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I, "INTRODUCTION

Preliminary design and reliability analysis conducted on the turbo-
pump for the NERVA 75K full flow cycle engine, indicated that the turbopump
bearings were the most critical turbopump parts in meeting thg_lo hour life
at the required turbopump reliability of .99978. The analysis revealed that
significant reductions (approximately a factor of 3.25) in bearing loads would
be achieved by fabricating the rotating parts from titanium in lieu of A286
or 718. This is basically due to the difference in dens{ty of the materials
and the resulting mass effect on the location of the first and second “stick
mode" critical speeds. For the selected rotor configuration, the lighter
material has a "first critical" speed at approximately 36,000 rpm, while that
of the heavier material has a "first critical” at approximate]y.27,000 rpm.,

As the operating range of the turbopump is from 0 to 30,000 rpm, the heavier
material would have a "stick mode" critical in the operating range.-

The task of "selling" titanium as a rotor candidate material for a
centrifugal turbopump started in 1966 and culminated in an agreement in
June 1969 by SNPO-W to go ahead with the then current design. One outgrowth
of this agreement (among many others) was that any titanium material used
should be produced with ANSC specification control along each and every step of
the production process, i.e., "cradle-to-grave" control. This requirement
was imposed by SNPOFC-in order to accomplish the following three major :

objectives: -
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a. Insure that parts for actual TPA use would be very simf]ar
(metallurgically) to parts used in test programs.
b. Insure that follow-on parts could be produced in a manner

very similar to earlier produced parts (reproducibility).
C. Optimization of production through adherence to rigid speci-
fications in order to attain the highest possible material and structural

design allowables. /

With these broad objectives in mind, ANSC was enjoined to abandon a
rotor forging brogram using some existing heéts of material avgilable at
the selected forging vendor. 1nstead, a period of four months in 1970 -
1971 was devoted to the conception, coordination and completion of three
titanium specifications controlling the production and testing of titanium
sponge, billets and forgings ‘in support of a turbopump rotating‘components
reliability verification program (Reference 1 ).

Production of titanium forgings adhering to these three specifications

is the'subject of this report.

IT. ~ SUMMARY

Titanium die and paﬁbake forgings were produced using controlled billet
material. The majority of the forgings produced were utilized for fabrication
of turbopump component parts. The balance of the forgings were used for an
interim material test program conducted to assess the results of producing
material with ANSC specification control énd to confirm the structural adequacy

of the machined parts. Forgings ordered for specific test purposes, such as
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extensive fracture toughness test programs, were not produced. An interruption
of titanium production by a lengthy strike, which started in October 1971 and
continued to the time of the writing of this report, prevented further
material production.

Tensile and fracture toughness test programs were completed and verified
the superior quality and mechaniéa] properties of the subject material in both

gaseous and liquid hydrogen. '

re]iabi]ifies based upon the low flaw growth rates of the material in the

.__operating __environments of interest.

ITI.  SPECIFICATIONS

The NASA guidelines specified that titanium material for rotating

application was above all to be:
| 1. Completely traceable, back to the individual sponge lot
history, and,
2. Comp]éte]y reproducible, in‘brder to minimize lot-to-lot
variation.
In order to accomplish such requirements, a new forging specification
had to be written, and specificationsbfor billet and sponge material had to
be developed since no industry specifications for billet and sponge were in

existence,
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In general, the following procedure was followed to insure tﬁat
specifications were written which would meet the two overriding require-
ments stated above, and yet, would not be excessively burdensome for the

‘titanium producers to work to:
1. Review of existing industry Ti 5A1-2.5Sn ELI bar and forging
specifications, including:
a. Aerojet-General Corporation
b. North Americdn-Rockwe1]/Rocketdyne
c. Boeing Company
d. Pratt & Whitney Division
e. General Electric

2. Review of billet and sponge specifications, as available from
the titanium producers and forgers.

3. Coordination and cooperation with the major titanium broducers.
Using the above approaches, information was gradually accumulated which
enab]ed the writing of three specifications covering each product form re-
quired. The input hateria] and background for each specification is described
below. < |

Ti Sponge Specification, ANS 90296

There were no existing sponge specifications at the time that this work
was initiated. However, Reactive Metals Incorporated (RMI) made available an
in-house sponge specification, RMI Ti-001, and the ASTM sponge specification,
ASTM B299-69, which was based on RMI Ti-001, was also used. Somewhat after
the fact, the P & W specification PWA 1201, Titanium Sponge, was used for

comparison purposes, but it was loosely patterned after the ASTM specification,
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also, and contained nothing new. With the help of these documents and
coordination with both RMI and Titanium Metals Corpdration of America
(TMCA), the ANSC Specification ANS 90296 was written, covering sponge
production by the MgCl énd NaCl processes. Several major features of this
specification, included as Enclosure (1), were:

1. Requirement for 100% inspection.

2. Low sponge hardness (low oxygen content).

3. Stringent vendor réporting and certification requirements

to enable future reproducibility.

Ti Billet Specification, ANS 90295

- There was no existing titanium billet specification and reliance
had to be placed on input material supplied by the billet producers, RMI
and TMCA. In addition, rotating grade specifications used by Pratt &
Whitney, such as F12 and E52, were used as models for testing and non-
destructive inspection requirements. Subsequently, a section was added
requiring in-process beta transus &étermination and finish forging below
the beta transus temperature thus determined. The billet specificatipn
required billet traceability to the ingot and featufed chemistry‘chécks
for each end of each billet, mechanical property testing and extensive

non-destructive testing requirements. Some major features of the speci-

fication, included herein as Enclosure (2), were as follows:
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1. Billet size restricted to 8 inch diameter.

2. No recycled material (scrap) to be used in melt.

3. Tight chemistry with 125 ppm H2 Timit.

4, Primary and secondary melting controls on vaccum and power.

5. Process controls on welding of electrode, cleaning and coating,

macrograin and microstructure, and external and internal quality.
6. Ultrasonic inspection acceptance criterion of 3/64 inch max.
7. Extensive vendor reporting and certification requirements to
insure future reproducibility.

Ti Bar and Forging Specification, ANS 90297

Several Rocketdyne and Aerojet Specificatidns were used to draft a
premium grade pancake and die forging specification. Tﬁe following refefence
material, among others, was used:

1. Rocketdyne Specification MB0170-010

2. Rocketdyne Specification RB0170-079

3. Aerojet Specification AGC-90163.

In addition, the forging industry was approached for useful suggestions
and knowledgeable personnel at Battelle Memorial Institute, Boe%ng Company

and Lockheed Aircraft Company were personally contacted.
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The specification differed from conventional titanium specifications
in that it covered bars as well as both die and pancake forgings. The.
chemistry was tightened to make it consistent with the billet specification
and, of course, only ANS 90295 billet material was allowed for the forging
input material.

In order to insure high component reliability (by optimizing fracture
toughness), a very tight ultrasonic inspection acceptance criterion was
imposed on the two selected fofgers. This criterion'inc1uded a 1/64 inch
maximum diameter acceptance standard, as well as both longitudinal and shear
wave inspection and C-scan recording in order to.ﬁrovide a permanent record
of the internal quality of each forging. One of the selected forgers accepted
this requirement; however, the other forger would commit only to provide
forgings to the more standard requirement of a 3/64 maximum indication.

In order to minimize absorption of embrittling gas species, parts were
vacuumvannealed and, then; rapidly cooled, to preclude the formatibn of embritt]in;
microstructural phase transformations.

Mechanical properties were raised to higher than previously accepted limits,
including high ductility requirements.

A copy of the final version of the specificétion, ANS 90297, is included
as Enc]osure (3), and contains the following additional provisions:

1, Tighter H, and 02 content.

2. Surface quality with a tight (1/64 inch) flaw size acceptance

level.
3. Very fine equiaxed microstructure requirement.
4, Inspection and evaluations of a forging "try-out" to verify the

adequacy of the forging practice.
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5. Extensive vendor reporting and record keeping requirements
to insure future reproducibility of the part.
The three specifications described above were extensively coordinated
'by conferences and meetings with the affected organizations, including'the
titanium producers, major forging vendors, internal ANSC engineering and
quality control organizations and NASA SNSO C and SNSO-W engineering and
quality control organizations; the latter ver1f1ed the spec1f1cat1on scopes
~and contents, in turn, with NASA-Lewis Research Center and the Naval Research
Laboratory. Final approval was obtained, v]ate in 1970, from all affected |

0rgan1zat1ons, enab11ng re]ease of the specification and pav1ng the way, after

approx1mate1y five months, for mater1a1 procurement act1on.

Iv. "MATERIAL'ORDER'AND'PRODUCTION

A. HEAT K8930 (TMCA)

Five thousand pounds of 8-inch diameter billets, in 10-12 foot
random lengths, was ordered from the Titanium Metals Corporat%on of America
(TMCA). The billets were ordered to conform to ANS-90295A and applicable sub-
specification ANS-90296A (sponge), as well as ANS-9032, a quality standard
applicable to inspection of, and acceptance criteria for, surface flaws. An
additional requirement imposed on the producer originated with the primary

- forger (Arcturus Manufacturing Company), who required that the billets be
finish forged below the beta transus temperature, Enclosure 4, in order to

optimize subsequent die-forgeability. Additional, minor, deviations requested

by TMCA are included herein as Enclosure 5.
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Source surveillance started with on-the-spot inspection of the 8600
pounds of sponge planned for use in this procurement. The sponge was con-
veyed past inspectors at the rate of 700 pounds/hour. Non-metallic contam-
.inants and discolored sponge particles were removed by hand.

X-ray inspection enabled discrimination between normal density titanium
and high density contaminants. On the whole, the sponge appéared to be uni-
form in size and clean. Very Tittle contamination or discolored sponge was
found. Heat data made available by TMCA is included in Enclosure 6.

Following inspection of the sponge, a meeting was held concerning pro-
duction procedure documentation. TMCA had prepared an operations procedure
document for ingot manufacture. In it, new and additional exceptions to ANSC
Specification ANS-90295, covering electrode melting requirements, were
presented. The exceptions had to do with secondary melting cycle vacuum control
and power control requirements. It appeared that the pressure level must pur-
posely be increased at the end of the second melting cycle in order to control
the arc. To have held TMCA to 1000 microns throughout the second melting cycle
would have constituted a major process deviation for them and could have
unfavorably affected the ingot quality. Finite power interruptions also had to
be allowed due to arc characteristics during second melting.

Following inspection, the sponge was split into 24 weighed, equal
portions. Aluminum and tin additions, weighed out against pre-calculated
requirements, were added by hand; iron powder and titanium oxide were also
added. Finally, each of 24 barrels contained sufficient material to produce

one compact weighing approximately 300 1bs.
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Following a two-minute mixing cycle, the input materials were cold
pressed in an 8000-ton press into 24 semi-cylindrical compacts. Alloy
content of each compact was preplanned according to the compact location in
the electrode during melting. Accordingly, the input for compacts were
numbered 1 through 12 for each of the A and B electrodes and came off the
press in the proper order. This was necessitated by the varying mixing
action from the top to the bottom of the electrode during the melting cycle.

Compacts were conveyed %rom the press to the welding area where they
were plasma fusion welded together under Argon. Following welding, the welds
were wire brushed and blown clean. At this point, each electrode was ready
for primary melting.

The "A" electrode was assembled to a header and lowered into a sub-
surface, pre-cleaned crucible. The crucible was evacuated to approximately
500 microns; water cooling systems, for cooling of the crucible, had been
checked previous]y.to 1nsuré against leaks.

Melting of the "A" electrode, followed by melting of the "B" electrode
on top of the "A" melt, proceeded without incident. A vacuum level of 700
micrpns was maintained throughout the primary melting cycle. The voltage
and amperage levels and fluctuations appeared to be normal and, according to
TMCA personnel, the primary electrode looked typical. |

Subsequent processing of the electrode was carried out by TMCA (without
ANSC surveillance) as follows: The primary electrode was
cleaned by high pressure water spraying and acid pickling. A holding assembly

was welded in place and the second vacuum melt was conducted.
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ANSC was informed that the second melt was typical, interrupted on]x
by several momentary voltage spikes due to arc shorting. Vaccum was |
maintained at from 300-350 microns during the melting (compared to 1000 microns
allowed in the ANSC Specification). Following the final melt, the ingot waL
machined and prepared for shipment to the TMCA forging plant in Toronto, Ohio
where the ingot was scheduled to be reduced to the 8-inch diameter billets
ordered by ANSC.

Ingot chemistry, prior to shipment, was determined, as shown below,

and was acceptable according to ANSC Specification ANS-90295.

" 'CHEMISTRY OF ANSC HEAT K8930

ELEMENT HEAT K8930 ANSC 90295
Aluminum 4.9 ' 4,7 - 5.6
Tin : 2.3 2.0 - 3.0
Manganese 0.003 0.03 max.
Iron 0.165 0.25 max.
Oxygen 0.078 0.12 max.
Carbon 0.026 0.05 max.
Nitrogen .. 0.0085 0.04 max.
Hydrogen 0.003 0.0125 max.
Chromium B <.001 0.05 max.
Molybdenum : '<.001 0.05 max.
Vanadium <.001 0.05 max.
Magnesium <.001 0.05 max.
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ANSC surveillance was now transferred to TMCA's Toronto, Oh{o Plant,
where ingots are received, conditioned, and forged. |

The ANSC ingot was received by the Toronto, Ohio mill in the rough-
turned condition. A refractory protective coating was then applied to the
ingot prior to heat-up to minimize hydrogen pickup. |

The ingot was heated to 2200°F in preparation of upsetting from 70-
inch long to 49-inch 1Qng,fo11owed by the sequence of heating, forging and
cooling events shown in Enclosure 7.

The ingot forging was completed successfully and expeditiously, and
mill schedules were changed to finish forging as quickly as possible. Extra
forging steps and precautions were taken to optimize the material quality,
such as ingot upsetting, water quenching, 1840°F finish forging temperature
and insertion of the intermediate 9-1/2 inch diameter forging step.

The T and T2 bars were scheduled to be shipped to Arcturus Manufacturing
Company for use in rotor forgings, depending on ultrasonic, mechanical pro-
perty and micro and macrostructure test resu]ts.of the five billets produced.

The billets were prepared for nondestructive inspection by lathe
turning to a surface finish of 125 RMS. In accordance with Specification
ANS-90295A, the billet inspection standard was to be made using a piece of
randomly selected billet.

The material initially selected for ultrasonic calibration standards
was taken from the top end of the billet that had been identified as "B",
having been forged from the bottom portion of the ingot. The supplier was

unable to calibrate the ultrasonic settings to the standards made from the
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"B" billet due to high noise and low penetration caused by excessive scatter
and absorption. An evaluation and comparison of nofse levels in the actual
billets were made, and it was determined that ultrasonic calibration standards
-could be developed from the bottom portion of the "T" billet. New calibration
standards were fabricated from the "T" billet and ultrasonic settings Qere
successfully calibrated for longitudinal and shear wave testing. Billets
beginning with "T" through "T-4" (including "B") were longitudinally and
shear wave tested and no discrepancies were detected. The noise levels ex-
perienced at the start, half way through and at the end of each billet were
- recorded. A back reflection test was tried on two billets, only, and the
testing of the balance of billets discontinued. Set up for back reflection
was made and started from the top end of the billet and, at about a fifth of
the Tength, the loss of back reflection exceeded fifty percent. When the
setup was made at the opposite end (at the bottom end of the billet)
all billets passed the back reflection test. Conversely, all billets failed
to pass the test on setups made from the top end of billets. .From the ultra-
sonic back reflection test results observed, the supplier advised these tests
would have no meaning. In addition, it was learned that there had been a
temperature gradient in the furnace from the front to the back enq during
the heating for the forging process. The bottom ends of the billets were
located at the back end of the furnace and the top ends in the front at a
lower temperature. Macrostructure photos confirmed that Tower temperatures were
experienced at the top ends of the billets. The ultrasonic noise levels ex-
perienced during testing tended to follow the same pattern in each billet.
Enclosure 8 shows the material source for, and the design of the ultrasonic

standards used., MNon-destructive testing is discussed in Section VI of this

report.
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Complimenting the ultrasonic loss of back reflection due to micro- E
structure, it was determined that the beta transus temperature limit had |
been violated during billet forging; beta transus checks made after the ;
billet processing had been completed indicated that the beta transus was
inordinately low, 1830°F, probably due to the rigorous production and chemistry
controls imposed by ANSC. Consequently, final forging was carried out at up
to 10°F above the beta transus.

Extensive microexaminations were conducted on all five TMCA billets.

Results of these examinations are described in Figures 1 thru 14 and below:

BILLET LOCATION REFERENCE

" S/N IN BILLET ~ TYPE OF ALPHA STRUCTURE 'FIGURE NO.
T Top Part]& equiaxed alpha 1, 2
(Top of Ingot) Middle | Transformed, fine alpha 3
Bottom Transformed, fine alpha 4
T2 Top Partly equiaxed alpha 5
Bottom- Transformed alpha 6
T3 Top Equiaxed alpha : 7
Bottom Transformed alpha 8
| T4 Top | Part]y equiaxed alpha -9
| .Bottom ‘ Transformed alpha 10
B Top " Equiaxed alpha 1, 12
(Bottom of Bottom Partly equiaxed alpha 13, 14

Ingot)
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Figure 1

Heat K8930 100X Heat K8930
HNO3/HF etched. HNO3/HF etched.

100X

Transformed alpha 3/4 inch from Predominantly equiaxed alpha
surface of top of T billet.

2 in. from surface of top of
T billet.



Figure 3

Heat K8930 100X
HN03/HF etched.

Transformed alpha 1 1/2 inch from

surface at mid-length section of
T billet.
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Figure 4

Heat K8930 100X
HNO3/HF etched.

Transformed alpha 2 in. from
surface at bottom of T billet.
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Figure 5

Heat K8930 100X
HNO3/HF etched.

Transformed alpha 0.9 inch from
surface at top of T2 billet.
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Figure 6

Heat K8930 100X
HNO3/HF etched.

Transformed alpha 2 in. from
surface at bottom of T2 billet.
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Figure 7 Figure 8

Heat K8930 100X Heat K8930 100X
HN03/HF etched. HNO3/HF etched.
Predominantly equiaxed alpha 2 in. Transformed alpha 2 in. from

from surface of top of T3 billet. surface of bottom of T3 billet.
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Figure 9 Figure 10

Heat K8930 100X - Heat K8930 100X
HNOB/HF etched. HNOS/HF etched.
Mixed equiaxed alpha 2 inch from Transformed alpha 2 inch from

surface of top of T4 billet. surface of bottom of T4 billet.



Figure 11

Heat K8930 100X
HNO3/HF etched.

Mixed alpha 0.9 inch from
surface of top of B billet.
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Figure 12

Heat K8930 100X
HNOB/HF etched.

Equiaxed alpha 2 inch from
surface of top of B billet.



Figure 13

Heat K8930 100X
HNO3 /HF etched.

Mixed alpha 1.05 inch from surface
of bottom of B billet.
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Figure 14
Heat K8930 100X
HNO3 /HF

Mixed alpha 2 inch from surface
of bottom of B billet.
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The above results indicated that the billets had been subjected to

a 20-30°F thermal gradient which apparently bridged the 1830°F beta transus,
causing some parts of each billet (except the B billet) to exhibit a trans-
formed alpha microstructure. Since large portions of four billets were
affected, there was no possibility of cropping and rejecting such affected
areas. Subsequent telephone coordination with Arcturus Manufacturing Company
indicated that the transformed alpha microstructure coh]d be satisfactorily
forged-out by cross-forging the material prior to the final die-forging.
This was to be accomplished by heating and forging cycles which break-up and
agglomerate the fine.a1pha platelet structure. The forgeability of the
material was demonstrated by TMCA. A two-inch thick sTice was forged down
to 3/4 inch at a forging temperature of 1750°F. Test results, shown in Table I,
indicated satisfactory forgeability and mechanical properties in excess of

those reqgired by the ANSC titanium forging specification, ANS=90297.

TABLE 1

ROOM TEMPERATURE MECHANICAL PROPERTIES OF TMCA Ti 5A1-2.5 Sn
- ELT HEAT AFTER FORGE = DOWN FROM 2-INCH THICK SLICE

' UTS TYS - % EL. %
" "HEAT NO. PRODUCER (KSI) ~(KSI) “IN2 IN. ‘R'OF A
K8930* TMCA 122 113 14 30
ANS-90297  (Requirement) 110 100 12 25

*Average of four tests.



\

l

|
N8300R:72-103
May 1972 .
Page 23 .

On the basis of the acceptable macrostructure, as required by .
'Specification ANS-90295, the exceptionally good mechanical properties showA
in Table I and Arcturus' indicated ability to alter forging practice to
accommodate billets with transformed alpha microstructure, the billets were
considered metallurgically acceptable and were expected to produce satisfac-
tory die forgings. Consequently, it was decided to ship all five billets to
both Arcturus Manufacturing Company and Carlton Forge (the second forger).

Certifications of shipments, iﬁc]uding individual billet characteristics

and forge-down tensile properties, are presented in Enclosure 9.

B. HEAT 804722 (RMI)
1. Production per ANS-90295A

In order to obtain a broadly based statistical design
allowable for fracture toughness properties, a second 5000-pound heat of billet
material was ordered from Reactive Metals, Incorporated (RMI). Billets were
ocrdered in the same 8-inch diameter size and in 10-12 foot random Tengths.
Billets were to conform to the same specifications as discussed aboye, and,
again, a finish forging temperature 1limit was imposed, Enc]osure.lo.

Source gurvei]]ance started during the early stages of the
electrode build-up.

RMI ‘sponge was examined after it had already been split into
small portions contained in paper bags. Although very little sponge cou]d'be
inspected, it appeared to be uniform in size, clean and free from oxide dis-

colorations.
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The sponge was weighed out from an elevated tote bin
into pre-placed brown paper shopping bags. Premixed portions of aluminum,
tin and iron were drawn into the bag along with the sponge. The manner of
feeding the input materials into each bag had the effect of distributing the
alloying materials into layers which were easily discernible after compacting
of the mixture.

‘ The 352 bags, loaded with 27-1/4 pounds of sponge and alloy,
were now ready for compacting {nto 88 electrode sections. . Input material
identification was as follows:

Sponge Lot 1184 I - 3054 1bs )
Sponge Lot 1186 I - 3273 1bs ) Sponge Blend 4774
Sponge Lot 1187 I - 3331 1bs )

(Not al1 of the above sponge lots were used.)

Chemistry certifications of sponge lots met the requirements of ANS-90296-3.

Certification of alloying elements indicated the following
lots were used:

Aluminum pellets - Lot 67

Tin Wire : - Lot 63

Iron Clippings - Lot 67

Compacting was performed by emptying the contents of three
bags of material into a die cavity. Following pressing, a fourth bag was
added and pressed, resulting in an approximately 109-pound compéét. Forty-four
of these were aligned in a rack, tied together by steel straps and prepared

for welding.
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The RMI compact welding method was superior to TMCA's
in that welding was performed in a sealed and evacuated (to 500 microns)
glove box, subsequently back-filled with 1/2 psia of Argon. Welding was
~ performed by arc welding with commercially pure welding rod made from 3/8
inch thick plate. In addition to welding the compacts together, a lifting
and handiing section called a header was welded to the electrode using four
Ti 5A1-2.5 Sn ELI straps approximately four inches wide by 1/2 inch thick,
called spacer bars. -

Spacer bars were assembled such that the length from the
top of the header to the bottom of the electrode was compatible with the
crucible depth during melting. Approximately four hours were required to
make the many compact-welds required to hold the electrode together for

melting.

Welding material identification was as follows:

Weld Rod: Grade 446 Lot 779
Spacer Bars: Grade 461 Lot 338
- Header: Heat 293110 - 462B

The appearance of both the A and B e]ectrodés was similar;
j.e., welds were clean and shiny but adjoining areas were covered by a black
deposit. Several RMI personnel were contacted relative to the black deposit
before a consensus was reached thét the black material was a titanium oxide
caused by heat-up in a partial vacuum. Since oxide is needed in the alloy,

RMI refused to remove the black deposit.
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A crucible was selected which was water cleaned and
wire brushed, rather than sand blasted. The crucible was assembled to
a furnace and the A electrode installed. Routine water and vacuum system
‘checks were made followed by primary melting of the electrode. Vacuum was
recorded by visual checking of vacuum level displayed on a portable Stokes
Vacuum Gage. Melting was normal and was conducted at norma]Aamperage and
voltage levels and at a vacuum_]eve] of 200-400 microns.

Appearance of the ingot following melting was typical,
according to RMI. The header from the B electrode was intact, as were the
spacer bars and 1/2 of the top compacts; i.e., no header/spacer material was
melted into the ingot.

The second vacuum melting was not witnessed by ANSC
personnel, but it was reported by RMI that it was as successful and uneventful
as the primary melting cycle. The resultant 30-inch diameter ingot was pre-
pared for breakdown to billets. However, a change was requested by ANSC requiring
that only two 8-inch billets be made and that the remaining material be retained
in the 19-inch square intermediate stage in case titanium housing components
were needed in the future. RMI had geared their processing operations through
a series of forging steps of pr&gressive size levels with specified heat treat-
ments for each of the forging .size levels in order to achieve the spécified
chemical and physica1 properties per ANS-90295/A when the forging processing
was complete for the eight-inch diameter billets. RMI advised, in order to
obtain these specified properties per ANS-90295/A for the nineteen-inch billet,

they would have to make a complete reassessment and replan their processing
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operations. The processing of the ingot had been initiated in the shop;
in fact, the ingot had been in the furnace several hours in preparation
for the first forging operation. Stopping operations at this time (in order
'to design and develop new processing procedures for the ﬁineteen—inch
billets), RMI advised, might have disastrous results. It-was decided to
continue with the operations as planned for the first forging operation and
in the interim, resolve the nineteen-inch billet procurement with ANSC.
Subsequently, RMI and ANSC determined that when the forgiﬁg operations, as
initially planned by RMI, had progressed to the nineteen-inch square size,
the billet would be parted. Sufficient material was to be removed from
the top portion of the nineteen-inch square billet to provide for the fabri-
cation of two eight-inch billets ten to twelve feet in length. The remaining
(bottom) portion of the nineteen-inch square billet was to be retained pending
resolution and further instructfons from ANSC. RMI continued processing the
eight-inch diameter billets from the top portfon of the nineteen-inch billet.

The first forging operation involved ubsettiné, whereby

the thirty-inch diameter by seventy-eight-inch long ingot was'compressed to
thirty-one inches in length and drawn longitudinally to a thirty inch square
cross section. In a seriég of»concUrrent heat treating and forging operations,
the thirty-inch billet was drawn longitudinally to a twenty-four inch square,
and then to a nineteen-inch square. The billet was é]]owed to cool sufficiently
for hot grinding of the surface to remove surface defect;. After grinding,
the nineteen-inch bi]]eﬁ was annealed, cooled and cold cut to remove (from
the tbp portion). material for the two eight-inch diameter billets. RMI con-
tinued processing the removed top portion through heat treating and forging

procedures as follows: The nineteen-inch square was drawn longitudinally
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to a sixteen-inch square and subsequently to a twelve-inch octagon. Again,
“after sufficient cooling, the billet was hot ground. When completely coo1éd,
the billet was cut into two pieces. The two 12-inch octagon cross section‘
billets were then successfully converted to 8-3/8 inch diameter bif]ets.
After cooling, the billets were reidentified by stamping on the diameter at
the top end of each billet; the first billet was identified with the letter
"T" and the second billet, "T1",

Photographs of the microstructures at the top ends of the
two billets produced by RMI are shown in Figures 15 and 16. RMI also over-
estimated the beta transus temperature and instead of 1890°F, the beta transus
was determined to be 1840 + 15°F. Consequently, RMI also forged the billets
at, or just above, the beta transus temperature. As in the case of TMCA,
the reason given by RMI for this error was the better than average purity of
the sponge used and its lower than usual oxygen content. Again, after con-
sulting Arcturus Manufacturing Company, it was determined that adequate Teeway
existed in the titanium forging practice at Arcturus to permit satisfactory
cross and die-forging of this billet material.

Arcturus had a reputation in the titanium industry for
attempting to force reforms aimed at improving the microstructure of titanium
billets. In the past, Arcturus had to absorb losses from forgings which
were scrapped because of improper.billet microstructure; they had that exper-
ience with mahy heats of Ti 6 Al-4V and blamed it on improper temperature con-
trol during billet forging. Arcturus obtained their portable polishing de?ice
in order to enable them to perform metallographic examinations anywhere on a

billet surface. Where billet microstructure was clearly unacceptable, the
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Heat 804722 100X Heat 804722 100X
HNOB/HF etched. HNO3/HF etched.
Transformed alpha in top of Transformed alpha in top of

T billet. Tl billet.
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billet was rejected and returned; however, in marginal cases, Arcturus had
success in improving the billet microstructure by szcritica] cross-forging;
i.e., upsetting and drawing forging multiples at temperatures well below the
-suspected beta transus temperature. The technique was not radical, but had been
provensand was considered particularly suitable to the ANSC material due‘
to the small billet diameter and Tow input weights required for the relatively
small rotor forgings.

The u]trasoﬁic characteristics of the RMI billets verified
the transformed nature of the alpha structure; i.e., the noise level was low
and within the limits of ANS-90295A.

No defects in excess of 3/64 inch diameter were noted.

The fine macrograin, goqd mechanical properties and satis-
factory ultrasonic characteristics of these billets were expected to result
in satisfactory die-forgings.

Subsequent to processing of paperwork documenting the

above deviations, the billets from RMI were shipped to the forgers.

2.  Production per ANS-950295B

Fo]]owiﬁg the forging, by both TMCA and RMI, of their
respective heats of material above the beta transus temperature, a work
stoppage was imposed on the forger by SNSO. After a series of meetings
between SNSO, ANSC and Arcturus Manufacturing Company, it was concluded by
SNSO that the material shipped to date would only be acceptable for TPA
S/N 1; further TPA components, and the parts needed for the 144 test Ki
program, would require material which had been forged below the beta transus
in order to assure future reproducibility. A revision to the billet speci-

fication was effected and the 3200 1bs of material retained at RMI in the
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form of 19 inch square billet was to be finished in accordance with
ANS-90295B. The first requirement was to make an accurate determination
of the actual beta transus. The following procedure was used:

The nominal beta transus temperature of RMI heat 804722
was redetermined. The material used for the determination came from the top
of the "T" billet. A 2-inch slice which had been previously forged down to
1/2 inch thick at 1750°F was further reduced to 0.150 inch thick by rolling
at 1700°F. A heavily forged microstructure is preferred for alpha and beta
transus determinations because small incremental changes in recrysta]]ization‘
temperature bring about noticeable effects in microstructure,

A Satec cylindrical furnace, used for tensile specimen
heating, was used for the transus determinations. Three thermocouples were
located at 6-3/4, 8-1/4 and 9-3/4 inches from the furnace top. The titanium
sample was to be located in the ernace area corresponding to the 8-1/4 inch
thermocouple location. Chromel-alumel thermocouples, prechecked against a
standard were used.

The furnace was calibrated at settings of 1750, 1800 and
1850°F. The furnace was then reset to 1750°F and feca]ibrated prior to

inserting the first beta transus specimen, with the results shown in Table II.
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TABLE II
"~ BETA TRANSUS FURNACE CALIBRATION RESULTS
FURNACE THERMOCOUPLE THERMOCOUPLE THERMOCOUPLE
TEMP. SETTING #1, 6-3/4 IN. #2, 8-1/4 IN. #3, 9-3/4 1IN, RANGE
C°F - FROM TOP FROM TOP =~ FROM TOP °F
1750 1755 1748 1744 11
1800 1797 1801 1804 7
1850 1851 ' 1851 1856 5
1750 1745 . 1748 . 1748 3

Based on the above, a beta fransus temperature correction
of 5°F was applied (one-half the maximum beta transus furnace calibration
range). However, since each beta transus aetermination specimen was closely
monitored by the #2 thermocouple, the temperature correction cited above was
conservative by a factor of 2.

Following the furnace calibration, 1/2 inch x 1 inch titanium
specimens were suspended into the furnace such as to be adjacent. to the #2
thermocouple. Specimens were introduced at 10°F intervals, starting at 1750°F,
soaked 30 minutes and water quenched. The specimens were steel stamped 1
through 12 with the #1 specimen retained in the "as-rolled" condition. During
the 30 minute soak at temperature, thermocouple readings were taken at 5 minute
intervals in order to determine the temperature variation at each setting,

as shown in Table III, - 1
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TABLE III ?
"BETA TRANSUS DETERMINATIONS

'FURNACE TEMPERATURE VARIATION i

MAXIMUM TEMPERATURE

SPECIMEN FURNACE VARIATION OVER 30 MIN SOAK, °F
‘NO. 'SETTING, °F " (#2 THERMOCOUPLE ONLY)"
2 1750 1
3 1760 . 1
4 1770 0
5 1780 3
6 1790 5
7 1800 4
1810 3
9 1820 2 (Highest: 1819°F)
10 18301 4 (Lowest: 1828°F)
11 1840 3
12 1850 2

Following quenching, the specimens were metallographically
prepared by polishing and etching with nitric-hydrofluoric aéids. Carefui
examination of sections parallel to the specimen rolling direction indicated
that the alpha transus may have been in the 1780-1790°F region; however, the
first evidence of alpha prime was difficult to resolve at the relatively low
magnifications used (up to 500X). The beta transus, at which all alpha is
present as a transformation product, was easily determined to be between 1820°
and 1830°F. Therefore, the nominal beta transus temperature for Heat 804722 was
1825°F. A furnace chart record of the lab furnace calibrations as well as each

beta transus heat-up and soak is included as Enclosure (11).
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Photomicrographs of the "as-rolled" microstructure as
well as each as-quenced beta transus microstructure are presented in Figures
17 through 28.

The determinations described above satisfied two of the
three variables required for establishing the maximum finish forging temper-
ature, viz., the nominal beta transus, 1825°F, less one-half the max imum lab
furnace variation, 5°F; determination of the remaining variable, the forge
shop furnace calibration is described below.

Finish forging of Heat 804722 19-inch billet required a
furnace temperature survey of the furnace, or furnaces, which RMI planned to.
use. Accordingly, RMI had rebricked the door of Furnace #42 and had made
var{ous calibration runs at 1950 and 1800°F, as shown in Enclosures (12) and
(13). Following some cohtro] instrument adjustments, the furnace demonstrated
an overall temperature variation of 37° at 1800°F. The furnace zone that was

covered in all these calibrations is defined by the following dimensions:

The central 15 feet along the furnace 1eng£h
(Total Length is 21 feet) '

The cen%ra] 7 feet of the furnace width
(Total Width is 13 feet)

The bottom 2-1/4 feet of the furnace
' (Total Height is 7-1/4 feet)

Calibration was performed with the use of three thermocouples
lowered through ports in the furnace top to distances of 8 and 27 inches above
the furnace hearth. RMI had decided that the billets should be finish forged,

at 1775°F, rather than 1800°F. Consequently, a furnace calibration run of
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200X FIGURE 17 HF /HNO4

Appearance of Ti 5A1-2.5Sn ELI Heat 804722 (RMI) in the "as-
rolled" condition. Microstructure consists of severely distorted
primary alpha.

200X FIGURE 18 HF /HNO4

Effect on microstructure of 1750°F - 1/2 hr., followed by water quench.
Microstructure is still predominantly elongated showing approx. 25% re-
crystallization to equiaxed, primary alpha.
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200X FIGURE 19 HF /HNO4

Effect on microstructure after 1760°F, 1/2 hr., followed by water
quench. Microstructure is almost entirely recrystallized with approx.
15% of area still showing effects of rolling.
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200x FIGURE 20 HF /HNOq

Effect on microstructure after 1770°F, 1/2 hr., followed by water
quench. An additional few percent has recrystallized to equiaxed, primary
alpha. '
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200X FIGURE 21 : HF/HNO3

Effect on microstructure after 1780°F, 1/2 hr., followed by water
quench. Microstructure is now 100% recrystallized to equiaxed, primary
alpha. No evidence of heating above alpha transus is as yet evident.
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200X FIGURE 22 HF /HNO

Effect on microstructure after 1790°F, 1/2 hr., followed by water
quench. Heavy appearing grain boundaries gives first indication of
possible heating above alpha transus.
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200X FIGURE 23 HF /HNO4

Effect on microstructure after 1800°F, 1/2 hr., followed by water
quench. Fine,dark structure to left of center and in grain boundaries
is interpreted to be transformation product, or alpha prime. Alpha
transus is, therefore, between 1780 and 1800°F.

200X FIGURE 24

HF/HNo3

Effect on microstructure after 1810°F, 1/2 hr., followed by water

quench. Darker etching areas, constituting 15-20% of field, are inter-
preted as alpha prime. .
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200X FIGURE 25 HF /HNO4

Effect on microstructure after 1820°F, 1/2 hr., followed by water
quench. Equiaxed primary alpha is present as isolated, discontinuous
grains. Continuous phase is alpha prime.

200X FIGURE 26 HF/HNO3

Effect on microstructure after 1830°F, 1/2 kr., followed by water
quench. Microstructure is 1007 alpha prime showing beta transus has been
exceeded. Transformation product is present in acicular form, in preferred
orientation and within prior beta grain outlines.
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200X FIGURE 27 HF/HNO3

Effect on microstructure after 1840°F, 1/2 hr., followed by water
quench. Same microstructure as previous figure but slightly heavier
etching of alpha prime, possibly due to coarsening of needles.

200X FIGURE 28 HF/HNO3

Effect on microstructure after 1850°F, 1/2 hr., followed by water
quench. Same microstructure as previous figure.
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furnace #42 at 1775°F was witnessed. Following adjustment of the calibration
potentiometer, three thermocouples were alternatively lowered through the
ports at the back of the furnace to the 8 inch hearth elevation, allowed to
soak 1-2 minutes and the temperatures read. This process was .repeated after
raising the thermocouples to the 27 inch e]evation; The same procedure was
followed at the other nine furnace port locations, and the resultant temper-

ature variation of 46°F was used to establish the maximum finish forging

metal temperature, as follows:

Nominal Beta Transus - 1825°F
Less 1/2 max. transus furnace range - 5°
Less 1/2 forging furnace range - 23°

Maximum finish forging temperature: 1797°F

Since the maximum billet temperature, with the furnace
set at 1775°F, will actually be 1792°F (see Enclosure 14), thé real safety .
margin between metal temperature and the adjusted beta transus of 1820°F was
28°F, far in excess of the additional 5° required to accommodate‘energy dissipation
from forging. Results of Fhe 1775?F furnace calibration is shown in Enclosure
(14). |

The billet was preheated in furnace #43 at 1350°F for eleven
hours. The furnace temperature was raised to 2000°F and held for 8 hours. The
billet was forged in a 3000 ton press to 16 inch square without incident. A
1950°F calibration run on furnace #43 is included for general information, only,

as Enclosure (15).
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Following beta forging and a 1/2 hour air cooling, the
billet was charged into furnace #42 and allowed to soak at 1775°F for 4
hours. It was then forged to an 11-inch round-cornered-square in a series
-of sevén passes through the press without need for reheating. This was an
added forging step over what was used for forging the "T" and "T1" billets
earlier and was needed to accommodate the 75°F lower forging temperature;
the first two billets were forged directly to 8 inch from 16 inch.

After comp]étion of forging and wnile the billet was still
hot, it was cut into three pieces approximate1y 4 feet long. These were
identified by steel stamping the bottom of the bottom piece "B", the bottom
of the middle piece "BA" and the bottom of the top piece "BB". The three

jeces were cooled and prepared for "conditioning", as follows:
P prep

Surface Ground

Stress Relieved at 1350°F

Sand Blasted - ,

Pickled in nitric/hydrofluoric acid for 1/2 hour.

Following conditioning, the three billets were recharged
into furnace #42, set at 1350°F. They were held at that temperature for
13-1/2 hours and then held 3 hours at 1775°F.

During forging to an 8-3/4 semi-octagon, each bi]iet deve-
Toped cracks along their sides which required extensive grinding to remove.
These cracks were, at first, attributed to an improperly radiused forging die;
however, increasing radiant heat transfer resulting from the increasing surface
area - volume ratio (in addition to the initial lower forging temperature)lis
considered a more 1iké1y reason, From the 16 inch square configuration to the

9 inch square at which cracking was noted, this ratio increased 70%.
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Subsequently, the billets were finished to 8-3/8 inch
rounds without further incident.

Chemical analyses and tensile tests were performed on twq

of the billets with the following results:

CHEMISTRY
LOCATION*  C N Fe Al Mn sn o 0p H2 (ppm)
1B 0.02  .008 .22 5.0 <.01 2.5 .059 68
B 0.01  .008 17 5.0 <.01 2.5 .064 79

Tensile tests were made on a section of billet which had
been forged down from 2 inch to 3/4 inch thick at 1700°F, followed by annealing

at 1500°F, 1 hour and air cooled. The following results were obtained:

UTsS TYS % %

LOCATION* (KSI) " (KSI) ET1 ‘R OF A
1BB 122 111 18 49
B 117 108 -21 46

Both the chemistry and the mechanical properties were well
within the requirements of ANS-90295B.
At this time, a strike at RMI prevented further processing

of these three billets and they were not available for forging.

* 1BB represents the top of the first (or top) billet produced from the original
19 inch square semi finished billet; B represented the bottom of the last (or
bottom) billet produced. (See Figure 29.)
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RMI BILLET LOCATION

1BB
1100#
BB
TOP '
1BA
8304
BA
BOTTOM
b 1OV e
1B
9604
B

FIGURE 29
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V. 'FORGING "PROCUREMENT HISTORY

The purchase orders to Arcturus Manufacturing Company and ANSC partici-
pation during forging will be discussed below. A second procurement placed
-'with Carlton Forge Works to produce second stage impeller forgings, P/N 1138575
| and second stage rotor forgings, P/N 1138578, was never fully activated and no
forgings were produced; the reason for this was the interruptfon in ANSC titanium
procurement by the titanium producers' strike and SNSO refusal to allow use of
available TMCA Heat K8930 matefia].

Purchase Orders N-00554, 00555, 00556, 00557, 00558, and N-01405 were
placed calling for production of first and secohd stage impellers, first and
second stage turbine rotors and inducers. The forgings ordered on Purchase
Orders N-00554 thru N-00558 were for turbopump components and the forgings
ordered on Purchase Order N-01405 were for the 144 specimen material test pro-
gram outlined in Reference 1. A1l parts ordered for turbopump application were
to be from TMCA supplied material. Both RMI and TMCA matérial was fo:bé used
for the material test program forgings. Forging quantities and serial numbers
of each order are shown in Table IV. A11 parts, with the exception of the
inducers, were to be primarily die forged; the inducers were to be open hammer
pancake forged. |

On ANSC dinstructions, TMCA shipped the following four bi]]ets‘to Arcturus:
billets B, T4, T2 and T, which represented the billet from the bottom of the
ingot (B), the next-to-the-bottom billet (T4), and the two billets from the tdp,
T and T2. In addition, one of the two RMI billets, T, was a]so'shipped to
Arcturus. The remaining tWo billets, TMCA billet T3 and RMI billet T1, wefe

shipped to Carlton.



ANSC
P.0.

N-00554

N-00555

N-00556

N-00557

N-00558

N-01405

FORGING

" PART 'NO. .

1138579-1C

1138579-2C

1138578-1E

1138577-1D

1138576-1E

1138575-1D

1138575-1D

1138578-1E

1138575-1D

1138578-1E

TABLE IV

\
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FORGING ORDERS TO ARCTURUS MANUFACTURING CO.

PRIOR TO SNSO STOP ORDER

""" FORGING DESCRIPTION

Inducer

Inducer (Second Impeller
Insert)

Second Stage Turbine Rotor
First Stage Turbine Rotor
First Stage Impeller

Second Stage Impeller

Second Stage Impelier

Second Stage Turbine Rotor

Second Stage Impeller

Second Stage Turbine Rotor

- QryY

ANSC
'SERIAL NO.

i
i
\
i
|

BILLET
MATERTAL
SOURCE

5

880001
880002
880003
880007
880009

880004
880005
880006
880008
880010

880001 -
880002
880003
880004
880005

880001
880002
880003
880004
880005

880001
880002
880003
880004
880005

880001 .
880002
880003
880004
880005 -

880006
880007

880006
880007
880008
880009
880025
880027

880008
880009
880010

880010
880011

880012
880013
880014
880026
880028

TMCAE
TMCA
TMCA
TMCA
TMCA
TMCA

TMCA

TMCA

Reactive Metals

Reactive Metals
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Subsequently, ANSC was notified by Arcturus that the billets had
been received and ANSC personnel were dispatched to review the billet micror

structure and the proposed forging practice to be used,

The TMCA B and T4 bars and the RMI T bar were subjected to
portakle electro polishing and microstructure examinations by Arcturus.
Following these checks, a meeting was held to discuss the results.

The microstructures were reviewed and discussed and the micro-
photos shown in Figures 1 through 14 were made available. A set of these
same TMCA microphotos had previously been sent to Arcturus by TMCA and had
been examined. Arcturus reiterated that the transformed alpha microstructure
would be improved by preliminary cross-forging steps and foresaw no problems.
A decision was made to cross-forge gll_thé billet starting stock regardless
of billet microstructure orsource. Arcturus planned to make a try-out
forging of each configuration starting with the smallest forging (2nd stage
rotor) and check to see that the as-forged microstructure was fine and equi-axed
prior to forging the next ?1gger part.

In addition, Arcturus' forging procedures, Appendix 4, were
reviewed and ANSC comments relayed back to ANSC-QC prior to initiation of actual
forging. Subsequently, ANSC'was to monitor the forging and acéeptance testjng
of each of the first article (try out) forgings.

The procedureé were reviewed and were generally acceptable; areas
requiring change were in the latest heat treatment requirement, described in
the "B" revision of ANS-90297, and in the chlorine and sulphur contamination

l1imits of the dye penetrant used.
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It was suggested by Arcturus that the available TMCA baré be
forged first, and separately, from the RMI "T" bar. Arcturus had allocated
the required project and materials test forgings such that the small forgings,
‘requiring the least reduction, were to come from the best billet (the "B"
billet) and larger forgings incorporating heavy die forging operations were
to be forged from billets characterized by mixed or predominantly transformed
alpha microstructure. In addition, the mostAdifficu1t—to-f0rge part, P/N
1138575, was to be forged from.one of the two best billets (the T4 billet).
This approach was relayed both to ANSC management and SNSO-C, and telecon
concurrence was obtained.
Input weights had been calculated by Arcturus and a complete
layout had been prepared in the form of a cut chart, shown as Figure 30.
On this figure the parts with "X" above them were the originally designated
try-outs, and were generally selected from billets with least favorable
microstructure; the single exception was P/N 1138578 try-out (2918 S/N 1)
which was made from the top end (best end) of the TMCA "T" billet.
On Figure 30, and subsequent figures relating Arcturus work,

the following Arcturus die numbering system was used:

ARCTURUS DIE NO. ANSC P/N PART TRY-0UT S/N

2915 1138575 2nd Stage Impeller S/N 2*
2916 1138576  1st Stage Impeller S/N 1
2917 1138577 1st Stage Rotor S/N 1
2918 : 1138578 2nd Stage Rotor S/N 1
X292 1138579-1  Inducer S/N 1
X293 1138579-2  Impeller Insert S/N 1

*S/N 2 was assigned because the configuration had been forged and delivered
to ANSC once previously for a high speed balance facility mockup. | |
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The four die forging try-out multiples were cut out, és shown,
by removing the proper length of billet, as pre-calculated by Arcturus.

