P, ANS 8613 and 23 5816 both heve equally good stress corrosion

.onistanse; at oqual s th levels gio:uud by tempering above 1000 F.

Ca

ANB 5613 1s sommbat 1nferior to AMS

e Ly gy

- oo

o

OXIDATION RESISTANCE: Slightly inferior to AMS 5416, hardenadble, sorrosion resietant
steel and sudstantislly superior to low alloy steela, Resiats oxidstion at
temperatures up to spproximmtely 1000 P,

L.
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: *
LI B
1 }
AMS S6!6  AMS 3508
H _— e e
SEEAL IPORMTION
: SPNCITICATION: ars seis A 5508
Lo AVAILABLE FORNS: Bare, forgings Sheet, strip, piate
CONDITION:  Bar: Ammealod; Bhn 31) max
| ;

Forgings: aAs ordared
Sheet: Annealed

COMNON DEBIGNATION: Greek iscoloy, Uniloy 1415 W

MBLYING PRACTICE: Genorally air melted in eleotrisc furnacs; bowever, vacuum melted
and vaguum degassed materieis are available.

OEKERAL DESCRIPTION: ANS 5836 18 2 martensitic, corrceion reslstant steel whose .
atrpength &t elevetod temperstures is snlunced by additions of ni:kel and tungsten.
Alloy 1a heatreatadle over hardosss reage of Ro 28 - 50, Stress-rupture and
aresp strengths of alloy are superior to those of ANS 8813 (AISI 41C stesl) but
luferior to those of AMB 8735 {A.288) and AMB 8304 (low slloy ateel). Forgeability,
msedinability, and weldability of unol are oughtz inferior to ANS 561). General
corrosion resistance of alloy is superioi to that low alloy stesla. Material
uxud within 700 - 1100 P reangs is tusceptitle to alress corrosion :recking.
Oxidation resistance of alloy 1s good "™ to spproximately 1000 F.

&
§
H
H
3
}
§
[
£
€
i
b
¥

APPLICATIONS: Parts requiring c¢reep strength and ring resistance superior to
that of ANS 5613, Used mrily for compressor blades and vanes, turbine disca,
nuts, bolts, and miscellanmecus structurel parts sxposed to temperatures up t2 1000 P,

CHRMICAL COMPOSITION (Momioal):

'Knln-

HEZATREATHENT ;

Justenitise: 175C - 16850 P ror § hr, air or oll queack. Through herlening attained
in sestion sigss up to apprexismtely 3.0 inches by sither atr cool o
otl quanch. Lorger sises require oll quench for surissm hardness.

Toxpur renge: 450 - &00 F and 1000 -~ 1250 F for 2 hr, air cool (Ses “"Nardnesa va.
Tomparing Tempereturo®” curve for specific hardners laveis iod

tasperatures). Doudles temper or ¢old trestmsrt recommsnded for
parts hardemnd to Ry 65 - 50,

Process anneal: 1300 P for 1 - 2 hr, alr cool; resulting bardress Ban “70.

Pull snneal: 1450 - 1300 P {1 hr per sectiom inch), furnace conl et 30 #/hr to
800 P, sir cool; resulting hardness Bhn & . 27T

PFORGEABILITY:  Readily forged; sllghtly more 4lfffcult than AMS $613 :A151 Type 410).
H Ususl forging ter, sreture renge nos - 1750 P,

P —
B

PORRMBILITY: Fatr. HNore difficult to form 1n srnenrled cotdition Shan snnealed
AMS 5504 {AXSD T 410) and sustenitic stalnlees rteels. Dost not wvork harden ss
reapidly as sartenitic stainiess steels; howewer, intermittant L rocoss enneals mey
be neceasary dspending upon degres and nature of forming cpsretisn, Full sonesl
recommanded after sovare daformntions.

MACHIMABILITY: Patr. Similar to the sustenitic stairless sleeis Lut alightly inferior
to AMS 5613, Fully annesied condition 19 optimm for ssehliing,

WKLOABILIYY: Falfr. Cant be fusice end resistance weided bun with more diffleulty than
4N 3504 (AISI Cype 410) Gue to 1te higher Mardemabliity. &!r mardening
charssteriatics ¢f allaoy aetassitate post wald atrees celief withis reasonadly
short tiae after welding. Weldmsote roqulri% AIgB strength should be jeined In
stealsd condition, and subsequently ausisaitissd end teagpered. Pilier astal of

[} parent mstal comparition (s recommsaded for Righ strength weliiments.
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PRATY & WNITNEY AIRCRAFT

AMS 5616 AMS 33086

i

SEMAL JITRMTION (somt.)

BRATRABILITY: Readily brezed by ull methods. Assemblies gold-niocksl brased per
PA 19 or silwur Drased NS 9048 may be hardened 17 the bdrasing cyols.
Copper Enﬂ, per ANE $87] should be followed by seperets harasning ard Yespering
retions. 3Btress relisf or temper hestresatmmat fa required sfter L3S 0688

silver brasiag snd gold-niske) brecing; 0o heatreatmsnt necessery after L) 9385
3lleep bresing.

SEIOGAL PROPENTIES

COAROSICE RESISTANCK: Gepsrel corrosion resiatance of alloy is superior to that of
lox alley steels but 1s iaferior to that of austenitie stalaless ateels. Sorrosion
resistance is¢ reduced by esposures to tempsyatures adove 300 P; hardened materisi
bas dest torrosion resistente wien heatrsated per M2 lE. Alloy, liks 48 5813

[T ¥ 410}, ir susseptidle o siress corresica creciing when tespered within
00 « % ¥ reange. Por temparing tesperatares up to 700 P, ANS 5613 and ANE 5418
both have equally good sbress sorrusise restistanec; at equal tremgth lavals

produssd by tempe: sbove 1000 ¥, ANS 561¢ is sowswdat Dotter then ANS 5813,

TODAL, .. RESISTANCE: Slightly dettar iben AISI Type 410 and substantlally superior
to low cliloy stesls. DBesisty s>xtdation st teuguretures up to approximstely 1000 P.
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ANB IO SIS 3BTO MMS 35TS AMS 3643

i

SRRk IPOURTICE
. £ECIPIOATION, AN 8510 A 837TQ AN 887¢ AXS B8as
l : PORIR; Meet, plate, 3eanless tblry \Welded tubing Bers, forgings,
"rip mechan!cai tuding

CORDIYION: Solutieon heetrested

CMP08 DESIGNAYION : 3!- 213 Stainless 3tecl; AISI 321 34R 303815 T stanilized
8 Blatnissa Steel

P
f .

MRLTING PRACTICK: Rlsstrie furmses, ir mlted

GEMENAL DERCAIPTIOR: AISI Type 31 $s an "0~8 type susienitic stainless steal with
titanium sdditions whick stablliise this alloy agilnet isteczrenuiar carbide
munuda mt subsegaent sorrosive sttass. Alley s not bardensble by

treatment a2l 1s used (n coe solution Dyetreated condillon for soximm corrozton
resistamce and ductilivy, Alloy 13 withis samc general streingili categary si
AISI NO. (8, and MT sustenitic stainless stecls. Furmmes dresing Yeg lres
apecial sonatderation dut ctherwise fabrisetioc 18 rewdily achleved Dy procedurea
and tealmigues comMSn %3 O wr auatanitic stalinless steels, Resists axidetiom at

tanpemMtares wp > o i aely 1600 F and ${s 1ike AISI 318 and 347 (o tnlse respect,
but is ‘nferfor te AISI 3.0 a:d Incowl.

it B

APFLICATIONE: Farts requiring oxidation and corrcsion resistence et tespervturvs up
e Am‘:ﬂ‘ IS80C 7; uaeful amly wiers Opereting strosses are low. Por
assambliss £ sated by drezing or weldixg.

CERGCAL COMPORITION {Nondmal)

“mxioma

KR TERATIR Y 1 Bet bardensdle beatreatment.
Solution (fuil emnmel)s 1730 - 1680 P for § te 1 hour per eesctiom inch; ecul to
balew SO0 F 1a isss D& 3 mimmtes.
dajution Reatress 3bmel &t 1#8S P for 7 - 10 minutes after mvere faruing oparwtiona.
Rressralisve osmplex fuston wldmests at 1260 P Zor ] bowr.

L3

i
t
i
|
E

PCACBARILITY: Readily forged. Usamily formged withirc 23 - 1700 7 ~unge,

PRRARIIITY: Ahaet can te bedt isd dag arcund s dismetar equel o it: trickaess.
Excalisat drewi and spingeing chersdtasisztics, Solutism heatreat st 19Fs ¥ for
7 - 10 ninutes af ter cevere jorming cperscioms.

MOAIMMILITY Samshet SifFieult dae > Mligh Tete of work-dardening. Sligntly
supsrtior to that o Ipcorml or Bmsiailoy I oliskei-dese zlioys. Beguimsanie:
riglaly suppacted worll; sesureialy gvound, Agdy aharpeawd, rigisly segported
Loele] positive, wnifoem feed; pesitive anip redcwel; sdsgunie ooi'ig wite
sulpkurlissd-bese 2ils. Bom-sagnetis.

YILDARILITY Beedily Meice or Yeilvtanes wided. PFllisc msial of JI37 M7 =

somprsllloe
N usad Tov fosiom welflag. Largs sr somileax eeldmests Tequire atress-Tellel ot 1F0C 7
i for ' mxdr. Minos fus! L weidients Aad resistaner weideents el Sal e sifvaes-
L rellevad, i

BMAIEADILITT Sesdily  rasad A Th silvar, copper, nlokel, -3 goli-nlaael., Fursdcs
Prailng 12 hyerugeR RLledepheare ol {ess!dls unisss pavir ¥ Yo Yrsssd sre ni-gel
Fisted. Do stress-reliel regiired afier drasimg.

- 4

ey TRIART W
Z Clmd W REAIRANK: Emcellient corroeisr MIistases 1o gor LUBIne eng TS IRSIDBETeS

st temparei.ms oy 1 sogeoxtaptely 3D . THlabiitaed” ¥y tlyacium -

¥ £33
sgelioed laia inr “NOR A srbite (recipitatlices In the rimge -
seioed angre

e

S
Lk cacrcalon Mmalrianse sf parig ramine g~ d alisr poovensing 27 wpe  tlom iam
TRt reags.
i GRIRTI ¥ EIITRRT: Soni B CHMeEPE SIS g 14 IEpEemi WYELy LN FL loeparaile i
H 8° ] Sit aki MY awerenitie etainisre stawls, ¥rx lafarisr 35 2100 JI0 atrlaliess
H otiel samt Lo cal Sichai-wae silzy. ;
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;- -
ANS 535z 25 55T
AMS 8575 AMS 57 ¢ PWATTO
T L
SPRCIF 1CaT1OM3 AMB BOI2 AMS 5571 ANS 3875, Fw 70 AID Losd
POUNS 3 Sheet, strip, Sesmisss tuding Welded tuding Bac~s, Torgirgs,
piete wechanlicsl fubting
CORDITION; 3clution nmtreated
COMMOE  DESIHMAT [ONS: Tyee 347 Statnless Steel; AISI 37, 3AR 12M7; Columbiun
Stabiiir-d i8-8 Stainless Stesl
KELYING RACTICE: Rlactric furnee~ al, malt, [Indact!on and corawmbdie slerirode
! vecuun melted.
i GEVERAL DESCHIPTIOS: AISI Type 347 13 an lo-# type susteritic stsinless steel in wuich ‘
R additicon of colustium atetilises mmterie! againat lntergrenulsr cerdide precipitation

end sulesquent zorrosive atteck. Allsy 1s 1ot M rienable Dy hestreatment snt {3 used
tn the soiution heat;wated coniition for merimm corrdsion resistancs snd Juctilivy.
Alloy 18 within same genercl strenith catesory &s AISI 3o, 371 and JIC sustenit(-
stalnlesy stesls. Resdily fadbricadlie dy :ocedures snd technligues ~omeon to ather
austapnitie atsiniess iteels. Rezslata ox.istion st tempersiuses up O &5y lemtel:
l 1600 P and {3 iiks ai5] 3lo and 31 in thfs respect, >ul is Inferior to i LR
and Inconel.

APELICA L [0S or coreosion anc svidation resiatant perty srersting under low siresass
St temperaturer t0 150C P, arnd rar sssestllies febricated oy draszing ur welding.

R TS P B 4

CubmITai ¢ wBAITION (Nominel):

e 3 i Or Fo ook B e T e mmiwEe
'hu”

FERATaBATRENT : ¥ot srdem:.e through heatreatsert.
Solutiom: 1500 ~ 138C F for § - . By per sectlon 'nch; 2°0l to telow SO0 F In levs
wen 3 aimtes. i
Sclution hasirat sneet at 198 F for 7 - 10 minutes aitai ssvers o ming Sperstions. H
Stress-reileve cOmyiex Tualca walfments at IF0C K Tar Y onoaur. i

G R

Ny

TOMGLABIMITY: Readily larged. Usualiy farged Melwsen 2300 F ans (700 P

PORMARILITY Sheat can be Deni 13 Ceg sfound 3 flamter ejusil (1 1ts thickne ‘3.
Kxcallent dravime end doimning chamcteristice,  Ssiution haetrsal &t 1705 2 "o~
T - 0 mamtss 8. 330 wevere [orming Srarelioms.

Caomparatle > thet ~7 Al tyre 3El ant the othar slsteniti: stairiess
Lo saly anl £llghliliy superiar . Inconel anc Hasteliov T ='-zel Lase alidys. Tes
iy 3.i. Bou-mmgrwile.

[ U N SPRsS Anedily Tustan and resista-ce weized, Fio
ednpcsition ssed (35 !usl - wwifing. LAPye °F OIMEFisy wr, Snents shogll bn TLasd~
reileved a3 IR P Zor 1 Coar. Rioyr Joslon weliment
kel DIt te ipwBi-rellevsl.

AL EILITY #u3Illy TeEed wiil uinr. .\p,o., £39 G, ant guis-richel. Ko eirdia-
el.er ™ Jired aller wrealn ol Iar use
ere Tur sie wresling 1y required.

SRPIC AL ~WDITICE g
ol S 58 St

Cimodi -l w3 TARE: B1Z0Li0AT Torroeivl reristants I I35 1LPRiNe MNZHE IMOITGISS
1 lamparetatee s 3 sg rlebtely 1e0C P Tleanilised® T3 oeciombsax coamise
eingt lstef, ranuiyr e eTIde Dresiiita = tn the ringe WX - Ll ¥,

Vhus corTiaten madiglacce o FEFId ressins (oot kIter rricedring 1 pery’
et refge.

SIITATION XITINTALE: Fxod wl Prageretar’ W
32: sodlantil: sta'n.se2 steels >l isferioy

o maainstes,,

rage me F2-37
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PRATVT & WHITMEY AIRCARAPT

AMS 3540 NAS SS90 AM 0865 AMD 837

PWA 1080
f ot e S S e ST S T e e e e Y S e e T
SRR L RMATLE
B LCIFICATION aMR BR40 M5 a0 AWE T348 ANS 5087
ns 2o

| g¢ .1} Bbeet, siriy, Seamizae bare, forginge, Wire

plate Juk*ag voidsd rivgs
COEMLEICH: Annsaled Ansesiod arcatld, Aiisalod

Rot rinished

COMMNE PRIJTORATIOK: Insongl
MELZIW PHACY e Induciion furmsrs, aly ma.ted

JRERALL DES L1 Incoral 10 & niokei beer 2licy riohiy sileyed primmrily sita
saromius., Alley e noA-lordesable by Re.irectmes. and 1s zesd in selution
Bestroate ! (snpaaled) conditican, Yield strengih of alloy 14 roisined o tegperuturss
up to sbouy Li¢C P, Miriomm yield ctrengihs 6t 1800 & and L6800 7 ure £3.0 usi snd
£,0 k88, Dupravive’y. Mrimus 100 he strese-rupture and 130 4r, 0.M arcap etrangthd
o 8iley +t 1400 P epe 4.% kel and 2.2 kel, rospectively, Yield and ireop-ruplurs
atpong?’.» of allcy aro ¢ rably t0 those of wsustentrisc steinless otoels end
1efea . » to thoee of Beetolloy X and L-60R, Pabricadility of aliey, {5 gaveTsl, is
simiiar t. that of the austenitic -tsinless stoels, Oxtdation nozsh‘..u of &¢liny
13 supepiop “- cthat of the susténinlo iteinlsas stesls and i~805, ™at slighktly
Lnfericy %45 :oat of Eessrlloy X, Corrosion resiatance is excellent.

GHERICAL COWPOSITIUR (Mowassl)s

g B B B B ot B i mdbm by M
- WX FAX  @AX  PAX WNZ m®  sar® wr*

®Apslicanle to Fild 1083 only.

BEATARATIENT ¢ Annsal (soluiion)s 1928 P g &= for & to I hr - air cocl, forgings
1800 ¥ for .0 - 15 min = air occoi, xhest
Stress relief: 1600 - 170G P 1.~ 1 hr, aip cu¢l

Optimun heatrea*~ «us8 for g0od formahility r:v 1900 ¥ for 10 - AN miniter folinesd
by afir aevel rf T for saverti seeonda, i .omse grain osias rroduced by sxeetaice
times st 1900 . abuvs rraults 12 Osorvase .~ teld otrengih end ductiitsy. ALl
Neotroating of w..v should be po: Tormed 4 sulfu -fros simospheres, Ailvy veal_is
bright smnesitny . tridlug, an! sas’ arizing stucepberss.