This operation was closely watched and the target input weights were met
within 0.1 1b. on each occasion. Each multiple cut was immediately identified
by die and serial number; in addition, where necessary, the top billet end

was reidentified.

The four try-out multiples were then placed in a furnace nearest
to the 25000 1b forging hammeri location of the multiples was maintained by
marking the furnace door in the same sequence as the cut multiples inside
the furnace.

Forging was initiated by soaking all parts at 1775°F for periods
of 20 minutes to one hour. The parts were cross-forged, as shown in Appendix
15 cross forging consisted of upsetting the billet input multiple up to 37%
into a barrel shaped piece, then drawing, or restoring, the piece back to
nearly its original cylindrical shape. These steps were added by Arcturus in
order fo optimize the billet microstructure prior to die forging. As shown in
Appendix 1 and the forging practice travellers prepared by Arcturus, shown in
Appendix 2, the 2918 second stage rotor forging reéeived an additional open
hamﬁer upsetting step to a 3-1/4 thick pancake prior to die forging until the
material had filled the die cavity, as judged by dimensional measurements made
on hub diameters, hub lengths and disc thicknesses. Despite numerous incidents
of surface cracks and tears, three of the four parts were successfully completed,
cut up and examined. In the fourth part, P/N 1138575 try-out, repeated grinding
of hub fillet cracking and tearing had reduced the input mass to a degree

where insufficient metal remained to fill the die.
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‘ Some details of the try-out forging steps are presented in
Appendix 3. Three try-outs were sectioned along a diameter in order to
examine the resultant microstructure. The microstructure of these three
parts, 1138575 S/N 2, 1138576 S/N 1 and 1138578 S/N 1 are presented in
Figures 31, 32 and 33 respectively, and provided the first evidence of the
extent by which cross and die forging improved the initial billet micro-
structures. )

Following completion of try-out forging and the loss of 1138575
S/N 2, a meeting was held between Arcturus, ANSC and SNSO. It was decided
to make a second try;out forging, also from the bottom end of the TMCA T4 bar,
but to increase the forging temperature to 1800°F and to limit the forging
time (number of blows). Alsc, the cutting and forging of the TMCA 2918's was
planned and it was agreed to cut one slice from between the X-292 and X-293
combined forging in order to conserve material. In addition, SNSO satisfied
that the billet microstructure had indeed been improved) indicated at this
time a need for knowing when during forging the structure was converted to
forged, equi-axed alpha. Arcturus suggested that an X-292/X—293'set be used
for this purpose since this part was to be upset and drawn, only. However,
to be convincing, the starting piece had to have transformed alpha micro-
structure. Therefore, a change in éutting plans was made such that the X-292/
X~-293 S/N 1 forging was taken from the T2 bar, rather than from the (best) B
bar, as originally planned. This change moved one 2916 multiple into the B
bar, as shown in the revised cut chart, Figure 34, 1In addition; a fourth 2915
mutliple (S/N 11) was planned for the RMI bar to make room for the second
try-out from the T4 bar, as shown in the revised cut chart with serialized

multiples, shown on Figure 35,
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The hubs cut from 1138575 S/N 2 try-out, which had been scrapped,
were examined visually and with dye-penetrant; the large hub contained two
small cracks up to 0.060 inch long. The presence of these internal cracks,
and other associated problems, described in Appendix 3A, confirmed the need
for the higher forging temperature decided on earlier.

Arcturus had cut nine 1138578 multiples, all from the T and T2
bars, S/N's 2 through 10, see Figure 35 cut chart. The second 1138575 try-out,
S/N 3, had been cut and cross %érged already without incident.

Arcturus had decided that in order to facilitate metal flow into
hub cavities, the upber portions of the dies for P/N's 1138576, 1138577 and
1138578 should be vented by drilling a 0.10 inch hole from the hub cavity out

through the top of the die.

In addition to the 1138578 multiples, three 1138576's had been
cut from the T bar, two 1138577's had been cut from the T2 bar and the S/N 1
X~292/X—293 set had been cut from the T2 bar. The remaining TMCA bars were
checked and only the B bar and approximately 2/3 of the T4 remained intact.

The successful die-forging of the second ]138575 try-out, S/N 3,
was witnessed. The forging steps are described in detail in Appendix 3E.

While the part was being made, the forging of the nine 1138578's was watched
and no abnormalities were noted.

The microstructure of 1138577 S/N 1 was examined and found to be
uniform, fine and equiaxed, as shown in Figure 36. The 1138576, 1138577 and
1138578 try-out slices were macroetched and the remaining halves were subjected
to a pre]imfnary ultrasonic inspection with a triple A inspection technique and
standard used for the 1138575 S/N 1 hfgh speed balancer part. A 3/4 inch dia-
meter Lithium sulfide crystal with 2-1/4 megacycle signal was used. Both

grain flow and ultrasonic test results were satisfactory.
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P/N 1138577 S/N 1 and P/N 1138579 S/N 1 (FIRST TRY-OUTS) SHOWING TH.
EFFECT OF CROSS-FORGING ON THE DEGREE OF MICROSTRUCTURAL IMPROVEMENT

STRUCTURES ARE CONSIDERED EQUIAXED WITH VARIOUS DEGREES OF DISTORTIOMN
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When the 1138575 S/N 3 try-out slice became available, it was
examined for microstructure and equiaxed alpha was noted in all forging
sections, as shown in Figure 37.

The next forging planned was the pancake forged X-292/X-293
S/N 1 thy;out. It was completed just before SNSO instituted their request
to stop forging pending a decision as to whether or not the TMCA and RMI
billets were suitable for TPA and test forgings.

The X-292/X-293 f&rging was upset and drawn, only, from a section
of the T2 billet in order to determine whether the transformed alpha micro-
structure was signifﬁcant]y broken down and agglomerated at this stage. Micro-
structures were examined on the "original cut" plane shown in Figure 38 and a
significant microstructural improvement was noted, as shown in the top photos
of Figure 36; it should be noted, however, that these inducer forgings were
scheduled to be made from the B billet to compensate for the lesser amount of
forging work.

A directive from SNSO-C was received requesting all forging and
forging processing at Arcturus be stopped pending resolution of the adequacy
- of the TMCA material microstructure.  Table V presents the forging work scope
accomplished at the time of the SNSO stop order. Axial and radial micro, macro,
dye penetrant and ultrasonic inspections were to be made available from an upset
and drawn forging representing material forged from billet stock with trans-
formed alpha microstructure. It was agreed that the recently completed X-292/
X-293 S/N 1 try¥out made from the bottom end of the T2 bar would meet SNSO-C
requirementé. Accordingly, a meeting was arranged to enable SNSO personnel

to view for themselves, the results of the tests which SNSO had requested.
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FORGINGS PRODUCED AT TIME OF SNSO STOP ORDER

ANSC
P.0.

N-00554

N-00555

N-00556
" N-00557
N-00558

N-01405

*FORGING PART NO.

1138579-1
1138579-2

1138578-1

1138577-1
1138576-1
1138575-2

1138578-1

*Sectioned Try-out Piece.

"ANSC SERIAL NO.

* 880001
* 880004

* 880001
880002
880003
880004

* 880001
* 880001

* 880001
* 880002

* 880006
880007
-880008
880009
880025
880027
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The X-292/X-293 try-out forging had been cut into five ;ections,
as shown on Figure 38. One half of the 1138579-1 had been prepared as an
ultrasonic standard, containing several flat-bottomed holes and notches to
facilitate ultrasonic inspection. A1l five pieces had been dye-penetrant
inspected and found to be defect free. Microstructure examinations were made
on the axial face of 1138579-1 and compared with previously made micros of the
radial face; the microstructures were similar in both directions and consisted
primarily of worked alpha, exhibiting various amounts of distortion, see upper
right hand pictures of Figure 36.

Ultrasonic inspections using contact scanning of all pieces indi-
cated that the material met the AAA flaw size requirement.

In preparation for the meeting with the SNSO-C and SNSO-W people,
four displays were prepared, similar to Figures 32, 33, 36and 37, which were
planned for use in describing the microstructures in both billet and forging .
form. . |

Subsequently, a meeting was held with Arcturus, SNSO and
ANSC. A brief material h}story covering both titanium heats was pro-
vided by‘ANSC. Arcturus then described company philosophy and experiences
with titanium forging, which form the basis for the purchaserrder requirement
that the titanium billets not be finish forged aboye the beta transus temperature.
Arcturus indicated that cross forging of the material had converted the billet
microstructure to a sufficiently equiaxed form to render the material forge-
able. In addition, it was implied that cross forging the multiples merely
introduced a forging step which would have been unnecessary had the billets
been finish forged at the proper temperature but which Arcturus would include in all

subsequent ANSC titanium orders for rotating component forgings.
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A detailed review was given, using the four visual displays.

The SNSO personnel indicated agreement that a definite improvement in material

microstructure was achieved. This fact, however, apparently did not dispel

-their apprehension concerning the reproducibility of the starting billet

material and any possible effects of the prior transformed alpha; the fact

that billets are always processed above the beta transus temperature at some

stage during their manufacture made no difference, nor did many other arguments

mounted by both ANSC and Arcturus.

During subsequent meetings, an SNSO "proposition" was drafted

which included the following items:

1.

Use the TMCA B bar and the RMI T bar to make three sets of
TPA forgings to satisfy S/N 1 requirements.

Continue hold on Car]toﬁ forgings and other Arcturus forgings.
Reactivate remainder of RMI heat with added controls to pre-
clude finish forging above beta transus. Distribute this
material to Arcturus and Carlton for making S/N 2 TPA parts
and materials test prdgram parts.

Conduct. interim tests to qua]ify S/N 1 TPA parts use.

Carry along one-half of existing try-out forgings with S/N 1
parts to be processed.

Order more billets for balance of program.
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A check was made to see whether three sets of forgings could be
made from the already cut up B and T bars. As shown in Figure 39, three sets
of parts could be made in this manner, in addition to one 2918 try-out from
‘the RMI bar. However, provision had to be made for try-out forgings repre-
sentative of the 2915 and 2916 RMI forgings.

The stop order imposed by SNSO was fraught with éonfusion; for
some time, conflicting directions flowed between Sacramento and Cleveland, in
both directions. An ANSC proposal to keep try-out forgings and production
forgings together (from same billet) was rejected after several days because
it would have required use of other than the customer approved billets. However,
the SNSO "proposition", which later appeared in the form of a written directive,
had failed to account for the need for try-out forgings from the RMI heat;
therefore, approval was obtained to use some of the non-approved RMI T]'bi1Jet
for this purpose. This approval resU]ted in transferring the RMI T1 billet
from Carlton Forge Works (the second forger) to Arcturus.

In order to implement the SNSO stop order, a complete review was
made of the accomplished work scope, the new forging quantity requirements and
the remaining available material (which was in cut multiple form except for the
RMI T1 bar). This review resulted in:

(a) Revising the turbopump program forging requireménts from
four to three finished forgings for each machined con-
figuration,

(b) Transferring (and in some cases recutting) several forging
input billets to other purchase orders.

(c) issuing ANSC Inspection Reports against all forged material

(which was not completely processed through acceptance)

requiring shipment to ANSC.
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Table VI presents the status and disposition of all cut and
forged material at Arcturus following the SNSO stop order.

The final approved cut chart, covering three sets of forgings for the
turbopump program, some forgings for the interim materials test program and
sufficient try-out forgings to assure proper forging practice would continue
to be used, is shown in Figure 40. This cut chart (along with the ANSC
Inspection Reports and verbal instructions) was used for expeditiously restarting
forging production at Arcturus without the customary formal changes to purchase
orders. Multiple iterations also were required before the interim materials
test plan, shown in Table VII, was agreed upon. This scheme provided for some
static and cyclic test data from each rotor configuration, with the test
material to be representative of both TMCA and RMI billet material.

Resumption of forging of the TPA and test parts was delayed for
some time, both by ANSC's custoﬁer-caused interruption as well as by an extended
plant absence of a key Arcturus personnel. When forging was resqmed, Arcturus
was directed to perform forging at a temperature suitable eo all the TPA
configurations, viz, 1765-1800°F. The revised work scope (reference Figure 40)
is presented in terms of ANSC part and serial numbers in Table VIII.

Upon resumption of work, the three sets of TPA parts were forged
without incident. Vacuum heat treating and routine inspections were performed
in accordance with specification requirements, but ultrasonic inspection,
including C-scan inspection, was performed by an NDT vendor with the requisite
equipment. The ultrasonic test results (contained in Section VI of this report)

formed the basis for allocating the forgings as shown in Table IX.



TABLE VI

MATERIAL STATUS AND DISPOSITION FOLLOWING SNSO STOP ORDER

ANSC ANSC ANSC ARCTURUS ARCTURUS
P.0O. PART NO. S/N DIE NO. S/N BAR FORM ON 9-14-71 DISPOSITION
N-00554 1138579-1 & -2 880001 X-292/293 1 TMCA-T2 Forged/Sectioned Continue Processing
. 880002 " 2 TMCA-B Cut Billet Redirect to 1138577-1, S/N
880006 (Ref IR 512358)
" 880003 " 3 TMCA-B ~Cut Billet Forge
" 880004 " 4 TMCA-B Cut Billet Forge
o 880005 " 5 TMCA-B Cut Billet Forge
N-00555 1138578-1 880001 2918 1 TMCA-T Forged/Sectioned Return to ANSC (Ref IR 512359)
880002 2918 2 TMCA-T Forged Return to ANSC (Ref IR 512359)
880003 2918 3 TMCA-T Forged Return to ANSC (Ref IR 512359)
880004 2918 4 TMCA-T1 Forged Return to ANSC (Ref IR 512359)
880005 2918 1 RMI-T Cut Billet Forge
N-00556 1138577-1 880001 2917 1 TMCA-T2 Forged/Sectioned Continue Processing
880002 2917 2 TMCA-TZ Cut Billet Return to ANSC (Ref IR 512360)
880003 2917 3 TMCA-T4 Cut Billet Return to ANSC (Ref IR 512360)
380004 2917 4 TMCA-B Cut Billet Forge
880005 2917 5 TMCA-B Cut Billet Forge
N-00557 1138576-1 880001 2916 1 TMCA-T1 Forged/Sectioned Continue Processing
' 880002 2916 2 TMCA-T1 Cut Billet Return to ANSC (Ref IR 512361)
880003 2916 3 TMCA-T Cut Billet Return to ANSC (Ref IR 512361)
880004 2916 7 TMCA-T2 Cut Billet Return to ANSC (Ref IR 512361)
880005 2916 5 TMCA-B Cut Billet Forge '
==
jsl g el i a0
Q< W
(§2] o
coD
o~
N~
D
g



TABLE VI (Continued)

ANSC ANSC ANSC ARCTURUS ARCTURUS ,

P.0O. PART NO. S/N ‘DIE NO. - S/N BAR - FORM ON 9-14-71 " 'DISPOSITION

N-00558 1138575-2 880001 2915 2 TMCA-T4 Forged/Sectioned  Scrap - Replace with S/N 880018
880002 2915 3 TMCA-T4 Forged/Sectioned Continue Processing
880003 2915 4 TMCA-T4 Cut Billet Return to ANSC (Ref IR 512362)
880004 2915 5 TMCA-T4 Cut Billet Return to ANSC (Ref IR 512362)
880005 2915 8 TMCA-B Cut Billet Forge

N-01405 1138575-2 880006 2915 6 TMCA-T4 Cut Billet Return to ANSC (Ref IR 503988)
880007 2915 7 TMCA-T4 Cut Billet Return to ANSC (Ref IR 503988)
880008 2915 9 CRMI-T Cut Billet Redirect to 11385761 S/N

' 880006 (Ref IR 503990)
880009 2915 10 RMI-T Cut Billet " . " "
880010 2915 11 RMI-T - Cut Billet Transfer to P.0. N-00558
v (Ref IR 503990)
1138578-1 880006 2918 5 TMCA-T1 Forged Return to ANSC (Ref IR 503989)
880007 2918 6 TMCA-T2 Forged Return to ANSC (Ref IR 503989)
880008 2918 7 TMCA-T2 Forged Return to ANSC (Ref IR 503989)
880009 2918 8 TMCA-TZ Forged Return to ANSC (Ref IR 503989)
880010 2918 12 RMI-T Cut Billet Transfer to N-00555 & Forge
(Ref IR 503991)

880011 2918 13 RMI-T Cut Billet " " " !
880012 2918 14 RMI-T Cut Billet o " " "
880013 2918 15 RMI-T  Cut Billet " n L "
880014 2918 16 RMI-T Cut Billet Return to ANSC (Ref IR 503991)
880025 2918 9 TMCA-T2 Forged Return to ANSC (Ref IR 503989)
880026 2918 17 RMI-T Cut Billet Return_to_ANSC (Ref IR“503991)“Ezf
880027 2918 10 TMCA-T2 Forged Return to ANSC (Ref IR 503989) z,

O
880028 2918 18 RMI-T Cut Billet Return to ANSC (Ref IR 503991)
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REVISED WORK SCOPE OF 9-23-7

FORGED-CONTIMUE TO PROCESS
10 0

2917 X-262/3 !
;‘;&’_‘TZ 100 Lb. |05 Lb.
S/H 1 S/N 1

10
TMCA 2916
Bar-T1 100 Lb.
S/N
T0
THMCA 2915
Bar-T4 130 Lb. '
S/ 3 ’ .

HAS BEEN CUT-TO BE FORGED & PROCESSING COMPLETED

TMCA 2916 X-292/3 X-292/3 X-292/3 2917 2917 2915

Bar-B 160 tb. | 105 Lb. 105 Lb. 105 Lb. 100 Lb. 100 Lb. 130 Lb.
S/H S S/NS S/N 4 S/H 3 S/NS S/N 4 S/IN 8
TO

RHI 2918 2918 2918 2918 2618 2915 2915

Bar-T 88 Lb. | 88 Lb. 88 Lb.{ &8 Lb.| 88 Lb. 130 Lb. 130 Lb.
S/ 151 S/ 14 S/H 13| S/K 124 S/R 11 S/N 12 S/N 11

TO BE RE-CUT TO HEW INPUT SIZES, FORGED & PROCESSING COMFLETED

WAS T0 BE
. ~ N
TMCA X-292/3 THCA 2917
Bar-B 105 Lb. @ Bar-8 100 Lb.
S/N 2 S/N 6
2915 RHI 2916
o 130 Lb. : o—— Bar-T | 100 Lb.
S/H 10 S/H 6
RM1 2915 RM1 2916
Bar-T 130 Lb. > Bar-T 100 Lb. ,
S/N 9 S/N 7 :
TO BE CUT, FORGED & PROCESSING_COMPLETED o
10 0
Ri1 2915 2016
Bar-T) 130 Lb, 106G Lb. Dead End
4 . S/t 13 S/ 8

LA ] ,4/' (]
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1138575

1138576

1138577

1138578

1138578

1138579

*Spares

TABLE VII
~'T1 5A1-2.5 Sn ELI DIE FORGING
"INTERIM MATERIALS TEST PROGRAM

70 + 10°F/100 PSI GHp -160 + 10°F/1200 PSI GH2 -423 i_]goF LHo '
) Ki/Kic ™ spare ke  N/fc seare Kre Ri/Kic  spare
Ic = 0.5 (*) = 0.5 (*) = 0.5 (*)
No. of Arcturus
Semi Ring S/N
Ring 2 8, 12 1 1 1 1 1 1
Ring 2 5, 6 | . 1 1 1 1 1 1
Ring 1 g 1 1 ]
Ring =~ 1 1 1 1 1
Center ] 11 1 1 1
(Forging)
Slice 3 3.4,5 1 1 1
(Slices)
TOTAL TESTS - 16 (PLUS 8 SPARES) iy
p @
are to be used to replace spurious or outlier test results, only. =

2l6l Ae
£01-2L*400ESN
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i
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ANSC _P/N
1138575-2E

1138575-1E

1138577-1D

1138578-1E

1138579-1
& 2C

*Tryout Forging for TMCA Material
**Tryout Forging for RMI Material

ARCTURUS

DIE NO.

2915

2916

2917

2918

X292/X293

TABLE VIII

REVISED WORK SCOPE

ANSC S/N

880002
880005
880010
880018
880019

880001
880005
880006
880007
880008

880001
880004
880005
880006

880005
880010
880011
880012
880013

880001
880003
880004
880005

\
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!
|
ARCTURUS ‘
O S/N " BILLET |
3 : *TMCA-T4
8 . TMCA-B
11 RMI-T
12 RMI-T
13 **RMI-T1
1 *TMCA-T1
5 TMCA-B
7 RMI-T
6 RMI-T
8 **RMI-T1
1 *TMCA-T2
4 TMCA-B
5 TMCA-B
6 TMCA-B
11 RMI-T
12 RMI-T
13 RMI-T
14 RMI-T
15 **RMI-T
1 *TMCA-T2
3 _ TMCA-B
4 TMCA-B
5 TMCA-B
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TABLE IX |
FORGING ALLOCATIONS
"FORGING P/N "~ 'FORGING S/N o ALLOCATION
1138575-2E 880018 Machine second stage impeller
880005 Machine second stage impeller
880010 Spare
1138576-~1E 880006 Machine first stage impeller
880005 - Machine first stage impeller
880007 Spare
1138577-1D - 830004 Machine first stage turbine rotor
880005 Machine first stage turbine rotor
880006 Spare
1138578~1E 880011 Machine second stage turbine rotor
880010 Machine second stage turbine rotor
880012 Spare -
880005 For interim materials evaluation tests
1138579~1C 880003 Machine inducer
880005 Machine inducer
880004 Spare
1138579-2C 880003 Impeller Insert - Not required due to
design change
880005 Impeller Insert - Not required due to
design change
880004 Impeller Insert - Not required due‘to

design change

°
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VI. NON DESTRUCTIVE TESTING OF BILLETS AND FORGINGS

Established penetrant, ultrasonic and x-ray techniques and standards
were employed for NDT inspection of both billets and forgings. Table X
'1ists the techniques, specifications and accept/reject criteria used.

Billet Inspection - The penetrant inspection was of sufficient sensi-

tivity to detect the objectionable defects noted in Table XI. The problem
here, though, is not inspection sensitivity but one of finding penetrant
solutions with sulfur and chlorides within the prescribed 1imits. Require-
ments were relaxed for new purchase orders; however, the relaxed quantities
are available only in especially ordered solutions.

Nearly identical ultrasonic scanning techniques were employed by RMI
and TMCA. The procedure is summarized in Enclosure 16. The inspection
standards were fabricated of the same billet material as that being tested
so the conditions in the reference standard closely resembled those in the
billet. The configuration of the standard is shown in Enclosure 8.

The billets were lathe turned to provide a suitable surface for evalua-
tion to the 3/64 inch diameter flat bottom hole (FBH) acceptanceileve1. An
inspection frequency of 5 MHz is dictated by the 3/64 FBH quality Tevel. Metal
noise can be reduced, in some measure, by lowering the frequency to 2.25 MHz or
even 1 MHz at the sacrifice of sensitivity. The lower frequency beam may
not see the grain condition that causes it to scatter at higher frequencies,

but it is just as likely to miss real flaws.



Material

Sponge

Billet

Billet

Forgings

Forgings

Forgings

TABLE"'

NDT of 5 Al - 2.5Sn Titanium Alloy

Technique

X-Ray

Penetrant

Ultrasonic

Penetrant

Ultrasonic

X-ray

Specification

ANS-20296
MIL-STD-453

ANS~-90295A
MIL-I-6866, Type I,
Method C
ANS-9032-1

ANS~S0295A
MIL-1I-8950 (Control

only)

ANS-90297B
MIL-I-6866, Type I,
Method A
ANS-9032~1

ANS-90297B -

MIL-I-8950B
With C-Scan
ANS-90297B

MIL-STD-453

Flaw — Type

Discrete contaminants.

Cracks & porosity open to surface. Not
more than one indication > 1/64~inch
permitted.

Internal cracks, porosity, pipe &
inclusions. (1) Any single indication

> 3/64-inch when compared to 3/64 FBH in
reference standard. (2) Loss in back-
reflection>50% of full-screen saturation.

Cracké & porosity open to surface. Not
more than one indication > 1/64-inch
permitted.

Internal cracks, porosity & inclusions.
Accept/Reject criteria of *Class AAA of
MIL-I-8950B.

Internal cracks, porosity and inclusions.

%Single indication, > 1/64-in., (when compared to respcnse from a 1/64-in. FBH), multiple indications,
>10% of 3/64-in. FBH & centers < l-in.; Stringers, >107% of 3/64~in. FBH ~any length; Noise>5% of 3/64-in.
FBH; Penetration, Loss of BR >20% of full screen saturation.

G/ 9bed
261 Aey
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Billets RMI-X21 & 22

Billets TMCA (All)

VARIATIONS FROM SPECIFIED PENETRANT INSPECTION REQUIREMENTS

(D

(2)

(3

&9}

(2)

TABLE XI

5 Al - 2.5 Sn Titanium Alloy Billets

DISCREPANCY

Type II - Visible dye penetrant used,
instead of Type I - Fluorescent. Hence,
penetrant exceeded 50 ppm each sulfur
and chlorides restricted by ANS-90295A.

Ends of billets not penetrant inspected.

Bar T had one indication 5/8-in. long
X 1/8-in. deep and one indication 3/8-
in. long x 1/8-in. deep.

Penetrant procedure not performed as
prescribed by ANS-90295A. Length and
depth of indications not noted.

Penetrant solutions exceeded 50 ppm
sulfur and chlorides.

(1

(2)

~(3)

(1)

(2)

DISPOSITION ~~ "

Billets washed in solution

of HF - HNO3

Accepted, based on macroetch
results of billet ends.

Indications removed.

Accepted. Indications removed.

Accepted.

g/ 9beq
2061 Aey
€0L-2/-400E8N
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There were no rejectable indications disc]oéed.by ultrasonic exami-
nation of the billets. Penetration problems, due to a high metal-noise
encountered in the TMCA billets, prevented critical evaluation. Noise in '
instances exceeded 100% of the 3/64-in. dia. FBH reference (80% of full
screen amplitude). A level of 25% and 50% noise was prevelant in the two RMI
billets. This response was within the level anticipated. The grain conditions
responsible for the high noise-level are discussed in the metallurgical section
of this report. 1In deneral, both suppliers overestimated forging temperatures
which resulted in variations of microstructure. Variations within each billet

and between billets were quite apparent in the ultrasonic test results.

Forging Inspection - The finished forgings were subjected to penetrant,

ultrasonic and x-ray inspection. There were no rejectable indications disclosed
by penetrant inspection.

The forgings were examined ultrasonically using an immersion, pulse-
echo technique except a C-scan recorder was added. This recording technique
provides a cross-sectional map of the inspection and allows detection of subtle
defects by permitting comp@risonlof a suspect region with its surroundings.
__U]trasonic scanning procedures are containéd in Enclosure 17. Testing was

performed by Sonic Tesfing and.EnginéerTng; Inc;, Paramount, CaTifbrnfé.

Ha]f-section and full-section forging standards were fabricated to'répre?
sent each forging configuration and billet heat of material under evaluation.
The flat-bottomed reference holes for longitudinal inspection were of 1/64,

3/64 and 5/64-in. dia. drilled 0.150-in; deep. Shear wave reference holes

were of the same diameters drilled at a 45° angle to a depth of 0.250-1in.
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Distance Amplitude Curve (DAC) calibration blocks with 3/64 FBHs were

used to establish DAC curves for each forging. The blocks were fabricated

of 6 A1-4V titanium alloy. The DAC curves were adjusted for differences in

attenuation between the reference'standards and calibration blocks. Actually,

the difference was negligible, from 0 in some parts to a maximum of 4 db in

others.

The procedural steps for ultrasonic inspection of each forging, in

general, were as follows:

(a)

(b)

A primary response was established as the maximum response from
the 3/64 FBH in the forging standard, adjusted on the Cathode
Ray Tube (CRT) screen so that response from the 1/64 FBH was
approximate]ywéo% of Ehe 3/64 FBH. |

The standard was removed. A DAC curve, adjusted to the heignt
of the primary responée and covering the full-thickness range
of the forging under test, was established on the CRT screen.
The alarm was gated at 10% of the 3/64 FBH.

The forging standard was scanned to be sure that the minimum
FBH was printing. The print-out also served as a comparative
standard for the forging inspection.

Next, the part was centered on a turntab1e,.rotated and scanned.
The screen was monitored for noise level, relative depth of
indications and gating. The gate was manually adjusted ("fast

transigate circuit") during inspection for changing thickness.

" Radii were hand scanned in the tank.
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(f) Finally, the standard print-out and forging record were compared
and the size of indications were estimated. The ultrasonic unit
was equipped with a sensitivity time control (STC) circuit which
was set so that indications of the same size, say 1/64, would re-

cord at the same amplitude regardless of their distance from the

surface.

The C-Scan ultrasonic technique verified the ability of ultrasonic in~
spection to detect very small flaws in titanium forgings. Indications repre-
senting defects of < 1/64 to > 3/64 (compared to respective standards) were
apparent. Inspection results are summarized in Table XII.

Metal-noise, as expected, was still a factor in deciphering inspection
results. Using C-Scan and a focus transcucer it is possible, in some cases,
to distinguish noise from real flaws. Some of the noise indications are attri-
butable to turning grooves resulting from the forging supplier's effort to meet
the roughness requirement. |

The typical radiographic procedure is shown in Enc]osuré 13. The radio-
graphs were of excellent quality. X—réy disclosed only a single low density
inclusion which was confirméd by ultrasonic inspection. The fact that x-ray
did not reveal all the indications found by ultrasonic inspection is not sur-
prising. The flaws, more than likely, are flattened-out in the best orijentation
for ultrasound but below x-ray sensitivity. If the flaw is thin and has its

smallest dimension along the x-ray beam it will not be detected.



(a)

(b)

*Accepted for further processing.

(a) Shear standard
(b) Longitudinal standard

Part No. S/N Billet IR No.
1138575 880019 RMI-T1 N/A
1138575 880010 RMI-T1 512425
1138575 880018 RMI-T1 N/A
1138575 880005 TMCA-B 512425
1138576 880008 RMI-T1 N/A
1138576 880007 RMI-T 512424
1138576 880006 RMI-T 512424
1138576 880005 TMCA~B N/A
1138577 880005 TMCA-B = N/A
1138577 880004 TMCA-B 512422
1138577 880006 TMCA-B N/A
1138578 880013 RMI-T N/A
1138578 880005 RMI-T 512423
1138578 880010 RMI-T 512423
1138578 880011 RMI-~T N/A
1138578 880012 RMI-T 512423
1138579-1 880001 TMCA-T2 N/A
1138579-1 880003 TMCA-B N/A
1138579-1 880004 TMCA-B 512426
1138579-1 880005 TMCA-B 512426
1138579-2 880003 TMCA-B 512427
1138579-2 880004 TMCA-B N/A
1138579-2 880005 © TMCA-B 512427

TABLL;‘XIJ_;

TPA TITANIUM FORGINGS ULTRASONIC INSPECTION SUMMARY

(2)

(2)

Condition

Half-section standard
Multiple indications
Accepted

indications & excess noise

Half-section standard
Multiple Indications
Excessive noise
Accepted

Accepted
Single Indication

B

Accepted

Half-section standard
Multiple Indications
Noise

Accepted

Multiple Indications

Half~-section standard
Accepted

Multiple Indications
Multiple Indicatioms

Multiple Indications
Accepted
Indications

Final acceptance was to be based upon X-ray of final machined parts.

Disposition

*Accepted

*Accepted

*Accepted
*Accepted

Accepted -~ would be
removed in final machining

*Accepted
Accepted

*Accepted

*Accepted
*Accepted

*Accepted

*Accepted

08 9bed
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VII.  ACCEPTANCE TESTING

i

A1l parts had been designed with excessively large 0D's in order
to enable both tensile and fracture toughness acceptance tests to be performed.

It was the responsibility of Arcturus to fabricate and test four tensile spe-
cimens from each and every part, following vacuum annealing, An approximately
2 inch wide test ring was parted from each die forging, and a slice was removed
from between the 1138579-1 and -2 pancake forgings to be used as test material
representative of both parts. In addition, one 4 inch long (circumferential)
piece from each die forging was shipped to an outside machining vendor for
fabrication of compact tension fracture toughness specimens. These were sub-
sequently pre-cracked and tested at room temperature in air by an independent
testing laboratory.

Results of R.T. fensi]e tests, shown in Tables XITI and XIV covering
both die-forged and pancake forged parts, indicated uniformly high strengths and
excellent ductility. For the die forging tensile tests, "A" data design allowables,
presented in Enclosure 19, were calculated and it is a reflection of the
superior quality of the material that even the 99/95 allowables for strengths
exceeded the specification minimum strength requirements. |

| Results of the R.T. fracture toughness tests, shown in Table XV,
were considered satisfactory and in agreement with values reported'by other
investigators (Reference 2). A "C" data design allowable of 79.8 ksi—in1/2

was derived and was published in the form of DRM 04.10R1, Enclosure 20.



ARCTURUS

DIE NO.

2915

2918

ARCTURUS

_S/N

8

11

12

12

13

14

15

‘BILLET USED

TPA*S/N'1°R:T. TENSILE PROPERTIES

TABLE XIII

'DIRECTICN

TMCA "B"

RMI IITII

RMI "T*

Tang.

Radial
Tang

Radial
Tang.

Radial

Tang.

Radial
Tang.

Radial
Tang.

Radial
Tang.

Radial
Tang.

Radial

uTS TYS
CKSI KSI
119 170
120 112
123 114
121 112
119 110
119 112
119 112
119 110
118 110
119 112
116 108
116 108
119 112
120 112
118 110
119 111
121 113
120 114
120 112
119 117
122 114
120 112
121 114
121 113
120 114
120 114
120 115
120 115
120 114
120 114
120 114
120 116

FORGING TYPE

Die (X-Forged)

Die (X-Forged)

28 éﬁea
2061 Aey
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TABLE XIII(Continued)
TPA S/N'1 R.T. TENSILE "PROPERTIES

261 Ael
€01-2/-400EBN

ARCTURUS ARCTURUS uTS TYS % EL %
DIE NO. S/N BILLET USED DIRECTION KSI KSI (2 IN) " ROFA FORGING TYPE
2916 5 TMCA “B" Tang. 120 117 12 46 Die (X-Forged)
120 112 15 49
120 11 18 48
Radial 120 113 14 52
6 RMI T Tang. 122 114 16 50
124 116 15 49
123 113 15 50
Radial 121 113 15 54
7 - ’ Tang. - 113 109 14 52
115 106 14 52
N7 108 .14 52
Radial 114 105 13 55
8 RMI "T1" Tang. 117 109 15 54
B ' 118 110 13 52
117 110 14 53
Radial 117 110 14 52
2917 4 TMCA "B" Tang. - 120 111 15 47
120 112 14 50
121 112 14 50
Radial 122 113 14 49
5 Tang. 122 112 14 47
120 117 14 46
121 112 14 47
Radial 122 113 14 50
6 . Tang. 122 . 113 15 ' 45 P
121 113 14 50 ®
124 115 13 43 o
Radial 122 14 14 46 @
ANS 90297 REQUIRED: | 110 100 12 25



ARCTURUS

DIE NO.

X292

X293

ARCTURUS
S/N

- BILLET USED

3

ANS-90297 REQUIRED:

TMCA "B"

TABLE XIV

TPA S/N 1 R.T. TENSILE PROPERTIES

UTs
DIRECTION KSI
Radial 119
118
116
Tang. 121
Radial 118
118
117
Tang 118
Radial 118
118
118
Tang. 120
Radial 121
120
119
Tang. 121
Radial 119
120
120
Tang. 118
Radial 120
116
118
Tang. 120

110

TYS

kst

110
110
108
114

110
111
109
108

112
110
110
114

113
112
112
111

112
114
114
110

112
109
110
113

100

% EL
(2°IN)

12
13
12
15

15
12
13
13

%
R'OF A
31
27
27
33

31
27
27
27

44
33
42
43

FORGING TYPE

Pancake (X-Forged)

g obed
2L61 Aey
£0L1-2/H00E8N

i

|

|
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TABLE XV ‘
"ROOM  TEMPERATURE STATIC FRACTURE TOUGHNESS TEST
““RESULTS OF S/N'1 TPA ROTOR DIE FORGINGS
P/N ARCTURUS ’ : 1/2
P/N SN PQ (Ki PS) £ (a/w)* Kyg, KSI-IN
1138575 8 14.5 10.51 106.8
1138575 11 11.25 10.61 83.76
1138575 12 13.375 10.21 95.76
1138576 5 13.25 10.78 ©100.1
1138576 6 ‘ 13.0 10.57 96.38
1138576 7 14.06 10.54 103.97
1138577 4 13.5 10.34 97.84
1138577 5 10.0 10.24 - 71.82%%
1138577 6 12.62 10.57 93.01
1138578 11 13.0 10.54 " 96.09
1138578 12 13.75 10.27 98.96
1138578 13 12.94 10.54 95.66
1/2 - 3/2 5/2 7/2 9/2
dy _ a a a a a
* f(W) = 29.6 (W) - 185.5 (W) + 655.7 (W) - 1017 (W) + 638.9 (Wo

Refearence 4 - ASTM-E399

**Not valid per requirements of ASTM-E399.
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Several 300°R tensile tests were performed to enable validity
checks to be made in the interim materials test program. Four tangential
tensile specimens were machined from a 4 inch long piece of test ring repre-
.sentative of die forging P/N 1138578, ANSC S/N 880012. Results of these
‘tests are presented in Table XVI,

The interim materials test program results, included as Enclosure
21, were analyzed statistically and the allowable Ki for 60 cycles was then
used to reassess the structural integrity of the spinner, impeller and inducer.
Allowables, included in Enclosure 20, were calculated for Ki at R.T. in GH,,

at 300°R in GH, and at 40°R 1in LH2 and, for each temperature/environment com-

2
bination, 99/95 values were obtained for 1 cycle (KIC), 1000, and 10,000

cycles. As shown in Enclosure 21, the effect of the aggressive GH2 environment
was far less damaging than had been expected from previous well publicized
investigations at Boeing Co., Aerojet and Rocketdyne. Flaw growth rate in

GH,, the prime governing factor in cyclic testing, was only slightly higher

2’
in GH, than in GHe at R.T., and no effect was detectable at 300°R. In addition,

1/2

2
the pancake forging (inducer) design allowable was 52 ksi-in

1/2 (

compared to an

Reference 3). A new value for die forging
1/2

earlier allowable of 44,9 ksi-in

K c for radial flaw growth of 35 ksi-in

. was developed 1in LHZ’



N8300R:72-103

May 1972
Page 87
TABLE XVI
*300°R TENSILE TEST RESULTS OF S/N 1 TPA
" "DIE FORGING P/N 1138578 S/N 880012
uTsS TYS % %
SPECIMEN S/N U KSI kST CEL ‘R OF A

888412 142 129 14 36
888412 138 125 13 38
888414 138 126 15 34
888415 143 130 14 35
AVERAGE : 140 127 14 36

*See Reference 5.



\

|
N8300R:72-103
May 1972
Page 88 1

VIII., CONCLUSIONS

The data obtained from the tests described in Section VII were used fo

evaluate the structural adequacy of the TPA S/N 1 rotor assembly.

The turbopump componénts subjected to fracture mechanics analyses
were the turbine discs, inducer, impellers, and épinner.
The turbine discs operate in a gaseous hydrogen environment at

300°R. The mean value of the 60 cycle Ki used in an earlier analysis was 53
KSI v in. , based upon some preﬁiminary test data, and‘the .99-.95 value was
established at 33 KSI / in. , using the ratio of .99-.95 Ki to mean Ki from a
larger sampling of -423°F tests, as.indicated. The latest test results show
a mean value of 60 cycle Ki of 67 KSI /in. , which is considerab]y'higher
than that assumed in the earlier analysis. Consequently, the margins of safety
obtained for the turbine discs are conservative.

| The inducer, impeiferﬁ énd spgnner'operéte in-a Tiquid hydrSQén.»f
environment at approximately -423°F. The mean value of the critical stress inten-
sity factor was assumed to be 71.6 KSI v in., while the .99-.95 value was computed
to be 44.9 KSI v/ in. based upon the available experimental data for pancake forged
material. The critical stress intensity after 60 cycles of operation was found
using a crack propagation equation. The difference between the critical stress
intensity at 60 cycles and one cycle proved to be insignificantf The latest
test data for the pancake forging Show an equivalent 60 cycle mean Ki of 69 KSI
Yin., with a .99-.95 value of 52 KSI v/ in. which is well above the value deter-
mined from available data for pancake forged material, of 44.9 KSI V/ in.; the test
data for the die forging used for the impellers show an equivalent 60 cycle mean
Ki of 54 KSI V"Tﬁ. with a .99-.95 value of 35 KSI v in.  Previous exberimenta]
data for die forged material is not available. These Ki values indicate more

than adequate structural integrity.
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2ND ROTOR INDUCER & IMPELLER INSERT

1138578 : 1138579-1 & -2
—10-3/4"——| fe—12-7/8"
8" 8ll
INPUT 88# ' INPUT 105#
1 '-—8"_——1
Lo f—28"— « ‘ . _
& L~ T
® . UPSET "
U | !
RATIO: 25.5% " :  37.8% '
\\ //
U 3-1/4" | U—E—-S*ET
—10" g & - 13
PANCAKED
8" L ~ ]2" 8"

DRAW | N/ | DRAW



UPSET
RATIO:

31.2%

2ND IMPELLER

1138575
16" —
8"
INPUT 130#
P
7/
BARREL 9-1/2"
SHAPED ‘ :
. .
\‘ =

DRAW

HUB FORMING

4"

1ST IMPELLER
1138576

be—12-1/4" |

~ INPUT 100#

f— g" S
7~

26.5% BARREL

SHAPED

DRAW

8II

8|I

1ST ROTOR
1138577

W N P C—

INPUT 100#

26.5% BARREL

SHAPED

DRAW

8ll

8" -

TYPICAL END
SHAFT
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APPENDIX 3

FORGING DETAILS OF TRY-OUT FORGINGS,

P/N 1138575
P/N 1138576
P/N 1138577
P/N 1138578
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15 September 1971
PPD:mc:N8130:0148

P/N 1138575 (die 2915) - Bottom of T4 Bar:

1. Was upset from 16 to 11 inch x 9 1/2; then was necked back-out
to 8 in. diameter with intermediate re-heat.

2. Hub forged on 12500 1b open hammer. Re-heated.
3. Noted small crack on hub-end and ground out.
4. Long hub drawn again after re-heat.

5. Round hub to 4 in. diameter from 4 in. square. Water cool to
grind-out hub fillet cracks. Hub appears off-center.

6. Die forging planning changed to 50,000 1b hammer.
7. First die forging, followed by grinding of cracks. A large
area of one side had to be ground away. Foreman indicated

forging had been done too cold and metal had sheared.

8. Hit three times on 50,000 1b hammer. Cracks initiated on othe
side of disc. Cooled and sent to grinding. ‘

9. Subsequent forging broke off a piece of disc and part was
scrapped.

10. Second try out planned utilizing 25°F higher forging temperature
(1800°F instead of 1775"F and limit number of blows to 3 from 6).

23




15 September 1971
PPD:mc:N8130:0148

P/N 1138576 (die 2916) - Bottom of T Bar:

1.

Was

upset from input length to 9 inch; re-heated and then

drawn back to original diameter.

Heavy blows of cross forged multiple while upright in die;
two very small cracks noted but forge as is while near finish
size. Cracks ground out prior to finish forging. Ready for
finish die.

Hit

Hit

Hit

. Hit

Hit

Hit

five blows - re-heat.
five blows - re-heat.
twice - almost done.
eight blows - flash formed - re-heat.
ten blows -~ re-heat.

ten blows. Completed and ready to cut.
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15 September 1971
PPD:mc :N8130:0148

P/N 1138577 (die 2917) - Bottom of T2 Bar:

1.  Upset from input length to 9 inch in four blows;
draw out to 8 inch diameter. Small cracks in end.
Ground out, dye pernetrant inspect and re-heat.

2. Die forge single hub. Re-heat.

3. Hit four blows - hub off-center; re-heat.

4, Six blows - re-heat.

5. Three blows - grind fillet cracks.

6. Five blows - almost done; small hub needs more filling.

7. Ten blows - re-heat.

8. Completed and ready for cut.
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15 September 1971
PPD:mc:N8130:0148

P/} 1138378 (die 2918) - Top of T Bar:

1.

Upset from input length to 8 inch in six blows - re-heated,
then drawn out to eight inch diameter. Small cracks in one
end - grind out, die check and re-heat.

Pancake to 3 1/4 inch - some cracks in 0.D. Cross forging
complete. Cool.

Placed into finish die - 8 blows - re-heat. Inner rib not yet
filled.

Eighf blows - re-heat - small cracks noted.
Forged and re-heated twice - still not filled.

Eleven blows - completed. Sandblast and ready for cutting.
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E.

15 September 1971
PPD :mc :N8130:0148

P/N 1138575 S/N 3 - Bottom of T4 Bar:

1.

10.

11.
12.
13.

14.

15.

16.
17.

18.

19.

"Cross forging and hub forming completed successfully. Ready

for blocking dies.
Five light, and one heavy blow in 25,000 1b hammer.
Hit 5 blows - barreling out. Re-heat.

Two blows - main body upsetting complete. Ready for finish
dies; no cracks.

Five heavy blows - re-heat. ©No cracks.
Five heavy blows - re-heat. No cracks.
Five heavy blows - re-heat. ﬁo cracks.
Furnace checked at 1807°F.

Reversed dies so that small hub facing up.'

Five heavy blows - small cracks around small hub fillet -
hot ground and re-heat.

Five blows - no cracks.
Four blows - no cracks.
Six blows - no cracks.

Small hub was not filling, even with five more blows. Move
dies to 50,000 1b hammer.

Part placed in larger furnace neater 50,000 1b hammer.
Temperature checked at .1801°F.

Four blows on 50,000 1b hammer - still hub not filled.
Seven blows - not filledf

Forging was stopped in 6rder to vent 2915 dies. Small hub was
squared off so that it can come up evenly.

Two heat-ups and forging cycles completed part. Cool.