POROBABILITY Ueual.y forged in tem Jre rengs of 2380 - 170 P,

FORMBBLILITY Gcod, suparior ¢ Hastel:oy X and sustenitls stainiess steeis.
Righ rets o work hardening reguirss intemeciets annoals “or seversly formes
purts.

FACHLMABILITYS Piffievic, similar to Baatelioy X and mope difficul thap srander
austenitic stelrisss ateels., Sulfur deapfrg cutiing “lulde suat o vam: 4 pri
to hsatreatasnt or Righ tempersture ~e:viie,

WRLDABILITY: Readily welded in aclusic: nisetrestad condition b; fusion end resiotencw
wethode, Plliier aeta) of papent Jwtal conporition used for fusion wel... Cumples
fuaion velimsnts Pecuirs pust-weld streas cvellel,

BHAZRABILITY Can be allver, coppss, and gold .nicke. brused withoul pasi-brate stre:s
Telief, Purnice braxad a2 {66 require uss of FEL 1080 (furuaye Dresing quali.ty
mterial). Bresed details should be in solutias hestrested coudition or streas
reliaved prior to drasing.

CHEMICAL PRO; BRTIRS
CONRCSION RMSXSTANCE:  Kxoelleav.

OKIDATION REBISTANCE: Rxcellent In sulfur freo staoApheres 2t tempersturss us 3o

000 P 4nd in sulfur atmoapheres up to 120C F, Superior to austenivic srvsinlese
stoel: and L6056 dbut wlightiy inferior to Nasielioy X,

ST BAGED AT ) rRam wriWveD
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AMS 3336 ANS 5754

p= e s e

ZRUBRRL TEFORMMTION
ATRCIVICATICNS A3 8558 AMB G704
AVAILABLE FORMG: Sheet Bars, forginge

CCADITIONS Soluticr bBastyvated

SO DRSIG.ATIONSs Rastellor I, Mastelloy Alioy X
HELTING PRACTICE: Blectzio furasce, tir mslied

ORMERLL DROCKIPRIONS AMS 85%8 17 a nickel basze alloy ricr’” alloysd primariiy with
otromivk, 4110y is essentizlly nosehadenatie by hestreataent aend is normelly used
in solution ueatrested conditlon. mu;xnzzm osvure in alloy during long exposured

withip temporature reange of 1R800 - i&7

§ however, subsoquent increass iu hardzcas

RC desrszes io duciility ars tolerebls in 6o far 83 perforsance in service is
sonsaroed. Minisum yield strsnstiis rengs faww 37.0 kel at &30 P to 10.0 ksl ot

1800 P. Minimum 100 hr stress=Pupture sirongth ao. 100 k2, 0,88

sretp strength 3%

1860 ¥ are 13,0 kel and 8,0 kei, respactiveldy, Tisld end rupture atrengths of nuo¥
are superior to those of AME 3540 {Incomel), AM® 85810 {&4TSY 381}, end AMS 58if (AfS
M7) vat fr.geior ¥< thoss of AMS 0937 (i-808), #1i:y forges, forms, mchinss, end
weida with slightly nore 41fficulty than austenitic staialess atselt commoni

uged st Py, Oxidetion resistanse of slloy is ocutstanding at
2200 P and Sa '“go
recissanco df alloy i3 exsellent,

erior to that of AMS £510, ANS 5540, and AMS 3587,

ratures up o

Coprogion

APPLICATIONS Parts raquiring moderate strenguh,eni axsellont coxidatiosn and corrosion
rosiatance within temperturs range of 1400 « £02¢ P, Used primerily for durer
lirep parts, turhine seqis, turbins sxhaust weldaenta, snd afterburner perss,

CHYHICAL CONPOSIZION (Nominal)s

Saximum

HEATRRATHMESRT: Solution: 2150 P $ 25 - 1 I per secuion Inik - weter Quench or rapid

air ¢ool. Resulting bardness Rt 88 - 100

Annesl (Process or fullls Sass as sdlution hastroeatuent,
Furnece atmospheres for annealing or heating fer hot worklng efhicuid be frea from s:lfur,

PORGEABILITY: Palr, Usuaily furged in tempersture range of 2200 - 1800 F, More

readily iorged than 1-606

PORMABILITYS Good, Slightly sore 4ifficult to Fform than austenitic atainless steels.
Dapending upor ﬂcsx‘u and sature of forming opereticn, several {n-process anneals

Yy be nocessary dud to high rate of work hardening.

MACRIBABILITYS Difrfovit. 3lightly more 4iffiocult to machine than eusteuitie
ztainleas steels and Inconsl, All traces of sulfur bearing ocatting fluld sust be

remeved “riopr to heatreetment or high cemperdturs service.

WBLDABILITY: ten bs frelon and resiatance weldsd, Some thickneds and material
sombinationa offer difffculty in resistance welding. Fillsr metal of psrent mctel

eompoaition uscd for fusion welding.

BRACRABILITY: Reecily braxed by all methods (silver, copper, goldenickel)., Cold
formed detnils must be snnealed prior to breting. Post orazing siress rellef not

assential

CAL PROPERTIES

OXIDATION RESISTANCY: Excollent resistanca to oxidizing etmospherss st tamporatures up
to 2200 F, Kealstance t0 redusinx end {nert media at temperatures up to 2150 F fe
2is#o outstending. Superior to sustenitic sisinless steels, Inconel, and L-60B,

GOURROSIOM RESISTANCE: Exceilent,

sack no. F2-39
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BPICI7ZICATION: ORI COMDITION;
A8 3043 Sheot, strip, gh% Annealed
P& 1031 Sterip (veo. melted Lrawaled
AKB 5us7 favrs, tovg‘ln 8, PlIgS; Equalised
sorg ¥
AKS 482 Rera, lorgings, Solutton, siablliantioen,
forging asook and procipitation hectreated
! ANS 3580 Seamlesy tubing Annasled
Nk 1063 Wolded tubing fnneeded
AR 50068 "re Cold raduced 15 « 208
ARE 5600 “ire Cold reduced SO - 835

COMMOE DEEIGNATION: Inzonel X; Incomel alloy X-7%0

HWBLYIN) PRACTION: Primurily induction malted in alp; PWA 1031 s Snduciion or eonsumsble
olectrodes mslted under vasuum.

QEIBRAL DEGCRIPPION: Inconel X $3 & aloksl-base alloy which hss useful strengths at
tenperaturet up to 1380 7 or 1500 P, depending upon {is hesirested condition, and has
f ; &ood oxidaticn and corrosion resistance in gas turtine orngine atmospheres up to 1800 P.
e Wnapaloy, subjact olloi.h capable of @ wide mnto wozharical properties whinh
san be optimized by eppropriate heitreatment for sg‘c fiec operating conditions, In
neral, tsnsils and emrmtm oenr?:!u with 1300 F ags fall betwesn thoss of
N3 5685 (A-988) and M& 1033 (Inconel 718) at ta cures up to 1350 -~ 1400 P,
Allny becomss nuoteh sensitive in strese-rupturs after prolonged sxposures at 1100 -
1350 F. Alloy is ve.dadle But with oonsideredle difficclty. Machining, forging,
and formi: egu- aoteristine of Inconel X ers similer to those of Incoloy 901 (PWR 1003)
and Inconel 716 (MWA 1010, PHA 1083).

APPLICATIONS: Parts requiring good etrength at tamperstures up to 1350 F or 1500 P plua
good oxidation and cozrosion resistamos. Used primarily for non-rotating structurel
party, non-structurol parte (springs, seals), and tube assemblies. S~

CHEIICAL COMPOSITION (Nominel):

i ol e M~ el B - e

Haximan

i
!
!
i

R

e ey

HRATRBATNERT s Heatroatebls by various combinations of solution and precipitation
hsatrestmsnts to comply with perticular applicaticn and/or fabrication requivessats.
In general, for paria uced et temperstures up to 1100 F solution heatreatnent of
T388 « 1850 P plus precipitation heatread at 1300 - 1400 F provide optimux propertics.
For snring applicetions over sdme tempersiure Mnge higher strengths are tttalaadble
theoug. 0014 work prior to precipitation heatreatment. rarts which sre used at

} texparaturaa above 1100 ¥ sre afrorded optimum wonrtlu by solution hestrestmsnt of

2100 P plus stabllisaticn and aging treatwmsnts at 13550 P and 1300 P, respectively.
Specific heatrestmenta provided for in specifications ‘re as follows: :

ANS 8842 Mil: anneal: 1900 - 2000 P for 15 - 20 min., air sool (specification
ANS 3&2‘__- condition)w®

P 1033 Fresipitation: 1300 F g 20 for 20 hr, air cool

' A 1063

} AMS 5867 Bqualiged: 165 F 4 28 for 24 hr, air cool (specificatlon . ondition)

I Precipitation:t 1300 F 3 25 for 20 hy, air cood
LMS BE68 Solu:tion heatrented: 2100 P 2 25 for ? - 4 hr, eir eool

Stabilization: 1550 P & 26 for 24 nr, alr ococl or furnsce cool to or

3 balow 1300 P

! Prectipitation: 1300 P ¢ 28 for 20 hr, air cool
WAMS 5498 © Cold worked 15 - 0% (speeification sondition) }
(¥o. 1 temper) Precipitation: 1350 F & 25 for 16 hr, air cootF—700 - 1000 F service
ANS 689¢ Cold worked £0 - 658 (specification conditlon)

, {spri Preaipitation: 1200 F g &5 for ¢ he, sir cool |—8T - 706 F ser.lce

\ tomper

14 workad 50 - 65% (spesifiestion condition) ,

’ Full hestreatment like A5 5508 2000 - 1300 P servics
Sulfur-free protective nuoghoru reocmmwnded for dolution heatreating of material
whioh will not be subsequantly machined all over.

1 sonling after solution heatreat or mill annesl 1a considersd adequate for normal
subzequent hmatseat responss; whers optimum forming charasteristics &me desireble,
0il or water q h s mMeen ded .

|
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15056 M350 P 1081 e 108

QOEML TPORMT N {cont.)

FORIBABILITY) Patr to good. Sixiler tc MA 1003 (Incolsy $0)1) «nd supsrior to that
of PR 1007 (Wespaloy). Usually forged wdthin 8250 P to 1600 P rengs.

PORMARILITY: Good forring ubilitied in snnesled or sclution heatreated conditiony
comporables to PMA 1030 (Inpu:i) and FEA 1033 (Inconel 718) but fnferior to
AMS 5525 {L-$86) and the austenitic stainiess steels. Armssled sheet can be bent
180 deg arcund a dizmster aqual to its nominsl thickness at room tomperature.
aoluu:n heatraat a% 1925 P for 7 - 10 minutes and air cool after severe forming
operations,

NACHIMABILITY: Difrffoult. Nechined with ssme tachriques and degres of 4iffloulty as
PWA 1030 snd MEA 1033; wmore ifficult to machine than austenitic atainless steelas.
lko;uuiblo in sll conditions; fully heatreeted cundition 1s preferred for finish
sachining.

WELDABILITY! Difficult. Weldable by either rosistance or furisn methode. Pusion
welded by either gas tungsteneare or inert gas metallic-eare process with parent metal
filler mterial, Welding by eny method 13 generally done in the solutiocn heatreated
sandition. Solution heatreatment of 1800 P for 1 hr, air cool plus precipitation
heatreat of 135C P for 16 hours regquired aftsr mlding. Comperable to AMS 5585 (A-286)
snd Pk 103¢ (Yaspaloy), and mopre difficult than PWA 1033 (Inconel 718},

BRAZEBABILITY: Cen be silver, copper, nickel, and goldenickel brazed. Faying surfaces of
bragsed joints should be nickel plated prior to brasing. Becanse of hestreat complexities
of siloy, specizl mstallurgical consideratinng are roquired to ensure ‘esired properties
in the {inished drazements.

CHEMICAL PROPERTIES

CORROBION RESISTANCR: Genersl resistance to corrosion in gas turdbine engine atmospheres
is good, Stressz-corrosion oracking is a posaibility when sudjected to certain tensile
Lresans in the presence of helldes.

UXIDATION RESISTANCE: Good resiatance to atmosphsres encountered lix gus turbine engines
&t texperatures up to approximately 1800 P,

CNEBRALES A1 & VCAN GrrEmvaLs

wage NO. ¥2-41
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PRATY & WHITNEY AIRCRAFY

PWA 1009 PWA 1010 PWA 1033

e

SRIERS) TNPORMATION
SPECIPICATIONS s PR 1009 Dov; WA 10353 {Dev)
M 1010 (Dev
PORM3: Bare, fﬂ'.lzl, welded rings, Sheet, st#ip, plate
forging sto

CONDITION: P 1000 - solution heatrested
P 1010 - Bers and forgings - solution and pracipitation heatreated
Gther form - et oriored
PWA 1035 - anneslsd (1780 * for 30 min,, *if cool or facter)

COMNON DESIOMATIONS: Invonel 728

MRLTING FRACTICR: Kultiple melting using veacuum conosumeble electrods process in the
remslt 10101.. or vacuum induction plus consumabls elsctrods remelt, or vacuum induc-
tion melt,

GENGRAL DESCRIPTION: Inconel 716 i2 a heatreatabls nickel-base slloy which hae good
strength at tempsratures up to 1100 - 1300 F, and good oxidation and corrosicn
resistance ia gas turdire engine atmospheres ©0 lﬁ\mxiucoly 1800 P, VYield
strength 1 superice to that of PHA 1003 (Incoloy 901), end PWA 1005 (Waspaloy) up
to F. Stress-rupture and 0.1k creep strengths are superior to those of
PR 2003 up to 1850 P, Wt {nfericr to those of PWA 10056 above 1100 P. Weldadility
is superior to taat of Inconel X ar Wagpaloy, partioularly whers joints of high
restraint ard 192ived. Alloy forges and machines scmewhat like 1003,

APPLICATIONS; Rrte requiring bigh streangth, good voldnunt;, and good corrosion
and oxidation *isistance at tusperatures up to 1100 - 1300 P, Particularly
applicable to compressor components.

CHENICAL COMPOSITION (Kominel):

odaxinan

HEATREATHRNT ¢
Solution: 1750 F for 1 hour, air c¢ool or faster
Precipitation: 13885 P fu 8 hours, furmemoe cool (100 P/hr) to 1150 F, hold at
11% F for 8 howrs and air sool.
3heet and parts not to be mchired ell over after heatreatment require & protective
atmosphers for solution heatrestment.

PORGBABILITY: Pair to %god characteristics. More readily forgssbls than P¥A 1008
(wespsloy) and Pua 1008 (Astrnloy),

PFORMLBILITY: Good formi ebilities in solution heatreated condition; comparable to
P 1030 (Waspaloy). % under 0,050 in, can be bhent 180 deg arcund a diammter
equal to its thickness at room tempersture; sreet thickresass of 0.050 - 0,187 1n.
can be bent arcwn® diameters which are tvice their thickmess.

MACHI BABILITY: Difficult, Machined with same general techiilques and degroe of
difficulty as AMS 56868 (Inoconel X) and PWA 1003 (iacoloy 901). Machirable in all
conditions; fuliy hestrested sondition is preferred for finish machinirg.

WELDABILI?Y: Welding (s acoomplished with sams general techniques used for Inconsl X
and Wespsloy, bat with considerably less susceptability to strain cracking. PFusion
woldl 1s doue in the solution beatreated condition with parent material filler metal
(PuA 1081)., Mull hestrestment recommsnded after weliding to -epair hest-affected zone
of weld and to achiewe optimum jproperties.

BRAZBABILITY: Can ba silver, copper, nickel, or gold-nicksl brased. Bocauss of
heatreat complexitios of alloy, speoisl metsllurgiesl consideretions are required
to ensurs Aetired prorrtlll in fintaiwed dDresements, Faying surfaces of bresecd
Joints ahall be nlokel plated priovr to dreting.

CHENICAL PROPERTLES
CORROSION RESISTANCE: Good corrosion resistance; similur t» that of Iinconel X.

OXIDATION RESISTANCE: Oxidation Fealstence in gas turbime angirs aimospheres 13 gocd
at temperaturer up to 16V F,

VOWBOANED AT A ek weEes &
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AMS 5860 PWA 1003

GENGRAL THFONMATIUR

SPRCIPICATION: AMS 5660 FdA 1003
PORML Bars, forgings Forgiugs
SONDITION: Solution, stabilization and « Solution, stabilization, ard
precipitation heatreatea : precipliiation heatreatsd

COMFOR DESIGNATION: Incoloy 801
VBLTING PRACTICa: AKS 5660 forgings - consumable alectrode or induction vacaum melted
bars - air melt permiasible
PWA 1003 = consumable elactrode or inductfon vacuum melted

GEXRBRAL DRESCRIPTION: AKS 5660 and its higher sirength modification, PWs 1003, are

iy

; sustenitic, iron-nickel slloys which schieve optimum properties through combination
heatreat (solution, stabilization, and preclpitstion). Yield atrengths of alloys
are aubstantially reduced at temperatures sbove 1400 F, 3tress-rupture and creep
strengths of alloys are superior to thoses of AMS 5735 precip..ation hardensble

steel and AMS 6304 hardenable low alloy steel but inferior to thoso of PWA 1004
(Waspaloy). Alloys forge and sachine with slightly leas difficulty than PUA 1004
but sre inferlor to ANS 5735 and AMS 6304 in these respects. Woldability of alloye
is poor. Alloys have oxidation resistance comparable to the austenitic stainless
steels and good corrosion resistance.