.~ 463



APPENDIX 4

ARCTURUS FORGING PRACTICE

P/N 1138575
P/N 1138576
P/N 1138577
P/N 1138578
P/N 1138579
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FORGINGS - ARCTURUS 2915-MP-1000
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MANUFACTURING PROCEDURES,
CONTROLS AND DOCUMENTATION FORMS
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IMPELLER - SECOND STAGE
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1.0 SCOPE: This spec1f1cat1on shall apply to material utilized in the forg1ng
_of the following parts

ANSC P/N - . T Arcturus Die #

1138579-1 "C"........ rreeeeeeiaa, eeeee. . X=292
1138579-2 "C" v vvveervnneennn S, X-293
1138575-1 "D"......... e e 2915
11385761 "E" . vvveerrennnnnneeennn. e 2916
1138577-1 "D"........ e e 2917
T138578-1 "E™ e iveeirrnnneenennnnnnnns ...2918

2.0 REFERENCE DOCUMENTS: ANS-90295A, AMS 2249, ANS 90296, ANS 9032, MilL-1-6866,
. MIL-I1-8950, FED-STD-184, MIL-STD-129.

-3.0 MELTING PRACTICE: Material shall be produced by mu1t1p1e melting useing the:
A consumable electrode practice with both melting cyc]es performed under
vacuum conditions. _

4.0 - COMPOSITION: Composition of material shall be as follows:

. Element : ' - Percent
- ‘ Min. . Max.
‘ Aluminum 4.70 5.60
+ Tin ' ‘ - 2.00 3.00
Iron o ' LT 0.25
- Oxygen - o 0.12 .
Manganese o o 0.03
Carbon - . 0405
Nitrogen _ o _ 0.04
Hydrogen - 0,0125
Other elements, each v ©.0.05
Other elements, total 1/ o 0.20
‘Titanium L ~ Remainder

1/ Need Not Be Reported-
SECTION T1: REQUIREMENTS

5.0 MATERIAL: The ingot used for production of bars and billets shall be
composed of pure, virgin master alloying materials and titanium sponge
conforming to ANS-90296. No scrap (internally generated or otherwise) shall
be used in the production of material supplied to th1s specification.

6.0 PRIMARY MELTING CYCLE:

6.1 Vacuum Control: The vacuum Tévé] shall not exceed 1000 microns.

6.2 Water,Leakage: There shall be no water leakage during the melting operation.'

6.3 Power Control: There shall be no power 1nterrupt1on other than momentary
interruptions due to transient arch characteristics during melting.
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7.0 SECOSDARY MELTING CYCLE:.
7.1 Vacuum Control: The vacuum level shall not exceed 1000 microns.
7.2 Mater Leakage: There shall be no'water leakage during or after the melting
period.
7.3 Power Control: There shall be no interruption of power dur1ng'the melting
- cycle, except the gradual power reduction required to control the size and
. shape of shrinkage cavity.
8.0 WELDING:
8.1 MWelding Process: A11'we1din§‘procesées needéd_fé"aSSémbTé'tﬁé“§1e¢tfddéf
o shall be performed in an inert atmosphere using welding methods which
preclude the possibility of contaminating the electrode (ingot) with high
density we]d1ng electrode debris (such as tungsten inclusions), slag and -
' ox1des _
8.2 -Preparation of Electrodes: Welding on the electrodes for the final melt

9.0

10.0
10.1
11.0

12.0

13.0

cycle shall be Timited to the welding of the stub to the ingot. The stub
shall not be used for the production of b1]1ets nor sha]] the stub weld be
melted during the secondary melt. .

CLEANING AND COATING: The cast electrode shall be cleaned between the

primary and secondary melting cycles to insure that undesirable surface
features remaining on the electrode are removed. Cleaning may be accomplished
by water spray and pickling methods. Abrasives (such as sand, metal or

glass shotg shall not be used for cleaning the electrode. A su1tab1e

coating shall be app]ied to the ingot for primary ingot reduction.

PROPERTIES: The ingot, assembled and melted as specified in 3.0 shall

be worked, pressed, forged or swaged, as required, to obtain minimum billet

grain size.

~ .

Macrograin Size: 'Macrogra1n size for bars and billets shall be 0.25 inch

maximum. Variation of macrograin sizes shall not be banded or grouped w1th
predominant grain size variation limited to 0.125 inch.

DIMENSIONS AND TOLERANCES: D1mens1ons and tolerances shall be as spec1f1ed

in the contract or order. ' The billet shall be furnished round with a maximum
diameter of eight inches. ,

SURFACE QUALITY: The bars and b111ets shall be free from surface imperfections

as determined by penetrant inspection. The acceptance level shall conform
to ANS-9032-1. Surfaces to be penetrant inspected shall not be subject to
particle impact cleaning. .

INTERNAL QUALITY: The material shall be uniform in quality and condition,
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and free from porosity, cracks, pipe, high or low density inclusions and
“any evidence of enfoliations. Ultrasonic inspection acceptance criterion
shall be-3/64 inch (No.3) flat-bottomed hole single point indication on the
full metal thickness. : '

14.0 IDENTIFICATION: The material shall be identified in accordance with
- . FED-STD-184 and shall include the following, in the order listed:

- (a) Alloy identification
§b§ Ingot number
c). Bar or billet location
d) - Bar or billet serial number
(e) Name or trade mark of manufacturer
§f Purchasers name or trade mark
g

Purchase order or contract number
SECTION 2: QUALITY ASSURANCE PROVISIONS"
15,0 SUPPLIER RESPONSIBILITY:

215.1 Inspection: Unless otherwise,specified, the supplier is responsible for the
performance of all inspection requirements as specified herein and may use
any facilities acceptable to the Aerojet Nuclear Systems Company (ANSC).

15.2 Procedures and Instructions: The supplier shall provide processing procedures
or instructions to insure compliance with these requirements, copies of -
which shall be submitted to ANSC for review and approval prior to processing.
These procedures or instructions shall be in sufficient detail so as to
enable future reporducibility of material to the same processes. Copies
of these procedures or instructions and records of conformance shall be
retained for a period of seven years and identifiable to the specific ANSC
purchase order. = ' ~ :

15.3 Reports: Unless otherwise specified, the supplier of the product shall
furnish with each shipment three copies of a report giving, where applicable, .
- the actual values obtained as a result of tests verifying conformance to
the requirements of this specification. Separate reports shall be submitted

for each 1ot of material. The reports shall include at least the following
information: ‘ '

(a) Raw material certifications for alloying materials (aluminum and tin).
(b) Certification to speci%ication ANS-90296.

(c) Macrostructure photographs and macrograﬁn size determinations, each
bar and billet. : ‘

(d) U]trasonic‘fnspection noise levels and results for each bar and billet;
" the amount of cropping and types of indications {except end concavity
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- not in excess of normal mill prectice).
(e) Chemistry, representing billets identified relative to ingot location.
(f) Diagrams of billet and bar Tocations relative to the ingot, showing
~ the billet location within the ingot and bar location within the billet

identified from top to bottom of the ingot. The location shall be
identified on the requived certifications and test reports.

(g) A1l .information required in 14.0

(h) Processing procedures.

16.0 LOT: A Tot shall consist of material from the same ingot of the same
configuration and size and processed at the same time.

4

17.0 VERIFICATION:

17.1 Material: The processing procedures supplied as specified in 15.2
shall be reviewed to assure compliance with material requirements of
5.0. S : ‘ - » .

17.2 Chemical Composition: A chemical analysis shall be made from bars or
.b1]£ets in accordance w1th AMS-2249 and shall conform to requ1rements
of 4.0 _ -

17.3 Heats: The supplier shall provide processing procedures or instructions
and certify compliance with these requirements, copies of which shall be -
submitted to ANSC for review and approval. The process controls shall
provide for the 1nspect1on of anomalies that are cause for rejection of
the heat.

17.4 Welding: The supplier shall provide processing procedures or instructions
and certify compliance with these requireménts, copies of which shall be
submitted to ANSC' for review and approval. The procedure shall provide for
the inspection of anomalies that are not acceptable.

17.5 Cleaning: The suppliers process procedures or instructions shall 1nc1ude,
provisions for cleaning, to comply with 9.0. :

17.6 Pfoperties: The supplier's procedures and instructions shall include the
- provisions to obtain minimum grain size in comp]iance with 10.0.

17.7 Dimensions and Tolerances: Bars and billets shall be exam1ned to verify
conformance to dimensions and to]erances as specified in the contract or
purchase order. :

17.8 Penetrant Inspection: Bars and billets shall be penetrant inspected in
accordance with MIL-1-6866, Type I, Method C using penetrant conta1n1ng
sulfur and chlorine not exceed1ng 50 parts per million (PPM)
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17.9 Microstructure and Workmanship:

17.9.1 Macroetch Sample Preparation and Inspection: The top and bottom slices

of each billet produced from the ingot, suitably identified by billet
numbers, shall be macroetched and photographed. Each slice, so parted,
shall be identified as to alloy, ingot number, and bar or billet location.
Photographs of all billet macros. identified to alloys and ingot numbers

- shall be submitted to ANSC with copies of certifications and test reports.
On the basis of the macroetched surfaces, billets sha]] be inspected for
conformance to Section 1 requ1rements

]7 10 Ultrasonic Inspect1on Bars and billets shall be 1atoe turned prior to

uTtrasonic inspection. The surface finish of the lathe turned billets shall

‘- ~be 125 RMS or better. Inspection shall be of the immersion type using

both longitudinal and shear wave. techniques by scanning of the bars while
the bar is simultaneously turning and the carriage carrying the inspection
head is traveling along the axial length of the bar. Inspection shall be
performed in accordance with MIL-I1-8950, except that, when the instrument
is set so that the first back-reflection from the correct test block is

at 80 percent of the screen saturation adjusted for non]inearity, the
material shall be inspected for loss of back reflection. Any loss in back ,
reflection in excess of 50 percent of full saturation o. the screen shall- be
considered not acceptable. ) : : -

- 17.1001 Noise Level: "Theinoise;]eye]ifgr'eech“ber_ahd7bf1]et'§ha1]_pe;recgrded

and reported.

17.10.2 Calibration Standard: The standard used for equipment calibration shall

- be fabricated from a bar or billet selected at random from the inspection
lot. The reference notch in the calibration standard for shear wave
inspection of bars up to 4 inch diameter shall be machined to a depth
bf 3 to 5 percent of the full metal thickness. The reference hole in
the calibration standard for shear wave inspection of b111ets shall be
machined to a depth of 0.250 inches. -

17.10.3 Procedures: The'supp11er sha]] prov1de u1trason1c testing procedures

or instructions to insure comp11ance wwth these requ1rements which shall
be submltted to ANSC for review. : :

.17.10.4 Rework: Bars or billets giving ultrasonic ihdications of rejectab]e

17.11

.

SECTION 3 - PREPARATION FOR DELIVERY

porosity, laps, voids, enfoliation, center bursts, inclusions and
detectable segregation may be used provided that areas showing these
conditions have been removed, verified as to type, and end faces of removed

. sections have been etched and found to be free from defects. The
certification or test reports for the remaining billets shall record the
information relative to the rejection of any other portion.

Identification: Bars and billets shall be visually inspected to verify
conformance to Section 1 requ1rements
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18.0 PACKAGING: Each product shall be packaged to prevent damage dur1ng
Eand11ng and sh1pp1ng

. 18.2 Mark1ng Containers shall be marked in accordance with Standard MIL STD- 129
Mark1ng sha11 include the following information:

- (a Manufacturers name
Material identification
c) Lot number and heat number
Bar or billet serial number(s)
-(e) Purchase order number

-SECTION 4 NOTES

19.0 INTENDED USE: Material produced-to this specification is intended for
' use in critical, cryogenic rocket vehicle components, requ1r1ng high
re11ab1]1ty and operat1ng in the temperdture range of +90°F to -423°F,

19.1 Ordering Data: Procurement documents should spec1fy the fo]]oW1ng information:

(a) This spec1f1cat1on number
ib Size and shape,.as required E ; s
c ?ua1ity Control Standard Clauses ' : ,

1) Source surveillance
2) Source acceptance :
3) Source inspection - Government.
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XV, et
.C&%jﬁﬁﬁ%iﬁéé\ ' Forging Furnace Control 1ssUED  8/10/71
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1.0 SCOPE: This procedure sha]] be fo]]oWed in utilizing equ1pment for
~heating the parts for forg1ng referenced on the title page.

2.0 REFERENCE” DOCUMENTS : Arcturus Quality Assurance Manual, MIL-H-6875D.

3.0 IDENTIFICATION OF EQUIPMENT: Arcturus Furnace #25, a gas fired furnace
with two zone control, shall be utilized in heat1ng the subject parts for_ _
forging. Burners are L&N Speed-0-Max controllers-recorders, with series 60 -
- controllers. N.A. flat flame-excess air types.

3.1 Temperature control on Furnace #25 is ma1nta1ned by 2 Ray-C-Tube thermo-piles,
located at the front and rear of the furnace. . .

4.0 RESPONSIBILITY: The respon5f5111ty for conducting the necessary furnace
calibration and surveys, together with routine chart and battery rep]acemﬂnb,
shall rest with the Quality Control-Department.

5.0 TEMPERATURE UNIFORMITY: The furnace and controlling instruments, shall be
. calibrated at 180QVF., and temperature uniformity throughout the furnace
shall not exceed + 20 deg. F. The furnace shall be surveyed at thirty
(30) day intervals.: Suitable labels showing date, furnace number, company
certifying, and individual certifying, shall be p]aced on each 1nstrument

at time of survey.

6.0 CERTIFICATION: Certification of thé above shall be maintained on record at
Arcturus. A K A
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2.0
3.0
4.0
4.1

5.0

5.1.

5.2
6.0

6.1
6.2

7.0

7.1
7.2

8.0

9.0

J,EZf””é7f5‘X Forging Heating Procedure issuep 8/10/71

MFG. CORP. ' ANSC 5AL-2.5 Sn ELI Forgings revision N/R '
OXNARD, CALIF. : ANSC 90297 A : pace 1| of 1

1.0 ACKNOWLEDGEMENT & SCOPE: This procedure shall be followed in heating

muitiples for forging after release and transfer of the mu]t1p1es per

" Arcturus Process Procedure ANSC MS-1000.

REFERENCE DOCUMENTS:  Arcturus Qua11ty Assurance Manual. Arcturus Form
#F-1001. . : _ .

RESPONSIBILITY: It shall be “the respons1b111ty of the forge shop super-

intendent to carry out the heating practice in accordance with th1s procedure.

FURNACE CONTROL: Furnace #25, as described in Arcturus procedure ANSC-
FC-1000, shall have controls set at 1775 deg. F.

Furnace Uniformity: Before loading of multiples, furnace temperature
must even out. Uniform temperature through-out shall be achieved.

LOADIAG OF MULTIPLES: Cut multiples shall be Toaded in accordance with-
the fo]]oW1ng procedure. .

-

Multiples shall be loaded in serial number sequence.

A record of loading sequence shall be ma1nta1ned on Arcturus furnace
loading form #F1001.

LOADILG'OF CROSS WORKED MULTIPLES: Cro>s worked mu1t1p1es sha]] be loaded

. 1n accordance with the following procedure.

Crossworked multiples shall be loaded in serial number sequence.

A record of loading sequence shall be ma1nta1ned on Arcturus furnace .
load1ng form #F1001. :

LOADING OF PARTIALLY FINISHED FORGINGS: Part1a11y finished forgings
shal] be loaded in accordance with the fo]]oW1ng procedure:

Part1a]1y f1n1shed forgings shall be loaded in serial number sequence.

A record of 1oad1ng sequence shall be maintained on Arcturus furnace
loading form #F-1001. _

RECORD OF DATA: In addition to the data maintained on furnace loading
form F-1001, the job number, together with the serial numbers of each

part, shall be entered on each furnace chart. The date also shall be

entered on each chart. ' o

VERIFICATION OF COMPLIANCE A11 recorded data, including furnace loading
charts and recorder charts, will be forwarded to Arcturus Qua11ty Control
for verification of compliance to this procedure.
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1.0
- forging the above parts.

2.0
3.0

4.0

ACKMOWLEDGMENT & SCOPE: The-fo]iowing précedure shall be followed in

REFERENCE. DOCUMENT:  Arcturus Quality Assurance Manual.

RESPONSIBILITY: It shall be the responsibility of the forge shop super—"
intendent to carry out the forging practice according.to this procedure.

EQUIPMENT: .Equipment utilized shall consist of a 25,000# Erie steam
hammer for all forging operations. Cross forging shall be performed
utilizing a set of flat dies. Prefinishing and finishing operations

. shall be performed utilizing dies per Arcturus die drawings.

5.0

5.1

5.2

FORGING: Forging shall be'berformed in accordance with the following
procedure: . ‘

Cross Working: Multiples heated in accordance with the practice outlined .
in Arcturus Process Procedure ANSC-FH-1000 shall be manually transierred,
utilizing hand tongs, from furnace #25 and placed on flat dies installed

in the 25,000# hammer. Cross working shall then be performed. .

Prefinishing: Cross worked pieces, reheated in accordance with the practice
outTined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in dies conforming to Arcturus die
drawings. The pieces shall be located in the die and the first hammer

blow shall be made, without any lubricant, to set the piece in position.
Subsequent blows shall be made utilizing a graphite impregnated oil
lubricant flowed ‘on the dies.  The hammerman shall control the intensity

of the blows by observing the flow of metal in the die, so that move heat

is not generated in the piece than is dissipated between blows. Adiabatic

~ heating will result in an unsatisfactory micro-structure. Forging shall

5.3

6.0
60]

cease when it is observed that the last blow has produced no flow of metal.
The hazard of inducing surface or interior cracks emanates at this point.

Finishing: Prefinished forgings heated in accordance with the practice
outTined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in finish dies conforming to Arcturus
die drawings. The same precautions and procedures outlined under pre-
finishing above, shall be observed. Cooling after the final hammer operation
shall be performed by quenching in water.

PROCEDURES APPLICABLE TO ALL OPERATICNS:

Reheating: Heat lot and bar lot variations in raw material preclude any
exact definition. of the number of hammer blows and the number of reheats
to complete a part. - The heater shall restamp while hot the serjal number
of each part after each forging operation. When the part fills the cavity
of the die, the hammer operation shall be considered complete.

A‘i.- . 1;255
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6.2.

Procedure if Cracking Occurs:‘vThe hammerman shall visually inspect the

part when it is taken out of the dies. Any hairline cracks require the
- part to be sent to inspection so that these cracks do not propagate

into sound metal. If cracking is observed while the part is being forged

in the die, forging shall stop, and the part shall be sent to process
. grinding for removal of the cracks.
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1 0 ACKNOVLEDGMENT AND SCOPE:

~“Procedure ANSC-FP-1000.

This procedure shall be:followed in heat treating
~finish forged parts after forging and processing per Arcturus Process
This procedure shall apply to the fo11ow1ng parts

"ANSC. P/N Arcturus Die #
1138579-1 C - X-292
1138579-2 X-293
1138575-1 D 2915
- 1138576-1 E 2916
- 1138577-1 D 2917
- 1138578-1 E 2918

2.0

REFERENCE DOCUMENTS:
RNSC 90257 A.

.Arcturus Qua]ity Assurance Manual, MIL-H—81200, (

3.0 RESPONSIBILITY:

4.0

5.0

6.0

~ cooling to room temperature shall be in air.

7.0

It sha]l be the responS1b111t/ of the heat treat processor
to carry out the heat treating pract1ce according to this procedure

EQUIPHENT: Vacuum armealing equipment and controls shall be as follows:

4.1 IPSEN e]ectrioa]Ty heated furnace with 48" x 60" retort chamber.
4.2 Honeywe]] Control Pyrometer #A0275789015

TEMDERATURE UNIFORMITY: Temperature uniformity shall be within + 25 F

of the 14000F temperature used as determined by periodic 30 day surveys.

PROCEDURE Parts sha]] be p]aced in a retort of adequate size for the
Toad. A vacuum of 0.1 micron or less is pulled on the retort and the
retort is heated to 1400°F + 25°F. Time at temperature shall be one (1)
hour minimum. Furnace shall then be cooled to 300°F. maximum and final
Temperature profile
verification on actual parts shall be by recorded chart by thermocouple

in contact with one part in the load.

RECORDING OF DATA: 1In addition to the data maintained on the heat treat

vendors work order, the following information is to be supp11ed on the

furnace chart

8.0

HOISONT.

IS A X

ARCTURUS e
" H.e T, VNDO
METER
1 CHARI CF: 0, T Vs ',‘.‘
! NG Cu Co i TMATE TR OF L G
CIG AT . st L8 s
LLL TS e
Ve TH FCL L o

VERIFICATION OF COMPLIANCE: -All recorded ‘data, 1nc1ud1no furnace charts, R
shall be forwarded to Arcturus Quality Contro] for ver1f1cat10n of cowo]1ance

to this procedure : o
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1.0 SCOPE: "This procedure shall.apply to the testing of the parts referenced
‘ on the title page of this manual. o -

2.0 REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, ANSC 90297 A, ASTM
E8, FED-STD-15T. o o ' o

3.0 PRE-PRODUCTION QUALIFICATIONS: After forging design and procedures have
. been established, one forging from each of the parts referenced on the title
page shall be destructively tested, after heat treatment per ANSC-HT-1000,
in accordance with the following procedure. '

’ 3.f’iﬂgchanica1 Pro@ertz»RequirzTiigéz Four test blanks shall be cut from the
Jocattons—designated on the—ATSC drawings for each of the parts referenced
on the title page of this document. After machining the bars and tensile
testing at a strain rate of 0.005 + 0.002 inches per inch per minute
through the yield strength, and then increasing the strain rate so as to
produce failure in approximately one additional minute, the following
minimum properties shall apply in all directions.

U.S. psi Y.S. psi D% IR:A. |
110,000 100,000 - 12 25 :

3.2 Micrpsf?az;;;EZ;>Examination for microstructure shall be in accordance
- NIIH paragraph<7.2 of -ANSC 90297A. The microstructure shall indicate
that the forgings have been finished forged at a temperature below the
‘beta transformation temperature and that no subsequent thermal treatment
above the beta transus has been applied. The microstructure shall be

uniform and_jndicate a wrought structure.

3.3 Macrostructure: Y Examination for macrostructure shall be in accordance
! arag .7.3. of ANSC 90297 A. The macrostructure shall show no
evidence of gross alloy segregation. Grains of similar size shall be
distributed at random and not oriented in bands. :

4.0 PRODUCTION TESTING: Production testing of each part shall include the
requirements of paragraph 3.1 above. The requirements of paragraph 3.2
‘and 3.3 shall not apply. - : . : :

5.0 REPORTS: Test results as obtaihed above shall be’reported fo Aékojet on
Arcturus Form #19829. Three copies of this document shall be furnished
to Aerojet attesting to conformance of ANSC 90297 A. These reports shall
include the purchase order number, specification number and miil heat
number and location and orientation-by S/N of each forging with respect
to its bar. - - ' _— : .

6.0 REJECTIONS: Forgihgé not'conforming‘to this'specificatidn or to authorized
modifications shall be subject to rejection. . J
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w
1.0 This procedure describes in detail the process of ultrasonic inspection of
the parts referenced on the title page of this proCedure.
2.0 Equ1pment shall be as fo]]ows
a. Sperry Type UM 721- 10N instrument
b. “Automation Industries 1ithium sulfate transducers.
c. MWater tank and water filter.
d. Test blocks, Alcoa series, with the following hole sizes and metal
* travel . distances. (for qualification of equipment)
Hole Sizes . Metal Travel Distances
2/64" . N 6", 3", 3/0" 1/2", 1/4"
4/64
e. Test blocks, 4340 mater1a1, with the following hole sizes and
\ metal travel distances., (for scanning of parts)
N Hole Sizes '  Metal Travel Distances
3/64", 5/64" - . ]/Sll", ]/4!1, ]/2", 3/4||’ ]n’
N ] ]/411 'I ]/2”, 'l 3/4u».
3.0 “Equ1pment qua]1f1cat1on shall be as fo]]ows ' ‘
a.' Reso]ve a 2/64" flat bottomed hole at the followina frequencies
‘and metal travel distances. (a) 0.75“ at 2.25 MC, (b) 0.50" at
5 MC (c) 0.25" at 10 MC. '
b. ,Determ1ne the resolution of a 2/64" flat bottomed ho]e with a
.. 3/4" transducer and an incident anale of 0°. Adjust the flat
bottomed hole response for an amplitude of 50% saturation. With
this condition, a minimum of 40% of saturation of the flat bottomed
hole indication shall be separated and clearly distinguishable from
~the front surface indication. Resolve a 2/64 inch flat bottomed hole
at a metal travel of 6 inches, indicating a minimum response of 50%
-saturation so that base Tine noise level shall not exceed 5% of the
amplitude of the flat bottomed hole response. - A minimum siagnal change
of 50% of saturation shall be demonstrated betueen response from a
2/64 inch and a 4/64 inch flat bottomed hole at a meta] trave] of .
~ three inches. .
o 4.0 Parts inspected shall be scanned usina the following brocedure. Both

longitudinal and shgar wave_techniques shall be used.

o

a. Care shall be exercised to maintain surfaces free of grease, oil,
paint or any other contaminants.  Surface finish shall be 125 RMS
maximum, ' . '

b. In'standardizihg'the instrument for the search scan, a 2/64" flat

bottomed hole with a metal travel- distance of '1/2", shall be displayed
at an amplitude of 50% of full scale deflection (approx. 1").
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c. In scann1ng the part, crystal overlap shall be maintained at 3/16"
maximum. = Scanning speed shall be maintained at one inch per second
maximum. Parts shall be scanned in accordance with the scan plan.
Water. travel distance from the transducer to part undergoing test
shall be adjusted so that the second front reflection does not

“appear between the first front and first back reflection. Maintain
the same water-travel distance for both scandard1zat1on and inspection
procedures within p]us or minus 1/2". :

5.0 PRODUCT EVALUATION SHALL BE AS FOLLOWS:

a. Use reference blocks of the same mater1a1, shape, and cona1t1on as the
parts being 1nspectea

b. Match as closely as poss1b]e the response of the flaw to that of one
- of the above blocks. Diameter and depth may not be determined within
the limits of the b]ocks

© 6.0 ACCEPTANCE STAMDARDS:

6.1 Class: The following class shall apply.
6.1.1 Class AAA: ;

S 6.1.1.1 No flaw indications exceeding'zs% of the response from a 3/64
inch diameter flat bottomed hole are acceptable.

6.1.1.2 Flaw indications in excess of 10% of the response from a 3/64
~inch diameter flat bottomed hole sha]] not have their centers c]oser
than 1 inch.

6.1.1.3 No drop in back ref]ect1on of 20% or greater than cannot be .
be attributed to surface condition or abnormal test condition is
acceptable.

| 6.2 Rejection Criteria:

6.2.1 Material exh1b1t1ng flaws in excess of above requirements for
‘ - the app]1cab1e class shall be rejected except as descr1bed in

NI S :
6.2.2 Flaws in excess of the acceptance limits’ sha]] be allowed if it

is definitely established that they will be completely removed by
future machining or cutting operations.

6.3 Materjal Dispdsition Control:
6.3.1 ReJected material shall be hand]ed by the MRB system.

7.0  MARKING: A1l defects shall be Tocated on the part with a symbo] t(:i_hav1nq a
: 1/2 inch’ d1ameter center or a «‘=~haV1ng 1/2 1nch max1mum d1mens1ons The
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center of the mark is to be as close as poss1b1e coincident with the
projected center of the defect, and the depth from the surface shall be
shown adjacent to the mark Acceotab]e parts shall be stamped with an
A-4 stamp.

8.0 PRIMARY STANDARDS: Instruments and gauges shall be periodically tested
- - for accuracy and shall have properly stamped labels attached to them
showing date of last inspection and date of next inspection.

9.0 REFERENCE DOCUMENTS: MIL-I-89508B.

431
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PV, s :
S . Scan Plan 1ssuep 8/10/71
| Irevision N/R

for

FG. CORP. .
OXNARD, CALIF. ANSC P/N 1138575-1D Arcturus 2915 [o,or 1 OF 1

[ .ARCTURUS PROCESS PROCEDURE = | 2915-SP-1000

1.0 SCOPE: The following illustration shows the scan b]an to be used in
ultrasonic inspection of the above part.

2.0 INSPECTION: Inspection shall be performed according to section ANSC-UIP-1000
~of this manual ' :




TP | IREFURUS PROCESS PROCEBMRE . |ANSC-FPPI-1000
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A L A Penetrant Inspection Procedure 1ssuED ?/101/1M
\ VEG, CO(\P fOY‘ ANSC 5AL"‘2.5 SN ELI FOY‘g'ngS JREVISION /P
OYXMARD, CALIF. ANSC 90297 A '

pace 1 of 1

1. 0

2.0

3.0

S E——

SCOPE: Thns procedure shd11 apply to the penetra nt{inspection of the parts
renerenced on the title page of this document. S

REFERENCE DOCUMENTS: MIL-I-6866B, AMend #1, Amend #2, ANSC 90997A, Arcturus
QUa]]gy Assumarce hanua1 ANSC 903? 1.

PROCEDURE : Par LS sha]] bo 1nspecLed in gccordance with 1ype 1 Method B of

MIL-1-68558

3. .PYQC]EGHIHG Parts shall be prec1ecned in accordance with paragraph

5.7 of MIL-1-6866B,

3.2 Penetrant Application: Peneirant sha]] be app]ned by d]ppnnq in:
accordance With paraa aph 5.3 of MIL-I-68668.

3.3 Emlsifier App11cntwon Emu1s1r1er shall be app]1cd in accordance u1th
‘ paragrapn 5.4.2 of MilL-1-6866B.

3.4 Rinsing: A1l parts shall be rinsed in accordance with parcoraph 5.5
of MIL-T- 68668, . . -

h

- 3.5 Deve]op1nq A]] parts sha]] be dev01op°d in accordance wit h'paragraph

4.0

5.6.1 of MIL-1-68668.

;3.6 Dry1ng After development per 3.5 above parts shall be dried in
* accordance with parugraph 5. 7 of MIL-I- 68068

of MIL-1-6866B.

3.7 Inspection: Inspection sha]] be in accordance with paragraph 5.8

3.8 Final Cleaning:  Parts shall be steam cleaned after all of the above
processes have been completed.

ACCEPTANCE STANDARDS: Acceptance standards shall be per- app11cab1e
drawing and purchase order requirements. : 4
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ARCTURUS MATERIAL SPECIFICATION AGC-MS-1000.
/ '”74/"‘”\ Raw Material Procurement 15sUED 8/10/71
MFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings revision N/R
OXNARD, CALIF. - . ANS - 90295A Torce 1 of 6
1.0 SCOPE: This spec1f1cat1on shall apply to material utilized in the forging

2.0

3.0

4.0

of the following parts:

ANSC P/N - . Arcturus Die #
1138579-1 "C' vt iiiiiiiieiiiiinnaenn, oo X=292
1138579-2 "C"..... cereereneen e X-293
1138575-1 "D" . uunieiiiiiiiiiiinnnn vevesdn2915
1138576-1 "E". . iueiiiiiiiiiiiiiinnnnn, e 2916
1138577-1 "D it i 2917
1138578-1 "B utiiiiiiiiiiicieniiennanns 2918

REFERENCE DOCUMENTS: ANS- 90295A, AMS 2249, ANS 90296 ANS 9032, MIL-1-6866,
MIL-I1-8950, FED-STD-184, MIL-STD-129.

MELTING PRACTICE: Material shall be produced by mu1t1b1e melting useing the-.
consumable electrode practice with both melting cyc]es performed under -
vacuum conditions. . 4

-COMPOSITION: Composition of material shall be as follows:

Element : - . Percent
Min. . Max.
Aluminum 4.70 5.60
Tin - 2.00 3.00
Iron 0.25
Oxygen 0.12
Manganese ‘ : 0.03
Carbon - ' .- 0.05
Nitrogen , : 0.04
Hydrogen 0.0125
Other elements, each 1/ ) 0.05
Other elements, total 1/ 0.20
Titanium Rema1nder

-~

1/ Need Not Be Reported .

- SECTION 1: REQUIREMENTS

5.0

6.0
6.1
6.2
6.3

MATERIAL: The ingot used for production of bars and billets shall be
composed of pure, virgin master alloying materials and titanium sponge
conforming to ANS-90296. No scrap (internally generated or otherwise) shall
be used in the production of material supplied to this specification.

PRIMARY MELTING CYCLE:

Vacuum Control: - The 'vacuum 1év¢1 shall not exceed 1000 microns.

Water Leakage: There shall Be no vater leakage during the melting operation.

Power Control: ;There shall be no power interruption other than momentary '
interruptions due to transient arch characteristics during melting.
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7.0
7.1
7.2

7.3

SECONDARY MELTING CYCLE:.

Vacuum Control: The vacuum level shall not exceed 1000 microns.

Water Leakage: There shall be no water leakage during or after the melting
period. :

Power Control: There shall be no interruption of power during the melting
cycle, except the gradual power reduction required to control the size and

“shape of shrinkage cavity.

8.2

9.0

10.0

WELDING:

Welding Process: A1l welding processes needad to assemble the electrode
shall be performed in an inert atmosphere using welding methods which
preclude the possibility of contaminating the electrode (ingot) with high
deqzity welding electrode debris (such as tungsten inclusions), slag and
oxides. - : . :

Preparation of Electrodes: Welding on the electrodes for the final melt

cycle shall be Timited to the welding of the stub to the ingot. The stub
shall not be used-for the production of billets nor shall the stub weld be
melted during the secondary melt. : ' o '

CLEANING AND COATING: The cast electrode shall be cleaned between the
primary and secondary melting cycles to insure that undesirable surface
features remaining on the electrode are removed. Cleaning may be accomplished
by water spray and pickling methods. Abrasives (such as sand, metal or

glass shot) shall not be used for cleaning the electrode. A suitable

coating shall be applied to the ingot for primary ingot reduction.

PROPERTIES: The ingot, assembled and melted as specified in 3.0 shall
be worked, pressed, forged or swaged, as required, to obtain minimum billet

. grain size. .

0.1
1.0

12.0

13.0

~

Macrograin Size: 'Macrograin size for bars and billets shall be 0.25 inch
maximum. Variation of macrograin sizes shall not be banded or grouped with
predominant grain size variation Timited to 0.125 inch. :

DIMENSIONS AND TOLERANCES: Dimensions and tolerances shall be as specified
in the contract or order. The billet shall be furnished round with a maximum
diameter of eight inches. :

SURFACE QUALITY: The bars and billets shall be free from surface imperfections
as determined by penetrant inspecticn. The acceptance level shall conform

to ANS-9032-1. Surfaces to be penetrant inspected shall not be subject ta
particle impact cleaning. : ‘

INTERNAL QUALITY: The material shall be Oniform in quality and condition,
438 A
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" 4.0

and free from porosity, cracké, pipe, high or low density inclusions and

"any evidence of enfoliations. Ultrasonic inspection acceptance criterion

shall be-3/64 inch (No.3) flat-bottomed hole single point indication on the
full metal thickness. :

IDENTIFICATION: The material shall be identified in accordance with
FED-STD-184 and shall include the following, in the order listed:

~(a) Alloy identification

c) Bar or billet Tocation

d) - Bar or billet serial number

(e) Name or trade mark of manufacturer
sf Purchasers name or trade mark

g) Purchase order or contract number

§b§ Ingot number

SECTION 2: QUALITY ASSURANCE PROVISIONS

15.0.

.+ 15,1

SUPPLIER RESPONSIBILITY:

Inspection: Unless otherwise‘specified, the supplier is responsible for the
performance of all inspection requirements as specified herein and may use

any. facilities acceptable to the Aerojet Nuclear Systems Company (ANSC).

15.2

15.3

Procedures and Instructions: The supplier shall provide processing procedures
or instructions to insure compliance with these requirements, copies of -
which shall be submitted to ANSC for review and approval prior to processing.
These procedures or instructions shall be in sufficient detail so as to
enable future reporducibility of material to the same processes. Copies

of these procedures or instructions and records of conformance shall be
retained for a period of seven years and identifiable to the specific ANSC
purchase order.

Reports: Unless otherwise specified, the supplier of the product shall
furnish with each shipment three copies of a report giving, where applicable,
the actual values obtained as a result of tests verifying conformance to

the requirements of this specification. Separate reports shall be submitted

for each lot of material. The reports shall include at least the following
information: : ' '

(a) Raw material certifications for alloying materials (aluminum and tin).
(b) Certification to specification ANS-90296. “

(c) Macrostructure photographs and macrograin size determinations, each -
bar and billet: '

the amount of cropping and types of indications (except end concavity

138 | -
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- not in excess of normal mill préctice).
(e) Chemi§try, representing billets identified relative to ingot location.

(f) Diagrams of billet and bar locations relative to the ingot, showing
the billet Tocation within the ingot and bar location within the billet
identified from top to bottom of the ingot. The Tocation shall be
identified on the required certifications and test reports.

" (g) A1 information required in 14.0

- 16.0

17.0
17.1

17.2

17.3

17.4

17.5
17.6

17.7

17.8

- sulfur and chlorine not exceeding 50 parts-per million (PPM).

(h) Processing procedures.

LOT: A lot shall consist of material from the same ingot of the same
configuration and size and processed at the same time.

R

VERIFICATION:

Material: The processing procedures supplied as specified in 15.2

shall be reviewed to assure compliance with material requirements of
5.0. ' , - ' -

Chemical Composition: A chemical analysis shall be made from bars or |

billets in accordance with AMS-2249 and shall conform to requivements

of 4.0

Heats: The supplier shall provide processing procedures or instructions
and certify compliance with these requirements, copies of which shall be -
submitted to ANSC for review and approval. The process controls shall
provide for the inspection of anomalies that are cause for rejection of

the heat. ‘

Welding: The supplier shall provide processing procedures or instructions
and certify compliance with these requirements, copies of which shall be
submitted to ANSC: for review and approval. The procedure shall provide for
the inspection of anomalies that are not acceptable.

Cleaning: The suppliers process procedures or instructions shall iné]ude,

“provisions for cleaning, to comply with 9.0.

Properties: The supplier's procedures and instructions shall include the
provisions to obtain minimum grain size in compliance with 10.0.

Dimensions and Tolerances: Bars and billets shall be examined to verify
conformance to dimensions and tolerances as specified in the contract or
purchase order. : ~

Penetrant Inspection: Bars and billets shall be penetrant inspected in
accordance with MIL-1-6866, Type I, Methoed C using penetrant containing

- 140
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- 17.9 Microstructure and Workmanship: : o : 1'

.17.9.1° Macroetch Sample Preparation and Inspection: The top and bottom slices
S of each billet produced from the ingot, suitably identified by billet
numbers, shall be macroetched and photographed. Each slice, so parted,
shall be identified as to alloy, ingot number, and bar or billet location.
. Photographs of all billet macros. identified to alloys and ingot numbers
- shall be submitted to ANSC with copies of certifications and test reports.
On the basis of the macroetched surfaces, billets sha]] be inspected for
conformance to Section 1 requirements.

17.10 Ultrasonic Inspection: Bars and billets shall be lathe turned prior to
‘ uTtrasonic inspection. The surface finish of the lathe turned billets shall
‘be 125 RMS or better. Inspection shall be of the immersion type using
both longitudinal and shear wave.techniques by scanning of the bars while
the bar is simultaneously turning and the carr1age carry1ng the inspection
head is traveling along the axial length of the bar. -~ Inspection shall be
performed in accordance with MIL-I- 8950, except that, when the instrument
is set so that the first back-reflection from the correct test block is
~at 80 percent of the screen saturation adjusted for non11near1ty, ‘the
material shall be inspected for loss of back reflection. Any loss in back ,
reflection in excess of 50 percent of full saturation of the screen sha]] be
considered not acceptable. o -
17.10.1 _ Noise Level: The noise level for each bar and b111et shall be recorded
__and reported. :

17.10.2 Calibration Standard: The standard used for equipment calibration shall
, be fabricated from a bar or billet selected at random from the inspection
lot. The reference notch in the calibration standard for shear wave
inspection of bars up to 4 inch diameter shall be machined to a depth
bf 3 to 5 percent of the full metal thickness. The reference hole in
the calibration standard for shear wave inspection of b1]]ets sha]] be
machined to a depth of 0.250 inches.

17.10.3 Procedures: The‘supp11er shall provide u1trason1c testing procedures
: or instructions to insure compliance with these reguirements.which shall
be submitted to ANSC for review. :

17.10.4 Rework: Bars or billets g1V1ng ultrasonic indications of reJectable
_ porosity, laps, voids, enfoliation, center bursts, inclusions and
.detectable segregation may be used provided that areas showing these.
conditions have been removed, verified as to type, and end faces of removed
. sections have been etched.and found to be free from defects. The
certification or test reports for the remaining billets shall record the
information relative to the rejection of any other portion.

17.11 Identification: Bars and billets shall be visually inspected to ver1fy
conformance to Section 1 requ1rements :

SECTION 3 PREPARATION FOR DELIVERY 444
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18.0 PACKAGING: Each product shall be packaged to prevent damage dur1ng
Ean dTing and sh1pp1ng

o 18.2 Mark1ng ‘Containers shall be marked in accordance with Standard MIL STD- 129
Mark1ng shall include the following information: :

(a) Manufacturers name
Material identification
c) Lot number and heat number
d) Bar or billet serial number(s)
e) Purchase order number

-SECTION 4 NOTES

19.0 INTENDED USE: Material produced-to this spec1f1cation is intended for
' use in critical, cryogenic rocket vehicle components, requ1r1ng high
reliability and operating in the temperature range of +90°F to -423CF,

19.1 Ordering Data: Procurement documents should specify the_fo11owing information:

°

(a) This specification number

b) Size and shape, as required :
c ?ua1ity Control Standard Clauses

. 1) ‘Source surveillance '
ézg Source acceptance

3) Source inspection - Government.
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2.0
3.0

3.1

4.0

5.0

6.0

AL‘\ ARCTURUS'PROCESS PROCEDURE ANSC-FC-1000
: ”7“ J4/46K\ .Forging Furnace Control IssUED  8/10/71
MEG. CORP. ' ANSC 5AL-2.5 Sn ELI Forgings ' revision N/C
OXMARD, CALIF. “ANSC 90297 A cacel of 1
1.0 SCOPE: This procedure shall be fo]]owed in utilizing equ1pment for

-heating the parts for forg1ng referenced on the title page.

REFEREPCE DOCUMENTS: Arcturus Quality Assurance Manual, MIL-H-6875D.

IDENTIFICATION OF EQUIPMENT: Arcturus Furnace #25, a.gas fired furnace
with two zone control, shall be utilized in heating the subject parts for _
forging. Burners are L&N Speed-0-Max controllers-recorders, with series 60 -

- controllers. N.A. flat flame-excess air types.

Temperature control on Furnace #25 is maintained by 2 Ray-C-Tube thermo-piles,
located at the front and rear of the furnace. ) .

RESPONSIBILITY: The respons1b111ty for conducting the necessary furnace
calibration and surveys, together with routine chart and battery rep]acement
shall rest with the Quality Control-Department.

TEMPERATURE UNIFORMITY: The furnace and controlling instrdments, shall be

. calibrated at T800YF., and temperature uniformity throughout the furnace

shall not exceed + 20 deg. F. The furnace shall be surveyed at thirty
(30) day intervals. Suitable labels showing date, furnace number, company
certifying, and individual certifying, shall be p]aced on each instrument

_at time of survey.

CERTIFICATION: .Certification of thé above shall be maintained on record at
Arcturus, ' ‘
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ARCTURUS PROCESS‘PROCEDURE ANSC-FH-1000

’1VV®‘Q4/§KK Forging Heating Procedure ~ |rssueo 8/10/71
MFG. CORP. | ANSC 5AL-2.5 Sn ELI Forgings revision  N/R
OXNARD, CALIF. ANSC 90297 A : pace 1 Of 1
1.0 ACKNOWLEDGEMENT & SCOPE: This procedure shall be followed in heating

2.0

3.0
4.0
4.1

5.0

5.1

5.2
6.0

6.1
6.2

7.0

7.1
7.2

8.0

9.0

multiples for forging after release and transfer of the mu]t1p1es per

" Arcturus Process Procedure ANSC MS-1000.

REFERENCE DOCUMENTS ‘Arcturus Quality Assurance Manual. Arcturus Form
#F-1001. o A y , '

RESPONSIBILITY: It shall be the responsibility of the forge shop super-
intendent to carry out the heating practice in accordance with this procedure.

FURNACE CONTROL: Furnace #25, as described in Arcturus procedure ANSC-
FC-1000, shall have controls set at 1775 deg. F.

Furnace Uniformity: Before loading of multiples,  furnace temperature
must even out. Uniform temperature through-out shall be achieved.

LOADING OF MULTIPLES: Cut multiples shall be loaded in accordance with
the following procedure. ) : _

Multiples shall be loaded in serial number sequence.

A record of loading sequence shall be ma1nta1ned on Arcturus furnace
Toading form #F1001. _

LOADING OF CROSS WORKED MULTIPLES: Cross worked multiples shall be loaded

.E1n accordance with the following procedure

Crossworked multiples shall be loaded in serial number sequence.

A record of loading sequence shall be ma1nta1ned on Arcturus furnace .
loading form #F1001. :

LOADING OF PARTIALLY FINISHED FORGINGS: Part1a11y finished forg1ngs
shall be Toaded in accordance with the f011OW1ng procedure:

Partially f1n1shed forgings shall be ]oaded in serial number sequence.

A record of 10ad1ng sequence sha]] be maintained on Arcturus furnace
loading form #F-1001.

RECORD OF DATA: 1In addition to the data maintained on furnace loading

form F-1001, the job number, together with the serial numbers of each:
part, shall "be entered on each furnace chart. The date also sha]] be
entered on each chart.

VERIFICATION OF COMPLIANCE A1l recorded data, including furnace 10ad1ng

charts and recorder charts, will be forwarded to Arcturus Quality Control
for verification of comp11ance to th1s procedure.
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ARCTURUS PROCESS PROCEDURE ANSC-FP-1000

L AL R Forging Practice issueo 8/10/71

. MEG. CORP. ' ANSC 5AL-2.5 Sn ELI Forgings - REVISION N/R |

OXNARD, CALIF. "ANSC 90297 A | 1 F 7 1
1.0 ACKNOWLEDGMENT & SCOPE: The following brdcedure shall be followed in

2.0
3.0

4.0

5.0

5.1

5.2

5.3

6.0
6.1

- forging the above parts.

REFERENCE. DOCUMENT:  Arcturus Quality Assurance Manual.

RESPONSIBILITY: It shall be the responsibility of the forge shop super-
intendent to carry out the forging practice according to this procedure.

EQUIPMENT: .Equipment utilized shall. consist of a 25,000# Erie steam
hammer for all forging operations. Cross forging shall be performed
utilizing a set of flat dies. Prefinishing and finishing operations
shall be performed utilizing dies per Arcturus die drawings.

FORGING: Forging shall be'berformed in accordance with the following

procedure:

Cross Morking: Multiples heated in accordance with the practice outlined
in Arcturus Process Procedure ANSC-FH-1000 shall be manually transferred,
utilizing hand tongs, from furnace #25 and placed on flat dies installed
in the 25,0004 hammer. Cross working shall then be performed.

Prefinishing: Cross worked pieces, reheated in accordance with the practice
outTined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in dies conforming to Arcturus die
drawings. The pieces shall be located in the die and the first hammer

blow shall be made, without any lubricant, to set the piece in position.
Subsequent blows shall be made utilizing a graphite impregnated oil
lubricant flowed on the dies.  The hammerman shall control the intensity

of the blows by observing the flow of metal in the die, so that more heat

is not generated in the piece than is dissipated between blows. Adiabatic

heating will result in an unsatisfactory micro-structure. Forging shall
cease when it is observed that the last blow has produced no flow of metal.
The hazard of inducing surface or interior cracks emanates at this point.

Finishing: Prefinished forgings heated in accordance with the practice
outlined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in finish dies conforming to Arcturus
die drawings. The same precautions and procedures outlined under pre-
finishing above, shall be observed. Cooling after the final hammer operation
shall be performed by quenching in water.

PROCEDURES APPLICABLE TO ALL OPERATIONS:

Reheating: Heat lot and bar lot variations in raw material preclude any
exact definition of the number of hammer .blows and the number of reheats
to complete a part. The heater shall restamp while hot the serial number
of each part after each forging operation. When the part fills the cavity
of the die, the hammer operation shall be considered complete.
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ARCTURUS .PROCESS PROCEDURE ANSC-FP-1000
zé:/y Forging Practice issuep 8/10/71
;‘:F(, CC-)‘YT;—‘ ANSC bAL-2.5 Sn ELI FO\"gingS ' REVISION N/R
OXNARD, CALIF. ANSC 90297 A pace 2 of 2
6.2. Procedure if Crécking Occurs: The hammerman shall visually inspect the

part when it is taken out of the dies. Any hairline cracks require the

: part to be sent to inspection so that these cracks do not propagate

into sound metal. If cracking is observed while the part is being forged
in the die, forging shall stop, and the part shall be sent to process

- grinding for removal of the cracks.
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. ARCTURUS PROCESS PROCEDURE ANSC—HT-]OOO
r/s 4 , N i
//{///ZA\ - Heat Treat Procedure ISSUED 8/&9é71
"~ MFG. CORP ' cuum Annealing_Procedure t JREVISION
OXNARD CALIF. AN!E ghl E g E }or ings ' -
J\N%C 00297 1\ 9ind pace 1 of 1

] 0 ACKNOWLEDGMENT AND SCOPE: This procedure shall be:followed in heat treating
- finish forged parts after forging and processing per Arcturus Process
Procedure ANSC-FP-1000. This procedure shall apply to the following parts.

" ANSC. P/N 7+ Arcturus Die #
1138579-1 C C X292
©1138579-2 0 X-293
© 1138575-1 D . o 2915
1138576-1 E | C . 2916
1138677-1 D . o 2917
1138578-1 E N S 2918

| 2.0 REFERENCE DOCUMENTS: Arcturus Qua]ity‘Assurance Manual, MIL-H-81200,
ANSC ©0297 A. ) . L

3.0 RESPONSIBILITY: It shall be the respons1b111ty of the heat treat processor
to carry out the heat treating pract1ce according to this procedure

4.0 EQUIPHMENT: Vacuum annealing equipment .and controls shall be as follows:
| 4.1 IPSEN electrically heated furnace with 48" x 60" retort chamber..
4.2 Honeywel] Control Pyrometer #A0275789015

5.0 TEMDERATURE UNIFORMITY: Temperature uniformity shall be within + 25 F
of the 14000F temperature used as determined by periodic 30 day surveys.

6.0 PROCEDURE Parts sha]] be p]aced in a retort of adequate size for the
: load. - A vacuum of 0.1 micron op less is pulled on the retort and the
retort is heated to 1400°F + 25°F. Time at temperature shall be one (1)
hour minimum. Furnace shall then be cooled to 3009F. maximum and final
" cooling to room temperature shall be in air. Temperature profile
verification on actual parts shald be by recorded chart by thermocoup]e
in contact with one part in the load.

7.0 RECORDING OF DATA: In addition to the.data maintained on the heat treat

vendors work order, the following information is to be supplied on the
furnace chart. .

ANCEURUT HIAT CRIAT AN Y3 GF TN NI30NT,
H. T. V NCw U TE EN I W >R 11 X S
MITERL e laEp o MRHALE
ChAR SP. L, . sdhin_ Tov wdoFUdE B
VAL CUY Co b0 tMaCs T F. CF v Cadi b B
CIE AT " N S A
AL TELS 7 e w8 Fliliv ad ULE R SalyYe RdTJan CHARY
Ve TH RS - : :

8.0 VERIFICATION OF COMPLIANCE: ‘A1l recorded data, includina furmace charts, =
shall be forwarded to Arcturus Quality Control for ver1f1cat1on of como]1ance

to this procedure. - jléiﬁP , : C




ARCTURUS PROCESS PROCEDURE _ ANSC-TP-1000

fﬁi%é%@/’;x : Metallurgical Testing and Documentation 1ssueb 8/10/71
" MFG. CORP. for ANSC 5AL-2.5 Sn ELI Forgings |, Revision N/R
OXNARD, CALIF. ‘ - ANSC 90297 A pace 1 of 1

1.0 SCOPE: This procedure shall.apply to the testing of the parts referenced
- oon the title page of this manual. o

2.0 REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, ANSC 90297 A, ASTM
E8, FED-STD-T5T, - B :

3.0 PRE-PRODUCTION QUALIFICATIONS: After forging design and procedures have
been estabTished, one forging from each of the parts referenced on the title
page shall be destructively tested, after heat treatment per ANSC-HT-1000,
in accordance with the following procedure. '

"~ 3.1 Mechanical Property Requirements: Four test blanks shall be cut from the
Tocations designated on the ANSC drawings for each of the parts referenced
on the title page of this document. After machining the bars and tensile
testing at a strain rate of 0.005 + 0.002 inches per inch per minute
through the yield strength, and then increasing the strain rate so as to
produce failure in approximately one additional minute, the -following
minimum properties shall apply in all directions.

U.S. psi Y.S. psi . 9E . IR '
110,000 100,000 - .. 12 25 ’

3.2 Microstructure: Examination for microstructure shall be in accordance
- With paragraph 3.7.2 of -ANSC 90297A. The microstructure shall indicate
that the forgings have been finished forged at a temperature below the
‘beta transformation temperature and that no subsequent thermal treatment
above the beta transus has been applied. The microstructure shall be
uniform and indicate a wrought structure. : .

3.3 Macrostructure: Examination for macrostructure shall be in accordance
with paragraph 3.7.3 of ANSC 90297 A. The macrostructure shall show no
evidence of gross alloy segregation. Grains of similar size shall be
distributed at random and not oriented in bands.

4.0 PRODUCTION TESTING: Production testing of each part shall include the
: requirements of paragraph 3.1 above. The requirements of paragraph 3.2
and 3.3 shall not apply. ' : .

5.0 REPORTS: Test results as obtained above shall be reported to Aerojet on
Rrcturus Form #19829. Three copies of. this document shall be furnished
to Aerojet attesting to conformance of ANSC 90297 A. These reports shall
include the purchase order number, specification number and mill heat
gumber gnd location and orientation by S/N of each forging with respect

0 its bar. . S .

6.0 REJECTIONS: Forgihgé not conforming to this specification or to authorized
moa1f1cat1ons_sha1] be subject to rejection. ‘ .
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ARCTURUS PROCESS PROCEDURE ANSC-UIP-1000
/) %ETAA//f77L : Ultrasonic Inspection Procedure tssuco 8/10/71
MFG. CORP. for ANSC 5AL~2.5 Sn ELI Forgings JREVISION N/R
OXHARD, CALIF. ANSC 90297 A pace 1 of 3
1.0 This procedure descr1bes in detail the process of ultrasonic inspection of
the parts referenced on the title page of this procedure.
2.0 Equipment shall be as fo]]ows:
a. Sperry Type UM 721-10N instrument
b. "Automation Industries Tithium sulfate transducers.
c. Hater tank and water filter.
d. Test blocks, Alcoa series, with the following hole sizes and Weta]
" travel distances. (for qualification of equipment)
| Hole Sizes Metal Travel Distances
2/64" : N 6", 3", 3/4” 1/2%, 1/4"
4/64
e. Test blocks, 4340 mater1a1, with the following hole 51zes and
\ metal travel distances. (for scanning of parts)
Hole Sizes ~ Metal Travel Distances
3/64", 5/64“"‘ e 1/8"; 174", 172", 3/4", 1",
- -1 1/4", ~] 172t 1 3740
3.0.“Equ1pment QUa11f1cat10n shall be as follows:
a.' Reso]ve a 2/64" flat bottomed hole at the followina frequencies
and metal travel distances. (a) 0.75" at 2.25 MC, (b) 0.50" at
5 MC (c) 0.25" at 10 MC.
b. ,Determ1ne the reso]ution of a 2/64" flat bottomed hole with a
.. 3/4" transducer and an incident anale of 0°. Adjust the flat
bottomed hole response for an amplitude of 50% saturation. MWith
this condition, a minimum of 40% of saturation of the flat bottomed
hole indication shall be separated and clearly distinguishable from
~ the front surface indication. Resolve a 2/64'1nch flat bottomed hole
at a metal travel of 6 inches, indicating a minimum response of 50%
“saturation so that base line noise level shall not exceed 5% of the
amplitude of the flat bottomed hole response. - A minimum siagnal change
of 50% of saturation shall be demonstrated between response from a
2/64 inch and a 4/64 inch flat bottomed hole at a metal trave] of
~three inches.
- 4.0 Parts inspected shall be scannéd usina the following brocedure. Both

longitudinal and shear wave techniques shall be used. -
a. Care shall be exercised to maintain surfaces free of grease, oil,
paint or any other contaminants. Surface finish shall be 125 RMS
maximum. . ' '

b. In standardizing the instrument for the search scan, a.2/64" flat

bottomed hole with a meta] travel distance of 1/2", shall be d1sp1ayed
at an amp11tude of 50% of full scale deflection (approx. 1")..
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) ARCTURUS PROCESS PROCEDURE AGC-UIP-1000 _7
"zéyafﬁ/’ﬁﬁf Ultrasonic Inspection Procedure tssuep 8/10/71
MEG. CORP. - for ANSC 5AL-2.5 Sn ELI Forgings |revision N/R
OXNARD, CALIF. ANS'C 90297 A [pace 2 of 3

c. . In scanning the part, crystal overlap shall be maintained at 3/16"
maximum. ~Scanning speed shall be maintained at one inch per second
maximum. Parts shall be scanned in accordance with the scan plan.
Water. travel distance from the transducer to part undergoing test
shall be adjusted so that the second front reflection does not

“appear between the first front and first back reflection. Maintain
the same water-travel distance for both standard1zat1on and inspection
procedures within plus or minus 1/2", :

5.0 PRODUCT EVALUATION SHALL BE AS FOLLOWS'

6.0

7.0

a. Use reference blocks of the same mater1a1, shape and cond1t1on as the
parts being 1nspected

b. Match as closely as possible the response of the flaw to that of one
- of the above blocks. Diameter and depth may not be determ1ned within
the limits of the b1ocL .

ACCEPTANCE STANDARDS:

6.1 Class: The following class shall apply.
6.1.1 Class AAA: .

"6,1.1.1 No flaw indications exceeding 25% of the response from a 3/64

inch diameter flat bottomed hole are acceptable.

6.T;1.2 Flaw indications in excess of 10% of the response from a 3/64
_inch diameter flat bottomed hole sha]] not have their centers closer
than 1 inch. '

6.1.1.3 No drop in back ref]ect1on of 20% or greater than cannot be
be attributed to surface condition or abnormal test condition is
acceptable. :

6.2 Rejection Criteria:

6.2.1 Material exhibiting flaws in excess of above requirements for .
' - the applicable class shall be rejected except as descr1bed in
6.6.2.

6.2.2 F]axs in excess of the acceptance 1imits shall be allowed if it
is definitely established that they W11] be comp]ete]y removed by
future machining or cutt1ng operations.

6.3 Mater1a1 Disposition Control:

6.3.1 ReJected material shall be handled by the MRB system.

MARKING: A1l defocts shall be located on the part with a symbo] t(:i‘hav1nq a
1/2 inch d1ameter center or a *jxnhaV1ng 1/2 inch maximun d1mens1ons © The
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ARCTURUS PROCESS PROCEDURE ANSC-UIP-1000

AV T - -
LT Ultrasonic Inspection Procedure ISSUED 8/10/7]

MFG. CORP. - for ANSC 5AL-2.5 Sn ELI Forgings Ireviston  N/R

OXNARD,CALIR ANSC 90297 A pAGE 3 of 3

center of the mark is to be as close as possible, coincident with the
projected center of the defect, and the depth from the surface shall be
shown adjacent to the mark. Acceptable parts shall be stamped with an
A-4 stamp. ' - :

8.0 PRIMARY STANDARDS: Instruments and gauges shall be periodically tested
for accuracy and shall have properly stamped labels attached to them
showing date of last inspection and date of next inspection.

9.0 REFERENCE DOCUMENTS: MIL-I-8950B.
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MFG. CORP,
OXNARD, CALIF.

ARCTURUS PRNCESS PROCEDURE

2916-SP-1000

Scan Plan

for,
ANSC P/N 1138576-1"E"  Arcturus

issueo 8/10/71

N/R
2016 JrREVISION /

pace 1 of 1

1.0 SCOPE: The following illustration shows the scan plan to be used in
ultrasonic inspection of the above part.

2.0 INSPECTION:
- ANSC-UIP-T000

- SHEAR™

of this manual.

Inspection shall be performed aécording to section




AS ARCTURUS PROCESS PROCEDURE . |ANSC-FPPI-1000

\ /‘, ’ -

:) f,/’uﬁéf\ Penetrant Inapcctlon Procedure . 1ssuEDb 8/10/7]
\ FEG. CORP. for ANSC 5AL-2.5 SN ELI Forqmqs Jreviston  N/R
OXHARD, CALIF. ANSC 90297 A Terce 1071

1. 0

2.0

3.0

SCOPE: This procedure sh111 app]y to the ponetranL inspection of the parts
re.erenceu on the title page of this document. :

REFERENCE" DOPUHLNFS MIL-1-6866B, AMend #1, Amend #2, ANSC 90297A, Arcturus,
Quatity Assurance Manual, ANSC 903? 1.

P”O"““””‘ Parcs shall be inspected in.accordance.wifh Type 1, Method B of
MIT-1-68558. : -

3.1 .PFQC]GGhIHU Parts qha]] be prec]eaned in accordance with paragraph

4.0

——— -

5.2 of MIL-1-68668.

3.2 Penetrant Application: “Penetrant shall be applied by d]ppxno in
accordance With paragvaph 5.3 of MIL-I-68668.

3.3 Emulsifier Application: Emu]s1r1er shall be appl1cd in accordance with
© .para glapn 5.4.2 of MIL-1-6856B.

3.4 Rinsing: A1l parts shall be rinsed in accordance with pa \agraphv5.5

of MIL-1-68668. s <

3.5 Deve]op1nq AT parLs sha]] be developod in accordance with pa.agraph
5.6.1 of MIL-1-6866B.

:3,6 Drying: After development per 3.5 above, parts shall be dr1ed in

*accordance with paragraph 5.7 of MIL-I-68668.

3.7 Inspection: Inspect1on sha]] be in accordance with paragraph 5.8
of MIL-1-68668.

3.8 Final C]eah1ng Parts shall be steam cleaned after all of the above
processes have been completed,

ACCEPTANCE STANDARDS: Acceptance standards shall be per app11cab1e
drawing and purchase order requirements. ,
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ADDRESS

{
NTACT

P. 0. NO.

QTY.

CODE

PART NO.

DELIVERY
REQUIRED

REV.

UNIT

SET UP

DELIVERY
QUOTED

TOOLS

SPECIAL

PROCESSING

MATERIAL

SPECIFICATION

PRICE

NOTES

HEAT TREAT

ULTRASONIC

.RAY
\\

ZYGLO

MAGNAFLUX

CLEAN

COUGH MACHINE

FIN MACHINE

TESTING

TEST BARS

GOVv. COMM.

SPECIAL INSTRUCTIONS

CONTRACT
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[WORK ORDER WO
ORKOR - PATE MAT. SPEC.
LHA PRIORITY
GOvYT.
COMTRACY
CUST. 0. Wo. B BATE QTY. PRICE - UNIT AMOUNT
REAT ;
PARY NO. QrY. JREAY +
NORMALIZE !
DIE NG, ARNEAL i
T
BRINELL CERT !
N COMPL +
OPERATION | EST. | Act | SCHIDOLE aTe © | NomK & Tewe. t
W] et GRIND. !
STEEL t+
zY6LO H
2| SET-UP —+—
SARD 1
3| FORGE —BLAST +
MAG. INSP. CERT i
¢ 1
s | RESTRIKE Navy wse. [[] 1
¢| GRIND TOTAL :
i
1
7 [STRAKGHTEN FOOTAGE !
PUHCH H
 } ROUGH H
o STOCK :
s| cLean SIZE i
1
o DM$ WT.
DATE STOCK
1| BLock ORDERED: .
2 TURREY
LATHE DATE STOCK
1| ERGINC DUE IN:
LATHE
14] MiLLiNG N STOCK
oRILL
18 PRESS °
PUNMCH
i PRESS
17| BROACM
1] CLEAN
HEATY
1 TREAT
HAG.
B insrecr
a} INsPECT NET WT,
cuT
2| sHip
3!
2
»| misc.
OVERSHIPMENT _—
ALLOWANCE RATE
UNDERSHIPMENT
ALLOWANCE
DATE INVOICE NO. | PCS. SHIPPED BALANCE
IDIE NO.
1
REMARKS
|
LEAD CAST DUE
LEAD CAST APPROVED
]
OTHER DATA ]
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DATE

MANUFACTURING CORPORATION

— PRESS HARD USE BALL POINT PEN ONLY -

No-5688/¥

SUPPLIER PURCHASE ORDER
MATERIAL - HEAT NO. BAR SIZE
DATE RECEIVED : TOTAL BARS REC'D PAGE NO. OF
BAR NO. LENGTH WEIGHT ALLOCATION WITHDRAWALS
Length Length
Cut # Weight | JOB NO. Cut Weight | JOB NO. DATE | INITIAL
s 1 1
\
Prepare one of these packages for each bar 2 2
received on all materials except 4000 Series 3 3
and Aluminum. 4 4
5 5
Prepare one package for each shipment
received of 4000 Series and Aluminum. 6 6
7 7
RECEIVER OR CUTTER 8 8
Return this package to Metallurgical Dept. 9 9
immediately after receiving or cutting. 10 10
n 1
12 12
13 13
14 14
15 15
16 16
CONSUMPTION 17 17
18 18
Job $
2 19 19
20 20
Qty. Lbs. 21 21
22 22
23 23
24 24
o[l 25 25
26 26
RECEIVED BY 27 27
' 28 28

[} 1&
1
wp)




‘F-1001

ARG Form #/¥-1001

ARCTUORUS
MFG. COrP. e \maoEn  374-67
%7 OANAIRD, ARCTURUS FURNACE LOADING LOG L REVITIOU
JOB. NO. DATE TYPE MATERIAL FURNACE FURNACE TEMP.
L - Y
SERTAL NO. | TIME IN TIME OUT - | TIME. INv. | TIME OUT TIME IN TIME OUT
|
’x .-
| .:, .
4




A E~MANUFACTURING CORPORATION

6001 ARCTURUS AVENUE ® OXNARD, CALIFORNIA 93030 ® TEL. (805) 488-4481 ® TwX (805} 447-7107

TEST CERTIFICATE

CUSTOMER PART NO.

P. O.
STOCK
MATERIAL SPEC. - : SIZE SUPPLIER
CHEMICAL ANALYSIS
HEAT '
NUMBER C Mn P S Si Cr Mo
s.{‘\\-
N
GRAIN SIZE HARDENABILITY
FORGINGS PROCESSED AS FOLLOWS:
°
PROCESSING SPECIFICATIONS
MECHANICAL PROPERTIES
(N OR YIELD ULTIMATE ELONG. | RED. OF
(L)rNo. STRENGTH STRENGTH (4D) AREA (%)| REMARKS
_——
FORGINGS IDENTIFIED WITH
THIS CERTIFICATION COVERS PIECES ON OUR SHIPPER - DATED

- INCLUDING

I HEREBY CERTIFY THAT THE PARTS WERE PROCESSED IN ACCORDANCE
WITH THE . SPECIFICATIONS NOTED. ORIGINAL COPIES OF ALL CERTIFICATES
ARE ON FILE AT ARCTURUS MANUFACTURING CORPORATION.

SIGNED
358 TITLE




N2 /A0 /A NF > [ FNC
[ISPECTI0N REPOLY
L i taNg Ul iy LASH W udld DIE NO.
| 1ST PC. INSPECTION
| CHARACTERIS ACTUAL METHOD OF
5 CTERISTICS | ACTU JMETHOD OF ACCEPT [REJECT| DATE REMARKS
I
1
t
r
o LAST ¢#C. IRISPETIOH
Ch. .ACTERISTICS | AGIUAL L REeEeR Bh ACCEPT |REJECT DATE ! REMARKS

! °
|
|

! !
'
. )

| FINAL INSPECTION
. TACTUAL | & METROD OF TEMPLATE
| caracTerisTics | ASTURE [ B | METHOR BT | TEWPEATE IaccepT|ResECT, DATE REMARKS
| |

|
' i

|
7
:;-‘,_- ' —
i WDNESS VERIFICATION IDENTIFICATION
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Lflis\piNrkd ViNiLo

. : : 13220Y: South Wesiern Avenue L T L.
) - to. » Gardcna California J02’7 . . ’
. . A . . e,
e o - Tsseiss - .
‘. CERTIFIZD RIPCRT OF-PHYSICAL TIST IN ACCORDANCE WITH FIDIRAL TEST METHTD, STANDARD 151
Cusiomer: - . o . S " CUSTONZR'S IDENTIFYING lhronu ATION: .
= . - il .'HATZRIAL . L e
A . Lo - e SPLCIFICAAION' A o N
DATE OF RZPORT: T . - HziT No e oy RN
. - . - - . . .\ . " - . .. . R
Ounr CONTROL No.: . . - . ; CUSTOMER: ‘ “r A . . /f/ . B
CustomeR P.O. No.: ‘. . B PART NO.: Lt R
Cus(’ TR SHIPPZR NO. - Staiat. Nos ., . . R
OUR HniPPZR NO.: . Die NO.: B ' ) s . oy
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S ARCTURUS MATERIAL SPECIFICATION . |AGC-MS-1000.
%&{LLéQfZZL\- ' Raw Material Procurement 1ISSUED 8/10/71
MFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings revision N/R
OXNARD, CALIF. ‘ - ANS - 90295A prce 1 of 6 |

1.0 SCOPE: This spec1f1cat1on shall apply to material utilized in the forging
'of the following parts:

ANSC P/N - .. T Arcturus Die #
1138579-T1 M0 e iiiiiientnneneensncseananne X-292
1138579-2 "C" i inennns et et e ean X-293
11385751 "D . ittt it eiinnnennnnns e 2915
1138576-1 "E"..vivveninnnnnn Cesetecaseaenas 2916
1138577-T D i ii it it ittt eeanaranas 2917
1138578-1 "E" e i iiiiieiiiennnnnanns Veeene 2918

2.0 REFERENCE DOCUMENTS: ANS- 90295A, AMS 2249, ANS 90296 ANS 903z, MIL-I-6866,
MIL-I-8950, FED-STD-184, MIL-STD-129.

3.0 MELTING PRACTICE: Material shall be produced by mu]t:p]e melting useing the:
consumable electrode practice with both melting cyc]es performed under -
vacuum conditions. .

4.0 - COMPOSITION: Compqsition of material shall be as follows:

- Element S - Percent
' Min. . Max.
© Aluminum 4.70 5.60
~"Tin 2.00 3.00
Iron ' o . 0.25
Oxygen - ' ‘ 0.12
Manganese - -0.03
Carbon 0.05
Nitrogen , . 0.04
Hydrogen s , 0.0125
Other elements, each 1/ . 0.05
Other elements, total 1/ ’ 0.20
Titanium < ~ Remainder

1/ Need Not Be Reported
SECTION 1: REQUIREMENTS |

5.0 MATERIAL: The ingot used for production of bars and billets shall be
composed of pure, virgin master alloying materials and titanium sponge
conforming to ANS-90296. No scrap (internally generated or otherwise) shall
be used in the production of material supplied to this specification.

6.0 PRIMARY MELTING CYCLE:

6.1 Vacuum Control: The vacuum 1éve1 shall not exceed 1000 microns.

6.2 Mater Leakége:' There shall be no water 1eakage dur1ng the melting operation,

6.3 Power Control:’ There shall be no power interruption other than momentary
interruptions due- to transient arch characteristics during melting.
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7.0 SECONDARY MELTING CYCLE:.

7.1 Vacuum Control: The vacuum level shall not exceed 1000 microns.

7.2 Mater Leakage: There shall be no water Teakage during or after the melting
period. : .

7.3 Power Control: There shall be no interruption of power duringAthe melting
- cycle, except the gradual power reduction required to control the size and
. 'shape of shrinkage cavity. 4

8.0 WELDING:

8.1 Welding Process: A1l welding processes needed to assemble the electrode
- 'shall be performed in an inert atmosphere using welding methods which
preclude the possibility of contaminating the electrode (ingot) with high
den§1ty welding e]ectrode debris (such as tungsten inclusions), slag and
oxides : :

8.2 -Preparation of Electrodes: Welding on the electrodes for the final melt
cycle shall be Tim¥ted to the welding of the stub to the ingot. The stub
shall not be used for the production of billets nor sha11 the stub we]d be
melted during the secondary melt. _

9.0 CLEANING AND COATING: The cast electrode shall be cleaned between the
primary and secondary melting cycles to insure that undesirable surface
features remaining on the electrode are removed. Cleaning may be accomplished
by water spray and pickling methods. Abrasives (such as sand, metal or
glass shotg shall not be used for cleaning the electrode. A su1tab1e
. coating shall be applied to the ingot for primary ingot reduction.

10.0 PROPERTIES: The ingot, assembled and melted as specified in 3.0 shall
be worked, pressed, forged or swaged, as requ1red to obtain minimum billet
grain size.

"10.1 Macrograin Size: 'Macrograin size for bars and billets shall be 0.25 inch
maximum. Variation of macrograin sizes shall not be banded or grouped with
predominant grain size variation limited to 0.125 inch.

11.0 DIMENSIONS AND TOLERANCES: Dimensions and tolerances shall be as specified
in the contract or order. The billet sha]] be furnished round with a maximum
diameter of eight inches. -

12.0 SURFACE QUALITY: The bars and b111ets shall be free from surface imperfections
as determined by penetrant inspection. The acceptance level shall conform
to ANS-9032-1.. Surfaces to be penetrant inspected shall not be subJect to
particle 1mpact cleaning.

13.0 INTERNAL QUALITY: ' The material shall be uniform in quality and condition,
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ARCTURUS MATERIAL SPECIFICATION AGC-MS-1000

and free from porosity, cracks, p1pe high or 1ow density inclusions and

“any evidence of enfoliations. Ultrasonic inspection acceptance criterion

4.0

shall be 3/64 inch (No.3) flat-bottomed hole single point indication on the .
full metal thickness.

IDENTIFICATION: The material shall be identified in accordance with
FED-STD-184 and shall include the following, in the order listed:

-~ (a) Alloy identification

- Bar or billet location

- Bar or billet serial number
(eg Name or trade mark of manufacturer
¥

gbg Ingot number
c

Purchasers name or trade mark
Purchase order or contract number.

_ SECTION 2: QUALITY ASSURANCE PROVISIONS

15.0.
:15.1

SUPPLIER RESPONSIBILITY:

Inspection: Unless otherwisevspecified, the supplier is responsible for the
performance of all inspection requirements as specified herein and may use

any facililies acceptable to the Aeroget Nuclear Systems Company (ANSC).

15.2

Procedures and Instructions: The supplier shall provide proceésing procedures

15.3

or instructions to insure compliance with these requirements, copies of -
which shall be submitted to ANSC for review and approval prior to processing.
These procedures or instructions shall be in sufficient detail so as to
enable future reporducibility of material to the same processes. Copies

of these procedures or instructions and records of conformance shall be
retained for a per1od of seven years and identifiable to the spec1f1c ANSC
purchase order. : .

Reports: Unless otherwise specified, the supp11er of the product sha11
furnish with each shipment three copies of a report giving, where applicable,
the actual values obtained as a result of tests verifying conformance to

the requirements of this specification. Separate reports shall be submitted

for each lot of mat°r1a] The reports shall include at least the following
information: : i '

(a) Raw material certifications for alloying materials (aluminum and tin).
(b) Certification to specification ANS-90296. o

(c) Macrostructure photographs and macrogra1n size determinations, each -
bar and billet.

(d) U]trason1c 1nspect1on noise 1evels and resu]ts for each bar and b111et

the amount of cropping and types of 1nd1cat10ns (except end concav1ty.
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16.0

17.0
17.1

17.2

17.3

17.4

17.5
17.6

17.7

17.8

- not in excess of normal mill practice).
(e) Chemistry, representing billets identified relative to ingot location.

(f) Diagrams of billet and bar Tocations relative to the ingot, showing
the billet Tocation within the ingot and bar location within the billet
identified from top to bottom of the ingot. The location shall be
identified on the required certifications and test reports.

(g) A1l information required in 14.0

(h) Processing procedures.

LOT: A lot shall consist of rdterial from the same ingot of the same
configuration and size and processed at the same time.

R

VERIFICATION:

Material: The processing procedures supplied as specified in 15 2

shall be reviewed to assure comp11ance u1th mater1a] requirements of
5.0. .

Chemical Compos1t1oh A chemical analysis shall be made from bars or

billets in accordance W1th AMS-2249 and shall conform to requirements

of 4.0

Heats: The supplier shall provide processing procedures or instructions
and certify compliance with these requirements, copies of which shall be -
submitted to ANSC for review and approval. The process controls shall
pEOV1de for the inspection of anomalies that are cause for rejection of
the heat. ,

Welding: The supplier shall provide processing procedures or instructions
and certify compliance with these requireménts, copies of which shall be

submitted to ANSC- for review and approval. The procedure shall provide for
the 1nspect1on of anomalies that are not acceptable. ,

Cleanin The suppliers process procedures or instructions shall 1nc]ude
prov1s1ons for cleaning, to comply with 9.0.

Properties: The supplier's procedures and ‘instructions shaT]Ainc1ude the
provisions to obtain minimum grain size in compliance with 10.0.

Dimensions and Tolerances: Bars and billets shall be examined to verify
conformance to dimensions and tolerances as specified in the contract or
purchase order. .

Penetrant Inspection: Bars and b111ets sha]] be penetrant 1nspected in
accordance with MIL-1-6866, Type I, Method C using penetrant: conta1n1ng
sulfur and chlorine not exceed1ng 50 parts per million (PPM)
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©17.9 Microstructure and Workmanship:

.17.9.1 Macroetch Sample Preparation and Inspection: The top and bottom slices
: of each billet produced from the ingot, suitably identified by billet
numbers, shall be macroetched and photographed. Each slice, so parted,
shall be identified as to alloy, ingot number, and bar or billet location.
. Photographs of all billet macros. identified to alloys and ingot numbers
. shall be submitted to ANSC with copies of certifications and test reports.
On the basis of the macroetched surfaces, billets shall be inspected for
conforimance to Section 1 requirements. '

17.10 Ultrasonic Inspection: Bars and billets shall be lathe turned prior to
‘ uTtrasonic inspection. The surface finish of the lathe turned billets shall
be 125 RMS or better. Inspection shall be of the immersion type using
both longitudinal and shear wave techniques by scanning of the bars while
the bar is simultaneously turning and the carriage carrying the inspection
- head is traveling along the axial length of the bar. Inspection shall be
performed in accordance with MIL-I-8950, except that, when the instrument
is set so that the first back-reflection from the correct test block is
at 80 percent of the screen saturation adjusted for nonlinearity, the ,
material shall be inspected for loss of back reflection. Any loss in back .
reflection in excess of 50 percent of full saturation of the screen shall be
considered not acceptable. ) - o -

17.10.1 Noise Level: The noise level for each bar and billet shall be recorded
_..and reported. ' :
17.10.2 Calibration Standard: The standard used for equipment calibration shall

: be fabricated from a bar or billet selected at random from the inspection
lot. The reference notch in the calibration standard for shear wave
inspection of bars up to 4 inch diameter shall be machined to a depth
bf 3 to 5 percent of the full metal thickness. - The reference hole in
the calibration standard for shear wave inspection of billets shall be
machined to a depth of 0.250 inches. : :

17.10.3 Procedures: The:supp1ier shall provide ultrasonic testing procedures
or instructions to insure compliance with these requirements.which shall
be submitted to ANSC for review. o : -

17.10.4 Rework: Bars or billets giving ultrasonic indications of rejectable
porosity, laps, voids, enfoliation, center bursts, inclusions and
detectable segregation may be used provided that areas showing these
conditions have been removed, verified as to type, and end faces of removed

. sections have been etched and found to be free from defects. The
certification or test reports for the remaining billets shall record the
information relative to the rejection of any other portion.

1711 Identification: Bars and billets shall be visually inspected to verify
conformance to Section 1 requirements.

SECTION 3 PREPARATION FOR DELIVERY - 1689
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18.0 PACKAGING: Each product sha]] be packaged to prevent damage dur1ng
ﬁand]1ng and shipping.

18.2 Mar ing: -Containers shall be marked in accordance with Standard MIL STD- ]29
: Mark1ng shall include the following information:

(a) Manufacturers name
(b§ Material identification
c¢) Lot number and heat number
§d Bar or billet serial number(s)
e) Purchase order number

-SECTION 4 NOTES

19.0 INTENDED USE: Material produced to this specification is intended for
' use in critical, cryogenic rocket vehicle components, requ1r1ng high
re]1ab111ty and operating in the temperature range of +900F to -423°F,

19.1 Ordering Data: Procurement documents should specify the fo]]OW1ng information:

(a) This spec1f1cat1on number , = :
gb Size and shape, as required : c L s
ua11ty Control Standard Clauses ’ :

Source surveillance ‘
éZg Source acceptance
3) Source inspection - Government.

170



:h~~a;z;1§;7i_ ANSC BAL-2.5 Sn ELI FOngngS ' REVISION N/C
D, CALIF. “ANSC 90297 A orce] Of 1

OXNAR

ARCTURUS'PROCESS PROCEDURE ANSC-FC-1000
’/4\ Forging Furnace Control 1SSUED  8/10/71

1.0

2.0
3.0

3.1

4.0

5.0

6.0

SCOPE: This procedure shaII be foIIowed in utilizing equ1pment for
-heating the parts for forg1ng referenced on the title page.

REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, MIL-H-6875D.

IDENTIFICATION OF EQUIPMENT: Arcturus Furnace #25, a gas fired furnace
with Two zone control, shall be utilized in heating the subject parts for .
forging. Burners are L&N Speed-0-Max controllers-recorders, with series 60 -

- controllers. N.A. flat flame-excess air types.

Temperature control on Furnace #25 is ma1nta1ned by 2 Ray-C-Tube thermo-piles,
located at the front and rear of the furnace. ) '

RESPONSIBILITY: The respons1b1]1ty for conducting the necessary furnace
calibration and surveys, together with routine chart and battery repIacement
shall rest with the Quality Control-Department.

TEMPERATURE UNIFORMITY: The furnace and controlling instruments, shaII be

. calibrated at 1800°F., and temperatUre uniformity throughout the furnace

shall not exceed + 20 deg. F. The furnace shall be surveyed at thirty
(30) day intervals. Su1tabIe labels showing date, furnace number, company
cert1fy1ng, and individual certifying, shall be pIaced on each instrument
at time of survey.

CERTIFICATION: Certification of thé above shall be maintained on record at
Arcturus. A - -
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ARCTURUS PROCESS PROCEDURE ANSC-FH-1000

N
ey il s,
7§§§i£fﬁ22522ﬁ§é\ Forging Heating Procedure issueo  8/10/71
N\ JFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings revision N/R
OXNARD, CALIF. ANSC 90297 A , e 1 0f 1
1.0 ACKNOWLEDGEMENT & SCOPE: This: procedure shall be followed in heating

2.0
3{0
4.0
4.1

5.0

5.1

5.2

6.0

6.1
6.2

7.0

7.1
7.2

8.0

9.0

multiples for forging after release and transfer of the mu]t1p1es per

" Arcturus Process Procedure ANSC MS-1000.

REFERENCE DOCUMENTS. ‘Arcturus Quality Assurance Manual. Arcturus Form
#F-1001. : : .

RESPONSIBILITY: It shall be the responsibility of the forge shop_super-
intendent to carry out the heating practice in accordance with this procedure.

FURNACE CONTROL: Furnace #25, as described in Arcturus procedure ANSC-
FC-1000, shall have controls set at 1775 deg. F.

Furnace Uniformity: Before loading of multiples, furnace temperature
must even out. Uniform temperature through-out shall be achieved.

LOADIPG OF MULTIPLES: Cut multiples shall be Toaded in accordance with
the following procedure. A

R

Multiples shall be loaded in serial number sequence.

A record of loading sequence shall be ma1nta1ned on Arcturus furnace
loading form #F1001.

LOPDING'OF CROSS WORKED MULTIPLES: Cross worked multiples sha]] be loaded

..1n accordance with the following procedure

Crossworked multiples shall be loaded in serial number sequence.

A record of loading sequence shall be maintained on Arcturus furnace .
loading form #F1001.

LOADING OF PARTIALLY FINISHED FORGINGS: Part1a]1y finished forgings
shall be Toaded in accordance with the fo]]ow1ng procedure:

Partially f1n1shed forg1ngs shall be Toaded in serial number sequence.

A record of 1oad1ng sequence shall be ma1nta1ned on Arcturus furnace
loading form #F-1001.

RECORD OF DATA: In addition to the data maintained on furnace loading
form F-1001, the job number, together with the serial numbers of each
part, shall be entered on each furnace chart. The date also shall be
entered on each chart.

VERIFICATION OF COMPLIANCE A1l recorded data, 1nc1ud1ng furnace loading
charts and recorder charts, will be forwarded to Arcturus Quality Control
for verification of comp11ance to this procedure.
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2, s ARCTURUS PROCESS PROCEDURE ANSC-FP-1000
' A k’/l’_’(:/"_/)ZC’_’Z_é issuen 8/10/71

1.0 ACKNOWLEDGMENT & SCCRE: The following prbcedure shall be followed in
. forging the above parts. 4 ,

2.0 REFERENCE DOCUMENT: Arcturus Quality Assurance Manual.

3.0 RESPONSIBILITY: It shall be the responsibility of the forge shop super-
intendent to carry out the forging practice according to this procedure.

4.0 EQUIPMENT: .Equipment utilized shall consist of a 25,000# Erie steam

' hammer for all forging operations. Cross forging shall be performed
utilizing a set of flat dies. Prefinishing and finishing operations
shall be performed utilizing dies per Arcturus die drawings.

5.0 FORGING: Forging shall be'berformed in accordance with the following
procedure: _ ' _

5.1 Cross Working: Multiples heated in accordance with the practice outlined
in Arcturus Process Procedure ANSC-FH-1000 shall be manually transferred,
utilizing hand tongs, from furnace #25 and placed on flat dies installed
in the 25,000# hammer. Cross working shall then be performed.

5.2 Prefinishing: Cross worked pieces, reheated in accordance with the practice
outtined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in dies conforming to Arcturus die
drawings. The pieces shall be located in the die and the first hammer
blow shall be made, without any lubricant, to set the piece in position.
Subsequent blows shall be made utilizing a graphite impregnated oil
lubricant flowed on the dies.  The hammerman shall control the intensity
of the blows by observing the flow of metal in the die, so that more heat

~is not generated in the piece than is dissipated between blows. Adiabatic
heating will result in an unsatisfactory micro-structure. Forging shall
cease When it is observed that the last blow has produced no flow of metal.
The hazard of inducing surface or interior cracks emanates at this point.

-~

5.3 Finishing: Prefinished forgings heated in accordance with the practice
outlined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in finish dies conforming to Arcturus
die drawings. The same precautions and procedures outlined under pre-
finishing above, shall be observed. Cooling after the final hammer operation
shall be performed by quenching in water. ‘

6.0 PROCEDURES APPLICABLE TO ALL OPERATIONS:

6.1 Reheating: Heat lot and bar Tlot variations in raw material preclude any
exact definition of the number of hammer blows and the number of reheats
to complete a part. The heater shall restamp while hot the serial number
of each part after each forging operation. When the part fills the cavit
of the die, the hammer operation shall be considered complete. ‘
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6.2. Procedure if Cracking Occurs: The hammerman shall visually inspect the
part when 1t is taken out of the dies. Any hairline cracks require the
- part to be sent to inspection so that these cracks do not propagate
into sound metal. If cracking is observed while the part is being forged
in the die, forging shall stop, and the part shall be sent to process
. grinding for removal of the cracks.

174




ARCTURUS PROCESS PROCEDURE ANSC-HT-1000

f/l " o/ . . . -
) 2 ///Z/L Heat Treat Procedure tssuee  8/10/71
‘ MFG. CORP, XECLUU Angew11kq Plocedure . Jrevision  N/R
OYNARD,CALH% "~ AN orgings croe 1 of 1
i ANSC 00?9/ A

1 0 ACkmOULEDGmE'r AND SCOPE: This procedure shall be:followed in heat treating
_finish forged parts after forging and processing per Arcturus Process
‘Procedure ANSC-FP-1000. This procedure shall apply to the following parts.

"ANSC. P/N SR Arcturus Die #
 1138579-1 € S T X-292
1138579-2 ' . X-293
1138575-1 D . . . 2915
1138576-1 E . 2916
© 1138577-1D . S 2917
"~ 1138578-1 E N | 2918

2.0 REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, MIL-H-81200,
RVSC 60297 A, : . | ~

3.0 RESPONSIBILITY: It sha]] be the respons1b111ty of the heat treat processor
- to carry out the heat treating pract1ce according to this procedure

4.0 EQUIPHENT: Vacuum annealing equipment .and controls shall be as follows:
| 4.1 IPSEN electrically heated furnace with 48" x 60" retort chamber.
4.2 Honeywe]] Control Ryrometer #A0275789015

5.0 TEMDERA1URE UNIFORMITY: Temperature uniformity shall be within + 25 F
of the 14000F temperature used as determined by periodic 30 day surveys.

6.0 PROCFDURE Parts sha]] be p]aced in a retort of adequate size for the
: load.- A vacuum of 0.1 micron or less is pulled on the retort and the
retort is heated to 1400°F + 25°F. Time at temperature shall be one (1)
hour minimum. Furnace shalT then be cooled to 3009F. maximum and final
" cooling to room temperature shall be in air. Temperature profile
verification on actual parts shall be by recorded chart by thermocouple
in contact with one part in the load.

7.0 RECORDING OF DATA: 1In addition to the data maintained on the heat treat
vendors work order, the following information is to be supplied on the
furnace chart .

ARCIUOUS CHTAT OAM Y VI ONT IACIDM RII0NY,
H. T. V NDO sOTE : L o =
METERN
1 CHAlL TP L, PEENS
‘ VNG CUY Co v 1l
CIETAT L "0
ALL WEns /o 2 LE Fllow ol
Ve TH S L ’

8.0 VERIFICATION OF COMPLIANCE: A1l recorded ‘data, 1nc1ud1n0 furnace charts, - B
shall be forwarded to Arcturus Quality Control for ver1f1cat1on of como]1ance

to this proredure : ' jf?ﬁf




. ARCTURUS PROCESS PROCEDURE ) ANSC-TP-1000

"QW’Z/QZQQ&\ Metallurgical Testing and Documentation 1ssueD 8/10/71

~ MEG. CORP. for ANSC 5AL-2.5 Sn ELI Forgings
OXNARD, CALIF. . ANSC 90287 A

| REVISION N/R
pace 1 of 1

1.0
2.0

3.0

- 3.

3.2

3.3

4.0

5.0

6.0

SCOPE: This procedure shall.apply to the testing of the parts referenced

_on the title page of this manual.

REFERENCE DOCUMENTS: Avcturus Quality Assurance Manual, ANSC 90297 A, ASTM
E8, FED-STD-151. L L

PRE- PRODUCTION QUALIFICATIONS: After forging design and procedures have
been established, one forging from each of the parts referenced on the title
page shall be destructwve]y tested, after heat treatment per ANSC-HT-1000,

in accordance with the fo11ow1ng procedure.

Mechanical Property Reguirements: Four test b]anks shall be cut from the
Tocations designated on the ANSC drawings for each of the parts referenced
on the title page of this document. After machining the bars and tensile
testing at a strain rate of 0.005 + 0.002 inches per inch per minute
through the y1e1d strength, and then increasing the strain rate so as to
produce failure in approx1mate1y one additional minute, the following
minimum properties shall apply in all .directions.

U.S. psi Y.S. psi L %E . IR.A.

——

110,000 100,000 .. 12 S5

Microstructure: Examination for microstructure shall be in accordance

- with paragraph 3.7.2 of -ANSC 90297A. The microstructure shall indicate

that the forgings have been finished forged at a temperature below the
beta transformation temperature and that no subsequent thermal treatment
above the beta transus has been applied. The microstructure sha11 be
uniform and indicate a wrought structure. -

Macrostructure: Examination for macrostructure shall be in accordance
with paragraph 3.7.3 of ANSC 90297 A. The macrostructure shall show no
evidence of gross alloy segregation. Grains of similar size shall be
distributed at random and not oriented in bands.

PRODUCTION TESTING: Production testing of each part shall include the
requirements of paragraph 3.1 above. The requirements of paragraph 3.2
and 3.3 shall not apply. . .

REPORTS: Test results as obtained above shall be reported to AerOJet on
Arcturus Form #19829. Three copies of this document shall be furnished
to Aerojet attesting to conformance of ANSC 90297 A. These reports shall
include the purchase order number, specification number and mill heat
number and location and orientation by S/N of each forging with respect

“to its bar.

REJECTIONS Forg1ngs not conform1ng to this spec1f1cat1on or to authorized
modifications shall be subject to rejection. .

i
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.\£§€3' ARCTURUS PROCESS PROCEDURE ANSC-UIP-1000
Xl etk - - -

CEELT Ultrasonic Inspection Procedure 1ssuep 8/10/71
MFG. CORP. ‘ for ANSC 5AL-2.5 Sn ELI Forgings {rEVISION N/R
OXNARD, CALIF. ANSC 90297 A o3 -

1.0 This procedure describes in detail the process of ultrasonic inspection of
the parts referenced on the title page of this procedure.