APPLICATIONS: Parts requiring high strength within temperature range 1000 - 1400 P
and/or axidation and corrssion resiatance at tesperatures up to approximately
1600 P, Used primarily for discs, ahafts, spacers, and tilerods,
CHEKICAL COMPUSITION (Nowinal}t
C Ni Lo ¥o T4 Mn Si Al B Cu F
A¥S 5360 - T, IN¥ 1'%5! 2.7 0" 50 287 T.O*F O B¢ U015 U r-‘?mi
Pda 1003 = VL 1%" 12,5 42,% 1,0 575 2.85 0.%* 0.4* 0,35 0,015 0.5¢ remainder

*Maxizum

HSATHBATHSNT & AMS 5660 PWA 1003
Solution: 2000 F & 26/2 nr/W.Q. 1975 - 2025 F & 25/2 hr/W.Q.
Stabllization: 1450 - 1500 P g 15/2 - 4 hr/A.C. 1425 - 1475 F/2 « 4 nr/A.C,
Precipitation: 1326 . 1375 ¥ 3 15/24 hr/A.C. 1300 - 1375 P & 15/24 hr/A.C.

(Resulting hardness Phn 285 - 352) (Res lting hardness Phn 302 - 388)
Annealing: Same as solution heatreatment.
Anneaiing and solution nestreating should be done in sllightly reducing atmoaphares
free from sulfur.

FORUBABILITY Pair. Superior to PWA 1004 {(Waspaloy) nickel base alloy, More difficulc
then AMS 5738 precipitation hardenable steel and AMS 5816 hardenabls, corrosion
resistant ateesl. Usual forging temperature range is 2050 - 1800 F, Preheating
recommended for large forgings.

FORMABILITY: Falr., Slightly more difficult in solution hestreated condition then the
sustenitic steainleas ateals, Severe deformations mey requirs seversl intermittent
annesls.

MACHIBABILITYS Difficult, Rates similar to PWA 1004 nickel base slioy ani more
d4fficult than AXS 3738 preclpitation hardenatle 3tee¢l and ANS 5816 hardensdle
corrosion res.istaat steel. MNachinable in ali conditions; hovever, fully hestreated i
1s preferred for finirh machining. ]

WRLDABILITY: Dirficult, Welding not generally recommended.

BAAZRABILITY: Not ul\uni brased, Can be silver, copper, and goli-nickel braxsd;
howev r, heatrest complexitiss of slloy require special messlliurgiosl conaidsretions
o ensure desirsd properties of finiahed drasssents.

CHEMICAL PROPERTIES

CORROSIUE RSSISTANCK: sxcelleut resistance to corrosive media cosmmonly encountorsd
in turbine applications, Corrosion resistsnce similar to that »f the sustenitie
stainless steels,

b o b o

XIDRTION AESISTANCE! iteslata oxidstion af temparatures ug ioc 2600 ¥,

.
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PWA GB7 PWS 1004 PWA 1030 PWA 06!
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APECIPICAYICH: "t 1004 PWA 687 P 1050 PR 1061

PORN: Bars, fargings, Bars, forgings, 3hest, otrip, Welded Zubing
rings, lorglng rings, Lorging plate
etock stock

CONDITIONS Solution, Solution Annesled Under 2.0 in, diax -
stabilisation heatreated annealed ard cold
and prsoipitation drawvn
aetreeted Cver 2.0 in. dlam -

annealsd
COMMNCY DESIORATION: Waspaloy

MBLTING PRACTICE: A 1004t Multiple melting using conaumable electrode process in
the remlt cycle, or vacuum induction meited.

PuR §87: Multiple melting using consumsble electrode process in
the remelt cycls, or vacuum induction melted.

Pk 1030: Multiple melting “isipg vacuum consumable slectrode process
in remnlt cycle or vaouum induction plus consumable electrode
remlt, or vacwua induction melted.

M 10611 Vacuum induction or vacuum consumsble elsctrode melted.

ORMERAL DESCRIPTION: Waspaloy 1s 3 hsatrsatabls nickel-base a.loy which hes good strength
at tempsrutures up to 1400 - 1500 P, and good oxidation and coirosion reaistence in gas
turdine atmospheres at temperatures up to 1600 F. Tenslle strength of subject
apacification meterials are superior to those of Inconel X, and inferior to thoss of
Incousl 718 et temperaturee up to 1350 F. Creep-rupture strengths are superior to
those of Insonel X and to those of Inoonel 718 st temperetures sbove 1150 - 1200 P,

Alloy 1s weldable; dut with no small degree of difficulty. Machines like other

preolipitati on hardenables nickel-bsse alloys and has forming charscteristics like those
of Incomsl 718,

APPLICATIONS : Parts requiring high atrengtn plus good oxidst fon and corrosion resistance
at temperatures up %~ 1400 - 1500 P, PWA 887, MWA 1030, and FPWA 1061 are applicable
to parts which raquire welding., FWA 1004 used for stationary parts which do not require
we lding or the higher strengths obtsinable with PWA 1005 and PHA 1007,

CHRMICAL COMPOSITION (Mominal):
ﬁ%&ﬁﬁﬁ&ﬁ’ﬁ%%ﬁyn:‘nn

» 3 " ol
. (0.78#) (", 75%)(0.0200)
Kaxisum, ( ) - velues for Fit 1004 and PWA 1061.

HEATREATHBNT : PWA 1004 & 687 PWA 1030 &% Pwa 1061
Anpsa.: 1975 « & 98 Tor Ny, or faster
Sulution: 1800 - 1985 P for 4 I, O§ or HWQ 1325 F & 25 for 2 hr, AC or faster
Stebilization: 1550 F 3 15 for & hr, AC 1550 F ¢ 18 for 4 hr, AC
Precipitation: 1400 F ¢ 15 for 16 v, AC 1400 7 ¢ 15 for 16 br, AC

PWA 1004 and FWk 587 parts whioh are not subsequently machined all ower require s
suitable protective atmosphore for soluticn heatreatmsnt snd need only to be rapid
air cooled., P 1030 and PWi 1061 materiais require protective atmosphere for Loth
sroealing and aolution heatreatment,

FORGEABILITY Yair, beiter tian that of PWR 1008 (Astroloy), bul poorer than that of
PWd 1003 (Incoloy 901) or PWMA 1010 (Incone)l 718). Gensereily forged within 2050 - 1850 P
renge.

FORMABILITY? Qood formd abilities In amesaled ar aclution hoatreated conditlion;
ocmparatle to MA 1033 (Incoml 718) but ilaferior to austenitic stainiess steels.
Sheet under 0,080 in., can be bent 180 deg sarvund a (iemeter ejual to 1ts tdhickress
et room tempersture; sheet thickiesses of 0.0350 - C.187 In. can be bent sround
dlameters which are twice their thicknese.

MCAIMABILITY Difficult. Michinwd with sere rmul techniques and degree of
diffleulty as Pk 1003 {Incolay vOi)} and PMA 1010 {Inccrm) 718); more 4ifficult than
tas austenitic stelnlass steels. MNachinadly in all conditione; fully haatrasted
eccrdition ie pouferred for finish mechining.
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PWA 387 PWA 1004 PWA 1030 PWA 108!

—

GENRRAL INPORMATION (cont.)

WELDABILITY: Difficult, Comparabls to Inconel X and A-286 but more diffieult than
Inconel 7182, Can be fusion welded by either inart gas tungaten-arc or inert gss
metall?n-are procuss, Welding is sccomplished in ths solution heatreated condition
with perent metal filler msteriel (PW 1080}, PFull hestreatmsnt required after
welding to repair heat-affected zone of the weld and to achieve cptimum properties.

BHAZBABILITY: Can be silver, c¢-pper, nickel, send gold-nicksl brased, Faying surfaces
of brased joints should be nickel plated prior %2 brasing. Because of heatrest
complexitios of slloy, aspecial metallurgics. considerstions are required to snsure
desired propertiss in the firnishsd brasemnts. 1In many instanced, assamblies are
solution heatreated and goldeniciel braged tn the same opsration; the resultant

adsenbly requires only stabilisation apd precipitation heatreats to complev~ the
heatreat cycle,

CAL PROFERTIRS

- SORROSION WESISTANCE: 3004 rosistance to corrosion in gas turbine engine snvironments.

OXIDATION AESIRTANCR: Good resistsnce to atmospheres sncounitered in gas turbine

smgines st Semperstures up to 1800 P for intermittent service and up to 1800 ¥ for
continuous aervise.