2.0 'Equipment'sha]1 be as fo]]ows:

a. Sperry Type UM 721-10N jnstrument

b. "Automation Industries lithium sulfate transducers.

c. Water tank and water filter.

d. Test blocks, Alcoa series, with the following hole sizes and meta]
~ travel distances. (for qualification of equ1pment)

Hole Sizes . Metal Travel Distances
2/64" ' N 6", 3", 3/4” 172", 1/4"
4/64
e. Test blocks, 4340 mater1a1, with the following hole sjzes and
\ metal travel distances. (for scanning of parts)
Hole Sizes - Metal Travel Distances
3/64”, 5/64" . . ]/8", ]/411’ ]/2n’ 3/41[, "n’

' 11748, 120, 1 3/4"
3.0 thu1pment qualification shall be as follows:

a.' Reso1ve a 2/64" flat bottomed hole at the followina frequencies
and metal travel distances. (a) 0. 75“ at 2.25 MC, (b) 0.50" at
5 MC (c) 0.25" at 10 MC.

b. ,Determ1ne the resolution of a 2/64" flat bottomed ho]e with a
.. 3/4" transducer and an incident anale of 0°. Adjust the flat
bottomed hole response for an amplitude of 50% saturation. With
this condition, a minimum of 40% of saturation of the flat bottomed
_hole indication shall be separated and clearly distinguishable from
~ the front surface indication. Resolve a 2/64 inch flat bottomed hole
at a metal travel of 6 inches, indicating a minimum response of 50%
saturation so that base line noise level shall not exceed 5% of the
amplitude of the flat bottomed hole response. . A minimum sianal change
of 50% of saturation shall be demonstrated betueen response from a
2/64 inch and a 4/64 inch flat bottomed hole at a metal trave] of
three inches.

4,0 Parts inspected shall be scanned usina the following brocedure. Both
longitudinal and shear wave ‘techniques shall be used. .

a. Care shall be exercised to maintain surfaces free of grease, oil,
paint or any other contaminants. Surface finish shall be 125 RHS
maximum. : : .

b. In standardizing thé instrument for the search scan,va'2/64“ flat-
bottomed hole with a metal travel distance of 1/2", shall be displayed
at an amplitude of 50% of full scale deflection (approx. 1").
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>

Vet Ultrasonic Inspection Procedure 1ssuep 8/10/71
MFG. CORP, for ANSC 5AL-2.5 Sn ELI Forgings |revision N/R
OXNARD, CALIF. ANSC 90297 A Tonee 2 of 3

c. . In scanning the part, crystal overlap shall be maintained at 3/16"
maximum. Scanning speed shall be maintained at one inch per second
maximum. Parts shall be scanned in accordance with the scan plan.
Water. travel distance from the transducer to part undergoing test
shall be adjusted so that the second front reflection does not

“appear between the first front and first back reflection. Maintain
the same water-travel distance for both standard1zat1on and inspection
procedures within p]us or minus 1/2". :

5.0 PRODUCT EVALUATION SHALL BE AS FOLLONS

a. Use reference blocks of the same mater1a1, shape, and cond1t1on as the
parts being 1nspected

b. Match as closely as poss1b1e the response of the flaw to that of one -
of the above blocks. Diameter and depth may not be determined within
the limits of the b]ocks :

6.0 .ACCEPTANCE STANDARDS :

6.1 Class: The following class shail apply.
6.1.1 Class AAA: )

“6.1.1.1 No flaw indications exceeding'ZS% of the response from a 3/64
: inch diameter flat bottomed hole are acceptable.

6.1.1.2 Flaw indications in excess of 10% of the response from a 3/64
~inch diameter flat bottomed hole sha]] not have their centers c]oser
than 1 inch.

6:1.1.3 No drop in back reflection of 20% or greater than cannot be .
be attributed to surface condition or abnormal test cond1t1on is
acceptable. -

6.2 Rejection Criteria:

6.2.1 Material exhibiting flaws in excess of above requirements for
' - the applicable class shall be rejected except as described in
6.6.2.

6.2.2 Flaws in excess of the acceptance limits shall be allowed if it
is definitely established that they will be complete]y removed by
future machining or cutting operations.

6.3 Materia] Disposition Control:

6.3.1 ReJected material sha]] be handled by the MRB system

7. O MARKING: A1l defects shall be located on the part with a symbo] t(:i_hav1nq a
1/2 inch d1ameter .center or a wnn»hav1ng 1/2 inch maximum d1mens1ons _Thé
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. ARCTURUS PROCESS PROCEDURE ANSC-UIP—]OOO
<»€/?7ﬁ4;5§£\ Ultrasonic Inspection Procedure ISSUED 8/10/71

bXNARD,CALlF. ANSC 90297 A pace 3 of 3

center of the mark is to be as close as possible, coincident with the
projected center of the defect, and the depth from the surface shall be
shown adjacent to the marl Acceptable parts shall be stamped with an
A-4 stamp. '

8.0 PRIMARY .STANDARDS: Instruments and gauges shall be periodically tested
for accuracy and shall have properly stamped labels attached to them
showing date of last inspection and date of next inspection.

8.0 REFERENCE DOCUMENTS: MIL-I-89508B.
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ARCTURUS PROCESS PROCEDURE 2917-SP-1000

7,
d ’(O//Z/ZVC//ZK . Scan Plan =~ [issuep 8/10/71

MAFG. CORP. for 1reviston  N/R

OXNARD, CALIF. ANSC P/N 1138577-1D Arcturus 2917 race 1 of 1

1.0 SCOPE: The fo110w1ng 111ustrat1on shows the scan plan to be used in
ultrasonic inspection of the above part.

2.0 INSPECTION: Inspection shall be performed according to section
_ANSC UIP-1000 of this manual




ARCTURUS PROCESS PROCEDURE . JANSC-FPPI-1000
\ u 124/’ Vu Penetrant Insneci1on Procedure . |issuEp 8710771 L
byuffc conrp. for ANSC 5AL-2.5 SN ELI Forgings ;;;V,Mon N/R
RD, CALIF. ANSC 90297 A rree 1 of 3 B
1. 0 §§QE§h This procedure shall app]y to the penctrant{inspection of the parts

2.0

3.0

renercnceo on the title page of this document.

REFERENCE DOCUMENTS: MIL-1-68668, Ahcnd 11, Amend #2, ANSC 90297A, Arcturus

.Qualncy Assu1ance fanual, ANSC 90’? 1.

PROCEDURE; Parts sha11 be inspected in gccordance with Type 1, Method B of

MIL-1-68568

3.1 Precleaning: Parts qha]] be precleaned in accordance with paragraph

5.2 of MIL-T-68568.

3.2 Penetrant Application: Penetrant shall be applied by d1pp|nq in:
accordance Vith paragraph 5.3 of MIL-I-68668.

3.3' Fnu1s1rxer_~pyljcthon Emu]s1r1er shall be app]1cd in accordance w1th'
' .paragrapn 5.4.2 of MIL-1-68668.

3.4 Rinsing: A1l parts shall be rinsed in accordance with parvoraph 5.5
of MIL-T-68568. ) . :

N

3.5 Developing: AT parts shal] be deV°10p°d in accordance with pu.agrdph

4.0

5.6.1 of MIL-I-68668.

;3c6 Drying: After development per 3.5 ebove paris shall be dried in

*accordance with paragraph 5.7 of MIL-I- 68 6B,

—_——

3.7 Inspection: Inspection sha]] be in accordance with paragraph 5.8
of MIL-1-68668. _ _

3.8 Final Cleaning: Parts shall be steam c]eaned after all of the above
~processes have been completed.

ACCEPTANCE STANDARDS: Acceptance standards sha]] be per app11cab1e
drawing and purchase order requirements. ‘
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W\MANUFACTURING CORPORATION

6001 ARCTURUS AVENUE ® OXNARD, CALIFORNIA 93030 ® TEL. (805) 488-4481 ® TWX (805) 447-7107

TEST CERTIFICATE

CUSTOMER PART NO. P. O.
STOCK
MATERIAL SPEC. SIZE SUPPLIER
CHEMICAL ANALYSIS
HEAT

NUMBER C Mn P S Si Cr -Mo
L,
GRAIN SIZE HARDENABILITY

FORGINGS PROCESSED AS FOLLOWS:

PROCESSING SPECIFICATIONS

MECHANICAL PROPERTIES

/N OR YIELD ULTIMATE ELONG. | RED. OF
T NO. STRENGTH STRENGTH (4D) AREA (%) REMARKS

FORGINGS IDENTIFIED WITH

THIS CERTIFICATION COVERS PIECES ON OUR SHIPPER - DATED

INCLUDING

I HEREBY CERTIFY THAT THE PARTS WERE PROCESSED IN ACCORDANCE
WITH THE SPECIFICATIONS NOTED. ORIGINAL COPIES OF ALL CERTIFICATES
ARE ON FILE AT ARCTURUS MANUFACTURING CORPORATION,

1 88 SIGNED

TITLE
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A~ MANUFACTURING CORPORATION

6001 ARCTURUS AVENUE . OXNARD, CALIFORNIA 93030

MANUFACTURING  PROCEDURES,
CONTROLS AND DOCUMENTATION FORMS
FOR PROCESSING ANSC 90297-3"A"
FORGINGS -~ ARCTURUS 2918-MP-1000

ROTOR, TURBINE - SECOND STAGE

ANSC P/N 1138578-1 "E"
ARCTURUS DIE 2918

AUGUST 10, 1971
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MANUFACTURING PROCEDURES,
CONTROLS AND DOCUMENTATION FORMS
FOR PROCESSING ANSC 90297-3"A"
FORGINGS - ARCTURUS 2918-MP-1000

ROTOR, TURBINE - SECOND STAGE

ANSC P/N 1138578-1 “"E"
ARCTURUS DIE 2918

AUGUST 10, 1971

PREPARED W \7. / /J//,,‘j APPROVED/ / /@«/ L

DATE - ?75/2/)/ . DATE -//Z/@/’
190 |



'REVISIONS ’ ) .29]8—MP—1000_

-+

,'.’ .--’-—~ i i ] . . .
Vet [ ROTOR, TURBINE - SECOND STAGE ssuep  8/10/71
MFG. CORP. - | < ANSC P/N 1138578-1 "E" . - .lrevision N/R

- O.XNAF.D, CALIF. ’ - o ANSC 90297_3 npn A ) S s T of 1

1. SCOPE: This revision page'sha1].COVer,changés applicable to the above
part.. » ST : ' :
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ARCTURUS MATERIAL SPECIFICATION AGC-MS-1000

<J e Raw Material Procurement 1SSUED 8/10/71
MFG.CORP. ANSC 5AL-2.5 Sn ELI Forgings revision N/R
OXMARD, CALIF. - ANS - 90295A pAGE 1 of 6
1.0 SCOPE: This spec1f1cat1on sha11 app]y to material utilized in the forg1nq‘
_of the following parts: o |
. ANSC P/N - . . _Arcturus Die #
1138579-1 "C"........ rreeeraa, o iiee. X=292
1138579-2 "C" . iviinennnnnnnn. Wessssecnns .. .X-293
1138575-1 "D".vvvennenn. Cieesessenansesess2915
1138576-1 "E" .. ivviinnnannns Ceeseceaateanas 2916
1138577-1 "D it SN 2917
1138578-1 "E".......;.... .................. 2918
2.0 REFERENCE DOCUMENTS: ANS-90295A, AMS 2249, ANS 90296 ANS 9032, MIL- I 6866,
- MIL-I-8950, FED-STD-184, MIL STD-129. _
3.0 MELTING PRACTICE: Material shall be produced by mu]t1h1e melting useing the
consumable electrode practice with both melting cyc]es performed under -
Vacuum conditions. _
4.0

-COMPOSITION: Compos1t1on of material shal] be as follows:

Element : - Percent

Min. . Max.
Aluminum 4.70 5.60
“Tin 2,00 3.00
Iron , o 0.25
Oxygen : ' o 0.12 .
Manganese ‘ . 0.03
Carbon 0.05
Nitrogen o ‘ 4 0.04
Hydrogen - o 0.0125
Other elements, each 1/ 3 - 0.05
Other elements, total 1/ ’ - -0.20
Titanium -. o ~ Remainder

1/ Need Not Be Reported -

SECTION 1: REQUIREMENTS

5.0

6.0
6.1
6.2
6.3

MATERIAL: The ingot used for production of bars and billets shall be
composed of pure, virgin master alloying materials and titanium sponge
conforming to ANS-90296. No scrap (internally generated or otherwise) shall
be used in the production of material supplied to th1s specification.

PRIMARY MELTING CYCLE:

Vacuum Control: The vacUum.level shé11 not exceed 1000 microns.

Water Leakage: There sha]] be no water leakage during the melting operation.

Power Control: There sha]] be no power interruption other than momentary
interruptions due to trans1ent arch characteristics during melting.
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ARCTURUS MATERIAL SPECIFICATION AGC-MS-1000

é&f,,,cfcci Raw Material Procurement 1ssueo 8/10/71
\  MFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings revision  N/R
OXNARD, CALIF. : . ANS - 90295A pace 2 of 6

7.0
7.1
7.2

7.3

SECONDARY MELTING CYCLE: .

Vacuum Control: The vacuum level shall not exceed 1000 microns.

Water Leakage: There shall- be no water leakage during or after the melting
period. ,

Power Control: There shall be no interruption of power during‘the melting

cycle, except the gradual power reduction required to control the size and

- shape of shrinkage cavity.

8.0
‘8.1

8.2

9.0

10.0

10.1

12.0

13.0

NELDINP:

we1d1ng Process: A1l welding processes needéd to assemble the electrode

shall be performed in an inert atmosphere using welding methods which
preclude the possibility of contaminating the electrode (ingot) with high
density welding e]ectrode debris (such as tungsten jnclusions), slag and
oxides. - , _

Preparation of Electrodes: Welding on the electrodes for the final melt

cycle shall be Timited to the welding of the stub to the ingot. The stub
shall not be used for the production of b11]ets nor sha11 the stub weld be
melted during the secondary melt. .

CLEANING AND COATING: The cast electrode sha11 be cleaned between the

primary and secondary melting cycles to insure that undesirable surface
features remaining on the electrode are removed. Cleaning may be accomplished
by water spray and pickling methods. Abrasives (such as sand, metal or

glass shotg shall not be used for cleaning the electrode. A su1tab1e

coating shall be applied to the ingot for primary ingot reduction.

PROPERTIES: The ingot, assembled and melted as specified in 3.0 shall

be worked, pressed, forged or swaged, as requ1red to obta1n minimum billet
~grain size.

~

Macrograin Size: ’Macrograin size for bars and billets shall be 0.25 inch

maximum. Variation of macrograin sizes shall not be banded or grouped with
predominant grain size variation lTimited to 0.125 inch.

DIMENSIONS AND TOLERANCES: Dimensions and tolerances shall be as specified

in the contract or order. The billet shall be furnished round with a maximum
diameter of eight inches. -

SURFACE QUALITY: The bars and billets shall be free from surface imperfections

as determined by penetrant inspection. The acceptance level shall conform
to ANS-9032-1. Surfaces to be penetrant inspected shall not be subject ta
particle impact cleaning.

INTERNAL QUALITY ' The material shall be un1f0rm in qua11ty and condition,
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1 15.0.

- 14.0

and free from porosity, cracks, p1pe, high or 1ow density inclusions and

“any evidence of enfoliations. Ultrasonic inspection acceptance criterion

shall be 3/64 inch (No.3) flat-bottomed hole single po1nt indication on the .
full metal thickness. -

IDENTIFICATION: The material shall be identified in accordance with
FED-STD-184 and shall include the following, in the order listed:

~ (a) Alloy identification

b) Ingot number
c). Bar or billet location
d

Bar or billet serial number

(e) Name or trade mark of manufacturer
sf Purchasers name or trade mark

g) Purchase order or contract number

SECTION 2: QUALITY ASSURANCE PROVISIONS

:15.1

15.2

15.3

SUPPLIER RESPONSIBILITY:

Inspection: Unless otherwise spec1f1ed the supplier is respons1b1e for the
performance of all inspection requirements as specified herein and may use

any facilities acceptable to the Aerojet Nuclear Systems Company (ANSC).

Procedures and Instructions: The supplier shall provide processing procedures
or instructions to insure compliance with these requirements, copies of

vwhich shall be submijtted to ANSC for review and approval prior to processing.
These procedures or instructions shall be in sufficient detail so as to
enable future reporducibility of material to the same processes. Copies

of these procedures or instructions and records of conformance shall be
retained for a period of seven years and 1dent1f1ab1e to the spec1f1c ANSC
purchase order.

Reports: Unless otherwise specified, the supplier of the product sha11
furnish with each shipment three copies of a report giving, where applicable,
the actual values obtained as a result of tests verifying conformance to

the requirements of this specification. Separate reports shall be submitted

for each Tot of material. The reports shall include at least the following
information: : ' .

(a) Raw material certifications for alloying materials (aluminum and tin).
(b) Certification to specification ANS-90296.

(c) Macrostructure photographs and macrogra1n s1ze determ1nat1ons, each
bar. and billet.

{(d) Ultrasonic 1nspect1on noise 1eve1s and resu]ts for each bar and b111et
‘the amount of cropping and types of indications (except end concavity

ji‘%fi
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16.0

17.0
17.1

17.2

17.3

- not in excess of normal mill practice).
(e) Chemistry, representing bi]lets identified relative to ingot location.

(f) Diagrams of billet and bar locations relative to the ingot, showing
the billet location within the ingot and bar location within the billet
identified from top to bottom of the ingot. The location shall be
identified on the required certifications and test reports.

' (g) A11 information required in 14.0

(h) Processing procedures.

LOT: A lot shall consist of riaterial from the same ingot of the same
configuration dand size and processed at the same time.

R

VERIFICATION:

Material: The processing procedures supplied as specified in 15.2
shall be reviewed to assure compliance with material requirements of

5.0.

Chemical Composition: A chemical analysis shall be made from bars or

billets in accordance with AMS-2249 and shall conform to requirements

of 4 0

Heats: The supplier shall provide processing procedures or instruotions

and certify compliance with these requirements, copies of which shall be -
submitted to ANSC for review and approval. The process controls shall
provide for the inspection of anomaiies that are cause for rejection of

-the heat.

17.4 MWelding: The suppiier sha]] provide processing procedores or instructions

and certify compliance with these requirements, copies of which shall be
submitted to ANSC- for review and approval. The procedure shall provide for
the inspection of anomalies that are not acceptabie

17.5 Cleaning: The suppliers process procedures or instructions shall ineiude.

provisions for cleaning, to comply with 9.0.

17.6 Properties: The supplier's procednres and instructions shaii-include the

17.7

17.8

provisions to obtain minimum grain size in compliance with 10.0.

Dimensions and Tolerances: Bars and billets shall be examined to verify

conformance to dimensions and toierances as specified in the contract or .
purchase order.

Penetrant Inspecfion Bars and bii]ets shall be penetrant inspected in

accordance with MIL-1-6866, Type I, Method C using perietrant containing

- sulfur and chlorine not exceeding 50 parts per miiiion (PPM)
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:_,117.9 Microstructure-and WOrkmanshfp:

o ..17.9.1 Macroetch Sample Preparation and Inspection: The top and bottom slices
S of each billet produced from the ingot, suitably identified by billet
numbers, shall be macroetched and photographed. Each slice, so parted,
. shall be identified as to alloy, ingot number, and bar or billet Tlocation.
"~ Photographs of all billet macros. identified to alloys and ingot numbers
. shall be subniitted to ANSC with copies of certifications and test reports.
On the basis of the macroetched surfaces, billets sha]] be inspected for
conformance to Section 1 requirements.

17 10 Ultrasonic Inspection: Bars and billets shall be 1athe turned prior to
' ultrasonic inspection. The surface finish of the lathe turned billets shall
be 125 RMS or better. Inspection shall be of the immersion type using
both longitudinal and shear wave techniques by scanning of the bars while
the bar is simultaneously turning and the carriage carrying the inspection
head is traveling along the axjal Tength of the bar. Inspection shall be
performed in accordance with MIL-I-8950, except that, when the instrument
is set so that the first back-reflection from the correct test block is
~at 80 percent of the screen saturation adjusted for non]inearity, the ‘
material shall be inspected for loss of back reflection. Any loss in back ,
reflection in excess of 50 percent of full saturation of the screen sha]] be
considered not acceptable. , : -

17101 Noise‘Leve]:"ThejhoiSémléyﬁlfor'gaqh,pgr:ahd biT1et Shall be recorded
___and reported. - | .

: 17 10. 2 Calibration Standard: The standard used for equipment calibration shall
f be fabricated from a bar or billet selected at random from the inspection
lot. The reference notch in the calibration standard for shear wave
inspection of bars up to 4 inch diameter shall be machined to a depth
bf 3 to 5 percent of the full metal thickness. The reference hole in
the calibration standard for shear wave inspection of b111ets shall be
machined to a depth of 0 250 inches. :

17.10.3 Procedures: The supp11er shall provide u]trason1c testing procedures
or instructions to insure compliance with these requirements, wh1ch shall
be submitted to ANSC for review. . :

- .17:.10.4 Rework: Bars or billets g1V1ng ultrasonic indications of rejectable
porosity, laps, voids, enfoliation, center bursts, inclusions and
detectable segregation may be used provided that areas showing these
conditions have been removed, verified as to type, and end faces of removed

. sections have been etched and found to be free from defects. The
certification or test reports for the remaining billets shall record the
information relative to the rejection of any other portion.

17.11 Identification: Bars and b111ets shall be visually 1nspected to ver1fy
conformance to Section 1 requirements.

SECTION 3 PREPARATION FOR DELIVERY jif%ﬁ?"
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18.0 PACKAGING: Each product sha]] be packaged to prevent damage dur1ng
ﬁand]1ng and shipping.

18.2 Mark1ng Containers shall be marked in accordance with Standard MIL STD- 129
Mark1ng shall include the fo11OW1ng information:

(a) Manufacturers name
Material identification
c) Lot number and heat number
d) Bar or billet serial number(s)
e) Purchase order number

'SECTION 4 NOTES

19.0 INTENDED USE: Material produced ‘to this specification is intended for
‘ use in critical, cryogenic rocket vehicle components, requ1r1ng h1gh
re11ab111ty and operating in the temperature range of +90°F to -423°F.

19.1 Ordering Data: Procurement documents should specify the fo]loW1ng information:

(a) This spec1f1cat1on number - -
ibg Size and shape, as required : N Lo
C ?ua]ity Control Standard Clauses ’ o
1) Source surveillance '
éZ; Source acceptance
3) Source inspection - Government,
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ARCTURUS PROCESS PROCEDURE ANSC-FC-1000

1.0

2.0

3.0

3.1

4.0

5.0

6.0

SCOPE: This procedure sha]] be fo]]owed in utilizing equ1pment for
heating the parts for forg1ng referenced on the title page.

REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, MIL-H-6875D.

IDENTIFICATION OF EQUIPMENT: Arcturus Furnace #25, a.gas fired furnace
with two zone control, shall be utilized in heating the subject parts for .
forging. Burners are L&N Speed-0-Max controllers-recorders, with series 60 -

- controllers. N.A. flat flame-excess air types.

Temporature control on Furnace #25 is ma1nta1ned by 2 Ray-C-Tube thermo-piles,
located at the front and rear of the furnace. ) .

RESPONSIBILITY: The responsf5111ty for conducting the necessary furnace
calibration and surveys, together with routine chart and battery rep]acement
shall rest with the Quality Control-Department.

TEMPERATURE UNIFORMITY: The furnace and controlling instruments, shall be

. calibrated at T800VF., and temperature uniformity throughout the furnace

shall not exceed + 20 deg. F. The furnace shall be surveyed at thirty
(30) day intervals. Suitable labels showing date, furnace number, company
certifying, and individual certifying, shall be p]aced on each instrument

’.at time of survey

CERTIFICATION: Certification of thé above shall be maintained on record at
Avrcturus., : ' - .
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1.0 ACKNOWLEDGEMENT & SCOPE: This procedure shall be followed in heating

2.0
3.0
4.0
4.1
5.0

5.1
5.2

6.0

multipTes for forging after release and transfer of the multiples per

" Arcturus Process Procedure ANSC-MS-1000. ’

REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual. Arcturus Form
#F-1001. . : .

RESPONSIBILITY: It shall be the responsibility of the forge shop super- -
intendent to carry out the heating practice in accordance with this procedure.

FURNACE CONTROL: Furnace #25, as described in Arcturus procedure ANSC-
FC-1000, shall have controls set at 1775 deg. F.

Furnace Uniformity: Before loading of multiples, furnace temperature

must even out. Uniform temperature through-out shall be achieved.

LOADING OF MULTIPLES: Cut multiples shall be Toaded in accordance with
the following procedure. ) . :

R4

Multiples shall be loaded in serial number sequence. .

A record of loading sequence shall be maintained on Arcturus furnace
loading form #F1001. ' ' .

LOADING OF CROSS WORKED MULTIPLES: Cross worked multiples shall be loaded

. In accordance with the following procedure.

6.1
6.2

7.0

7.1
7.2

8.0

9.0

Crossworked multiples shall be loaded in serial number sequence,

A record of loading sequence shall be mainfained on Arcturus furnace .
loading form #F1001. '

LOADING OF PARTIALLY FINISHED FORGINGS: Partially finished forgings

shall be Toaded in accordance with the following procedure:
Partially finished‘¥orgings shall be loaded in serial number sequence.

A record of loading seqﬁénce shall be maintained on Arcturus furnace
loading form #F-1001. .ot

RECORD OF DATA: In addition to the data maintained on furnace Toading

form F-TOOT, the job number, together with the serial numbers of each
part, shall be entered on each furnace chart. The date also shall be
entered on each chart. o

VERIFICATION OF COMPLIANCE:- A11 recorded data, including furnace loading

charts and recorder charts, will be forwarded to Arcturus Quality Control
for verification of compliance to this procedure. '
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1.0 ACKNOWLEDGMENT & SCOPE: The following prdcedure‘sha1] be followed in
. forging the above parts. ' :

2.0 REFERENCE DOCUMENT: Arcturus Quality Assurance Manual.

3.0 RESPONSIBILITY: It shall be the responsibility of the forge shop super-"
intendent to carry out the forging practice according to this procedure.

4.0 EQUIPMENT: .Equipment utilized shall consist of a 25,000# Erie steam
hammer for all forging operations. Cross forging shall be performed
utilizing a set of flat dies. Prefinishing and finishing operations
shall be performed utilizing dies per Arcturus die drawings.

5.0 FORGING: Forging shall befherformed in accordance with the following
.proceaure:~ _ '

5.1 Cross MWorking: Multiples heated in accordance with the practice outlined
in Arcturus Process Procedure ANSC-FH-1000 shall be manually transferred,
utilizing hand tongs, from furnace #25 and placed on flat dies installed
in the 25,000# hammer. Cross working shall then be performed. .

5.2 Prefinishing: Cross worked pjeces, reheated in accordance with the practice
outTined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in dies conforming to Arcturus die
drawings. The pieces shall be located in the die and the first hammer
blow shall be made, without any. Tubricant, to set the piece in position.
Subsequent blows shall be made utilizing a graphite impregnated oil
Tubricant flowed on the dies.  The hammerman shall control the intensity
of the blows by observing the flow of metal in the die, so that more heat
is not generated in the piece than is dissipated between blows. Adiabatic

 heating will result in an unsatisfactory micro-structure. Forging shall
cease when it is observed that the last blow has produced no flow of metal.
The hazard of inducing surface or interior cracks emanates at this point.

5.3 Finishing: Prefinished forgings heated in accordance with the practice
outTined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in finish dies conforming to Arcturus -
die drawings. The same precautions and procedures outlined under pre-
finishing above, shall be observed. Cooling after the final hammer operation
shall be performed by quenching in water.

6.0 PROCEDURES APPLICABLE TO ALL OPERATIONS:

6.1 Reheating: Heat lot and bar lot variations in raw material preclude any
exact definition of the number of hammer blows and the number of reheats
to complete a part. The heater shall restamp while hot the serial number
of each part after each forging operation. When the part fills the cavity
of the die, the hammer operation shall be considered complete.

. - <04
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6.2. Procedure if Cracking Occurs: The hammerman shall visually inspect the

part when it is taken out of the dies.

Any hairline cracks require the

- part to be sent to inspection so that these cracks do not propagate

into sound metal.

_grinding for removal of the cracks.

20<

If cracking is observed while the part is being forged
in the die, forging shall stop, and the part shall be sent to process
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MFG. CORP,

PAGE

2.0

3.0 RESPONSIBILITY:

7.0 RECORDING OF DATA:

orgings
ANSG_90297 A

1 0 ACKNOWLEDGMENT AND SCOPE: This procedure shall be:followed in heat treating
.. finish forged parts after forging and processing per Arcturus Process
‘Procedure ANSC-FP-1000. This procedure shall apply to the fo]]ow1ng parts

" ANSC. P/N

Arcturus Die #
1138579-1 C - X-292
11385792 X-293
1138575-1 D - 2915
1138576-1 E 2916
S 1138577-1 D 2917
- 1138578-1 E 2918

REFERENCE DOCUMENTS:
ANSC 90297 A.

'Arcturus Quality Assurance Manual, MIL~H~81200;

It sha]] be the respons1b1]1ty of the heat treat processor
to carry out the heat treating pract1ce according to this procedure

4.0 EQUIPHENT: Vacuum annealing equipment and controls shall be as Follows:
4.1
4.2

IPSEN electrically heated furnace with 48" x 60" retort chamber.
Honeywe]] Control Pyrometer #A0275789015

5.0 TEMDERATURE UNIFORMITY: Temnerature uniformity shall be within + 25 F
of the 14000F temperature used as determined by periodic 30 day surveys.

6.0 PROCEDURE Parts sha]] be p1aced in a retort of adequate size for the
load. - A vacuum of 0.1 micron oy less is pulled on the retort and the
retort is heated to 1400°F + 25 F. Time at temperature shall be one (1)
hour minimum. Furnace shall then be cooled to 3009F. maximum and final

"~ cooling to room temperature shall be in air. Temperature profile
verification on actual parts shald be by recorded chart by thermocouple
in contact with one part in the load.

In addition to the data maintained on the heat treat
vendors work order, the following information is to be supp11ed on the
furnace chart . ,

ARCEUAUT M 1T AT AM Y VE IR IALION D230

H. T. VNOU oS R T~ - S R S —
MITERS. Y & Fro o5 I L Lot A

’ CHAR, Sp. L St U ToN R RUNE IR

] VNECUT Cr v mae TR CE Gt .
CIEAT.. . L EN FE e
ALL WELS 7 o ge o Flubzw oas ULE IR WALV RETURN CHAR
TH FGLLL L 4 )

8.0 VERIFICATION OF COMPLIANCE: Al recorded data, including furnace charts, B
shall be forwarded to Arcturus Quality Control for ver1f1cat1on of cowo]1ance

to this procedure. 203
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1.0 SCOPE: This procedure shall-apply to the testing of the parts referenced-

2.0

3.0

- 3.1

3.2

3.3

4.0

5.0

6.0

_on the title page of this manual.

REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, ANSC 90297 A, ASTM
E8, FED-STD-T51. L R ‘

PRE-PRODUCTION QUALIFICATIONS: After forging design and procedures have
been established, one forging from each of the parts referenced on the title
page shall be destructively tested, after heat treatment per ANSC-HT-1000,
in accordance with the following procedure. '

Mechanical Property Requirements: Four test blanks shall be cut from the
Tocations designated on the ANSC drawings for each of the parts referenced
on the title page of this document. After machining the bars and tensile
testing at a strain rate of 0.005 + 0.002 inches per inch per minute
through the yield strength, and then increasing the strain rate so as to
produce failure in approximately one additional minute, the following
minimum properties shall apply in all directions.

U.S. psi Y.S. psi % IR.A. |
110,000 100,000 .. 12 25 '

Microstructure: Examination for microstructure shall be in accordance

- With paragraph 3.7.2 of -ANSC 90297A. The microstructure shall indicate

that the forgings have been finished forged at a temperature below the
beta transformation temperature and that no subsequent thermal treatment
above the beta transus has been applied. The microstructure shall be
uniform and indicate a wrought structure. -

Macrostructure: Examination for macrostructure shall be in accordance
with paragraph 3.7.3 of ANSC 90297 A. The macrostructure shall show no
evidence of gross alloy segregation. Grains of similar size shall be
distributed at random and not oriented in bands. .

PRODUCTION TESTING: Production testing of each part shall include the
requirements of paragraph 3.1 above. The requirements of paragraph 3.2
and 3.3 shall not apply. : . , :

REPORTS: Test results as obtained above shall be reported to Aerojet on
Arcturus Form #19829. Three copies of this document shall be furnished

to Aerojet attesting to conformance of ANSC 90297 A. These reports shall
include the purchase order number, specification number and mill heat
number and location and orientation by S/N of each forging with respect

to its bar. o : ' :
REJECTIONS: Forgings not conforming to this specification or to authorized
modifications shall be subject to rejection. . '

204
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1.0 This procedure describes in detail the process of ultrasonic inspection of
: the parts referenced on the title page of this procedure.
2.0 Equipment shall be as fo]lows:
.a. Sperry Type UM 721-T0N instrument
b. "~ Automation Industries 1ithium sulfate transducers.
c. MWater tank and water filter.
d. Test blocks, Alcoa series, with the followino hole sizes and metal
" travel distances. (for qualification of equipment)
Hole Sizes _ | ~ Metal Travel Distances
2/64" . - 6 3u 3/4!1 ]/211’ ]/411
4/64
e. Test blocks, 4340 materxa], with the following hole sizes and
\ metal travel. distances. (for scanning of parts)
Hole Sizes ' . Metal Trave1 Distances
3/64", 5/64" ) - ]/8", ]'/4113 ]/211, 3/4:1, ]",
' ' -1 174", 1 1720, 1 3/4"
3.0 HEqu1pment qualification shall be as fo]]ous
| a.' Reso]ve a 2/64" flat bottomed hole at the followina frequencies
and metal travel distances. (a) 0.75" at 2.25 MC, (b) 0.50" at
) MC (c) 0.25" at 10 MC. ' '
b. ,Determ1ne the resolution of a 2/64" flat bottomed ho]e with a
.. 3/4" transducer and an incident angle of 0°. Adjust the flat
bottomed hole response for an amplitude of 50% saturation. With
this condition, a minimum of 40% of saturation of the flat bottomed
hole indication shall be separated and clearly distinguishable from
. the front surface indication. Resolve a 2/64 inch flat bottomed hole
at a metal travel of 6 inches, indicating a minimum response of 50%
-saturation so that base 1ine noise level shall not exceed 5% of the
amplitude of the flat bottomed hole response. - A minimum signal change
of 50% of saturation shall be demonstrated between response from a
2/64 inch and a 4/64 inch flat bottomed hole at a metal trave] of
~ three inches.
4.0 Parts inspected shall be scanned using the following brocedure.' Both

longitudinal and shear wave techniques shall be used. -

a. Care shall be exercised to maintain surfaces free of grease, oil,
paint or any other contaminants. Surface finish shall be 125 RS
maximum., :

b. In standard1z1nq the instrument for the search scan, a 2/60“ flat .
bottomed hole with a metal travel distance of 1/2", shall be displayed
at an amplitude of 50% of fukiiﬁf?]e deflection (approx 1").
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c. . In scanning the part, crystal overlap shall be maintained at 3/16"
maximum. Scanning speed shall be maintained at one inch per second
maximum. Parts shall be scanned in accordance with the scan plan.

Water. travel distance from the transducer to part undergoing test

shall be adjusted so that the second front reflection does not

“appear between the first front and first back reflection. Maintain

the same water-travel distance for both standard1zat1on and inspection -
procedures within p]us or minus 1/2".

5.0 PRODUCT EVALUATION SHALL BE AS FOLLOWS

a. Use reference blocks of the same mater1a1, shape, and cond1t1on as the
parts being 1nspected :

b. Match as closely as possible the response of the flaw to that of one
- of the above blocks. Diameter and depth may not be determ1ned within
the 1imits of the b1ocls. .

© 6.0 ACCEPTANCE STANDARDS:

6.1 Class: The fo]]owing class shall apply.

S Tiea BAAL
Ol Clabb Ard

“6.1.1.1 No flaw indications exceeding'ZS% of the response from a 3/64
‘ inch diameter flat bottomed hole are acceptable.

6.1.1.2 Flaw indications in excess of 10% of the response from a 3/64
. ]ECh diameter flat bottomed hole sha]] not have their centers closer
than 1 inch. ’

6.1.1.3 No drop in back reflection of 20% or greater than cannot be .
be attributed to surface condition or abnormal test cond1t1on is
acceptable. :

6.2 Rejection Criteria:

6.2.1 Material exhibiting flaws in excess of above requirements for
' - the applicable class shall be rejected except as described in
2. :

6.2.2 Flaws in excess of the acceptance 1imits shall be allowed if it
is definitely established that they will be completely removed by
future machining or cutting operations.

6.3 Materia] Disposition Control:

6.3.1 ReJected material shall be handled by the MRB system

7.0 .HAR NG: A1l defects sha]] be located on the part with a symbol j[:z hav1nq a
1/2 1nch d1ameter center or a «1—nhaV1ng 1/2 inch nax1mum dimensions. Thé

=06
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center of the mark is to be as close as poésib]e, coincident with the
projected center of the defect, and the depth from the surface shall be
shown adjacent to the marl Acceptab]e parts shall be stamped with an

A-4 stamp.

8.0 PRIMARY .STANDARDS: Instruments and gauges shall be periodically tested
for accuracy and shall have properly stamped labels attached to them
shoviing date of last inspection and date of next inspection.

9.0 REFERENCE DOCUMENTS: MIL-I-8950B.
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ARCTURUS PROCESS PROCEDURE

2918-SP-1000

"/’/”V’f/,f . Sean Plan 1ssued 8/10/71
MFG. CORP. - for {rEVISION  N/R
OXNARD, CALIF. ANSC P/N ]138378 1E Arcturus 2918 pace 1 of 1

1.0 SCOPE: The following illustration shows the scan plan to be used in
uTtrasonic inspection of the above part.

2.0 INSPECTION: Inspect1on shall be performed according to section
'ﬁ—SC’UT““TGOO of this manual.

SHEAR "

NG

<08
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ARCTURUS PROCESS PROCEDURE o ANSC-FPPI-1000
'{lifff {Zf Penetrant Inspection Procedure , ISSUED  8/10/7]
MEG. CORP. for ANSC 5AL-2.5 SN ELI Forgings Irevision  N/R
OYHARD, CALIF. ANSC 90297 A Toace 1 of 1
1. O

2.0

3.0

MIL-1-68555.

SCOPE:  This proceoure sha]] app]y to the penetrunx inspection of the parts
renercncea on the title page of this document. :

REFERENCE DOPUI ENTS: MIL-1-6866B, AMend #1, Amend #2, ANSC 90297A, Arcturus-
Quality Assurance Manual, ANSC 9032- 1.

<PROCEDURE. Par S sha11 bn 1nspeCLnd in aCCOYdmnCG with 1ype 1 Method B of

3.1 Precleaning: Parts <hd]1 be prec]eaned in accordance with paragraph

4.0

5.2 of 1MIL-1-6866B.

3.2 Penetrant Application: “Penetrant shall be applied by d1pp1nq in
accordance wWith paragraph 5 3 of MIL-I-68668B.

3.3' Emulsifier App11cat1on Emulswr1er shall be app]1ed in accordance with
' paragrapn 5.4.2 of MIL-I-68668B.

3.4 Rinsing: A1l parts shall be rinsed in accordance with parﬂoraph .5
of MIL-T-68668. : < :

3.5 Devc]gp1nq A]] parts sha]] be deve]opod in accordance with pu.agraph
5.6.1T of MIL-1-68668.

;3.6 Drying: After development per 3.5 above parts shall be or]ed in

*accordance with paragraph 5.7 of MIL-I- 68608

3.7 Inspection: Inspection sha]] be in accordance w1th paragraph 5.8
~ of MIL-1-68668.

3.8 Final Cleaning: = Parts shall be steam c1eaned after all of the above
processes have been compléeted,

ACCEPTANCE STANDARDS Acceptance standards shall be per app11cab1e
drawing and purchase order requirements. ‘
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G~MANUFACTURING CORPORATION

6001 ARCTURUS AVENUE ® OXNARD, CALIFORNIA 93030 ® TEL. {805) 488-4481 ® TWX (80S) 447.7107

TEST CERTIFICATE

CUSTOMER PART NO. P. O.
STOCK
MATERIAL SPEC. SIZE SUPPLIER
_ CHEMICAL ANALYSIS
HEAT
NUMBER C Mn P S Si Cr Mo
GRAIN SIZE HARDENABILITY

FORGINGS PROCESSED AS FOLLOWS:

PROCESSING SPECIFICATIONS

MECHANICAL PROPERTIES

$/N OR YIELD ULTIMATE ELONG. | RED. OF
OT NO. STRENGTH STRENGTH (4D) AREA (%) REMARKS

Psr”

FORGINGS IDENTIFIED WITH

THIS CERTIFICATION COVERS PIECES ON OUR SHIPPER DATED

INCLUDING

I HEREBY CERTIFY THAT THE PARTS WERE PROCESSED IN ACCORDANCE
WITH THE SPECIFICATIONS NOTED. ORIGINAL COPIES OF ALL CERTIFICATES
ARE ON FILE AT ARCTURUS MANUFACTURING CORPORATION.

SIGNED

21{ 4 TITLE
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MANUFACTURING PROCEDURES,
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pace 1 of 1

1. SCOPE: This revision pagefsha1] cover changes applicable to the above

part.. . : _ _
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ARCTURUS MATERIAL SPECIFICATION AGC-MS-1000
Y2’6’7°¢7>"”~ : Raw Material Procurement 1sSUED 8/10/71

MFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings revision N/R
OXNAPD CALIF. - ANS - 90295A pAGE 1 of 6 ]
1.0 SCOPE: This specification shall apply to material utilized in the forging

2.0
3.0

4.0

Aof the following parts: o
ANSC P/N - . T Arcturus Die #

1138579-1 "C"........ eseeratacseseanaecnse X-292
1138579-2 "C"..... Ceereieaees S esessaasesens X-293
1138575-1 "D"......... teessesnnenens eeeaen 2915
1138576-1 "E"..vvvvnivninnnn tereeann Ceaieeas 2916
1138577-1 "D". ...ttt “tscessnasasansans 2917
1138578-1 "E" ittt e 2918

REFERENCE DOCUMENTS: ANS- 90295A, AMS 2249, ANS 90296 ANS 9032, MIL-I-6866,
MIL-I1-8950, FED-STD-184, MIL-STD-129.

MELTING PRACTICE: Material sha]] be produced by mu1t1b1e melting useing the
consumable electrode practice with both melting cycles performed under
vacuum conditions. :

-COMPOSITION: Composition of material shall be as follows:

Element S - Percent
Min. Max.

Aluminum .70 5.60
“Tin - 2.00 3.00
Iron - : . 0.25
Oxygen - - 0.12 .
Manganese - 0.03
Carbon . 0.05
Nitrogen : ) , .0.04
Hydrogen o 0.0125
Other elements, each 1/ o _ 0.05
Other elements, total 1/ ° .0.20

~

Titanium : ~ Remainder

1/ Need Not Be Reported

SECTION 1: REQUIREMENTS

5.0

6.0
6.1
6.2
6.3

MATERIAL: The ingot used for production of bars and billets shall be
composed of pure, virgin master alloying materials and titanium sponge
conform1ng to ANS-90296. No scrap (internally generated or otherwise) shall
be used in the production of material supplied to th1s spec1f1cat1on

PRIMARY MELTING CYCLE:

Vacuum Control: The vacuum 1éve1 shall not exceed 1000 microns.

watef_Leakage:' There shall be no‘watef 1eakage during the me]ting operatioh.

Power Control: There shall be no power interruption other than momentahy
interruptions due to transient arch characteristics dur1ng me1t1ng

<2l
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7.0

7.1

SECONDARY MELTING CYCLE: .

Vacuum Contro]:‘ The vacuum Tevel shall not exceed 1000 microns.

7.2

Water Leakage: There sha]l be no Water leakage during or after the melting

- period.

Power Control: There shall be no interruption of power during'the melting

7.3

cycle, except the gradual power reduction required to control the size and

“shape of shrinkage cavity.

8.0
8.1

WELDING:

Welding Process: A11 welding processes needed to assemble the electrode

8.2

shall be performed in an inert atmosphere using welding methods which

preclude the possibility of contaminating the electrode (jngot) with high
density welding electrode debris (such as tungsten inclusions), slag and
oxides. : : . :

Preparation of Electrodes: Welding on the electrodes for the final melt

9.0

cycle shall be Tim?ted to the welding of the stub to the ingot. The stub
shall not be used for the production of billets nor shall the stub weld be
melted during the secondary melt. ‘ : . '

CLEANING AND COATING: The cast electrode sha11 be c1eaned between the

10.0

primary and secondary melting cycles to insure that undesirable surface
features remaining on the electrode are removed. Cleaning may be accomplished
by water spray and pickling methods. Abrasives (such as sand, metal or

glass shot§ shall not be used for cleaning the electrode. A suitable

coating shall be applied to the ingot for primary ingot reduction.

PROPERTIES: The ingot, assembled and melted as specified in 3.0 shall

be worked, pressed, forged or swaged, as required, to obtain minimum billet

grain size.

10.1

~

Macrograin Size: 'Macrograin size for bars and billets shall be 0.25 inch

maximum. Variation of macrograin sizes shall not be banded or grouped with
predominant grain size variation limited to 0.125 inch.

DIMENSIONS AND TOLERANCES: Dimensions and tolerances shall be as specified

-12.0

in the contract or order. The billet shall be furnished round with a maximum
diameter of eight inches. : :

SURFACE QUALITY: The bars and billets shall be free from surface imperfections

13.0

as determined by penetrant inspection. The acceptance level shall conform
to ANS-9032-1. Surfaces to be penetrant inspected shall not be subject ta
particle impact cleaning.

INTERNAL QUALITY: The material shall. be uniform in quality and condition,
o . 292 ' o :
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and free from porosity, cracks, pipe, high or low density inclusions and
“any evidence of enfoliations. Ultrasonic inspection acceptance criterion
shall be 3/64 inch (No.3) flat-bottomed hole single point indication on the
full metal thickness. - -

| 14.0 IDENTIFICATION: The material shall be identified in accordance with
FED-STD-184 and shall include the following, in the order listed:

~(a) Alloy identification
b) Ingot number
c). Bar or billet location
d) - Bar or billet serial number
(e) Name or trade mark of manufacturer
if Purchasers name or trade mark
g) Purchase order or contract number

SECTION 2: QUALITY ASSURANCE PROVISIONS‘R
- 15.0. SUPPLIER RESPONSIBILITY:

+15.1 Inspection: Unless otherwise.specified, the supplier is responsible for the
performance of all inspection requirements as specified herein and may use
any facilities acceptable to the Aerojet Nuclear Systems Company (ANSC).

15.2 Procedures and Instructions: The supplier shall provide processing procedures
or instructions to insure compliance with these requirements, copies of -
which shall be submitted to ANSC for review and approval prior to processing.
These procedures or instructions shall be in sufficient detail so as to
enable future reporducibility of material to the same processes. Copies
of these procedures or instructions and records of conformance shall be
retained for a period of seven years and jdentifiable to the specific ANSC
purchase order. '

15.3 Reports: Unless otherwise specified, the supplier of the product shall
furnish with each shipment three copies of a report giving, where applicable,
- the actual values obtained as a result of tests verifying conformance to
the requirements of this specification. Separate reports shall be submitted

for each Tot of material. The reports shall include at least the following
information: ' : ‘

(a) Raw material certifications for a1]oying materials (aluminum and tin).
(b) Certification to speéi%ication ANS-90296.

(c) Macrostructure photographs and macrograin size determinations, each
bar. and billet. ‘

(d) U]trasonic‘fnspection noise levels and results for each bar and billet;
the amount of cropping and types of indications (except end concavity

223
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16.0

17.0
17.1

17.2

17.3

17.4

17.5
17.6

17.7

17.8

- not in excess of normal mill practice).
(e) Chemistry, repreéenting billets identified relative to ingot location.

(f) Diagrams of billet and bar locations relative to the ingot, showing
the billet location within the ingot and bar location within the billet
identified from top to bottom of the ingot. The location shall be
identified on the required certifications and test reports.

(g) A1l information required in 14.0

(h) Processing procedures.

LOT: A lot shall consist of material from the same ingot of the same
configuration and size and processed at the same time.

B

VERIFICATION:

Material: The processing procedures supplied as specified in 15.2

shall be reviewed to assure compliance with material requirements of
5.0. S ' ' '

Chemical Composition: A chemical analysis shall be made from bars or

billets in accordance W1th AMS-2249 and shall conform to requirements

of 4.0

Heats: The supplier shall provide processing procedures or instructions
and certify compliance with these requirements, copies of which shall be -
submitted to ANSC for review and approval. The process controls shall
provide for the 1nspect1on of anomalies that are cause for reJect1on of

the heat. . _

Welding: The supplier shall provide processing procedures or instructions
and certify compliance with these requirements, copies of which shall be
submitted to ANSC-for review and approval. The procedure shall provide for
the inspection of anomalies that are not acceptable.

Cleanin The suppliers process procedures or instructions shall 1nc1ude
prov1s1ons for cleaning, to comply with 9.0.

Progerties: The supplier's procedures and instructions shall include the
provisions to obtain minimum grain size in compliance with 10.0. °

Dimensions and Tolerances: Bars and billets shall be examined to verify
conforimance to dimensions and tolerances as specified in the contract or
purchase order. :

Penetrant Inspection: Bars and b111ets shall be penetrant inspected in

“accordance with MIL-1-6866, Type I, Method C using penetrant conta1n1ng

- sulfur and chlorine not exceedlng 50 parts per million (PPM)
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y 2.17,9 Microstructure and Workmanship:

of each billet produced from the ingot, suitably
numbers, shall be macroetched and photographed.

- shall be identified as to alloy, ingot number, and bar or billet location.

Photographs of all billet macros. identified to al

. shall be submitted to ANSC with copies of certifications and test reports.

- .i_ 17.9.1 Macroeich Sample Preparation and Inspection: The top and bottom slices

identified by billet
Each slice, so parted,

Toys and ingot numbers

On the basis of the macroetched surfaces, billets shall be inspected for

conformance to Section 1 requirements.

17.10 Ultrasonic Inspection: Bars and billets shall be 1

uftrasonic inspection. The surface finish of the lathe turned billets shall

be 125 RMS or better. Inspection shall be of the i

athe turned prior to

mmersion type using

both longitudinal and shear wave techniques by scanning of the bars while

the bar is simultaneously turning and the carriage

carrying the inspection

head is traveling along the axial length of the bar. Inspection shall be
performed in accordance with MIL-I-8950, except that, when the instrument
is set so that the first back-reflection from the correct test block is

at 80 percent of the screen saturation adjusted for nonlinearity, the
material shall be inspected for loss of back reflection. Any loss in back

reflection in excess of 50 percent of full saturation of the screen shall be

considered not acceptable.

17.10.1_ Noise Level:” The ndise‘]EVe].er"each'bér_énd bﬁ}]ét'sha1]_bgmréﬁordeﬂ

and reported.

17.10.2 Calibration Standard: The standard used for equipment calibration shall

be fabricated from a bar or billet selected at random from the inspection

Tot. The reference notch in the calibration standard for shear wave
inspection of bars up to 4 inch diameter shall be machined to a depth

bf 3 to 5 percent of the full metal thickness.

the calibration standard for shear wave inspecti

machined to a depth of 0.250 inches.

The reference hole in
on of billets shall be

17.10.3 Procedures: The Supp]ier shall provide ultrasonic testing procedures

or instructions to insure compliance with these requirements.which shall:

be submitted to ANSC for review.

17.10.4 Rework: Bars or billets giving ultrasonic indications of rejectable
4 porosity, laps, voids, enfoliation, center bursts, inclusions and
detectable segregation may be used provided that areas showing these

conditions have been removed, verified as to type, and end faces of removed

. sections have been etched and found to be free from defects. The

certification or test reports for the remaining billets shall record the

information relative to the rejection of any other portion.

17.11 Identification: Bars and billets shall be visuall
conformance to Section 1 requirements.

SECTION 3 PREPARATION FOR DELIVERY 223
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18.0 PACKAGING: Each product sha]] be pacPaged to prevent damage dur1ng
ﬁand]1ng and sh1pp1ng

18.2 Mark1ng Containers shall be marked in accordance with Standard MIL STD- 129
Mark1ng shall include the following information:

(a) Manufacturers name

(b§ Material identification

¢) Lot number and heat number

?d Bar or billet serial number(s)
e) Purchase order number

-SECTION 4 NOTES o » ' 4
19.0 INTENDED USE: Material produced-to this specification is intended for
' use in critical, cryogenic rocket vehicle components, requ1r1ng high
re11ab1]1ty and operating in the temperature range of +900F to -423°F,

19.1 Ordering Data: Procurement documents should specify the fOIIOW1ng information:

(a) This specification number : ,
Eb; "Size and shape, as required : : ; o
c¢) Quality Control Standard Clauses T : .

(1) ‘Source surveillance

2) Source acceptance

3) Source inspection - Government.
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ARCTURUS PROCESS PROCEDURE ANSC-FC-1000
/, Lﬁ ’/(/ﬁ Forging Furnace Control ISSUED  8/10/71
MFG. COR

OXNAPD,.CAL\IF.. “ANSC 90297 A oAce ] of 1

ANSC 5AL-2.5 Sn ELI Forgings ' revision N/C

—

1.0

2.0
3.0

3.1

4.0

5.0

6.0

SCOPE: This procedure sha]] be fo]]owed in utilizing equ1pment for

-heating the parts for forg1ng referenced on the title page.

REFERENCE DOCUMENTS : Arcturus Quality Assurance Manual, MIL-H-6875D.

IDENTIFICATION OF EQUIPMENT: Arcturus Furnace #25, a gas fired furnace
with two zone control, shall be utilized in heat1ng the subject parts for
forging. -Burners are L&N Speed-0-Max controllers-recorders, with series 60 -

- controllers. N.,A. flat flame-excess air types.

Temperature control on Furnace #25 is maintained by 2 Ray-C-Tube thermo- piles,
located at the front and rear of the furnace. ' . .

RESPONSIBILITY: The responsf5111ty for conducting the necessary furnace
calibration and surveys, together with routine chart and battery rep]acement
shall rest with the Quality Contro] Department.

TEMPERATURE UNIFORMITY: The furnace and controlling 1nstruments, shall be

. calibrated at T800°F., and temperature uniformity throughout the furnace

shall not exceed + 20 deg. F. The furnace shall be surveyed at thirty
(30) day intervals. Suitable labels showing date, furnace number, company
certifying, and individual cert1fy1ng, shall be placed on each 1nstrument

.Aat time of survey

CERTIFICATION: Certification of the above shall be maintained on record at
Arcturus. , :Zz?z?' '




72@2? | 'ARCTURUS PROCESS PROCEDURE ~ |ANSC-FH-1000_
>

)
JLftly’ G Forging Heating Procedure issueo 8/10/71
N\ LFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings reviston N/R

OXHARD, CALIF. ANSC 90297 A : pace 1 of 1

1.0 ACKNOWLEDGEMENT & SCOPE: This procedure shall be followed in heating
multiples for forging after release and transfer of the mu]t1p1es per
‘Arcturus Process Procedure ANSC MS-1000.

2.0 REFERENCE DOCUMENTS:  Arcturus Qua11ty Assurance Manual. Arcturus Form
#F-1001. : : :

3.0 RESPONSIBILITY: It shall be the responsibility of the forge shop super-
~ Tntendent to carry out the heating practice in accordance with this procedure.

4.0 FURNACE CONTROL: Furnace #25, as described in Arcturus procedure ANSC-
FC—]OOO, shall have controls set at 1775 deg. F.

4.1 Furnace Uniformity: Before loading of multiples, furnace temperature
must even out. Uniform temperature through-out shall be achieved.

5.0 LOADIhG OF MULTIPLES: Cut multiples shall be loaded in accordance with
the following procedure , :

o

5.1. Multiples shall be loaded in serial number sequence.

- 5.2 A record of loading sequence shall be ma1nta1ned on Arcturus furnace
loading form #F1001.

6.0 LOADING OF CROSS WORKED MULTIPLES: Cross worked multiples sha11 be ]oaded
. n accordance with the following procedure. '

6.1 Crossworked multiples shall be loaded in serial number sequehce

6.2 A record of loading sequence shall be ma1nta1ned on Arcturus furnace.
loading form #F1001.

7.0 LOADING OF PARTIALLY FINISHED FORGINGS: Partially finished forgings
' shall be loaded in accordance with the following procedure:

7.1 Partially finishéd forgings shall be loaded in serial number sequence.

7.2 A record of 1oad1ng sequence shall be ma1nta1ned on Arcturus furnace
loading form #F-1001. .

8.0 RECORD OF DATA: In addition to the data maintained on furnace loading
form F-T00T, the job number, together with the serial numbers of each
part, shall be entered on each furnace chart. The date also shall be
entered on each chart. o

9.0 VERIFICATION OF COMPLIAMNCE: . A11 recorded data, including furnace loading
charts and recorder charts, will be forwarded to Arcturus Quality Contro1
for verification of compliance to th1s procedure,
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ARCTURUS PROCESS PROCEDURE ANSC-FP-1000
?)’ xﬁ@éffL Forging Practice 1ssueo8/10/71
MFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings - REVISION N/R
1.0

ACKNOWLEDGMENT & SCOPE: The Following procedure shall be followed in

- forging the above parts.

2.0
3.0

4.0

5.0

REFERENCE DOCUMENT:  Arcturus Quality Assurance Manual.

RESPONSIBILITY: It shall be the respons1b111ty of the forge shop super-
intendent to carry out the forging pract1ce according to th1s procedure

EQUIPMENT: .Equipment ut111zed shall consist of a 25,0004 Er1e steam
hanmer for all forg1ng operations, Cross forging sha1] be performed
utilizing a set of flat dies. Prefinishing and finishing operations
shall be performed utilizing dies per Arcturus die drawings.

FORGING: Forging shall be performed in accordance with the following

procedure:

5.1

5.2

Cross lork1ng Multiples heated in accordance with the practice outlined
in Arcturus Process Procedure ANSC-FH-1000 shall be manually transferred,
utilizing hand tongs, from furnace #25 and placed on flat dies installed
in the 25,000# hammer. Cross working shall then be performed.

Prefinishing: Cross worked pieces, reheated in accordance with the practice
outlined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in dies conforming to Arcturus die
drawings. The pieces shall be Tocated in the die and the first hammer

blow shall be made, without any lubricant, to set the piece in position.
Subsequent blows shall be made utilizing a graphite impregnated oil
lubricant flowed on the dies.  The hammerman shall control the intensity

of the blows by observing the flow of metal in the die, so that more heat

_is not generated in the piece than is dissipated between blows. Adiabatic
heating will result in an unsatisfactory micro-structure. Forging shall

5.3

6.0
6.1

cease when it is observed that the last blow has produced no flow of metal.
The hazard of inducing surface or interior cracks emanates at this point.

Finishing: Prefinished forgings heated in accordance with the practice
outlined in Arcturus Process Procedure ANSC-FH—]OOO, shall be manually
transferred from furnace #25 and placed in finish dies conforming to Arcturus
die drawings. The same precautions and procedures outlined under pre-
finishing above, shall be observed. Cooling after the f1na1 hammer operation
shall be performed by quenching in water.

PROCEDURES APPLICABLE TO ALL OPERATIONS:

Reheating: Heat lot and bar lot variations in raw material preclude any
exact definition of the number of hammer blows and the number of reheats
to complete a part. The heater shall restamp while hot the serial number
of each part after each forging operation. When the part fills the cav1ty
of the die, the hammer operation shall be considered comp]ete
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‘/}jf/.‘./;;',j?y"fl’ F ; - 4 eo 8/10/71
A VLS orging Practice 1SSU
N o e ANSC 5AL-2.5 Sn ELI Forgings |rewision /R
OXNARD, CALIF. ANSC 90297 A PAGE 2 Of 2

6.2. Procedure if Cracking Occurs: The hammerman shall visually inspect the
part wnen 1t is taken out of the dies. Any hairline cracks require the
- part to be sent to inspection so that these cracks do not propagate
into sound metal. If cracking is observed while the part is being forged
in the die, forging shall stop, and the part shall be sent to process
. grinding for removal of the cracks.
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ARCTURUS PROCESS PROCEDURE

ANSC-{IT-1000

&/ (LS

P'FG coRrp
O)’NARD CALIF

Heat Treat Procedure

R s

ANSC 00?9

1SSUED  §/10/7]

B {reviston  N/R

1 of 1

PAGE

1 0 ACKNOMLEDGHENT AND SCOPE:

This procedure shall be:followed in heat treating

. finish forged parts after forging and processing per Arcturus Process

‘Procedure ANSC-FP-1000.

This procedure shall apply to the following parts.

ANSC P/N . Arcturus Die #
1138579-1 C 7 X-292
1138579-2 X-293
1138575-1 D 2915
1138576-1 E 2916
1138577-1 D 2917
1138578-1 E 2918

2.0 REFEREMCE DOCUMENTS:

MIL-H-81200,
ANSC 20297 A. '

.Arcturus Qua]ity Assurance Manual,

3.0 RESPONSIBiLITY: It sha]]Ibe the respazsibi]ity of the heaf’tfeef preceseof

. to carry out the heat treating practice according to this procedure. '
4.0 EQUIPHMENT: vVacuum aﬁhea]ino eouiumeet and controls shall be as follows:

. 4 1 IPSEN e]ectr1ca]1y heated furnace with 48" x 60" retort chamber.
4 2 Honeywe]] Control Ryrometer #A0275789015

TEMDERATURE UNIFORMITY: Temnerature uniformity shall be within + 25 F
of the 14000F temperature used as determined by periodic 30 day surveys.

5.0

6.0 PROCEDURE: Parts sha]] be p]aced in a retort of adequate size for the

- Toad. A vacuum of 0.1 micron or less is pulled on the retort and the
retort is heated to 1400°F + 25°F. Time at temperature shall be one (1)
hour minimum. Furnace shalT then be cooled to 300°F. maximum and final

- cooling to room temperature shall be in air. Temperature profile
verification on actual parts shald be by recorded chart by thermocouple

in contact with one part in the load.

RECORDING OF DATA: In addition to the data maintained on the heat treat
vendors work order, the following information is to be supplied on the
furnace chart .

7.0

ANCIURUS AT CRZAT AMDY Vi IS TA
H-T. V NOO ST

MOTCRL AT B
ChHARL €8 L, el TR e
TALECUYT Crr o7 1L
CIErAT.. . . o EhLE e -
ALL WERS 0L : a8 IS N waly, WETUAN CHARY
N TH RS w : : : .

B s

et e ¢ we—e s e

8.0 VERIFICATION OF COMPLIANCE: A1l recorded data, including furnace charts,

shall be forwarded to Arcturus Quality Control for ver1f1cat1on of como]1ance '
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l 7§§§§§2§§§§23495\ Metallurgical Testing and Documentation  [issueo 8/10/71

ARCTURUS PROCESS'PROCEDURE : ANSC-TP-1000

for ANSC 5AL-2.5 Sn ELI Forgings REVISION N/R
. CORP. . . [
OXNARD, CALIF. "ANSC 90297 A ot 1
1.0 SCOPE: This procedure shall.apply to the testing of the parts referenced

2.0

3.0

- 3.1

3.2

3.3

4.0

5.0

»

6.0

~on the title page of this manual.

REFERENCE DOCUMENTS: Arcturus Quality Assurance Ménua], ANSC 90297 A, ASTM
£8, FED-STD-15T. S S :

PRE-PRODUCTION QUALIFICATIONS: After forging design and procedures have
been established, one forging from each of the parts referenced on the title
page shall be destructively tested, after heat treatment per ANSC-HT-1000,
in accordance with the following procedure. ‘

Mechanical Property Requirements: Four test blanks shall be cut from the
Tocations designated on the ANSC drawings for each of the parts referenced
on the title page of this document. After machining the bars and tensile
testing at a strain rate of 0.005 + 0.002 inches per inch per minute

through the yield strength, and then increasing the strain rate so as to

produce failure in approximately one additional minute, the following
minimum properties shall apply in all directions.

U.S. psi Y,S. psi D% WA ,
110,000 100,000 - 12 R '

Microstructure: Examination for microstructure shall be in accordance

- With paragraph 3.7.2 of -ANSC 90297A. The microstructure shall indicate

that the forgings have been finished forged at a temperature below the
beta transformation temperature and that no subsequent thermal treatment
above the beta transus has been applied. The microstructure shall be
uniform and indicate a wrought structure. ' * -

Macrostructure: Examination for macrostructure shall be in accordance
with paragraph 3.7.3 of ANSC 90297 A. The macrostructure shall show no
evidence of gross alloy segregation. Grains of similar size shall be
distributed at random and not oriented in bands.

PRODUCTION TESTING: Production testing of each part shall include the
requirements of paragraph 3.1 above. The requirements of paragraph 3.2
and 3.3 shall not apply. : Ny o

REPORTS: Test results as obtained above shall be reported to Aerojet on
Arcturus Form #19829. Three copies of this document shall be furnished
to Aerojet attesting to conformance of ANSC 90297 A. These reports shall
include the purchase order number, specification number and mill heat -
number gnd location and orientation by S/N of each forging with respect
to its bar. : - .

REJECTIONS: Forgings not conforming to this specification or to authorized
modifications shall be subject to rejection. o :
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. ARCTURUS PROCESS PROCEDURE ANSC-UIP-1000 . :
‘”)%y"fé/ Ultrasonic Inspection Procedure issuep 8/10/71 -

MEG. conp for ANSC 5AL-2.5 Sn ELI Forgings Jrevision N/R
OXNARD CALIF. ANSC 90297 A prce 1 of 3

1.0

2.0

3.0

4.0

This procedure describes in detail the process of ultrasonic inspection ofA
the parts referenced on the title page of this procedure.

.Equipment'sha11 be as fo]]ows:

. Sperry Type UM 721-10N instrument
. “Automation Industries 1ithium sulfate transducers.
Water tank and water filter.
Test blocks, Alcoa series, with the followino hole sizes and metal
" travel distances. (for qualification of equipment) ”

o0 oo

Hole Sizes Metal Travel Distances

2/64" = : 6", 3", 3/4” 172", 1/4"
4/64

e. Test blocks, 4340 materia],'with the following hole sizes and
metal travel distances. (for scanning of parts)

Hole Sizes  Metal Travel Distances

3/64", 5/64" . 1/87, 174", 1/2", 3/4", 1",
- RRVZENS R VPN 24

“Equ1pment qua11f1cat1on shall be as fo]]ows

a.' Reso]ve a 2/64" flat bottomed hole at the followina frequencfes
and metal travel distances. (a) 0.75" at 2.25 MC, (b) 0.50" at
5 MC (c) 0.25" at 10 MC. :

b. ,Determlne the resolution of a 2/64" flat bottomed ho]e with a

.. 3/4" transducer and an incident anale of 0°. Adjust the flat
bottomed hole response for an amplitude of 50% saturation. With
this condition, a minimum of 40% of saturation of the flat bottomed
hole indication shall be separated and clearly distinguishable from

~ the front surface indication. Resolve a 2/64 inch flat bottomed hole
at a metal travel of 6 inches, indicating a minimum response of 50%
-saturation so that base 1ine noise level shall not exceed 5% of the
amplitude of the flat bottomed hole response. . A minimum signal change
of 50% of saturation shall be demonstrated between response from a
2/64 inch and a 4/64 inch flat bottomed hole at a metal trave] of
three 1nches _

Parts inspected shall be scanned usina the following ﬁrocedure. Both

longitudinal and shear wave ‘techniques shall be used. .

a. Care shall be exercised to maintain surfaces free of grease, oil,
paint or any other contaminants. Surface finish shall be ]25 RHS
maximum. :

b. In standardizing the instrument for the search scan, a 2/64" flat '
bottomed hole with a métal travel distance of 1/2", shall be displayed
at an amplitude of 50% of full scale deflection (approx. 1").
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MEG. CORP. for ANSC 5AL-2.5 Sn ELI Forgings ' Irevision N/R
OXNARD, CALIF. ANSC 00297 A [once 2 of 3

ARCTURUS PROCESS PROCEDURE AGC—UIP?]OOO
)ﬁ/”) /{EQQf | Ultrasonic Inspection Procedure 1ssueo 8/10/71

¢c. In scann1ng the part, crystal overlap shall be maintained at 3/16"
maximum. Scanning speed shall be maintained at one inch per second
maximum. Parts shall be scanned in accordance with the scan plan.
Water. travel distance from the transducer to part undergoing test
shall be adjusted so that the second front reflection does not

“appear between the first front and first back reflection. Maintain
the same water-travel distance for both standard1zat1on and inspection
procedures within plus or minus 1/2", :

5.0 PRODUCT EVALUATION SHALL BE AS FOLLOMSf

a. Use reference blocks of the same mater1a1, shape, and cond1t1on as the
parts being 1nspected

b. Match as closely as possible the response of the flaw to that of one
- of the above blocks. Diameter and depth may not be determined within
the Timits of the blocks.

" 6.0 ACCEPTANCE STANDARDS:

6.1 Class: The following class shall apply.
6.1.1 Class AAA:

“6.1.1.1 No flaw indications exceeding 25% of the response from a 3/64
: inch diameter flat bottomed hole are acceptable.

6.1.1.2 Flaw indications in excess of 10% of the response from a 3/64
_ 1ECh $1ameter flat bottomed hole sha]] not have their centers closer
than 1 inch

6.:1.1.3 No drop in back reflection of 20% or greater than cannot be
be attributed to surface condition or abnorma] test condition is
acceptable.

6.2 Rejection Criteria:

6.2.1 Material exhibiting flaws in excess of above requirements for
' - the applicable class shall be rejected except as descr1bed in
6.6.2.

6.2.2 Flaws in excess of the acceptance limits shall be allowed if it
is definitely established that they will be completely removed by
future machining or cutting operations.

6.3 Material Disposition Control:

6.3.1 Rejected material shall be handled by the MRB system.

" 7.0 MARKING: A1l defects shall be located on the part with a symbo1 t(:z having a
1/2 inch d1ameter center or a vjx»haV1ng 1/2 inch maximum dimensions. Th®
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ARCTURUS PROCESS PROCEDURE ANSC-UIP-1000

(A,xf Ultrasonic Inspection Procedure ISSUED 8/10/71
“MFG. CORP. for ANSC 5AL-2.5 Sn ELI Forgings {revision N/R

bXNARD,CALIR ANSC 90297 A pace 3 of 3

center of the mark is to be as close as possible, coincident with the
projected center of the defect, and the depth from the surface shall be
shown adjacent to the marl Acceptable parts shall be stamped with an
A-4 stamp. '

8.0 PRIMARY STANDARDS: Instruments and gauges shall be periodically tested
' for accuracy and shall have properly stamped labels attached to them
showing date of last inspection and date of next inspection.

9.0 REFERENCE DOCUHENTS: MIL-I-8950B.
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ARCTURUS PROCESS PROCEDURE

X292-SP-1000

MFG. CORP.
OXNARD, CALIF.

Dy et ; .
. @6/@%{/&

Scan Plan
for
ANSC P/N 1138579-1C Arcturus X-292

1ssuep 8/10/71

|REVISION N/R

pace 1 of 1

1.0 SCOPE:  The following illustration shows the scan plan to be used in
ultrasonic inspection of the above part.

2.0  INSPECTION:

SHEAR

I

] Inspection shall be
ANSC-UIP-1000 of this manual.

~

performed according to section

1LON§¥TUDINAL

B
i

|

. 2386




L ARCTURUS PROCESS lPOCEDUPE ' _ |ANSC-FPPI-1000
i;ggggléggﬁ_ Penetrant Inspect1on Procedure  issuev gr10/71
o G- CORP for ANSC 5AL-2.5 Sl ELI Forgings Jrevision  N/R
(MARD, CALLF. ANSC 9099/ A. e 1071
1. 0 SCOPE: This procedure shall app1y to the penetrant{inspection of the parts

2.0

3.0 ¢

referenceu on the title page of this document.

REFERENCE" DO“HI ENTS: MIL-1-68668, AMend #1, Amend #2, ANSC 90297A, Arcturus-
Quality Assurarce Hanua] ANSC 903? 1.

gaogﬁggg;iA Parcs sha]] be 1nspecced in accordance'ﬁith iybe f, Method B of
MIT-1-68558 -

3. :Precleannno Parts qha]] be ptbc1egned in accordance with paragruph_

4.0

5.7 of MIL-1-6856B.

3.2 Penetrant Application: “Penetrant shall be applied by d1pp1nq in
accordance with purao}aph 5.3 of MIL-I-6866B.

3.3 Emulsifier Application: Emu1s1r1er shall be app]ned in accordance w1th
© -paragraph 5.4.7 of MIL-1-68668.

3.4 Rinsing: A1l parts shall be rinsed in accordance with parworaph 5.5

of MIL-1-68668. ) .

3.5 Deve]op:nq A1] parus cha]] be devo]opod in accordance with pu.agraph
5.6.17 of MIL-1-68668. .

;3.6 Drying: After development per 3.5 above parts shall be dried in
o *accordance w1th parcgraph 5. 7 of MIL-I- 6866B

3.7 Inspection: Inspection sha]] be in accordance with paragraph 5.8
of MIL-1-68668. ‘

3.8 Final Cleaning: Parts shall be steam cleaned after all of the above
processes have been completed, :

ACCEPTANCE STANDARDS Acceptance standards shall be per app11cab1e
drawing and purchase order requirements. .
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W\MANUFACTURING CORPORATION

N 6001 ARCTURUS AVENUE ¢

OXNARD, CALIFORNIA 93030 ¢ TEL. (805) 488-4481 ® TwX (805} 447-7107

TEST CERTIFICATE

CUSTOMER PART NO. P. O.
STOCK
MATERIAL SPEC. SIZE SUPPLIER
CHEMICAL ANALYSIS
HEAT .
NUMBER C Mn P S Si Cr Mo

>

GRAIN SIZE

HARDENABILITY

FORGINGS PROCESSED AS FOLLOWS:

PROCESSING SPECIFICATIONS

MECHANICAL PROPERTIES

S/N OR YIELD ULTIMATE ELONG. RED. OF
*.OT NO. STRENGTH STRENGTH (4D) AREA (%) REMARKS
o

FORGINGS IDENTIFIED WITH

THIS CERTIFICATION COVERS

PIECES ON OUR SHIPPER DATED

INCLUDING

| HEREBY CERTIFY THAT THE PARTS WERE PROCESSED IN ACCORDANCE
WITH THE SPECIFICATIONS NOTED. ORIGINAL COPIES OF ALL CERTIFICATES
ARE ON FILE AT ARCTURUS MANUFACTURING CORPORATION.

2 &2 SIGNED
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ARCTURUS MATERIAL SPECIFICATION  |AGC-MS-1000
KL '¢J10/>{, ' Raw Material Procurement 1SSUED 8/10/71
MEG. CORP. ANSC 5AL-2.5 Sn ELI Forgings revision N/R
OXNARD, CALIF. - ANS - - 90295A pace 1 of 6 ~
1.0 SCOPE: This specification shall apply to material utilized in the forg1na'

2.0

3.0

4.0

of of the following parts:

ANSC P/N - T Arcturus Die #

1138579-1 "C"........ . X-292
1138579-2 "C"..... tevereanans SRS .. X-293
T138575-T "D .t ittt iiiaaes 2915
1138576-1 "E" it Ceeeeas 2916
1138577-1 D i i i 2917
1138578-T "E il ittt iiiiieana 2918

REFERENCE DOCUMENTS: ANS-90295A, AMS 2249, ANS 90296, ANS 9032, MIL-I-6866,
MIL-I-8950, FED-STD-184, MIL-STD-129.

MELTING PRACTICE: Material shall be produced by mu1t1p1e melting useing the
consumable efectrode practice with both melting cycles performed under
vacuum conditions. .

-COMPOSITION: Compgsition of material shall be as follows:

Element . - Percent

- Min. . Max.
Aluminum 4.70 5.60
‘Tin - 2.00 3.00
Iron 0.25
Oxygen 0.12
Manganese - 0.03
Carbon - o - 0.05
Nitrogen ' _ 0.04
Hydrogen 0.0125
Other elements, each 1/ 0.05
Other elements, total 1/ 0.20
Titanium - Rema1nder

1/ Need Not Be Reported

SECTION 1: REQUIREMENTS

5.0

6.0
6.1
6.2
6.3

MATERIAL: The ingot used for production of bars and billets shall be
composed of pure, virgin master alloying materials and titanium sponge
conforming to ANS-90296. No scrap (internally generated or otherwise) shall
be used in the production of material supplied to th1s specification.

PRIMARY MELTING CYCLE:

Vacuum Control: The vacuum 1éve1 shall not exteed 1000 microns.

Water Leakage: There shall be no water leakage during the melting operation.

Power Control: There shall be no power interruption other than momentary
interruptions due to transient arch character1st1cs during melting.
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ARCTURUS MATERIAL SPECIFICATION AGC-MS-1000

%~555;22%222§: Raw Material Procurement 1ssuep 8/10/71
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7.0 SECONDARY MELTING CYCLE:.

7.1 Vacuum Control: The vacuum level shall not exceed 1000 microns.

7.2 Water Leakage: There shall be no water leakage during or after the melting .
period.

7.3 Power Control: There shall be no interruption of power during'the melting
- cycle, except the gradual power reduction required to control the size and
~shape of shrinkage cavity.

8.0 WELDING:

8.1 WUelding Process: A1l welding processes needed to assemble the electrode
shall be performed in an jnert atmosphere using welding methods wiiich
preclude the possibility of contaminating the electrode (ingot) with high
den31ty welding e]ectrode debris (such as tungsten inclusions), slag and
oxides : _ .

8.2 -Preparation of Electrodes: Welding on the electrodes for the final melt
cycle shall be Timited to the welding of the stub to the ingot. The stub
shall not be used for the production of billets nor sha]] the stub weld be
melted during the secondary melt. ' : .

9.0 CLEANING AND COATING: The cast electrode shall be cleaned between the
primary and secondary melting cycles to insure thal undesirable surface
features remaining on the electrode are removed. Cleaning may be accomplished
by water spray and pickling methods. Abrasives (such as sand, metal or
glass shot) shall not be used for cleaning the electrode. A suitable
. coating shall be applied to the ingot for primary ingot reduction.

10.0 PROPERTIES: The ingot, assembled and melted as specified in 3.0 shall
. be worked, pressed, forged or swaged, as requ1red to obta1n minimum billet
~grain size,
'10.1 Macrograin Size: 'Macrograin size for bars and billets shall be 0.25 inch
maximum. Variation of macrograin sizes shall not be banded or grouped with
predominant grain size variation limited to 0.125 inch.

11.0 DIMENSIONS AND TOLERANCES: Dimensions and tolerances shall be as specified
in the contract or order. The billet shall be furnished round with a maximum
diameter of eight inches.

12.0 SURFACE QUALITY: The bars and b1]]ets shall be free from surface imperfections
as determined by penetrant inspection. The acceptance level shall conform
to ANS-9032-1. Surfaces to be penetrant inspected shall not be subject ta
particle impact cleaning.

13.0 INTERNAL QUALITY: The matekia] snall be uniform in.qua1ity and condition,

~
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,\\/ ? 9 '";'.,""~
| sl | Raw Material Procurement 1ssueo 8/10/71

MFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings ' Revision N/R
OXMNARD, CALIF. ANS-90295A  [rrer 3076

" 14.0

and free from porosity, cracké, pipe, high or low density inclusions and

“any evidence of enfoliations. Ultrasonic inspection acceptance criterion

shall be 3/64 inch (No.3) flat-bottomed hole single point indication on the
full metal thickness. - - .

IDENTIFICATION: The material shall be identified in accordance with
FED-STD-184 and shall include the following, in the order listed:

- (a) Alloy identification

Bar or billet location
Bar or billet serial number
(e§ Name or trade mark of manufacturer

(b§ Ingot number

Purchasers name or trade mark
Purchase order or contract number -

SECTION 2: QUALITY ASSURANCE PROVISIONS

15.0.
15.1

15.2

15.3

SUPPLIER RESPONSIBILITY:

Inspection: Unless otherwise.specified, the supplier is responsible for the
perforinance of all inspection requirements as specified herein and may use

any facilities acceptable to the Aerojet Nuclear Systems Company (ANSC).

Procedures and Instructions: The supplier shall provide processing procedures
or instructions to insure compliance with these requirements, copies of -
which shall be submitted to ANSC for review and approval prior to processing.
These procedures or instructions shall be in sufficient detail so as to
enable future reporducibility of material to the same processes. Copies

of these procedures or instructions and records of conformance shall be
retained for a period of seven years and identifiable to the specific ANSC
purchase order. ’

Reports: Unless otherwise specified, the supplier of the product shall
furnish with each shipment three copies of a report giving, where applicable,
the actual values obtained as a result of tests verifying conformance to

the requirements of this specification. Separate reports shall be submitted

for each lTot of material. The reports shall include at least the following
information: : '

(a) Raw material certifications for alloying materials (aluminum and tin).
(b) Certification to speci%ication ANS-90296.

(c) Macrostructure photographs and macrograin size determinations, each
-bar.and billet. : ' '

(d) .Ultrasonicffnspection noise levels and results for each bar and bi]Tet;
: the amount of cropping and types. of indications (except end concavity
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16.0

17.0
17.1

17.2

17.3

17.4

17.5
17.6

17.7

17.8

- not in excess of normal mill proctice).
(e) Chemistry, representing billets identified relative to ingot location.

(f) Diagrams of billet and bar locations relative to the ingot, showing
the billet location within the ingot and bar location within the billet
identified from top to bottom of the ingot. The location shall be ..
identified on the required certifications and test reports.

(g) A1l information required in 14.0
(h) Processing procedures.

LOT: A lot shall consist of raterial from the same ingot of the same
configuration and size and processed at the same time.

K4

VERIFICATION:

Material: The processing procedures supplied as specified in 15.2
shall be reviewed to assure compliance with material requirements of

5.0.

Chemical Composition: A chemical analysis shall be made from bars or

billets in accordance W1th AMS-2249 and shall conform to requ1rements‘

of 4 0

Heats: The supplier shall provide processing procedures or instructions

and certify compliance with these requirements, copies of which shall be -

submitted to ANSC for review and approval. The process controls shall
p;ovjde for the inspection of anomalies that are cause for rejection of
the heat. :

Welding: The supplier shall provide processing procedores or instructions

and certify compliance with these requireménts, copies of which shall be
submitted to ANSC' for review and approval. The procedure shall provide for
the 1nspect1on of anomalies that are not acceptable.

Cleanin The suppliers process procedures or instructions shall 1nc1ude
prov1s1ons for cleaning, to comply with 9.0.

Properties: The supplier's procedures and instructions shall include the

provisions to obtain minimum grain size in compliance with 10.0.

Dimensions and Tolerances: Bars and billets shall be examined to verify
conformance to dimensions and to]erances as specified in the contract or
purchase order.

Penetrant Inspection: . Bars and billets shall be penetrant inspected in

accordance with MIL-1-6866, Type 1, Method C using penetrant conta1n1ng

- sulfur and chlorine not exceed1ng 50 parts per million (PPM)
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.;]7.9 Microstructure and Workmanship:

.17.9.1" Macroetch Sample Preparation and Inspection: The top and bottom slices
- of each billet produced from the ingot, suitably identified by billet
numbers, shall be macroetched and photographed. Each slice, so parted,
shall be jdentified as to alloy, ingot number, and bar or billet location.
. Photographs of all billet macros. identified to alloys and ingot numbers
- shall be submitted to ANSC with cop1es of certifications and test reports.
On the basis of the macroetched surfaces, b111ets sha]] be inspected for
conformance to Section 1 requirements.

17 10 U]trason1c Inspoct1on Bars and billets shall be lathe turned prior to
* ‘ultrasonic inspection. The surface finish of the lathe turned biliets shall
~be 125 RMS or better. Inspection shall be of the immersion type using
both longitudinal and shear wave.techniques by scanning of the bars while
the bar is simultaneously turning and the carriage carrying the inspection
head is traveling along the axial length of the bar. Inspection shall be
performed in accordance with MIL-I1-8950, except that, when the instrument
is set so that the first back-reflection from the correct test block is
~at 80 percent of the screen saturation adjusted for non]inearity, the ,
material shall be inspected for loss of back reflection. Any loss in back ,
reflection in excess of 50 percent of full saturation of the screen sha11 be
considered not acceptable. , -

17.10.1 Noise Level: The noise level for each bérvénd_bil}ét shall be recorded
_.and reported. ‘

17.10.2 Calibration Standard: The standard used for equipment calibration shall
: be fabricated from a bar or billet selected at random from the inspection
Tot. The reference notch in the calibration standard for shear wave
inspection of bars up to 4 inch diameter shall be machined to a depth
bf 3 to 5 percent of the full metal thickness. The reference hole in
the calibration standard for shear wave inspection of b1]1ets sha]] be
machined to a depth of 0.250 inches.

17.10.3 Procedures: The'supp11er shall provide u]trason1c testing procedures
or instructions to insure compliance with these requirements.which shall
be submitted to ANSC for review. . :

17:10.4 Rework: Bars or billets giving ultrasonic indications of rejectable
porosity, laps, voids, enfoliation, center bursts, inclusions and
detectable segregation may be used provided that areas showing these
conditions have been removed, verified as to type, and end faces of removed

. sections have been etched and found to be free from defects. The
certification or test reports for the remaining billets shall record the
information relative to the rejection of any other portion.

17.11 Identification: Bars and billets shall be V1sua11y 1nspected to ver1ﬁy
conformance to Section 1 requirements. _ ,

L4
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18.0 PACKAGING:

18.2

ﬁand11ng and shipping.

Mark1ng Containers shall be marked in accordance with Standard MIL STD- 129.
Mark1ng shall include the following information:

(a) Manufacturers name

(b§ Material identification

c) Lot number and heat number

gd Bar or billet serial number(s)
e) Purchase order number

SECTION 4 NOTES

19.0

19.1

Each product shall be ‘packaged to prevent damage dur1ng

INTENDED USE: Material produced to this specification is intended for

use in critical, cryogenic rocket vehicle components, requ1r1ng high
reliability and operating in the temperature range of +90°F to -423CF,

Ordering Data: Procurement documents should specify the fo]]owing information:

(a) This specification number
b) Size and shape, as required :
c) Quality Control Standard Clauses
. (1) "Source surveillance '
§2 Source acceptance
3) Source inspection - Government.
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ARCTURUS PROCESS PROCEDURE "~ JANSC-FC-1000

:'1j1/;//(45\ ' Forging Furnace Control 1SSUED  8/10/71
MFG. CORP. - ANSC 5AL-2.5 Sn ELI Forgings . reviston N/C
OXNARD, CALIF. “ANSC 90297 A prce ]l of 1
1.0 SCOPE: This procedure sha11 be fo]]owed in utilizing equ1pment for
-heating the parts for forg1ng referenced on the title page.
2.0 REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, MIL-H-6875D.
3.0 IDENTIFICATION OF EQUIPMENT: Arcturus Furnace #25, a gas fired furnace
with two zone control, shall be utilized in heating the subject parts for
forging. Burners are L&N Speed-0-Max controllers-recorders, W1th series 60v=
- controllers. N.A. flat flame-excess air types.
3.1 Tempﬂrature control on Furnace #25 is ma1nta1ned by 2 Ray-C-Tube thermo- p11es,
located at the front and rear of the furnace. ) .
4.0 RESPONSIBILITY: The respons15111ty for conduct1ng the necessary furnace
calibration and surveys, together with routine chart and battery rep]acement,
shall rest with the Quality Contro1 Department.

5.0 TEMPERATURE UNIFORMITY: The furnace and controlling instruments, shall be
. calibrated at T800YF., and temperature uniformity throughout the furnace
shall not exceed + 20 deg. F. The furnace shall be surveyed at thirty

(30) day intervals. Suitable labels showing date, furnace number, company
cert1fy1ng, and individual certifying, shall be p]aced ‘on each 1nstrument
_at time of survey.
6.0 CERTIFICATION: Certification of the above shall be maintained on record at

Arcturus.
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SN ARCTURUS PROCESS PROCEDURE ANSC-FH-1000

;1”“"'7/47/ ‘ Forging Heating Procedure issuep 8/10/71
MFG. CORP. ' ANSC 5AL-2.5 Sn ELI Forgings revision  N/R
OXHNARD, CALIF. ANSC 80297 A - pace 1 of 1

1.0 ACKNOWLEDGEMENT & SCOPE: This procedure shall be followed in heating
muTtipTes for forging after release and transfer of the multiples per
" Arcturus Process Procedure ANSC MS-1000.

2.0 REFERENCE DOCU4ENTS. ‘Arcturus Qua11ty Assurance Manual. Arcturus Form
#F-1001. :

3.0 RESPONSIBILITY: It shall be the responsibility of the forge shop super-
- intendent to carry out the heating practice in accordance with this procedure.

4.0 FURNACE CONTROL: Furnace #25, as described in Arcturus procedure ANSC-
FC-1000, shall have controls set at 1775 deg. F.

4.1 Furnace Uniformity: Before loading of multiples, furnace temperature
must even out. Uniform temperature through-out shall be achieved.

5.0 LOADINC OF MULTIPLES: Cut multiples shall be loaded in accordance w1th
the following procedure. ) .

5.1. Multiples shall be loaded in serial number sequence.

5.2 A record of loading sequence shall be ma1nta1ned on Arcturus furnace
loading form #F1001.

6.0 LOADIRG'OF CROSS WORKED MULTIPLES: Cross worked multiples sha]] be Toaded
) 1n accordance with the following procedure.

6.1 Crossworked multiples shall be loaded in serial number sequence.

6.2 A record of loading-sequence shall be maintained on Arcturus furnace .
loading form #F1001. ‘

A?.O LOADING OF PARTIALLY FINISHED FORGINGS: Partially finished forgings
shall be loaded in accordance with the following procedure:

7.1 Partially finishEd forgings shall be loaded in serial number sequence.

7.2 A record of 1oad1nq sequence sha]] be ma1nta1ned on Arcturus furnace
loading form #F-1001.

8.0 RECORD OF DATA: 1In addition to the data maintained on furnace loading
form F-1001, the job number, together with the serial numbers of each
part, shall be entered on each furnace chart. The date also shall be
entered on each chart.

9.0 VERIFICATION OF COdPLIANCE A11 recorded data, 1nc1ud1ng furnace loading
charts and recorder charts, will be forwarded to Arcturus Quality Control
for verification of comp]1ance to this procedure. .
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ARCTURUS PROCESS PROCEDURE ANSC-FP-1000
oy MFG. CORP. ANSC 5AL-2.5 Sn ELI Forgings - REVISION N/R
1.0 ACKNOWLEDGMENT & SCORE: The following prdcedure shall be followed in

2.0
3.0

4.0

5.0

5.1

5.2

5.3

6.0
6.1

. forging the above parts.

REFERENCE. DOCUMENT:  Arcturus Quality Assurance Manual.

RESPONSIBILITY: It shall be the responsibility of the forge shop super-
intendent to carry out the forging practice according.to this procedure.

EQUIPMENT: .Equipment utilized shall consist of a 25,000# Erie steam
hammer for all forging operations. Cross forging shall be performed
utilizing a set of flat dies. Prefinishing and finishing operations
shall be performed utilizing dies per Arcturus die drawings.

FORGING: Forging shall be'berformed in accordance with the following

procedure:

Cross Horkiﬁgi_ Multiples heated in accordance with the practice outlined .
in Arcturus Process Procedure ANSC-FH-1000 shall be manually transferred,

~utilizing hand tongs, from furhace #25 and placed on flat dies installed

in the 25,0004 hammer. Cross working shall then be performed. .

Prefinishing: Cross worked pieces, reheated in accordance with the practice
outTined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in dies conforming to Arcturus die
drawings. The pieces shall be located in the die and the first hammer

blow shall be made, without any lubvricant, to set the piece in position.
Subsequent blows shall be made utilizing a graphite impregnated ojl
lubricant flowed on the dies.  The hammerman shall control the intensity

of the blows by observing the flow of metal in the die, so that more heat

~is not generated in the piece than is dissipated between blows. Adiabatic

heating will result in an unsatisfactory micro-structure. Forging shall
cease when it is observed that the last blow has produced no flow of metal.
The hazard of inducing surface or interior cracks emanates at this point.

Finishing: Prefinished forgings heated in accordance with the practice
outTined in Arcturus Process Procedure ANSC-FH-1000, shall be manually
transferred from furnace #25 and placed in finish dies conforming to Arcturus
die drawings. The same precautions and procedures outlined under pre-
finishing above, shall be observed. Cooling after the final hammer operation
shall be performed by quenching in water. -

PROCEDURES APPLICABLE TO ALL OPERATIONS:

Reheating: Heat lot and bar lot variations in raw material preclude any
exact definition of the number of hammer blows and the number of reheats
to complete a part. The heater shall restamp while hot the serial number
of each part after each forging operation. When the part fills the cavity
of the die, the hammer operation shall be considered complete.
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6.2.

Procedure if Cracking Occurs: The hammerman'shall visually inspect the

part when it is taken out of the dies. Any hairline cracks require the

- part to be sent to inspection so that these cracks do not propagate

into sound metal. If cracking is observed while the part is being forged

in the die, forging shall stop, and the part shall be sent to process
_grinding for removal of the cracks. ,
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i AN%(‘ 0()?0/ /\ —

1 0 ACKMOWLEDGMENT AND SCOPE: This procedure shall be:followed in heat treating
. finish forged parts after forging and processing per Arcturus Process
Procedure ANSC-FP-1000. This procedure shall apply to the following parts.