- o 2 & tom arams
paas no. 77 2.475 -
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PWL 1008 PWA 1007

ORNBRAL IhioKMATY M

SPECIFICATION: P& 1008 P 1007

FORMS 3 Porgirgs and forging “tock Forgings end forging stock

CUNDITION: Forgingas - solution, tllization, and precipitation nestrested
Forging atock ~ as ordered by forging manulacturer,

COMMQ DRSIONATION: Waspeloy

MELTING PRACTICE: P& 1005: Multiples malti.s using consumadle slecirods process in
the remelt cycle or vacuum induction reltad.
PWA 1007: Vacuum induction plus consumabis electrode melt.

GRNERAL DESChIPTION: Weaspaloy is a heatreatabls nickel-base slloy ‘hich ras good
strongth at temperstures up to 1400 - 1500 P, and good oxidat’lon ani corrosion
resistance in ygas turblne atrosphsres up tc temperatures of appruzimstely 1600 P.
Tensile yield strength 1s sligatly sugerior to that of PWa 1003 (Incolny 9C1), but
inferfor to tnat of PWA 1010 (Inconel 718) up to 1350 F, and PWA 1008 (Astrsley).
Stress-rupturs and C,1% creep strengths are . snerally superlor to those of PWA 1003
and PWA 1010, but inferior to thrie f PWA 1008, FPorges more readily than PWR 10CE

but with more difficulty thar rWA 1010 end PWk 1003. Machines like Pwk 1003 - sasler
than PMA 1003,

APPLICATIONS: Paris requiring high strength pius good oxidatlou apd corrosion resi..ance
at termperatures v to 1400 - 1500 F. PFarticulariy apprlicadle to rotatirg parts in
compressor and twiine sections.

CHEMICAL CORFUSITIC. (Nominal):

o Cr CQ‘_ Mos 1 A5 PA B Fe Lu ¥n 31 S 51
O TAT OIXT 40 O30 TR OCOIT OT00Y KB LIV OOTEY ULTE¥ G607 rumelnden
’}‘xlmun

HEATHA FmdnT
3olution: @180Q - 1925 F sor 4 hr, oll or water quench

Y800 - 192D P for 4 fr {protective atm), ale cool ar faster
Stabilization: i5%C ¥ 3 15 far 4 hr, sfr cool

Fracipitation: 1400 F * 15 for 1o hr, ety cosl

Frorglnes to o mac.lnad #il over
*Orargings not to te machinad all over

CORGEABLLITY: Falvr, bDetter than that of PWh J008 [Astroloyi. ut poorer thah ttad of

PWA 1003 (Incoloy 1) or FWA 1018 {Inconsl 718}, yarmsalily Tacges within FUSC « lad0 F
temperat.ire range.

PACHINABLLITY: Diffieult, Machined with asss Zenere) ts
ALfTiculuy an Fud 1003 and PWR NG Rioekiprsdis in o
condition 18 preferred for i .tsh maenining,

ques yad dozres of
r{tlone; fuisly Loalresis

WRLDABILITY: Difitcult, Pk os7 {Wespeivy in suiutice reat

ated sandititnl Cenereily
recomanded when welsing fe rejuived; she Secilon 7.28. -

BRAZEABLLITY: 8ok usuaily VYresad, Jan oe #tiver,
omeireat complexiites of 8ilay reguire preciai metai.
dentred proper:ier uf Tioladed v¥eyessuts,

nlokél mras

xEatlony o

Roappver,
R R

CURROSION RESIITANCK: Bood carsaalet el otEDce 1n gRE T plUg a0 IHY wimesrYesex.
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PRATY & WHMITNEY AINCRAPY

§ PWA 1008  PWA i3

QENRNAL LEZORMTION
{
,l SPECIPICATION: FHA 1006 e 1013
! FORN: Porgings snd forging stoek Porgings ane furging stook

COMDITION: Solution, stabdbllization, precipitetion heatrsatasd
COMMON DESTURATION: Astroloy

P

MELTING PHACTICR: PNA 1008 - Vacuum industion plus conauvibls elsctrous remelt
PR 1013 - Vacuum induction or vacuum indiction plus conaummble
alactirode remsit

SENERAL DESCR.PTION: Astroloy iz & heatreutadbie nickel-bate alicy appiicable to pards
which requires high strength, and 2001.‘ oxidation and corrosian cesistance il temperaturses
np to spproximetely 1500 F. Teaslle, cresp and streszs-rupture sireagths srs auperior
to those of PWA 1 and PWMA 10UT (wWaspaloy'. Pabricabllity, and oxicdet -n and ~orrosior
resistence of alloy are alightly inferior to those of Waspsloy,

APPLICATIONS: Perts requiring high strévwihs, and good sxidatlicn and currosion r.yistance
at remperstures up to approximately 1500 F. Partioularly ap;l!-able to turbine discs,
damper rings and cover plates.

CHEMICAL COMPOSITION (Nominali:

. [ Sr_Co Mp T4 Al _3’ X P 3 S8 Fe Cu 27 L3}
rea 1006 (0EX I5F I7 503 NN 7% BT ;Q’WWTT’F’U«?‘&‘EW

PWa 1013 ,08% 13.0 )7 5.0 3.4 4.5 .08 .15% ,015® ,015% 2% ,5° ,1® 06® re.alndas

*Maxtmin

HEATRATMERY P 10sa P 3013

ooy

Sojuv.<a Annesl: R125 P g 25/4 hr/kC or festes
Sslution: 1979 B 4 2574 hr/AC or faster 1878-70T5 P ¢ 15/4 hr/Q in molten salt
baty at (. r g 10, atabilicze 600 P/AC
3tabtlization; 1580 P ¢ 15/% hr/AC or faste. icQ0 P g 15/84 Re/AC to &7
¢ 1800 P ¢ 15/4 hr/Ac
Precinitasica: 1400 F ¢ I5A6 Ar/AC or faster 1200 P 3 15/24 hr/AC to RT
+ 1400 P 2 15/8 nr/AC
Asnnealing ~ “.ee as 80lution hoatreatment.

“ORuSABILITY: Pair In small alges; difftleult in iurgd {12Y Slamater) slies. Somsebat
more difficult to (orge tnan F 1008 snd Puk 1007 (Waspaioyl.

FURMERILITY: Palr. cJompareble to Wmepsidy and more difficult then the susteaitic stainlses
stesle. tHigh rete of work hardeting necsssitates iatsrmittent annesis for severs
Geformetion sperwtions,

£ temgeralures wp Lo ApFrotimmtely 1S V.,

B MACHINAOZLITY: Diffleult. Mscninlng sceompiished vik, samw "mnl technigues used far
4 Pk 1005 and PWR 1007 (Waspeloy), dut M th slightly wore di.ﬂult{. Machinabls Ir aij
N conditiang; howsver, fully heatrealsd coudition (s preferred foo finlah machlinigy
WELDABILITY: Mope difficuit o weid than Veapsior, Mot gemerally relommenuet.
(/ PRAZEASILITY: S uduslly Drased, Can be atlver, copper, and goli-aickel bresed; tiweier, :
'; bséirect compleiities 2f 2ildg require 2paclal setalurgivel coasideratioss Lo ensure H
L Serired properties of firishe! dreiemest?, 3
k H
LMENICAL PNOPERTIES H
[
SO RELIATANCE: Goad cortusian ~wHigiancs 11 g2 (uMNINe ergine stmoarhervt. ;
SRIGETIVE © 31STANE: Frud rrplstance 1l BimOApBLTes encouatlern~d LN Eas tuttipe esngirae é
:
!

-
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PRATT & WHITNEY AIRCRAPY

i —

? PWA 65¢

0 TR FLS 1]

APACIPICATIVE: P 8%
FORRK Invest: sat cestings

COMDITION: Blade and vane castings are thermml adock testisd 1200C P for 20 minutses,
oir vooled' ‘wioa, Parss other than blades and venes - ss Zest.

COMRON DESIUMATION: In 10u

MRLTING PMACTICH: Yeouum o .ed and cant

ORMEMAL DESCRIFTION: Cast nicknl-dase wiloy used in the aw-cast condition.
Stress~-rupture abd cresp strengths of slloy are ¢ able to those [ PWA 383
{3 200) and superior to those of P oasf?:no ns;. Pl 1011 (¥ wonie 1lo}, and
PR 689 (U-700). Sulfidatioce-c._dastion resistance, lids that of PWd €39, ts poor;
detarent costingt required far epplicstions at temperatures sbave 1400 P.

APPLICATION: Primarily turbine blades and weace-.

CEEMICAL CUMPOSITIGN (Somisal):

rim o % % ok B M o O s

Maxisus

A TREA THENY ; Turbioe dlades « iged av 1600 F ¢ 25 far if h», ele cowled.

CASTABILITY: calp, vimllar to P 659 (3 200).