ANSC_P/N .= . Arcturus Die #
1138579-1 C S X292
1138579-2 . X-293
1138575-1 D : .. 2915
1138576-1 E | | 2916
1138577-1 D . o 2917
1138578-1 E N | 2918

| " 2.0 REFERENCE DOCUMENTS: Arctufus Quality Assurance Manual, MIL-H-81200,
' ANSC 90287 A, ' . - " '

3.0 RESPONSIBILITY: It shall be the respazsibi]ity of the heat treat processor
._ to carry out the heat treating practice according to this procedure.

4.0 EQUIPHENT: Vacuum amealing equipment and controls shall be as follows:
4.1 IPSEN e]ectrica]Ty heated furnace with 48" x 60" refort chamber.
4.2 Honeywell Control Pyrometer ”A02757890]5

5.0 TEMPERATURE UNIFORMITY: Temnerature uniformity shall be within + 25 F
of the 1400°F temperature used as determined by periodic 30 day surveys.

6.0 PROCEDURE: Parts sha]] be p]aced in a retort of adequate size for the
: TJoad. A vacuum of 0.1 micron or less is pulled on the retort and the
retoru is heated to 1400°F + 25°F. Time at temperature shall be one (1)
hour minimum. Furnace shall then be cooled to 300°F. maximum and final
"~ cooling to room temperature shall be in air. Temperature profile
verification on actual parts shall be by recorded chart by thermocouple
in contact with one part in the load.

7.0 RECORDING OF DATA: " In addition to the data maintained on the heat treat

vendors work order, the following information is to be supplied on the
furnace chart. .

ARCEURUT MIaT DIZAT AN VI NS TAMDN DI,
H. T. V NOO sV A B OOl DRE :
MOTERL L EwiT LEp A
C; Afv. €P0 L, Vb ev iRl IE
T CUXL.;'::ucs____w _____ TR OE LG e
CREAT. " SR UE e
AL i:‘::’ S 4. [T DU RS B [ o Yy RETUAN CH AR
TH RSN s : :

8.0 VERIFICATION QF COMPLIANCE: -A1 recorded'daté,‘1nc1ud1no furnace charts,

shall be forwarded to Arcturus Quality Contro] for ver1f1cat1on of como]1ance '

to this procedure
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ARCTURUS PROCESS PROCEDURE ANSC-TP-1000

2.0

3.0

- 3.1

3.2

3.3

4.0

5.0

6.0

‘/2%%§Z§Z£554L Metallurgical Testing and Documentation 1ssuen 8/10/71

© MEG. CORP. for ANSC 5AL-2.5 Sn ELI Forgings | REVISION  N/R

OXNARD, CALIF. ' . ANSC 90297 A ' pace 1 of 1
1.0 SCOPE: This procedure sha]]-apply to the testing of the parts referenced

~on the title page of this manual.

REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, ANSC 90297 A, ASTM
Eg, FED-STD-T5T, S R |

PRE-PRODUCTION QUALIFICATIONS: After forging design and procedures have
been estabTished, one Torging from each of the parts referenced on the title
page shall be destructively tested, after heat treatment per ANSC-HT-1000,
in accordance with the following procedure. ‘

Mechanical Property Requirements: Four test blanks shall be cut from the
lTocations designated on the ANSC drawings for each of the parts referenced
on the title page of this document. After machining the bars and tensile
testing at a strain rate of 0.005 + 0.002 inches per inch per minute

through the yield strength, and then increasing the strain rate so as to

produce failure in approximately one additional minute, the following
minimum properties shall apply in all directions.

U.S. psi Y.S. psi D% IR:A. .
110,000 100,000 - .. 12 S5 ’

Microstructure: Examination for microstructure shall be in accordance

- With paragraph 3.7.2 of -ANSC 90297A. The microstructure shall indicate

that the forgings have been finished forged at a temperature below the
beta transformation temperature and that no subsequent thermal treatment
above the beta transus has been applied. The microstructure shall be
uniform and indicate a wrought structure. c

Macrostructure: Examination for macrostructure shall be in accordance
with paragraph 3.7.3 of ANSC 90297 A. The macrostructure shall show no
evidence of gross alloy segregation. Grains of similar size shall be
distributed at random and not oriented in bands. '

PRODUCTION TESTING: Production testing of each part shall include the
requirements of paragraph 3.1 above. The requirements of paragraph 3.2
and 3.3 shall not apply. o .

REPORTS: Test results as obtained above shall be reported to Aerojet on

Arcturus Form #19829. Three copies of this document shall be furnished
to Aerojet attesting to conformance of ANSC 20297 A. These reports shall
include the purchase order number, specification number and mill heat
2um§§r gnd Tocation and orientation by S/N of each forging with respect
0 its bar, - _

REJECTIONS: Forgingé not conforming to this specification or to authorized
modifications shall be subject to rejection. .
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ARCTURUS PROCESS PROCEDURE ANSC-UIP-1000
t/c//” L/[‘/L : Ultrasonic Inspection Procedure issueo 8/10/71

WFG. CORP. for ANSC 5AL-2.5 Sn ELI Forgings {rEVISION N/R
OXNARD CALIF. ANSC 90297 A pace 1 of 3

1.0

2.0

3.0

4.0

This procedure describes in detail the process of ultrasonic inspection of
the parts referenced on the title page of this procedure.

'Equipment_sha11 be as fo]]ows:

Sperry Type UM 721-10N instrument
. “Automation Industries lithium sulfate transducers.

Water tank and water filter.

Test blocks, Alcoa series, with the followina hole sizes and meta] -
" travel distances. (for qualification of equipment)

L0 T

Hole Sizes Metal Travel Distances

2/64" . . } 6", 3n’ 3/4u, ]/2n, ]/4u
4/64 .3

e. Test blocks, 4340 materwa], with the following hole sizes and
metal travel distances. (for scanning of parts)

Hole Sizes - Metal Travel Distances

3/64", 5/64" CDy8T, a7, 12, 3740, 1,
o | B VZURR IR VP AN B 7 E

thu1pment qua]1f1cat1on shall be as follows:

a.' Reso]ve a 2/64" flat bottomed hole at the followina frequencies
and metal travel distances. (a) 0. 75" at 2.25 MC, (b) 0.50" at
5 MC (c) 0.25" at 10 MC. ' .

b. ,Determ1ne the resolution of a 2/64" flat bottomed ho]e with a

.. 3/4" transducer and an incident anale of 0°. Adjust the flat
bottomed hole response for an amplitude of 50% saturation.  With
this condition, a minimum of 40% of saturation of the flat bottomad
hole indication shall be separated and clearly distinguishable from

~ the front surface indication. Resolve a 2/64 inch flat bottomed ho]e
at a metal travel of 6 inches, indicating a minimum response of 50°
-saturation so that base line noise level shall not exceed 5% of the
amplitude of the flat bottomed hole response. - A minimum signal change
of 50% of saturation shall be demonstrated between response from a
2/64 inch and a 4/64 inch flat bottomed hole at a metal trave] of
three inches.

Parts inspected shall be scanned usina the following brocedurep Both

Tongitudinal and shear wave techniques shall be used. o

a. Care.shall be exercised to maintain surfaczs free of grease, oil,
paint or any other contaminants. Surface finish shall be 125 RMS
maximum., : e

b. In. standard1z1nq the 1nstrument for the search scan, a 2/64" flat

bottomed hole with a metal travel distance of 1/2", shall be d1sp]ayed-
at an amplitude of 50% of full scale deflection (approx 1").
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':)/t>’/4794f : Ultrasonic Inspection Procedure 1ssuep 8/10/71
MFG. CORP, for ANSC 5AL-2.5 Sn ELI Forgings ‘ |revision N/R
OXNARD, CALIF. . ANS'C 00297 A Toree 2 0Ff 3

ARCTURUS PROCESS PROCEDURE AGC-UIP-1000

c. . In scanning the part, crystal overlap shall be maintained at 3/16"
maximum. Scanning speed shall be maintained at one inch per second
maximum. Parts shall be scanned in accordance with the scan plan,
Water. travel distance from the transducer to part undergoing test
shall be adjusted so that the second front reflection does not

"appear between the first front and first back reflection. Maintain
the same water-travel distance for both standard1zat1on and inspection
procedures within p]us or minus 1/2", :

5.0 PRODUCT EVALUATION SHALL BE AS FOLLOWS:

© 6.0

7.0

a. Use reference blocks of the same mater1a1, shape, and cond:t1on as the
parts being 1nspected

b. Match as closely as poss1b1e the response of the flaw to that of one -
of the above blocks. Diameter and depth may not be determined within
the Timits of the b1ocPs

-

ACCEPTANCE STANDARDS:

6.1 Class: The following class shall apply.
6.1.1 Class AMA:

“6.1.1.1 No flaw 1nd1cat1ons exceed1ng 25% of the response from a 3/64

inch diameter flat bottomed hole are acceptable.

6.1.1.2 Flaw indications in excess of 10% of the response from a 3/64
~1inch $1ameter flat bottomed hole sha]] not have their centers c1oser
than 1 inch

6.1.1.3 No drop in back ref]ect1on of 20% or greater than .cannot be
be attributed to surface condition or abnormal test condition is
acceptable. -

6.2 Rejection Criteria:

6.2.1 Material exhibiting flaws in excess of above requirements for
' - the applicable class shall be rejected except as descr1bed in
6.6.2.

6.2.2 Flaws in excess of the acceptance limits shall be allowed if it
is definitely established that they will be completely removed by
future machining or cutting operations.

6.3 Materjal Disposition Control:

6.3.1 Rejected material ‘shall be handled by the‘MRB-system

MARKING: A1l defects shall be located on the part with a symbo] j::i having a
]/2 inch d1emeter center or a vjxnhav1ng 1/2 inch max1mum d1mens1ons The
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ARCTURUS PROCESS PROCEDURE

ANSC-UTIP-1000

;t{/77:/sﬁﬁﬁ: Ultrasonic Inspection Procedure ISSUED 8/10/71
MFG. CORP. for ANSC 5AL-2.5 Sn ELI Forgings Irevision N/R
OXNARD CALIF. ANSC 90297 A ‘

pace 3 of 3

center of the mark is to be as close as possible, coincident w1ih the
projected center of the defect, and the depth from the surface shall be
shown adjacent to the marl Acceptab]e parts shall be stamped with an

A-4 stamp.

8.0 PRIMARY STANDARDS: Instruments and gauges shall be periodically tested
for accuracy and shall have properly stamped labels attached to them
showing date of last inspection and date of next inspection.

9.0 REFERENCE DOCUMENTS: MIL-I-89508.
263

a2




ARCTURUS PROCESS PROCEDURE

X293-SP-1000

ISSUED 8/]0/71 .

1reEvision  N/R

pace 1 of 1

// /257 A?C~' - : Scan Plan
MFG. CORP. . for
OXNARD, CALIF. ANSC P/N 1138579-2¢ Arcturus X-293
1.0 SCOPE The following illustration shows the scan plan to be used
in ultrasonic inspection of the above part.
2.0

INSPECTION: Inspection shall be performed according to sect1on

CANSC-UIP-1000 of this manua1

{o-

264 \
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/) ARCTURUS PROCESS PROCEDURE . |ANSC-FPPI-1000

{:a,, c/QQ/\ Penetrant Inspection Procedure o lissueo grv0/71
KFG. CORP. for ANSC 5AL-2.5 SN ELI Forgings Irevision  N/R

YXHARD, CALIF. ANSC 90297 A : PAGE- T |

1.0 SCOPE: This procedure shall apply to the penetrant{inspection of the parts
referenced on the title page of this document. : ~

2.0

3.0

REFERENCE DOCUMENTS MIL-1-6866B, AMend #1, Amend #2, AHSC 90297A, Arcturus
Qua]ncy Assuxance fanual, AMNSC 903? 1. : '

PROCEDURE: Parts sha]] be inspected in accordance with Type 1, Method B of

3.1

3.2

3.3

3.5

3.6

3.7

FIL-1-65558.

Precleaning: Parts shall be prec]eaned in accordance with paragraph

5.2 of MIL-1-6856B.

Penetrant Application: Penetrant shall be app11ed by d1ppan in:
accordance wilh paragraph 5.3 of MIL-I1-68668.

qu1s1f1er App11cat1on Emu]swr1er shall be app]1eo in accordance w1th
paragraph 5.4.2 of MIL-1-68668B.

Rinsing: A1l parts shall be rinsed in accordance with paraoraph 5.5
of MIL-T-68668. - . .

¥

Developing: A11 parts sha11 be deve]oped in accordance with pa:ao raph
5.6.1 of MIL-I1-68668. _

Drying: After oeve]opment per 3.5 above parts shall be or1ed in

- accordance with paragrapn 5.7 of MIL-I- 6866P

Inspection: Inspection sha]] be in accordance with paragwaph 5. 8

 of MIL-1-68668.

3.8

Final Cleaning:  Parts shall be steam c]eaned after all of the above

processes have been completed.

- 4.0 ACCEPTANCE STANDARDS: Acceptance standards shall be per app11cab1e
drawing and purchase order requirements. :

2R5



‘DRESS W. 0. NO.
CONTACT DATE
P. 0. NO. ACK.
QTY. CODE
PART NO. REV. PRICE
DELIVERY
REQUIRED UNIT
SET UP
DELIVERY
QUOTED TOOLS
SPECIAL
PROCESSING SPECIFICATION NOTES
MATERIAL
HEAT TREAT
ULTRASONIC

@

C

ZYGLO

MAGNAFLUX

CLEAN

ROUGH MACHINE

C

o
FIN MACHINE

TESTING

TEST BARS

GOV. COMM.

SPECIAL INSTRUCTIONS

CONTRACT

<Hh6




[WORK ORGER 1D,
° - BaTe MAT. SPEC.
[CUSYoMTY PRIORITY
GOV T,
CONTRACT
b
CUsT. £.0, W0, DEL DATE qQTY. PRICE - UNIT AMOUNT
HEAT ‘i'
FARTNO. i TREAT —_
NORMALIZE J
DIE No. ANNEAL !
L]
BRINELL CERAY D !
comrL t
OPERATION | EST. | Act | SCRESHLE | CONPLATE [ oom & TEw?. 1
] e GRIND. !
STEEL +
IYGLO 1
2| sev.up +
TRHD |
PLAST !
1| ForGe 1
MAG. INSP. cert | | 1
‘ I
s | RESTRIKE navy nse. ([ ] 1
L) GRIND TOTAL :
1
7 [STRAIGHTEN FOOTAGE
runNCH
' ROUGH
ot STOCK
$ | CLEAN SIZE
1 DM$ WT.
DATE STOCK
i} eLock ORDERED:
]| TaRer
LATHE DATE STOCK
13| EHGIKE DUE IN:
LATHE
1| MILLING N STOCK
DRILL
B ppess
PURCH
W ppess
17| BROACH
1] CLEAN
HEAT
W yagar -
MAG.
Wi seecr
21| INSPECT NET WTY.
cuT
al shie
n
x| Misc.
OVERSHIPMENT I
ALLOWANCE RATE
UNDERSHIPMENT A
ALLOWANCE
DATE INVOICE NO. | PCS. SHIPPED BALANCE
[5TE NO.
REMARKS
LEAD CAST DUE
LEAD CAST APPROVED
GTRER DATA
ARC 210

ARCTURUS MFG. CORP.

K7




DATE

f / MANUFACTURING CORPORATION 5674/)

~ PRESS HARD USE BALL POINT PEN ONLY -

SUPPLIER PURCHASE ORDER
MATERIAL HEAT NO. BAR SIZE
DATE RECEIVED TOTAL BARS REC'D PAGE NO. OF
BAR NO. LENGTH WEIGHT ALLOCATION WITHDRAWALS
Length Length
Cut# Weight | JOB NO. Cuts Weight | JOB NO. DATE INITIAL
-~ 1 1
Frepare one of these packages for each bar 2 2
received on all materials except 4000 Series 3 3
and Aluminum. 4 4
. 5 5
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7 7
RECEIVER OR CUTTER 8 8
Return this package to Metallurgical Dept. 9 9
immediately after receiving or cutting. 10 10
1 ‘ n
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16 16
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‘F-1001

ARCTORUD .
MFG . CORD. - vEeurn  36-67
' ORNARZD, ARCTURUS FURNACE LOADING LOG REVIEOY
JOB. NO. DATE TYPE MATERIAL FURNACE FURNACE TEMP.
Lt - ) |‘ o
SERIAL NO. || TIME IN TIME OUT - | TIME IN: | TIME OUT TIME IN TIME OUT_
i
3 N
4 .
" .
- 2RI
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AR~ MANUFACTURING CORPORATION

6001 ARCTURUS AVENUE ® OXNARD, CALIFORNIA 93030 *® TEL. (805) 488-4481 ® TWwX (805) 447-7107

TEST CERTIFICATE

CUSTOMER PART NO. P. O.

STOCK
MATERIAL SPEC. SIZE SUPPLIER

CHEMICAL ANALYSIS

HEAT :
NUMBER C Mn P S Si Cr Mo

C‘

GRAIN SIZE HARDENABILITY

FORGINGS PROCESSED AS FOLLOWS:

PROCESSING SPECIFICATIONS

MECHANICAL PROPERTIES

‘N OR YIELD ULTIMATE ELONG. RED. OF
T NO. STRENGTH STRENGTH (4D) AREA (%) REMARKS
A

FORGINGS IDENTIFIED WITH

THIS CERTIFICATION COVERS PIECES ON OUR SHIPPER DATED

INCLUDING

) . ! HEREBY CERTIFY THAT THE PARTS WERE PROCESSED IN ACCORDANCE
i WITH THE SPECIFICATIONS NOTED. ORIGINAL COPIES OF ALL CERTIFICATES
ARE ON FILE AT ARCTURUS MANUFACTURING CORPORATION.

SIGNED

TITLE
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MANUFACTURING CORPORATION

\\ 6001 ARCTURUS AVENUE . OXNARD, CALIFORNIA 93030

MANUFACTURING PROCEDURES
CONTROLS AND DOCUMENTATION FORMS =
FOR PROCESSING ANSC AMS 5737D
FORGING - ARCTURUS X-294-MP-1000

STATOR, TURBINE, -
SECOND STAGE-FORGING

ANSC P/N 1138580 "E"
ARCTURUS DIE X-294

AUGUST 10, 1971
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MANUFACTURING PROCEDURES,
CONTROLS AND DOCUMENTATION FORMS
FOR PROCESSING ANSC AMS 5737D
FORGINGS - ARCTURUS X294-MP-1000

STATOR, TURBINE,
SECOND STAGE-FORGING

ANSC P/N 1138580 "E"
ARCTURUS DIE X-294

AUGUST 10, 1971

=

PREPARED BY 57, 7 //izcc.“x,e’ <72 APPROVED Bvé @@QL
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Y ety
MFG. CORP.
OXNARD, CALIF.

REVISIONS o X294-MP-1000 -

STATOR, TURBINE, .SECOND STAGE ™ -

1ssuep 8/10/71 .

" ANSC P/N°1138580-1 "E" =~ [REVISION N/R
~ AMS"5737D o : PAGE 1 Of 1

1. SCOPE:
part..

This~revision4pag¢fsha1] cover changes abp]icab]e to the above
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- ARCTURUS MATERIAL SPECIFICATION ANSC-MS-1000 -1
/F’ “é57[¢44 " Raw Material Procurement issuen  8/10/71
NI;E?(;I’\—!T -ANSC A286 Forging : revision  N/R
OXNARD, CALIF. - -AMS 5737D PAGE 1 of 1
1.0 SCOPE: This spec1f1cat1on shall appIy to material utilized 1n the forging
-of the fo]IOW1ng part:
ANSC P/N - . Arcturus Die #
1138580-1"E" - . ' X-294
2.0 REFERENCE DOCUMENTS: AMS 5737D, AMS 2248, AMS 2241.
- 3.0 MELTING PRACTICE: Material shall be consumable electrode melted.
4.0 COMPOSITION: Composition of material shall be as follows:
Element - Percent
, Min., Max.
Carbon - 0.08
Manganese - 2.00
Silicon - 1.00
. Phosphorus : - 0.025
Sulfur ) - 0.025
Chromium , s 13.50 16.00
Nickel , - 24.00 27.00
Molybdenum » - 1.00 1.50
- Titanium’ 1.90 2.35
Boron : o © 0.0030 0.010
Vanadium ' - 0.10 0.50
Aluminum L= 0.35
5.0 TENSILE PROPERTIES: " Tensile test properties from a sample of the bar
- - material; forgod to a test coupon, followed by heat treatment as in
paragraph 6.0, and tested at room temperature, shall .conform to the
following properties: ‘
Tensile strength, psi - 140,000 min.
Yield strength at 0.2% -
offset or at 0.0105 in.
in 2 in. extension under
load (E=29,100,000) psi - 95,000 min.
Elongation, % in 2 in. or 4D - 12 min.
Reduction of area (round specimen) % - 15 min. , A
5.1 Stress Rupture Properties: This requirement is deleted by note;{}&of
drawing 1138580-1"E".
© 6.0 HEAT TREATMENT: Test 8pec1ﬁens, prior to test, shall be solution heat
treated at 1650 F + 25°F, holding at heat for 2 hours and quenching in
water, and then shall be precipitation heat treated by heating to ]325°F
+ 250F, holding at heat for 16 hours, and then air cooling. ,
7.0

REJECTIONS:- Material not conforming to this spec1f1cat1on.w111 be subject

to rejection.

2y




A ARCTURUS PRQOCESS PROCEDURE ANSC-FC-1000-1
ﬁikﬁ?ﬁ§§§é222§~ Forging Furance Control . issueo  "8/10/71
T urG. cone. |- ANSC A286 Forging - reviston  N/R
OXNARD, CALIF. . MMS 57370 : pacE 1 of 1
1.0 SCOPE: This procedure shall be followed in utilizing equipment for
heat]hg the part for forging referenced on the title page.
2,0 REFEREMCE DOCUMENTS: Arcturus Quality Assuranqe Manual, MIL-H-6875D.
. 3.0 IDENTIFICATION OF EQUIPMEN%: Arcturus furnace #12, a gas fired furnace, -
shall be utilized in heating the subject part for forg1ng.
3.1 Temperature control on Furnace #12 is maintained by a L&N Speed 0-Max -
- controller-recorder, with a series 60 contro].er
4.0 RESPONSIbILITY The respons1b1]1ty for conduct1ng the necessary furnace
.calubratnon and surveys, together with routine chart and battery replacement,
shall rest with the Quality Control Departmnnt
5.0 TEMPERATURE UNIFORMITY: The furnace and contro]]ihg instruments, shall be
calibrated at 1800 deg. F., and temperature uniformity throughout the
furnace shall not exceed + 20 deg. F. The furnace shall be surveyed at
thirty (30) day intervals. Suitable labels showing date, furnace number,
conpany certifying, and individual certifying, shall be paaced on each
instrument at the L1me of survey. _
6.0 CERTIFICATION: Cert1f1cat1on of the abOVe shall be ma1nta1ned on record at

JRRUGIR S Uy UG SO G 1 S N

Arcturus.
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oL ARCTURUS PROCESS PROCEDURE | ANSC-FH-1000-1
7fé§3§f/622?5 ~ Forging Heating Procedure 1sSUED  8/10/71
T AFG. CORP. ANSC A286 Forging . revision  N/R
OXNARD, CALI v - AMS 5737 D prce 1 OF 1
1.0 ACKNOVLEDGMENT AND SCOPE: This procedure shall be followed in heating

2.0

3.0

4.0

4.1

5.0

5.1

5.2

6.0

7.0

multipies for forging after release and transfer of the multiples per
“Arcturus Process Procedure ANSC-MS-1000-1. :

REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual. Arcturus
Form #F-100T. -

RESPONSIBILITY: It shall be the respon51b111ty of the forge shop super-
intendent to carry out the heating practice in accordance with this

© procedure.

FURNACE COMTROL: Furnace #12, as described in Arcturus Procedure ANSC-
FC-T00T-1 shall have contro]s set at 2050CF. .

Furnace Uniformity: BeTore Toading of multiples, furnace tempﬂrature
must even out. ‘Un1form temperature shall be achieved.

LOADING OF MULTIPLES: Cut multiples shall be loaded in accordance with
the following procedure:

Multiples shall be°loaded in serial number sequence,

A record of Ioad1ng sequence shall be ma1nta1ned on Arcturus furnace
loading forin #F 1001.

RECORDING OF DATA: In addition to the data maintained on furnace loading
form F-1001, the job number, together with the serial numbers of each
part, shall be entered on each furnace chart. The date also shall be
entered on each chart. . ' . -

VERIFICATION OF COMPLIANCE: A1l recorded data, including furnace loading
charts and recorder charts, will be forwarded to Arcturus Quality Contro]
for verification of comp11ance to this procedure.
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y ARCTURUS PROCESS PROCEDURE ~ |ANSC-FP-1000-1

i L T
A Forging Practice ssueo_6/10/71
MEG. CORP. ANSC A286 Forging : revision N/R
OXNARD, CALIF. . AMS 5737 D PAGE 1 Of

1.0 ACKNOYLEDGMENT & SCOPE: The following procedure shall be followed in
"~ forging the above parts. ,

2,0 REFERENCE. DOCUMENT: Arcturus Quality Assurance Manual.
3.0 RESPONSIBILITY: It shall be the responsibility of the forge shop super-
jntendent to carry out the forging practice according to this procedure.

4.0 EQUIPMENT: Equipment utilized shall consist of a 12,000# steam
: ammer for all forging operations. _

5.0 FORGING: Forging shall be performed in accordance'with the following
procedure: _ . )

5.1 Pancaking: Multiples heated in accordance with the practice outlined in
Arcturus Process Procedure ANSC-FH-1000-1 shall be manually transferred,
utilizing hand tongs, from furnace #12 and placed on flat dies installed in
the 12,000# hammer. Pancaking shall then be performed to generate shape
of such size to guarantee dimensions shown on Arcturus drawing X-294.

6.0 PROCEDURES APPLICABLE TO ALL OPERATIONS:

" 6.1 Reheating: Heat lot and bar lot variations in raw material preciude any
exacl definition of the number of hammer blows and the number of reheats
- to complete a part. The heater shall restamp while hot the serial number
of each part after each forging operation. When the part fills the cavity

of the die, the hammer operation shall be-considered.complete.

6.2. Procedure if Cracking Occurs: The hammerman shall visually inspect the
part when i1t is taken out of the dies. Any hairline cracks require the
- part to be sent to inspection so that these cracks do not propagate
into sound metal. If cracking is observed while the part.is being forged
.- 1In the die, forging shall stop, and the part shall be sent to process.
- grinding for removal of the cracks.

- =80
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ARCTURUS PROCESS PROCEDURE

ANSC-HT-1000-1

/3 A, :
74f6525/é7?9&\ Heat Treat Procedure

MFG. CORP. , "~ ANSC A286 Forging
OXNAPD CALIF. AMS 5737 D

issuep 8/10/71

REVISION  N/R

pace 1 of 1

1.0 ACKNOWLEDGMENT & SCOPE: This procedure shall be followed in heat
_ treating finish forged parts after forging and processing per Arcturus
Process Procedure ANSC-FP-1000-1. This procedure shall apply to the
following part: _

ANSC_P/N - Arcturus Die #
1138580-1 E - X-294

2.0 REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, MIL-H-81200,
AMS 5737D. ' '

3.0 RESPONSIBILITY: It shall be the responsibility of the heat treat- processor
to carry out the heat treating practice according to this procedure.

-

- 4.0 EQUIPMENT: Equipment and controls shall be as follows:
4,1 Solution Heat Furnace: Arcturus furnace #50-1 with L&N Speed-0-Max
controilers and recorders with series 60 controllers. Two zone (front
and rear) control. Flat flame excess air burners.

4.2 Precipitation Heat Treat Furnace: Arcturus furnace #25E with four
zone control by Honeywell Brown Electronik Strip recorder-controllers,
model 153R10PS 141-20A4. Four (4) Chromel-Alumel thermocouples are

“located in the roof of the furnace. Overheat protection control is
‘maintained by one (1) Honeywell Brown Electrik 4-point strip recorder-
‘controller, model #15X60P4-W7- 32A4 .

5.0 TEMPERATURE UNIFORMITY: Temperature un1form1ty shall be within + 250F
of the temperatures 1nvo1Ved as determined by periodic 30 day surveys

6.0 PROCEDURE: Parts shall be placed in furnace #50-1, after furnace has
attained a uniform temperature of 1650°F and held at heat for 2 hours.
Parts shall then be water quenched. Parts shall then be placed in furnace
#25E and aged at 1325°F for 16 hours, and subsequently air cooled.

7.0 RECORDING OF DATA: In addition to the data maintained on the heat treat

vendors work order, the following information is to be supp11ed on the
furnace chart.

ARZTURUS M 0nT  DNEAT
H. T. V NDG GO .
MiTERE Sl
5 CHAN 250 1, |

8.0 VERIFICATION OF COMPLIANCE: A1l recorded data, includina furnace charts,
shall be forwarded to Arcturus Quality Contro] for ver1f1cat1on of compliance
to this procedure : 281 :




ﬁ/,(2§12225{f: Metallurgical Testing and Documentation [ISSUED
. MFG. CORP.
OXNARD, CALIF. - } © AMS 5737 D pace 1 of 1

ARCTURUS PROCESS PROCEDURE ANSC-TP-1000-1
8/10/71

for ANSC A286 Forging {revision  N/R

1.0

2.0

3.0

3.1

SCOPE: This procedure shall apply to the testing of the parts referenced
on the title page of this manual. . : , '

REFERENCE DOCUMENTS: Arcturus Quality Assurance Manual, AMS 5737D,

ASTHM €8, FED-STD-T51. _ _
PRE-PRODUCTION QUALIFICATIONS: After forging design and procedures have
been established, one forging from each of the parts referenced on the title
page shall be destructively tested, after heat treatment per ANSC-HT-1000:1.
in accordance with the following procedure. ' '

Mechanical Property Reauirements: Three test blanks shall be cut from the .
Tocations designated on the. ARSC drawings for each of the parts referenced
on the title page of this document. After machining the bars and tensile
testing at a strain rate of 0.005 + 0.002 inches per inch per minute -
through the yield strength, and then increasing the strain rate so as to
produce failure in approximately one additional minute, the following

minimum properties shall apply. in all directions. -

LS. psi Y.S. psi 3 WA

3.2

140,000 Min. 85,000 Min. i2 ' 15 Min.

Microstructyre: Examination of microstructure shall be in :accordance
With note #i6 of drawing #1138580 E and shall reveal no evidence of a

". duplex microstructure, nor any bonding. Grain size shall be ASTM-E113

3.3

4.0

5.0

6.0

size 5-or finer, Ny ¢

L (40 ,f"\ (S~

; g ‘ .
Macrostructure: Macrostructure examination on a cut face of the examined
forging shall show no predominant grain flow in any one direction and
no evidence of alloy segregation. .

" PRODUCTION TESTING: Production testing of each'paft shall include the’

requirements of paragraph 3.1 above. The requirements of paragraph 3.2
and 3.3 shall not apply. : ' . .

REPORTS: Test results as obtained above shall be reported to Aerojet on

Arcturus Form £19829. Three copies of this document shall be furnished

‘@o Aerojet attesting to conformance of AMS 5737 "D". ‘These reports shall

include the purchase order number, specification number and mill heat

ggm§§r gnd location and orientation by S/H of each forging with respect
-its bar, . C S e

REJECTIONS: Forgihgé not'conforming to this specification or to authorized
modifications shall be subject to rejection. - ' L
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ARCTURUS PPOCESS PROCEDURE ANSC-UIP-1000-1

f< (””/7c/<2§ Ultrasonic Inspection Procedure issueo_ 8/10/71
MFG. CORP. for ANSC A286 Forging frevision N/R
OXNARD, CALIF. AMS 5737D pace 1 of 3
1.0 This procedure describes in detail the process of ultrasonic inspection of
the parts referenced on the title puge oF this procedure.
2.0 Equnpment_sha]] be as fO]]OHS. |
a.  Sperry Type UM 721«10N-instrument
b. “Automation Indusiries lithium sulfate transducers.
c. MWater tank and water filter. o
d. Test blocks, Alcoa series, with the followina hole sizes and meta]
‘ travel distances. (for qualification of equipment)
Hole Sizg§ Metal Travel Distances
2/64" , ' 6", 3n’ 3/4!.3 ]/211’ ]/4u
4/64 R
e. Test blocks, 4340 materwa], W1th the following hole s1zes and
\ metal travel distances. (for scann1no of parts)
Hole Sizes ' ‘ Metal Travel Distances
3/64", 5/64”'- o 1/8"; 1/4“, 172", 3/4", 1",
1 1/4", 1Y 1/2", 1 3/4"
3.0 .Equ1pment qualification shall be as fo]]ows
a.ﬁ Reso]ve a 2/64" flat bottomed hole at the followina frequencies
and metal travel distances. (a) 0.75" at 2.25 MC, (b) 0.50" at
5 MC (c) 0.25" at 10 MC. '
b. ,Determ1ne the reso]ut1on of a 2/64" flat bottomed ho]e with a
3/4" transducer and an incident anale of 0°. Adjust the flat
“bottomed hole response for an amplitude of 50% saturation. With
this condition, a minimum of 40% of saturation of the flat bottomed
hole indication shall be separated and clearly distinguishable from
the front surface indication. Resolve a 2/64 inch flat bottomed hole
at a metal travel of 6 inches, indicating a minimum response of 50%
-saturation so that base line noise level shall not exceed 5% of the
amplitude of the flat bottomed hole response. A minimum signal change
of 50% of saturation shall be demonstrated between response from a
2/64 dinch and a 4/64 inch flat bottomed hole at a metal travel of
three inches. - '
4.0 Parts inspected shall be scanned usina ‘the followina procedure. Both

longitudinal and shear wave techniques shall be used.

a.  Care shall be exercised to maintain surfaces free of grease, oil,
paint or any other contaminants._ Surface finish shall be 125 RMS
maximum.

b. In standard1z1nq the instrument for the seaich scan, a 2/64" flat =~ .
" bottomed hole with a metal travel distance of 1/2", shall be d1sp]aycd
‘ at an amp11tude of 50% of fﬁ?#gﬁfa]e deflection (approx 1").




ARCTURUS PROCESS PROCEDURE AGC~UIP¥1000—]

/ AT -

Q\ il A 'u,ﬁ)\ Ultrasonic Inspection Procedure tssuEp 8/10/71
AFG. CORP, for ANSC A286 Forging ‘ Jreviston N/R
OXNARD, CALIF, - AMS 5737D e 7 of 3

c. _ In scanning the part, crystal overlap shall bevmaintained at 3/16"
maximum. ~Scanning speed shall be maintained at one inch per second
maximum. Paris shall be scanned in accordance with the scan plan.

Vater. travel distance from the transducer to part undergoing test

shall be adjusted S0 that the second front reflection does not

“appear between the first front and first back reflection. Maintain

the same water- trave] distance for both stancard1zat1on and inspection
procedures within plus ov minus 1/2".

5.0 PRODUCT EVALUATION SHALL BE AS FOLIOHS'

a. Use reference blocks of the same naterwa], shape, and cono1c1on as the
parts being inspected. _

b. Match as closely as possible the response of the flaw to that of one
- of the above blocks. Diameter and depth may not be determined within
the Timits of the b]ocls s

© 6.0 ACCEPTANCE STAHDARDS:

6.1 Class: The 1011ou1ng class sna11 app]y
6.1.1 Class ﬁAK/'t 7

"6.1.1.1 No flaw indications exceeding 25% of the response‘from a 3/64
inch diameter flat bottomed hole are acceptable.

6.1.1.2 Flaw indications in excess of 10% of the response from a 3/64 9
inch diameter flat bottomed hole sha]] not have their centers closer (
than 1 inch. . _ g

6.1.1.3 No drop in back reflection of 20% or greater than cannot be ’
be attributed to surface condition or abnormal test condition is

acceptable. _ : i

6.2 Rejection Criteria:

6.2.1 Material exh1b1t1ng flaws in excess of above requirements for
the applicable class shall be rejected except as described in
6.6.2.

6.2.2 Flaws in excess of the acceptance 1imits shall be allowed if it
js definitely established that they will be comp]etely removed by
future machining or cutting operations.

6.3 Material Disposition Control:
6.3.1 Rejected material shall be handled by the MRB system.

7.0 MARKING: A11 defects shall be located on the part with a symbol 3::i.having a
1/2 inch diameter center or a.aﬁ%»having 1/2 inchAmaxjmum dimensions. Thev
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ARCTURUS FPROCESS PROCEDURE _ ANSC-UIP-1000-7
/v”' 1y ’
‘;) /C% “ Ultrasonic lnspection Procedure ISSUED 8/10/71
MFG. CORP, for ANSC A286 Forging - {revision N/R
OXN/ARD, CALIE ‘AMS 5737 D ' rrot 3 of 3

v

center of the mark is to be as close as possible, coincident with the
projected center of the defect, and the depth from the surface shall be
shown adjacent to the mark. Acceutab1e parts shall be stamped with an
A-4 stamp.

' 8.0 PRIMARY STAMDARDS: Instruments and gauges shall be periodically tested
: for accuracy and shall have properly stamped labels attached to them
~ showiny date of last inspection and date of next inspection.

9.0 REFERENCE DOCUMENTS: MIL-I-89508.




oy T ARCTURUS PROCESS PROCEDURE X294-SP-1000
" . 2
VTt e Scan Plan issuep 8/10/71
for : N/R
. MFG. CORP. . REVISION
l OXNARD, CALIF. ANSC P/N 1]38580-‘1 [ /\Y‘CtUY‘US X“294 PAGE ] of 'l

1.0 SCOPE: The following illustration shows the scan plan to be used in
ultrasonic inspection of the above part.

2.0 INSPECTION: Inspection shall be performed according to section
. _ANSC-UIP-1000 of this manual.

%/////////’— _ B LONGITUDINAL
/ 1 P :] .




) -
Voo 557 /O’ Penetrant Inspection Procedure 1SSUED 8/10/71
Lk 4/«43’ for ANSC A286 Forging trevision  N/R

{FG. CONP.
oxuipp tALfr - AMS 5737 D : pacge 1 of 1

l \§§§§ ARCTURUS PROCESS PROCEDURE ANSC-FPPI-1000-~1

1.0 SCOPE This procedure sha]] apply to the penetrant inspection of the parts
veferenced on the t1t1e page of this document.

2.0 REFERENCE DOCUNEHTS: Mi1-1-6866B, Amend #1, Amdnd #2, ANSC 90297 A,
Arcturus Quality Assurance Manual, ANSC 90°2 1.

3.0 PROCEDURE:  Parts shall be inspected in accordance with T e 1, Method B of
MIC-1-68668. ’ T RE T, TR

3.1 Precleaning: Parts shall be prec]eaned in accordance with paragraph

5.7 of MI-1-68568.

3.2 Penetrant Application: Penetrant shall be applied by . d1pp1na in
accordance with paragraph 5.3 of MIL-I1-68668,

3.3 Emulsifier Application: Emulsifier shall be app]1ed in accordance with
paragraph 5 .2 of MIL-1-6856B.

3.4 R1nswng A11 parts shall be rinsed in accordance with paragrapl 5.5
of MIL-T-6866B. paragrapt

3.5 Deve]op1ng A]] parts shall be deve]o ed in accordance with p; h
5.6.1 of MIL-I1-68668B. . P ith piraorap

- 3.6 Drying: After development per 3.5 above, parts shall be dried in
“accordance with paragraph 5.7 of MIL-~I-68668.

3.7 Inspection: Inspection shall be in accordance with paragraph 5.8
of MIL I-6866B.- -

3.8 Final Cleaning: Parts sha11 be steam cleaned after all of the
. __above processes have been completed. .

4.0 ACCEPTANGCE STANDARDS:

Acceptance standards sha]] be per app11cab]e drawing and purchase order
requ1rements

<87
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ADDRESS . W.0.NO.

OONTACT DATE
) :

P. 0. NO, : ACK.
QTY. CODE
PART NO. REV. - PRICE
DELIVERY '
REQUIRED UNIT
SET UP
DELIVERY
QUOTED TOOLS
SPECIAL
PROCESSING SPECIFICATION : NOTES
MATERIAL
HEAT TREAT
ULTRASONIC °
(":RAY
\.GLO
MAGNAFLUX
CLEAN

ROUGH MACHINE

1

FIN MACHINE

TESTING

TEST BARS

COMM. = CONTRACT

GOv.

SPECIAL INSTRUCTIONS
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[WORK ORDER WO,
ATE MAT. SPEC.
(ORGTA B PRIORITY .
GOovY'Y,
CONTRACY
CHAZY (0 TV ma—
CUST. 7.0. Ko. ary. PRICE - UNIT AMOUNT
HEAT i
PARY KO, QryY. THSAT .
NORMALIZE |
DIE NO. ANREAL ]
M
BRINELL CERT ;
|8 COMPL -
OPERATION | EsT. | act | SCHEDULE | COMRLETE |poom & TEwr. ;
N GRIND. 1
STEEL +
2| sevup 2YGLo 1
$AKD i
3| FomrGe —BeAST t
MAG. INSP, CERT |
¢ 1
s | RESTRIKE Havy inse. |[] 1
[ ] GRIND TOTAL :
]
7 STRAIGHTEN FOOTAGE
PUNCH
Y our ROUGH
STOCK
2| crLean SIZE
10
BATESTOCK UINT.
A
| srock ORDERED:
12 TURRET
LATHE DATE STOCK
1 ENGIHE DUE IN:
LATHE
1] MILLIKG TN STOCK
bail
151 paess
PUNCH
16 PRESS
17| BROACH
18] cLean
HEAY
1 TREAT
MAG,
W1 useecy
2| INSPECT NET WT.
cuT
u| sHip
n
u
| misc.
OVERSHIPMENT —
ALLOWANCE RATE
UNDERSHIPMENT N
ALLOWANCE
DATE IKVOICE NO. | PCS. SHIPPED BALANCE
BIE WO.
REMARKS
TEAD CAST DUE
LEAD CAST APPROVED
GTHER DATA
ARC 210
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DATE

@MMANUFACTURING CORPORATION
' No. 5678 A,

/ \ ~ PRESS HARD USE BALL POINT PEN ONLY -
SUPPLIER PURCHASE ORDER
MATERIAL HEAT NO. BAR SIZE
DATE RECEIVED TOTAL BARS REC'D PAGE NO. OF

BAR NO. LENGTH WEIGHT ALLOCATION WITHDRAWALS
Length Length
Cut Weight | JOB NO. Cut= Weight | JOB NO. DATE INITIAL
1 1
b épare one of these packages for each bar 2 2
received on all materials except 4000 Series 3 3
and Aluminum. 4 4
. 5 5
Prepare one package for each shipment
tegaaived of 4000 Series and Aluminum. 6 6
" RECEIVER OR CUTTER 8 8
Return this package to Metallurgical Dept. 9 9
immediately after receiving or cutting. 10 10
1 11
12 12
13 13
14 14
15 15
16 16
CONSUMPTION 7 17
18 18
Job $
19 19
20 20
Qty. Lbs. 21 21
22 22
23 23
24 24
‘25 25
26 26
RECEIVED BY 27 27
28 ‘ 28
~30




ARCTURUD
MYG . CORD..

‘F-1001

V.o

\aooEn 374-67

REVITIOW

/2<§;r OXNARD, ARCTURUS FURNACE LOADING LOG 3
CALi= : PAG &
JOB. MO. DATE TYPE MATERIAL FURNACE FURNACE TEMP.
A Y,
SERIAL NO. | TIME IN TIME OUT - | TIME. INv TIME OUT TIME IN TIME OUT
1 h
- .

ARC Form {/F-1001




fzi

L A~ MANUFACTURING CORPORATION

6001 ARCTURUS AVENUE ®

OXNARD, CALIFORNIA 93030 © TEL. (805) 488-4481 ® TWX (805} 447-7107

TEST CERTIFICATE

CUSTOMER PART NO. P. O.
STOCK
MATERIAL SPEC. SIZE SUPPLIER
CHEMICAL ANALYSIS
HEAT

NUMBER Mn P S Si Cr . Mo

AY
(-
GRAIN SIZE HARDENABILITY
FORGINGS PROCESSED AS FOLLOWS:
PROCESSING SPECIFICATIONS

MECHANICAL PROPERTIES

~ N OR YIELD ULTIMATE ELONG. RED. OF
L /)T NO. STRENGTH STRENGTH (4D) AREA (%) REMARKS
FORGINGS IDENTIFIED WITH
THIS CERTIFICATION COVERS DATED

PIECES ON OUR SHIPPER

INCLUDING_,

| HEREBY CERTIFY THAT THE PARTS WERE PROCESSED IN ACCORDANCE
WITH THE SPECIFICATIONS NOTED. ORIGINAL COPIES OF ALL CERTIFICATES
ARE ON FILE AT ARCTURUS MANUFACTURING CORPORATION.

SIGNED
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VORK OR
ORK ORbeR Ho. OATE MAT. SPEC.
[CUSTOHER PRIORITY
GOV T R
- COMTRACT
CUST. .0 O, DEL. DATE QrTY. PRICE - UNIT AMOUNT
KEAT ;
PART 1O, QTY. TRTAT S
HORMALIZE I
t
it RO. AN EAL !
N
- i
o - crar || !
- THEDULE | €OI'7.Lic 1 o]
OPERATION | EST. ACT tore G RO AT i
o e e e e e t
M1 e i | | Gmino. i
SYFiL e— +—
2| seEY.ue mYeLo l
PR ]
N - cLAST H
MAG. INSP, CERT D }
! i
+
S | RESTRIKE NAVY INSP. { ] !
6] GRIND TOTAL :
1
? STRAGHTEN FOOTAGE
’ Nété" ROUGH
STOCK
3| CLEAN SIZE
10
OMS WT.
B DATE STOCK
1] stock ORDERED:
12 TULRET
LATHI DATE STOCK
3 ENGIHE DUE iN:
LATHE
14| MILLING N 5TOCK
DRty
51 pRoss ©
15 PUKCH
° PRESS
171 BROACH
18| CLEAN
15 1
1 .
BAG,
By msecer i
21| INspECT KET WT.
coT
22| swe
F3) ! . :
2 } -
i
| misc, i
OVERSHIPIENT
ALLOWANCE RATE
UKDERSHIPMENT
ALLOWANCE
DATE INVOICE NO. PCS. SHIPPED BALANCE
BIE NO.
REMARKS
LEAD CAST DUE
LEAD CA5T APPRAGVED
OTHER DATA
L 4
AR

ARCTURUS MFG., CGrp.
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ENCLOSURE 1

SPECIFICATION ANS-90296B, TITANIUM SPONGE
PARE



AERGJET HUCLEAR SYSTEEIS CORPARY

A DIVISION -OF AEROJET - GENERAL (=

POST OFFICE BOX 13070 ¢ SACRAMENTO, CALIFORNIA 95813
CODE IDENT 34632

SPECIFICATION__ AN

TITANIUM SPONGE

w
[AV]

-902828

SUPERSEDING:
AGC- AN5-90296 AGC- : AGC-
DATE 12-23-70 DATE DATE
RELEASES (REPLACE PAGES IN SPECIFICATION WITH LATEST CHANGE BELOW)
REV | RELEASE . - ' ' ' PAGE
LTR DATE i 234567 3 9 FAGE NUMBERS ADDITIONS
12-28-70 | = = = = = = - - -
A 1-21-71 A AAAAAAARA
B | 11-29-71 BBBBEB
<36 Authorized for release:
i\ \ ",:'-,,--'\..-f.