Mk IBABILITY D1ffic 1z, Mechiming ecc iimhed with same gerw ~a. . ADiques and
degres of Lifficuity s«s PR 65 {Ince 713), PWh 889 (L-7.C, art PR 853 (AW 000},

WELDABILITY: aiffieult. Mot usamlily wmlded,

SN AL PAOMATIES

SOHARMSICh AED CKIT 108 RESISYANCE: Getaral zorraeion restetence .f ellay s guonl.
Alloy 14 sub‘eet t0 millidation-osiiation itctwye,:retize sher oparating 'i ged
Lurbline 33’ stacapiares whleh contain <cepsain 2uifur-Mailds combine tt.us at
tampereiur:s above 1400 P, In staosp2eses wrere sithoi poifur r baiiles are e-sent,
alioy i sepably o resisting »xidar . 83 tempermisies up 0 wppronimmtely 180U P,
1{sca prasence of deipteridas saifur-uslids comeiret £ axs jalite ComAss In
eir-gropaleisa epplicetions, sulftdat ion-detere ing® are regulred for sl
turbine blade ad Tame applicaticns 3¢ wits aliszy.

w
»

e
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PRAYY @ WHITNEY AIRCRAFTY
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[N

PWA 659

i
{ SRNFTHAL IXFMNATIUN
. SPECIFICATION: 4~ SR
% Partk: Investmant castings
SORITION: Blade and .ame castings sre tasrwml shnck teated (2000 F lor 20 ainutes,

alr csoled) twice, Parte other than Hlades a~% vanes - s: cast,

TOMMON DESIGXATICN: 3 X

E ek TINC PRAITICOR: Vacuumr meized and carst
ENDAL RS AIPT IO Cant nlckel-base 8ilo; used In tne as~cest rAlttan
Arrefs-rupture and creap strengths of alisy are 2yepeiebie to 2 o f PEA ode 10 TO0)
- at. supssl Lo those 3f PMA obf ilneo 713, P 1011 (Mimoric S, wnd PWR 859
) (=700}, Suifldaitar-dxidat resisiance, Lie N&L 3f Pea 80, 13 ;ocr: drterent
L cratings a.w sequlred for ap; ileations wt tewperatures atodve 400 P
AFriiCATIONS: Primart.y; t rolce Tasles s varas,
- Tra ICAL (vvalral):
< cr Co L] {e Al T Fe 5 it L3
- [N KR il ™™ 1.3 T r3 T T P T, roma{rier
Srarisl
W . ATMRIT: Turpise biswsd - dged ef ladC LB fer 3¢ up, sl coolrd,
: Ca _TaBILY ¥: Tair. Staiiar 1o Pk 65q (1X
o Bige M LITY: Piffteult. Mecohinigg azccaplished with same gerarel techniques ana
I degrae of JiLClauitly as 7WA ©ob>, PWA 639, and Pk 644,
¢ it pey .
{ WaLlasIlITY: SEirizc T, L0l ssuiiy welded,
SREM AL P MESTIES

S3lon reatatan,

‘glne s
re3 &>
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PRATT & WHITNEY AIRCRAFT

PWA 663

agN INPORMATIO]

SPECIPICATIONS PéA 663 (Development)

PORNs Investmnt cesiings

CONDITION: Bledss are thersal shock tested (2000 F for 20 minutes, ¢ir cooled) twioce,

Noneblade applications « as cast
KELTING PRACTICE: Veosuusm lted and cast

GENRRAL DESCRIPTION: Pl 883 16 8 cast nlokel-base alloy which has strength and
oxidation resistance compareble to that of PWh 659, but slightly detter dustility.
Altho oxidation resiatance 18 very good, marginal sulfidstion reaistance will
probably necessitate coating protsction. Castablility is comsidered good.

APPLICATIONS: Primarily applicable to turbine bladesc and vanes.

CHEMICAL COMPOSITION (Nomimal):

st % b &8 A H T b

HEATREATHENT : Precipitation age ~ 1t50 P ¢ 25 for 4 hr, eir cool
ChSTABILITY: Gecod, Similar to that of PWa 658 (Inoconsl 713) snd significantly better

than that of PWA 659 (SM 200) and PWA 638 (IN 100),

MACEIRABILITY: Difficult., Accomplished wiith assme genersl techniques and degres of

difficulty an Pua 835, PMA 658, and PWA 68O,

Ay PROPERTI

OXIDATION AXD CORROSION RESISTANCE: General corrosion recistance of alloy 1s 3ood,
Subjest to sulfidstion-oxidation deterioration when opersted at temperaturss above
1400 P in gas turbine engine atwmospherss which contain ortein sulfur-halide combinations.
Sulfidsticn resistence of allcy is reportedly similar to .lwe of PWA 658 (Ir:onel 713):
therefoure the alloy will probadbly require coating protection.,

resiotance of allcy is better than that of PWA 659 [ 3M 209),

rage no. F2-50
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PRATT & WHITNEY AIRCRAPT

PWA K53

CENRRAL INFORMATION

SPECIPICATION: PWh 856

COMMON DECIGNATION Inconel 7.3¢, Lwynas Alloy 713c¢
AVAILABLE FORM: Investment castinge

CONDITION: A® caat

MELTING PRACTICE: VAcuum swlted, vaocuum cast

GENERAL DHE3CRIPTION: Cast nickel base alloy ncrmally u

Minirum 1Q0 hr nuu-ru{turo and 1,0% creep strength
and 23,0 ki, respectively, Stress-rupture and creo

ged in as cast conditlion,
s at 1650 F are 33.0 kel
strengths of alloy are

superior to those of U700 but inferior to those of 3N 200, IN 100, and PWA 663,

Oxjdation realstance of allay is good to 1900 F, Thermal shock properties are supertop
to those of most commonly used heat resistant nioke) bsaa alloye, Alloy 1a subject te
sulfidation; better thag IN 100, 3M 900 srd " 3I3 bLui infertor to U-700 and Wespaloy.

APPLICATIONS: Turbins blodes and vanes,
CEEMICAL COMPOSITION (Nominal):

HISATRRA TMBNT ; Normally used in as cast condition,
Stress pellef: 1600 F for 2 hr, alr cool,

CASTABILITY: Qood, vacuuz melt! and casting required
renctive alloy elamants (T1, Aﬁ. Alr and inert gae
cast products are subatantlally inferior.

R Ir Ni + Co
.01 .58 rezalnder

to maintaln control of
Rtmoiphere melted and

MACKTHABILITY: DIL24atit. Jumparsble to IN 100, SM 200, PWA 863. Use of carbide tools

with alow spueds and light 1oads recommnded. Finish

ing done by careful grinding.

WELDABILITY: Difffeult, not generslly welded. PWA experience limited to bardfacing

of turbine blade shrouds with PWX 694 (ear resfstant
wld streas velief required,

BRAZGABILITY: Ko datn avalladle.

cobalt base slloy). Poet

CHRMICAL PROPERTIES

CORRVSIUN RESISTANCE: Jenerslily good; but, marginal resistance to sulfidation nakes

use of & proteative coating (Puk 47-14L) deairable.
- OXIDATION RESISTANCR: Qood up to 1800 ¥.

raas no. F'2-5])
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PRATT WHMHITMEY AIRCRAPY

PWA 833

[ 1¥FO 10M

SPECIFICATION: PuE 603

COMMON DaSIGNATIONS WI-32

AVAILABLs FORMS: Inveotmsnt caatings

CONDITIONS As cast

MELTIKO PHACTICEB: Alr mlt, alr cast

QRNRRAL DESCRIPTION? Caat cobalt base alloy generslly used L. as cast oconditton,
Minizue 100 hour stress-rupture and 1,08 ereep strengihs at 1700 P are 17,0 ket
and 18,0 ksl, respectively., Stresa-rupture and oreep strengths of alloy are
comparable to those of 687 and substantially superior to those of AMS 53a%
end ANS 5380 cast sobalt bass slloys, Alloy exhibits good thermml shock and
eorrosion resistence, Oxidation resistance 1s poorsst of ocsst oobalt base
blads snd wne slloys. Protective oxidation end erceion rssistant coatings
required for applications in vioinity of 1800 P,

APPLICATINGS Turbine vanes.

CHEMICAL COMPOSITION (Mominal):

Lo - B B S S - B o

HBATREATMENT 3 Normally ussd In as caat condition,
Strea: rellef: 1600 F ¢ R0 for 2 hr, air cool

CASTABILTTY: Good; similar to AMS 8383,
MACEIMABILITY: Difficult; similar to AMS 338%2 and PWA 607,

WBLDAB: LITY: Difficult, aot ;-noun{ recommended; however, can be acoomplished
with special teshniquee. Stress rellef required after wlding.

BRAZRABILITY: No data svallable,

CAL FROPERT

CORRCGSION RRSIITANCE: Gocd,

OXEDALION ARSISTANCK: J00d up to 1600 ¥, Froteotive oxidation and erosion resistant
cuatings required for applicstions at temperatu=es of 1800 F snd above.
Pok 3 and Pl 44 procective coatings improve cxldetion raslstance in 1800 - 2000 P
rangs.

Danemi B0 4T L LA witsvasn
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PRATY A WHWITNEY Alr 5 ¢ T

AMS 6413 MS 8359

GENERAL INFORMATI 3H
SPaCIFICATI iH: AMS 5415 AMS 0359
AVAILABLE ¥OrMa: sars, forgings ?late, thaet, ostrip

CueDITIVKL Bar: Hot o> coid finished
Foraings: Aa ordered
sheet: Annealed {(ile 25 max) or normelited and tempsred (Rc 30 mix)

" TXON DESTUNATION: AISI 4340, JAL 4340

baLTIRG PRACTICE: Gonersliy alr melted In slectric furnacy, Vecunm melted matarial
13 3189 avaeiladble.

GuhBRAL DaSCRIPTION: AISI 4340 1s & low alloy stesl whiech 12 heatrssta? s over & wide
range of yleld strengths - 100 to 210 kel, Most cormonly heetreated to 140 « Leb
k3t (Re 35 - 4b) ylold strangth lavel for sppllestion. at temperatures up io 700 F,
Yield atrangth {G.™ offset) of alloy 1s slightly higher than thet of A¥S 5613
(A131 410) stesl at corpareblo hardness at temperaturss up to 800 P. Stress-rupture
and crewp streagths of s'loy are infsrier to those sf AMS 63C4 low sllny stesl &t
comparab.e hai<ineas les-.w, Forging, mchining, snd hardening chersctoristics ece
compsrable to those of Alld 8304 and puperior to those of Aki 5018 (Orsek Ascoloy}
corroaion ~esistant steel, Corrcalon restatanca 1i poor! coaparablis to that of
Ao 5304 but inferior to what of AMJ BE1D and AMS B616.

APrLiCaTIONS: Farts requiring hig“ hardenablilit -, high scrength, »- 1 resscnabla
touhness st moderste Lsmperatures {ur to 77 F), Used peimarii> foz shafts, hubds,
and corpressar discs,

CHEMiCAL COLPOLITION {Kominal):

[+ Cr 149 Mo M ) P 3 Pa
rEE O LD 5.9 6.35 6?%7 T mex 0.0 mex  Teaiindar

oA TREA [¥RNT ¢

wormalize: 157° - 1700 F/1 hr per secticn faeh, aip ool

Aus.enitige: 1475 -~ 1800 F, o!l quanch, Througl herdening attsinad in 2 " n
s'zes up to 3.0 inches with oil querch.

Tomper range: 600 - 1200 F rop 2 houre aud alr cooled, {oe: temper curve for
rilite? properties and tempering tesgsrstures.)

Anneal: 1525 - lev0 F, furnaca cool; vesulting hardneas ahw 215

Heatreatment at tom esratures above 1000 ¥ requirsz sultadble protective atmospharse

to svoid decarvurizstion.

FORwaABILITY: Resily forged; compsradle to AM> 6304 low sllay steel asd Ak 5old
JAL131 410) nardenable corrosion reslatant stesl, Gaually forged in 2250 -~ 145Q F
tespersture rensve, Lenerally normalized hefore sulssquent herdsking ana terparing
hostreatrawnis,

Fulas LLITY: Fair; cold formlng experience very ilmited. rorms in full snrssled
condlition somevhat like al. 5804 {al.l 410).

PACRIGARTLITY Falx to good., uimllap to ALy Bold {AIS] 430} end AKS o37¢ low |113§
stesl Out surerfor to al> D3lb (.reeik aAmccloy] and the suatenitic steinisis steele.
Cpsimum condition for reugh machlalng 8 normmlised end terporsd to Rotivell ¢ 30 mex.
finfsning ¢sp bo parfucmed on matesisl hardened ynd tesrerel (o ALy strength snd
aerdness lisvel.

e IDARTLIT Y Fair t3 poar. <an te fusion welled; Dowsver wslding ls not genersliz
recommmnded unless phos;norus sad sullur contents are restrictes to 0.01%% wax,

BlAZeallsIlY: hesadily vrazsd by wil metheds, Jold-nicewl and copresr hrazing should
proceds hardening sni tempering. Hestreatment rejulred after o5 2uvs hixh tes #ture
silver Drating; no hestrsatment necessery aftar &M5 R60% [rv tempersturs sllver . aring.

CERMICAL FRISEATIEY
CORRUSIIN dcuisTabhls: Faor corresion rsatstence. Protective costing of cadatum pizte
i1s required for spplications et tesperatures up to 300 P. Above 30U F, difrfused nlckel-
cadmivus (AN sz:ue"i piatas is used,
QRILATION RoolSTaklxe Poor o fali; not rust reaistant. Porms thln edhersit oxide fila
in 4ry sir &% tempersiuwres uUp Lo spprozimately 700 ¥, d¢&. 2 becrmms spprecisdle sbove

1000 F.) cuparables to AK: 0304 but inferlor to AWy 5679 {BIS] 31<) and alo Bels {ireek
kzeooley).

ragz no. F2-.53
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PRATT & WHITNEY AIRCRAFY

AMS 6304

GENRAAL INFORMATION

SPRCIFICATION: AMS 6304
i FORM; Bars, forgings

CoRDITION: Bar - msachinabis; Bhn 200 max 1f cold finished
Forgings - annealed; Bhn 241 max

I COMMOR DESIGEATION: 17-282-4; Tomplex
MELTING PRACTICR: Electric furnace, alr wolt.

GRNSRAL DESCHIPTION: AMS 6304 12 a low alloy atesl silch 19 generdlly used in the

; norxslised and tempered condition for miximun sisvated temperature strengtb.

i Yield strength (0,.3% offset) at tempera:ures sbove £00 P for AMS 6304 hardened

} to Re 35 1s superior :o that of AM3 6415 low allo) steel and AM3 5616 {Creek
Alcolo{). Creep strengths are superior to those of AMS 5616 (Grewk Ascoluy) znd
AMS $415 (low alioy steel) but inferior to thoss of ALS 5735 (A-206) or AMC 5460
and PWA 1003 (Incc #01). Forgeability and maculnablliity are likse aMS 6413 and
superior to AMS 5616 and AMY 6738, Corrosion resistsnce ia poor; aimilar t¢

g AMS 6418, but inferior to AMS Sel8, Protestion ageinst oxidation 13 required

; at temperatures sbove 750 F.

APPLICATIONS: Parts requiring rupture and creesp strengths superior to those of other
low alloy and haraenable corrosion resistant stoels «t temperatures up to 1000 F.

f Used primarily for cosmpressor discs, spacers, ond sbafts, and for righ tesperature
bolts.

t

{ CHEMICAL COMPOSITION (Nominsl):

c o] vy Mn 81 | 4 3 F
vim ods B % oE o siwe oot Mty
L3

Mexirm

HBATREATMENT :
Normalise: 1750 F for 1 - 1.5 hr, air cool
Temper: 100 P min., for 6 hr, sir 200l. (large forgings require adiitionsl temper
of 1i00 ¥ for ¢ hr, air cool)
Process an.esl; 1250 F for § br, sir cool
Full enneai: 14350 P for 1 hr per section inch, furnsce cocl 20 Jag b per hr tn
1000 ¥, eir cool (Hardness Bhn 160 - 190)
¥ormalise snd snresl heatrestments require aultable protective atmosphere to svoid
de:ervurisation.

s

PORGSABILITY: Resdily fupged; similar to AMS 5418 jow alloy stesl, ouperior o
AMS 5736 (A-285), P¥A 1003 {Inco 901} and T¢A 1005 (Wespaloy). Usual forging
renge - 22350 7 down to 1600 F.

MACHINABILI™YY Palp to good., Similar to AM3S 6415 and superior t2 the austentitic
atainless stsels,

WELDABILITY FPair to poor. Fol usually welded: however, with some chemistry moditications
materisl tan be sstisfactorily welded by techniques used f.pr other high atrength, low
alloy eteels.

ERAZEBARILITY: Regdily brased by all methods. Gold-nickel and copper bresing ahould
precedn nirmslize and temper hsatreatments. Hostrestment requlred sfter AN, Zuod
high temperstirs silver brasing; no hastrestment nacassary efter AN, Tuul fow
temperaturs silver braging. M

CHEM'CAL FROPLRTIES
CURNQOSION RESISTANCE: Poor; siailar to AMS 6415, Froveculive coeting of cadmiue yplete

required for apriizatisns st tesperatures up to 500 F. Abvove 200 ¥ dtifused r - kel-
sedalum plate (&M Z4if]le used.

OXTDATION PRSISTANCS: Foor to feir; nst rust resistant. Forms thir adderest oxlle [ils
1p 4ry sir et terperstures upr (o approsimmtely 700 F.  Scaling becowss n;),-;rvcznh
&3 AMS

sbove 1000 P, Compsreble to A'S 9415 LUt inferior to AK: 2613 (Al3l 430
$016 (aresk Astiioy).

saga no. F'2-.54
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