ANSC Specifications and Standards

ANSC @2 - 1C 10/ 70)



Specification No. ANS-80296
Section 1.  SCOPE

1.1 Scope.- "This specification establishes the requirements for
virgin titanium metal melting stock commonly designated as titanium sponge.

_ 1.2 Classification.- The titanium sponge shall be classified as
follows: '

-1 - Magnesium reduced and finished by distillation

-2 Magnesium reduced and finished by ]each1ng
: or inert gas sweep

-3 Sodium-reduced and finished by ]eaching ' -

_Each classification shall be called out by referencing the »
_ spec1f1cat1on number, p]us the suffix number des1gnat1ng the classification
desired. :

Section 2. APPLICABLE DOCUMENTS

2.1 Government Documents.- Unless otherwise specified, the following

documents, ‘listed in the issue of the Department of Defense Index of Specifications
and Standards in effect on the date of invitation for bids, shall form a part
of this specification to the extent. specified herein.

STANDARDS

. Military ) s
MIL-STD-129 : Marking for Shipment and Storage.

(Copies of documents required by contractors in connection with specific
procurement functions should be obtained as indicated in the Department of
 pefense Index of Specifications and Standards).
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(R)

(B)

(R)

Specification No. ANS-90296B

2.2 Other Documents.- Unless otherwise specified, the following
documents, of the issue in effect on date of invitation for bids, shall form
a part of this specification to the extent specified herein.

PUBLICATION

American Society for Testing .and Materials

ASTM E 10 Brinell Hardness of Metallic Materials

ASTM E 120 Chemical Analysis of Titanium and Titanium Base
_ Alloys

ASTM C 357 Bulk Density of Granular Refractory Materials

"(Copies may be obtained from the American Society for Testing and Materials,

1916 Race Street, Philadelphia 3, Pennsylvania).
Section 3. REQUIREMENTS

3.1 Materijal.- Titanium sponge shall be prepared by reduction of
titanium tetrachloride or an Aerojet Nuclear Systems Company (ANSC) approved
alternate process. The metal shall be supplied in irregular shaped lumps
of approximate1y 0.5 inch or less in size.

3.2 Densith- The density of the -titanijum sponge lumps shall be
from 50 to 75 pounds per cubic foot.

- 3.3 Contaminants.- The titanium sponge shall be made from virgin material
and shall be free from scrap or contaminants. The metal shall be supplied '

~in uniform well-mixed blends.

PAS
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(A) 3.4 Chemical Composition.- The chemical composition of the metal
shall be as specified in Table I.

TABLE 1
CHEMICAL COMPOSITION REQUIREMENTS

Weight by Percent
ANS-90296-1  ANS-90296-2  ANS-90296-3

Element
Nitrogen, max ‘ 0.015 0.015 0.010
Carbon, max 0.020 0.025 ~  0.020
Sodium, max (total) - ©0.19
Magnesium, max ' 0.08 0.50

& Chlorine, max | 0.12 - 0.20 0.20
Iron, max 0.12 0.10 0.05
Silicon, max - 0.04 0.04 0.04
Hydrogen, max : 0.005 0.03 . 0.05
Oxygen, max 0.10 - 0.10 - 0.10
A1l other impurities 0.05 0.05 = 0.05

(total), max _

Titanium, balance (nominal) : 99.40 - 98.89 99.24

3.5 Hardness.- The average hardness value shall not exceed HB 120. -
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Section 4. QUALITY ASSURANCE PROVISIONS

4.1 Supplier Resnonsibility.-

4.1.1 Inspection.- Unless otherwise specified, the supplier is
responsible for the performance of all inspection requirements specified
herein and may use any facilities acceptable to the Aerojet Nuclear Systems
Company (ANSC). The method of verification shall be in accordance with
Table II.

4.1.2 Processes.- The suppTier shall prepare or have processing,
inspection and testing procedures that will be used to insure compliance of
the specific requirements and controls set forth in this specification and to
enable future reproducibility of the material in the same manner. These pro-
cedures shall provide for controls that will detect anomalies that will not be

revealed in subsequent inspections or testing.  Copies of all procedures and

instructions or records of conformance, including the supplier's internal
restricted, private and proprietary procedures representing the:processes used
shall be approved by an ANSC representative and retained for a period of seven
(7) years. They shall be identifiable to the spacific ANSC purchase order,
specification and lot number. ' o

The supplier shall submit to the ANSC buyer at least ten (10) days
prior to their anticipated use copies of procedures and instructions for review
to assure that the specific requirements of this specification are included. The
procedures submitted may reference any internal restricted, private or proprie-
tary procedures identified by the seller's control number, name and date.

_ ANSC directed drawing, specification and purchase order change
notices shall be incorporated in previously approved procedures and instructions.
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4.1.3 Reports.- Unless otherwise specified, the supplier of the
product shall furnish with each shipment three copies of a report giving,
where applicable, the actual values obtained as a result of tests, verifying
conformance to the reauirements of this specification. Separate reports
shall be submitted for each lot of material. These reports shall include at
Teast the following information.

(a) Certification that manufacturing, processing, inspection and
tests were performed in accordance to procedures transmitted
and on file at the seller's facility 1isting any revisions and
deviations thereto.

(b) Inspection and test reports for 3.2, 3.4 and 3.5.
(c) Certification of conformance to 3.3.

(d) Certification of conformance to 4.3 identifying the sampling
method. |

4.2 Lot.- A lot shall consist of all the titanium sponge output from one
or more refinement cycles blended and submitted for inspection at ‘one time.

4.3 Sampling.- The following methods, or an ANSC approved alternate, shall
be acceptable for sampling the 1ot to determine conformance to the chemical
and physical requirements.

4.3.1 Method A.- The sample shall be obtained by random selection and
shall provide a 0.50 percent sample but not less than 30 pounds. The blended
evaluation sample shall be split to produce five or more samples, 50 grams or
more each, to be melted into buttons, and one sample of at least 1 pound to be
compacted and sampled by drilling for the analysis of magnesium, sodium, chlorine,
and hydrogen. The buttons shall be melted in a furnace under an inert-gas atmos-
phere. The resulting buttons shall be checked for Brinell hardness and samples
shall be taken from each button for the required analysis.
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4.3.2 Method B.- The sample shall be obtained by random selection and
shall provide a 0.50 percent sample but not less than 30 pounds. The blended
evaluation sample shall be compacted into an consumable electrode for melting.
A portion of the compact shall be cut off prior to melting and sampled by
drilling for the analysis of magnesium, sodium, chlorine, and hydrogen. The
electrode shall be melted under an inert atmosphere or in a vacuum to form an
ingot. The resulting ingot shall be sampled by cutting a transverse section
approximately 0.5 in. thick-from the center of the ingot. After machining
both sides of this slab, five chemical analyses and five Brinell hardness
readings shall be made at locations equal distances apart and diagonally across
the machined surface. Slices approximately 0.25 in. wide shall be taken from
this slab, parallel to the hardness locations, to obtain samples weighing
approximately 0.1 gram for oxygen and nitrogen analysis. One half of the slab
shall accompany the shipment and the other half shall be retained by the supplier.

4.3.3 Alternate.- Alternate procedures for sampling, if used, shall be
submitted for ANSC review and approval at least ten (10) days prior to their
anticipated use.

4.4 Verification.-

4.4,1 Material.- The processing procedures supplied as specified in
4.1.3 Sha]] be reviewed to assure compliance with the material requirements of
3.1. A1l lots of material produced shall be made to the set of procedures
approved by the procuring agency.

4.4;2 Density.- The density shall be determined in accordance with
ASTM C 357 or ANSC approved alternate method. '

4.4.3 Contaminants.- Sponge lots shall be 100 percent visually and

fluoroscopically inspected for high and low density contaminants and other
undesirable foreign materials.
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4.4.4 Chemical Analysis.- The samples as specified in 4.3 shall be
analyzed for chemistry in accordance with ASTM E 120 or ANSC approved alternate
method.

4.4.5 Hardness.- The Brinell hardness of a sample shall be the agerage
of the hardness determinations made on the solid samples prepared as specified
in 4.3. The method of measurement shall be in accordance with ASTM E 10 using
a 10-mm ball, 1500-kg load, and a 30 second dwell.

Section 5. PREPARATION FOR DELIVERY

5.1 Packaging.- Pack titanium sponge in air-tight moisture-proof
sealed metal cans or drums.

5.2 Marking.- Containers shall be marked in accordance with Standard
.

MIL-STD-129. Marking shall include the following information: .

(a) Manufacturers name

(b)  The number of this specification and applicable suffix number
(see 1.2) '

(c) The material identification
(d) The lot number and its chemical composition

(e} The purchase order number

Section 6. NOTES

6.1 Intended Use.- Material produced to this specifiéation is intended

for use in critical, cryogenic rocket vehicle requiring high reliability and
operating in the temperature range of +90°F to -423°F.
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(R) 6.2 Ordering Data.- Procurement documents should specify the following
information:

(a) This specification number and applicable suffix number
(see 1.2).

(b) Quality Control Standard Clauses
(1) Source surveillance
(2) Source acceptance

(3) Source inspection - Government

34
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Section 1. SCOPE

1.1 This specification sets forth reguirements for an Extra Low
Interstitial (ELI) grade of titanium alloy, 5A1-2.5Sn, in bar and billet form.

1.1.1  For purposes of this specification bars and billets are semi-
finished materjal forms used in subsequent forging processes. Billets 4 inches
in diameter or less shall be referred to as bars.

Section 2. APPLICABLE DOCUMENTS

2.1 Government Documents.- Unless otherwise specified, the foilowing
documents, Tisted in the issue of the Department of Defense Index of Specifica-
tions and Standards in effect on the date of invitation for bids, shall form
a part of this specification to the extent specified herein.

SPECIFICATIONS
Military
MIL-1-€866 ‘ Inspection, Penetrant, Method of
MIL-1-8950 Inspection, Ultrasonic, Wrought Metals,
‘ Process for ' '
STAKDARDS
Federal
FED-STD-184 Identification Marking of Aluminum,
Magnesium, and Titanium
Military
MIL-STD-129 Marking for Shipment and Storage
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2,2 Aerojet Nuclear Systems Company Documents.- Unless otherwise

specified, the following documents of the issue in effect on date of invita-

tion for bids, shall form a part of this specification to the extent specified

herein.

SPECIFICATIONS

ANS-90296 Titanfum Sponge

ANS-9032 Quality Standards for Wrought
and Forged Products ‘
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Section 3. REQUIREMENTS

3.1 Material.- The ingot used for production of bars and billets shall
be composed of pure, virgin master alloying materials and titanium sponge

~conforming to ANS-90296. No scrap (internally genecrated or otherwise) shall

be used in the production of material supplied to this specification.

3.2 Chemical Composition.- Bars and billets shall conform to the

chemical composition specified in Table I.

TABLE I

CHEMICAL COMPOSITION

Element Percent
Aluminum 4.70 - 5.60
Tin 2.00 - 3.00
Manganese 0.03 max.
‘Iron 0.25 max.
Oxygen 0.10 max.
Carbon 0.05 max.
Nitrogen 0.02 max.
Hydrogen _ 0.0125 max..
‘Other Elements, each'(]) 0.05 max.
Other Elements, total (1) 0.20 max.
Titanium Remainder

(1) Need not be reported
312
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3.3 Heats.- Bars and billets shall be made from ingots which have

“been vacuum melted at least twice by the consumable electrode process. The

melting operation shall be controlled as specified in 3.3.1 and 3.3.2.

3.3.1 Primary Meiting Cycle.-

3.3.1.1 Vacuum Contrcl.- The vacuum-level shall not exceed 6000 microns.

3.3.1.2  Vater Leakage.- Theré shall be no water. leakage during the

melting operation.

3.3.1.3  Power Control. - There shallhbé no power intervruption other

than momentary interruptions due to transient arc characteristics during
melting.

3.3.2 Secondary Melting Cycle.-

3.3.2.1 Vacuum Control.- The vacuum level shall not exceed 1000 microns

during the steady state portion of the melt.

3.3.2.2  Yater Leakage.- There shall be no water leakage during or after

the melting period.

3.3.2.3 Power Control.- There shall be no power interruptions in excess

of 5 seconds during the normal final melting cycle, except for the gradual power
reduction~required to control the size and shape of shrinkage cavity.
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3.4 Welding.-

3.4.1 Welding Process.- All welding processes needed to assemble the
electrode shall be performed in an inert atmosphere using welding methods
which preclude the possibility of contaminating the electrode (ingot) with
high density welding electrode debris (such as tungsten inclusions), slag
and oxides.

3.4.2 Preparation of Electrodes.- Welding on the electrodes for the
final melt cycle shall be limited to the welding of the stub to the ingot.
The stub shall not be used for the production of billets nor shall the stub
weld be melted during the secondary melt. ' '

3.5 Cleaning and Coating.- The cast electrode shall be cleaned between
the primary and secondary melting cyclies to insure that undesirable surface
features remaining on the electrode are removed. Cleaning may be accomplished
by water spray and pickiing methods. Abrasives (such as sand, metal or glass
shot) shall not be used for cleaning or cutting the electrode. A suitable
coating shall be applied to the ingot for primary ingot reduction.

3.6 Properties.- The ingot, assembled and melted as specified in 3.3,
shall be worked, pressed, forged or swaged, as required, to optimize billet
micro and macrostructure.

3.6.1 Macrograin Size.- Macrograin size for bars and billets shall be

0.25 inch maximum. The macrostructure shall be uniform and free of baﬁding.

3.6;2 Microstructure.- The micrcstructure of bars and billets shall show

no evidence of having been heated above the beta transus temperature. The
microstructure shall consist predominantly of equiaxed, primary alpha with no
evidence of transformation products (phases).
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3.7 Dimensions and Tolerances.- Dimensions and tolerances shall
be as specified in the contract or order. The billet shall be furnished

round with a maximum diameter of eight inches.

3.8 Surface Quality.- The bars and billets shall be free from surface

~ imperfections as determined by penetrant inspection. The acceptance level

shall conform to ANS-9032-1. Surfaces to be penetrant inspected shall not
be subjected to particle impact cleaning.

3.9 Internal Quality.- The material shall be uniform in quality and
condition, and free from porosity, cracks, pipe, high or low density inclu-
sions and any evidence of enfoliations. Ultrasonic inspection acceptance
criterion shall be 3/64 inch (No. 3) flat bottomed hole single point
indication on the full metal thickness. ’ '

3.10  Identification.- The matarial shall be identified in accordance
with FED-STD-184 and shall include the following, in the order listed:

(a) Alloy identification
'(b) Ingot number

(c) Bar or billet location

(d) Bar or billet serial number

(e) Name or trade mark of manufacturer
(f) Purchasers name or trade mark

(g) Purchase order or contract number

Section 4. QUALITY ASSURANCE PROVISIONS

4.1 Supplier Responsibiliﬁy.-

7 Rev. A
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4,].1 Inspection.- Unless otherwise specified, the supplier is
responsible for the performance of all inspection requirements as specified
herein and may use any facilities .acceptable to the Aerojet Nuclear Systems
Company (ANSC). The method of verification shall be in accordance with
Table IT.

4.1.2 Procedures and Instructions. - The supplier shall prepare or have

processing, inspection and testing procedures or instructions that will be used

to insure compliance with the specific requirements and. controls set forth in

this specification and to enable future reproducibility of the material in the
same manner. These procedures shall provide for controls that will detect anoma-
lies that will not be revealed in subsequent inspections or testing. These shall
include procedures and instructions for forging processes, cleaning, heat treat-
ing, ultrasonic testing, dye penetrant inspection, and etching for microstructure
and macrostructure examinations. Copies of all procedures or instructions and
records of conformance, including supplier's internal restricted, private and

proprietary procedures representing the processes used shall be approved by an

ANSC representative and retained for a period of seven (7) years. They shall be
identifiab]e to the specific ANSC purchase order, specification and heat number.

The supplier shall submit copiés of procedures and instructions to
the ANSC buyer, at least ten (10) days prior to their anticipated use, for review
to assure that the specific requirements of this specification are included. The
procedures submitted may reference any internal restricted, private or proprietary
procedures and instructions identified by the seller's control number, name and
date. -

' ANSC directed drawing, specification and purchase order change notices
shall be incorporated in previously approved procedures and instructions.

4.1.3 Reports.- Unless otherwise specified, the supplier of the product

~shall furnish with each shipment three copies of a report giving, where applicable,

the actual values obtained as a result of tests verifying conformance to the
requirements of this specification. Separate reports shall be submitted for
each shipment of material traceable to lot and serial number. Any approved
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deviation to the requirements of this specification, applicable drawings
and purchase orders shall be referenced on the applicable reports. When
material is shipped which has previously been rejected by the procuring
activity it shall be so indicated on the supplier shipping documents,
referencing the previous rejection report. The reports shall include the
following information: |

(a) Raw material certifications for alloying materials
(aluminum and tin), specified in 3.1.and 4.3.1. ’

(b) Certification to specification ANS-90296.

(c) Macrostructure photographs and macrograin size determinations,
each bar and billet certifying compliance to 3,6.1 and 4.3.9.1. '

(d) Microphotographs of acid etched areas of each bar and
billet, taken at 100-200X magnification certifying compliance to 3.6.2 and
4.3.6.2. ' - _

‘(e) Ultrasonic inspection noise levels and results for each bar

~and billet; the amount of cropping and types of indications (except end con-

cavity not in excess of normal mill practice) certifying compliance to 3.9,
4.3.10, 4.3.10.1 and 4.3.10.2. ‘

. (f) Liquid penetrant inspection and results for each bar and
billet certifying compliance to 3.8 and 4.3.8.

" (g) Chemistry, representing billets identified relative to ingot
location, certifying compliance to 3.2 and 4.3.2.
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(h)  Diagrams of billet and bar locations relative to the ingot,
showing the billet location within the ingot and bar location within the billet
identified from top to bottom of the ingot. The leocation shall be identified
on the required certifications and test reports.

(i) A1l information required in 3.10.
(j) Certification that manufacturing, processing, inspection and
tests were performed in accordance to procedures transmitted and on file at the

seller's facility listing any revisions and deviations thereto. .

4.2 Lot.- A lot shall consist of material from the same ingot of the
same configuration and size and processed at the same time.

4.3 Verification.-

4.3.1 Material.- The processing procedures supplied as specified in
4.1.2 shall be reviewad to assure compliiance with material requirements of 3.1.

4.3.2 Chemical Composition.- A chemical analysis made from the ends of
each bar and billet shall conform to requirements specified in Table 1.

4.3.3 Heats.- The supplier shall provide processiﬁg procedures or in-
structions and certify compliance with these requirements, copies of which shall
be submitted to ANSC for review and approval. The process controls shall provide
for the inspection of anomalies that are cause for rejection of the heat. '

4.3.4 Welding.- The supplier shall provide processing procedures or
instructions and certify compliance with these requirements, copies of which
shall be submitted to ANSC for review and approval. The procedure shall
provide for the inspection of anomalies that are not acceptable.
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4.3.5 Cleaning.- The suppliers process procedures or instructions
shall include provisions for cleaning, to comply with 3.5. '

4.3.6 Properties.-

»

4.3.6.1 Macrograin Size.- The supplier's procedures and instructions
shall include the provisions to obtain minimum grain size in compliance with
3.6.1.

4.3.6.2 Microstructure.- Verification of equiaxed, primary alpha
microstructure shall be made by metallographic preparation, examination and
microphoto graphing at 100-200X at least one sample from each end of each
bar and billet. Samples shall be identified as to alloy, heat number, and
bar or billet number and location. Microphotographs of bar and billet
microstructures, identified as to alloy, heat,and bar and billet serial numbers,

shail be submitted to ANSC with copies of certifications and test reports.

On the basis of the microstructure, bars and billets shall be inspected for
conformance to Section 3 requirements.

Microstructure verification and microphotography using portable

“electropolishing and photographing methods shall be used if aVai]ab1e.

Microphotographs at 100-200X every 24 inches along each bar and billet are
to be submitted; in addition, microphotographs spaced every 90°-around the
billet shall be made at every 48 inches along each bar and billet.

4.3.6.2.1 . Finish Forging Control.- Equiaxed, primary alpha grain |
structure shall be obtained by finish forging billets below the beta transus
temperature starting when a billet size of 16 inch diameter or square is

attained.
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The beta transus temperature shall be determined prior to

finish forging billets to less than 16 inch diameter or square by removing
a section from the 16 inch semi-finished billet sufficiently large to yield
15 0.50 inch wide, 1.00 inch long, 0.125 inch thick metallographic specimens,
forged or rolled from 0.75 inch thick to 0.125 inch thick at a temperature
of 1700 + 10°F. The nominal beta transus temperature shall then be determined
by heating the metallographic specimens to 1750°F, 1760°F, 1770°F (max.) etc.,
and in 10°F intervals, as necessary, soaking at temperature 30 minutes and then
water quenching. The temperature extremes during each 30 minute soaking time interval
shall be the temperatures used to determine the nominal beta transus temperature.

4.3.6.2.1.1 Beta Transus Determination.- The nominal beta transus shall

be determined by metallographic examination of each of the above heat-treated
samples. The nominal beta transus temperature shall be the temperature midway
between the soak temperature at which some primary alpha is still evident and
the temperature at which all the alpha is present in the form of transformation
products such as alicular alpha. A 100-200X microphotograph of the "as-rolled"
microstructure, as well as of each quenched metallographic specimen is to be
submitted to ANSC prior to finish forging of billets.

4.3.6.2.1.2 Beta Transus Furnace Calibration.- Prior to beta transus
determination, the furnace used for the beta transus specimen heating shall
be surveyed. The temperature range within the furnace cavity to be used shall
be determined using at least four independently monitored thermocoup1es.
Furnace temperature range shall be monitored at furnace settings of 1750°F,
1800°F, and 1850°F. The furnace temperature range shall then be calculated
from the greatest temperature variation observed at the three temperatures
surveyed. Results of the furnace calibrations 'shall be submitted to ANSC

prior to finish forging of billets.
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4.3.6.2.1.3 Forge Shop Furnace Calibration.- The forge shop furnace
temperature range may be based on the results of a past, scheduled furnace

survey providing such a survey was made within 30 days prior to finish forging
of the bars or billets; otherwise, special furnace surveys shall be made in
accordance with normal practice in the presence of ANSC representatives. The
maximum furnace temperature range shall be calculated from the greatest
temperature variation observed during the survey. Nominal furnace temperature
for the survey shall be 1800°F. |

4.3.6.2.1.4 Finish Forging Temperature Determination.- As a result of

the beta transus determination, 4.3.6.2.1, and furnace calibrations, 4.3.6.2.1.2
and 4.3.6.2,1.3, the maximum finish forging metal temperature shall be determined

by reducing the nominal beta transus temperature by:
1/2 the beta transus furnace temperature range -

and furthér reducing by:
1/2 the maximum furnace temperature range within the furnace,
or furnaces, to be used in the forge shop for finish forging
the bars or billets to their finished size -

and further reducing by:

5°F, to offset heat-up from forging energy dissipationl

4.3.6.2.1.5 Finish Forging.- The maximum finish forging temperature
determined in 4.3.6.2,1.4 shall not be exceeded through the remainder of the

bar and billet forging process.

13 Rev. B
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4.3.7 Dimensions and Tolerances.- Bars and billets shall be examined
to verify conformance to dimensions and tolerances as specified in the contract

or purchase order.

4,3.8 Penetrant Inspection.- Bars and billets shall be penetrant
inspected in accordance with MIL-I-6866, Type I, Method A, using penetrant
containing chlorine not exceeding 50 parts per millicn (PPM) or sulphur not
in excess of 300 parts per million (PPM). Residual penetrant is to be removed
by pickling or steam cleaning within 4 hours of use. Indications in excess of

the acceptance criterion may be machined off and the area re-inspected providing
that the bar or billet size is maintained.

4.3.9 Macrostructure and Vorkmanship.-

4.3.9.1 Macroetch Sample Preparation and Inspection.- The top and
bottom slices of each billet produced from the ingot, suitably identified by
billet numbers, shall be macroetched and photographed. Each slice, so parted,
shall be identified as to alloy, ingot number, and bar or billet location.
Photographs of all billet macros identified to alloys and ingot numbers shall
be submitted to ANSC with copies of certifications and test reports. On the

basis of the macroetched surfaces, billets shall be inspected for conformance

to Section 3 requirements.

4.3.10 Ultrasonic Inspection.- Bars and billets shall be lathe turned
prior to ultrasonic inspection. The surface finish of lathe turned bars and
billets shall be 125 RMS or better. Inspection shall be of the immersion type
using both longitudinal and shear wave techniques by scanning of bars and
billets while they are simultaneously turning and the carriage carrying the
inspection head is traveling along their axial length. Inspection shall be
performed in accordance with MIL-1-8950 except that the acceptance criteria shall
be per 3.9 and the material shall be inspected for loss of back reflection as
follows: When instrument is set so that the first back reflection from the correct

test block is at 80 percent of the screen saturation adjusted for nonlinearity,
any loss of back reflection in the material in excess of 50 percent shall be

considered not acceptable. : 0
. A Gy
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Specification No. ANS-90295B

4.3.10.1 Noise Level.- The noise level for each bar and billet shall
be recorded and reported. | |

4.3.10.2 Calibration Standard.- The standard used for equipment
calibration shall be fabricated from a bar or billet selected at random from
the inspection Tot. The reference notch in the calibration standard for

shear wave inspection of bars, up to 4 inch diameter shall be machined to a
depth of 3 to 5 percent of the full metal thickness. The reference hole in
the calibration standard for longitudinal inspection of billets shall be
machined to a depth of 0.150 inches. The reference hole in the calibration
standard for shear wave inspection of billets shall be machined to a deptch
of 0.250 inches.

4.3.10.3 Procedures.- The supplier shall provide ultrasonic testing
procedures or instructions to insure compliance with these requirements which
shall be submitted to ANSC for reviev.

4.3.10.4 Rework.- Bars or billets giving ultrasonic indications of
rejectable porosity, laps, voids, enfoliation, center bursts, inclusions and
detectable segregation may be used provided that areas showing these conditions
have been removed, verified as to type, and end faces of removed sections have
been etched and found to be free from defects. The certification or test
reports for the remaining billets shall record the information relative to the
rejection of any other portion.

4.3.11 ldentification.- Bars and billets shall be visually 1nspécted to
verify conformance to Section 3 requirements. ’

Section 5. PREPARATION FOR DELIVERY

5.1 Packaging.- Each product shall be packaged to prevent damage during
handling and shipping.

| 373 .
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(A) 5.2 Marking.- Containers shall be marked in accordance with Standard
MIL-STD-129. Marking shall include the following information:

(a) Manufacturers name

(b) Material identification

(c) Lot number and heat number

(d) Bar or billet serial number(s)
(e) Purchase order number.

Section 6. NOTES

6.1 Intended Use.- Material produced to this specification is_ﬁntended
for use in critical, cryogenic rocket vehicle components, requiring-high
reliability and operating in the temperature range of +90°F to -423°F.

6.2 Ordering Data.- Procurement documents should specify the following
information: "

(a) This specification number

(b) Size and shape, as required

(c) Quality Control Standard Clauses
(1)  Source surveillance
(2) Source acceptance
(3) Source Inspection-Government

16 Rev. A
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Specification No. ANS-80297
Section 1. SCOPE

1.1 Scope.- This specification éstab]ishes the requirements for
Extra Low Interstitial (ELI) titanium alloy (5A1-2.5Sn) bars and forgings.

1.2 Classification.- This product shall be classified as follows:

Suffix Ho. Designation
-1 Bars (See 3.3.1)
-2 “Pancake Forgings (see 3.3.2)
-3 | " Die Forgings (see 3.3.3)

!

Each classification shall be called out by referencing the specification
number, plus the suffix number designating the classification desired.

Section 2. APPLICABLE DOCUMENTS

2.1 Department of Defense Documents.- Unless otherwise specified, the

following documents, listed in the issue of the Depértment of Defense Index
of Specifications and Standards in effect on the date of invitation for bids,
shall form a part of this specification to the extent specified herein.

SPECIFICATIONS
Military
MIL-I-6866 Inspection, Penetrant, Method of
MIL-H-81200 Heat Treatment of Titanium and Titaniu
Alloys :

MIL-1-8950 Inspection, Ultrasonic, Wrought Metals,
_ Process for ' .
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~ STANDARDS
Federal

FED-STD-151
FED-STD-184

Military

MIL-STD-129

MIL-STD-453

Specification No. ANS-90297C

A}

Metals; Test Methods

Identification Marking of Aluminum,
Magnesium, and Titanium

Marking for Shipment and Storage
Inspection, Radiographic

(Copies of documents required by contractors in connection with specific
procurement functions should be obtained as indicated in the Department of

Defense Index of Specifications and Standards.)

2.2  Qther Documents.- Unless cotherwise spécified, the following documents

of the issue in effect on date of invitation for bids, shall form a part of this

specification to the extent specified herein.

SPECIFICATIONS

Society of Automotive Engineers

(©) S 2241

Tolerances - Corrosion and Heat Resistant
Steel Bars and Wire and Titanium and
Titanium Alloy Bars and Wire

(Copies of Aeronautical Materials Specifications may be obtained from the
Society of Automotive Engineers, Inc., 485 Lexington Avenue, New York 17, N.Y.)

329
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Specification No. ANS-90297C

PUBLICATION

American Society for Testing and Materials -

ASTM E8 Tension Testing of Metallic Materials
ASTM E112 Estimating the Average Grain Size of Metals

(Copies may be obtained from the American Society for Testing and Materials,
1916 Race Street, Philadelphia 3, Pennsylvania).

2.3 Aerojet Nuclear Systems Company Documents.- Unless otherwise

specified, the fo]]owing documents of the latest issue in effect, shall form
a part of this specification to the extent specified herein.

SPECIFICATIONS
ANS-90295 Titanium Alloy, BA1-2.5S5n ELI, Bars.
and Billets
ANS-90296 » Titanium Sponge

ANS-9032 Quality Standards for Wrought and
: Forged Products

Section 3.  REQUIREMENTS

3.1 Material.- The material used for producing bars and forgings shall
comply with the requirements specified in ANS-80295 and 90296.

-

3.2 Chemical Composition.- The chemical compoéition shall be in

accordance with Tabie I.

4 Rey. C
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Specification No. ANS-90297C

TABLE I

Element ‘ _ Percent
. Min. Max .
Aluminum 4.70 5.60
Tin o 2.00 3.00
Manganese 0.03
Iron 0.25
- Oxygen 0.10
Carbon 0.05
Nitrogen 0.02

Hydrogen 0.0100
Other clements, each v 0.05
Other elements, total Y ' 0.20
Titanium : : Remainder

1/ Need not be reperted

3.3 Condition.-

3.3.1 Bars (ANS-90297-1).- Bars shall be supplied in the hot finished
condition, with or without subsequent cold reduction, anneazled (see 3.5) and

desca]ed.

3.3.2 Pancake Forgings (ANS-90297-2).- Forgings shall be supplied
rough machined to eliminate contaminated surface skin, followed by vacuum

annealing (see 3.5).

3.3.3 Die Forgings (ANS-90297-3).- Forgings shall have contaminated
skin remcved, consistent with forging dimensional requirements. Forgings

shall be vacuum annealed (see 3.5)
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Specification No. ANS-90297C
|

3.4 Forging Process.- The material shall be forged by hammering, pressing,

rolling, extruding or upsetting. It shall be brought as nearly as practicable to the
finished shape and size by hot-working and shall be so processed as to cause uniform
mgta] flow in all directions during the hot-working operation. If three or more
Fbkgiﬁgs are to be made rom one billet or if the available billets or bars exceed

30 inches in length, additional macrostructure examinations and macrophotograéhs
shall be made at the cut billet ends in accordance with the requirements specified

in ANS-90295.

3.5 Heat Treatment.- Unless otherwise specified, all materia)l supplied to
this specification shall be vacuum anncaled by heating to 1400°F i;?SOF al a pressure
of 0.1 micron or less ang holding at temperature in vacuum for 1 hour per inch of
thickness in maximum direction,:bht he less than 2 hours.

Cooling from the annealing temperature to 1000°F shall be accomplished in a period
of 10 minutes or less either in vacuum or by using helium purging. Further cooling
to 300°F shall also be carried out in vacuum or with helium but without time
restrictions. T[inal cooling to room temperature may be in‘gjr. Heat treating
equipment and tne applicable heat ireating requirements $halT conform to the
requirements as specified in MIL-H-81200.

3.6 Surtace Quality.- The material shall be free of oxide scale and

contaminated skin. The surfaces to be penetrant inspected shall not be subjected
to particle impact cleaning. TYhe acceptance level shall conform to ANS-9032-1.

3.7 Internal Condition.-

3.7.1 Internal Quality.~ Internal conditions shall conform to the

following. Repair of defects by welding shall not be permitted.

3.7.1.1  Forgings.- Forging internal quality shall conform to Class AAA,
of MIL-I-8950. Pancake and die forgings shall be radiographically inspected and
the quality level shall conform to AHS-9032-1. '

3.7.1.2 Bars.- Bar internal quality shall be ultrasonically inspected and
the quality level shall conform to MIL-I-8950AAA. - ‘
IR
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3.7.2 Microstructure.- When examined microscopically after suitable

etching, the structure of the finished product shall be approximately equiaxed,
primary alpha with no evidence of titanium hydrides. There shall be no
evidence of transformation products such as acicular alpha, a continuous alpha
network surrounding large prior beta grains, or large prior beta grains. The
microstructure shall indicate that the material has been finish forged or
rolled at a temperature below the beta transformation temperature and that no
subsequent thermal treatment above the beta transformation temperature has been
applied. Beta constituents, if present, shall be fine, randomly distributed,
and shall not exceed 5 percent of any cross sectioned area. For cross sectional
thicknesses under 2.0 inches, grain size shall be 8 or finer, fof sections over
2.0 inch and under 6.0 .inch, grain size shall be 5 or finer. Grain size for
sections over 6.0 inches shall be as agreed upon by the procuring activity and
the supplier. Method of verifying grain size shall be in accordance with ASTM
E112.

3.7.3 Macrostructure. -~

3.7.3.1 Pancake Forgings.~ Macrostructure examination shall show no

predominant grain flow in any one direction and no evidence of alloy segrega-
tion. Grains of similar size shall be distributed at random and not oriented

in bands.

3.7.3.2 Dije Forgings.- Macrostructure examination shall reveal grain

flow predominantly parallel to the forging shape and no evidence of alloy
segregation. Die mismatch shall be held to a maxigum of 0.06 inch.

3.7.3.3 Bar.- Macrostructure examination shall reveal longitudinal
grain flow along the length of the bar with no evidence of alloy segregation.

7 Rev. C
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3.8 Room Temperature Tensile Properties.- Room temperature tensile

properties from material forged as specified in 3.4 and annealed as specified

in 3.5 shall be as follows:

(a) Tensile strength, psi, min. 110,000
(b) Yield strength, 0.2% offset, 100,000
psi, min.
(¢) Elongation, % in 1 in. or 4D, min. 12
(d) Reduction in area, %, min. 25
3.9 Dimensions and Tolerances.- Except as otherwise specified,

tolerances for bars shall conform to the requirements specified in AMS 2241.

Tolerances for forgings shall be as specified on the applicable drawing.

3.10 Identification.- Each bar shall be‘marked in accordance with

FED-STD-184. The marking information shall inciude this specification and
suffix numnber, heat number, serial number, and the manufacturers name or
trademark. Forgings shall be marked in accordance with the requirements
specified on the applicable drawing.

3.11 First Piece Inspection.- A first piece inspection shall be per-

formed to insure the production Tot will meet all requirements of this
specification.

Section 4. QUALITY ASSURANCE PROVISIONS

4.1 Suppliers Responsibility.-

4.11 Inspection.- Unless otherwise specified, the supplﬁer'is
responsible for the performance of all inspection specified herein. Special
processes and nondestructive testing shall be performed by Aerojet Nuclear
Systems Company (ANSC) approved sources. The method of verification shall
be in accordance with Table II.

324
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4.1.2 Procedures and Instructions. - The supplier shall prepare or have

processing, inspection and testing procedures or instructions that will be used
to insure compliance with the specific requinements and controls set forth in
this specification and to assure future reproducibility of the material in the
same manner. These procedures shall provide for controls that will detect anoma-
Ties that will not be revealed in subsequent inspections or testing. These shall
include procedures and instructions for forging processes, cleaning, heal treat-
ing, ultrasonic testing, dye penetrant inspection, and etching for microstructure
and macrostructure examinations. Copies of all procedures or instructions and
records of conformance, including supplier's internal restricted, private and
proprietary procedures represehting the processes used shall be approved by an
ANSC representative and retained for a period of seven (7) years. They shall be
identifiable to the specific ANSC purchase order, specification and heat number.

The supplier shall submit copies of procedures and instructicns to
the ANSC buyer, at least ten (10) days prior.to their anticipated use, for review
to assure that the specific requirements of this specification are included. The
procedures submitted may reference any “irternal restricted, private or propr1euary
procedures and instructions identified by the seller's control numbor, name and
date. '

ANSC directed drawing, specification and purchase order change notices
shall be incorporated in previously approved procedures and instructions.

4.1.3 Reports. - Unless otherwise specified, the supplier of the product
shall furnish with each shipment three copies of a report giving, where applicable,
the actual values obtained as a result of tests verifying conformance to the
requirements of this specification. Separate reports shall be submitted for
each shipment of material traceable to lot and serial number. Any approved
deviation to the requirements of this specification, applicable drawings-and
purchase orders shall be referenced on the applicable reports. When material
is shipped which has previously been rejected by the procuring activity it shall
be so indicated on the supplier shipping documents, referencing the previous
rejection report. The reports shall include the following information, with
certifications for each of the following requirements:

(a) Certifications for material specified in 4.3.1.
(b) Chemical test reports specified in 3.2 and 4.3.2.
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(c) Detailed log of forging history specified in 4.3.4 and certi-
fication of compliance to approved procedures and instructions. '

(d) Certification of compliance to heat treatment requirements
specified in 3.5 and 4.3.5 and approved procedures and instructions.

(e) Certification of conformance to surface quality specified in
3.6 and 4.3.6.

(f) Ultrasonic test report shall include continucus facsimile type

. recording (e.g. C-Scan) produced by synchronous motion of transducer,test article

and recording paper with certification of compliance to 3.7.1 and 4.3.7.1.1.

(g) Liquid penetrant inspection and results for each forging
certifying compliance to 3.6 and 4.3.6.2. '

(h) Radiographic film and test reports certifying compliance to
3.7.1 and 4.3.7.1.2. )

(i) Microphotographs certifying compliance to 3.7.2 and 4.3.7.2.
(3) Macrophotographs certifying compliance to 3.7.3 and 4.3.7.3.

(k) Tensile test reports specified in 3.8 and 4.3.8.

4.2 Lgi, - A lot shall consist of bars or forgings from the same billet
lot, rolled or forged at the same temperature, be of the same configuration and
size (forged from identical dies, if die forgings), and heat treated in the

- same heat treatment run.

4.3 Verification. -

4.3.1 Material. - For material purchased, thé supplier shall provide trace-
able copies of the manufacturers reports evidencing compliance with the require-
ments of ANS-90295 and 90296. UWhen material is furnished by ANSC the supplier
shall certify to the use of the ANSC supplied material. The identification of
the furnished material shall be maintained and be traceable to the identifica-
tion of the finished bars and forgings and the related reports specified herein.

10 Rev. C
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- 4.3.2  Chemical Composition.- A chemical analysis shall be made on a test
sample from a bar or forging from each billet lot. In addition, two analyses
for hydrogen shall be made. One sample shall be obtained at or necar the surfdce

of each bar or forging, and a second sample shall be obtained near the centerl

of the sectioned bar or forging specified in 4.3.7.3. Samples shall be obtained
after all processing is complete. The chemical analysis shall conform to require-
ments specified in Table I.

4.3.3 Condition.- Examine visually.

4.3.4 Forging Process.- The supplier shall maintain a detailed Tog of the

forging history (thermal and mechanical work) for each forging evidencing com-
pliance with the requirements specified in 3.4.

- 4.3.5  Heat Treatment.- The supplier shall maintain a contrel on heat

treatment that shall provide a positive record of heat treatment evidencing
compliance with the requirements specified in 3.5.

4.3.6  Surface Quality.-

4.3.6.1 Visual.- Examine for absence of oxide scale, contaminated skin
and imperfections.

4.3.6.2 Penetrant Inspection.- Penetrant inspection shall be in accordance
with MIL-1-6866, Type T, Method A, using penetrant containing chlorine not exceeding
50 parts per million (PPM) or sulphur not in excess of 300 PPM. Residual penetrant
is to be removed by stecam cleaning within 4 hours of use.

4.3.6.3 Rework.- Rejectable surface imperfections may be remcved within
the dimensional tolerance limits specified on the drawing, followed by reinspection
of the reworked area for surface quality.
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4.,3.7 Internal Condition. -

4.3.7.1 Internal Quality. -

*

4.3.7.1.1 Ultrasonic Inspection. - Ultrasonic inspection shall be in
accordance with MIL-I-8950. Forging and bar inspection shall use both longi-
tudinal and shear wave techniques. The surface finish of bars or forgings to
be inspected shall be 125 RMS or better. Inspection shail be of the immersion
type. The ultrasonic standard used for forgings shall be fabricated from a

-f‘{)

forging of the same alloy, of similar configuration as the forging.
being inspected. The instrument shall be adjusted to compensate for response
differences between the reference standard and the part being inspected.. The
reference holes for longitudinal inspection shall be of 1/64, 3/64 and 5/64

inch diemeters machined to 0.150 inch depth in the thickest half section. The
reference holes for shear wave inspection shall bz of the same diameters
machined at a 45 degree angle to 0.250 incn depth. The standard for shear

wave inspection of bars shall be a notch of 3 to 5 percent ¢f the bar thickness

not exceeding 0.025 inch.

4.3.7.1.2 Radiographic Inspection. - Radiographic inspection shall be

performed in accordance with MIL-STD-453. All discontinuities observed that
approach or exceed the acceptance criteria shall be reported and identified as

to location and size.

4.3.7.2 Microstructure. -

4.3.7.2.1 Bars. - One bar from each lot shall be selccted for microstructure
examination. Verification shall be determined by suitably etching and examining
the threaded end of a tensile specimen after it has been tested. The micro-
structure shall be examined and photographed to determine conformance to 3.7.2.
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4.3.7.2.2 Forgings.- The microstructure of eéch forging shall be =
examined. : E . o Verification shall be deter-
mined by suitably etching and examining the threaded end of one radial and
one tangential tensile specimen after such specimens have been tested. Photo-
graphs of the microstructures examined and photographed at 100-200X to deter-
mine conformance to 3.7.2 shall be identified as to alloy, part number, and
serial number and submitted to ANSC.

4.3.7.3 Macrostructure.-

4.3.7.3.1 Pancake Forgings.- One forging of each configuration of each
lot shall be sectioned and tested for determination of macrostructure. At Teast
half of each section of the forging shall be furnished to the procuring activity

for review and verification tests. The macrostructure shall be photographed
and examined for conformance to 3.7.3.1.

4.3.7.3.2 Die Forging.- Same as 4.3.7.3.1 except conformance shall be
to 3.7.3.2. )

4.,3.7.3.3 Bars.- A 12 inch sample shall bs cut from the end of one bar
from each lot, sectioned longitudinally, suitably etched, examined and photo-

graphed to determine conformance to 3.7.3.3.

4.3.8 Room Temperature Tensile Properties.-

4.3.8.1 Bars.~- Two 0.250 inch diameter round tensile specimens shall be
machined from each lot of bars in accordance with ASTM-E8 to determine room
temperature tensile properties.

4.3.8.2 Forgings.- The number of tensile test specimens and the location
and direction on the forging(s) from which the test specimens are obtained
shall be as specified on the drawing.

13 Revy, C
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Specification No. ANS-90297D

4.3.8.3 Test Method.- Bars and forgings tensile test specimens obtained
as specified in 4.3.8.1 and 4.3.8.2 shall be tested in accordance with ASTM-E8 .

using a strain rate of 0.005 + .002 inch per inch per minute through the yield !

strength and then increased so as o produce failure in approximately one
additional minute. Tensile properties shall apply in all directions.

~4.3.8.4 Retesting.- Retesting for mechanical properties shall be

allowed under the following conditions:

(a) The provisions for retesting are in accordance with FED-STD-151
or a procedure proposed by the supplier and approved by the procuring activity.

(b)  The specimens are taken from a location adjacent to the

~specimen failing the original test.

{

\C

~——

Test results for all specimens, including those Tailing to

[
meet the requirements, are reported to the procuring activity.

4.3.9 Dimensions and Tolerances.- Bars and forgings shall be examined
‘ g

to verify conformance to dimensions and tolerances as specified.

4.3.10 Identification.- Bars and forgings shall be examinedAvisua1]y

for conformance to Section 3 requirements.

4.3.11 First Piece Inspection.- A first piece inspection shall be per-

formed on a sample forging for each configuration produced prior to production
runs, using the same equipment, tooling and methods to be used for the production
Tot. This first piece inspection shall be repeated whenever there is a change
in forging configuration, equipment, tooling, methods and billet heat. Inspections
shall be performed to verify all the requirements specified herein.

Section 5.  PREPARATION FOR DELIVERY

5.1 Packaging.- Each product shall be packaged in such a manher so as

to prevent damage du#?ﬁg handling and shipping.

| 340
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5.2 Marking.- Containers shall be marked in accordance with
MIL-STD-129. Marking shall include the following information: .

(a) Forgings Part Number X

(b) Bars- the number of this specification and applicable suffix \

number and size (see 1.2) .
(c) The lot, heat and serial numbers
(d) Manufacturers name

(e) The purchase order number
Section 6. NOTES

6.1  Intended Use.- Material produced to this specification is intended

for use in critical, cryogenic rocket vehicle components requiring high

reliability and cperating in the temperature ranoe of +Q0°F to ~423°F.
) P g _

6.2 Ordering Data.- Procurement documents should specify the followi ng

infornation:

(a) This specification numbar and applicable suffix number (see 1.2)
Size and shape, as required

(¢) Quality Control Standard Clauses
(1) Source surveillance
(2) Source acceptance

(3) Source inspection-Government
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SUPPLIERS INFORMATION REQUEST ' -
- N9 13275
.OLM-IZ _ PAGE OF -
f’/;ﬁ., - NEXT ASSEMELY [ PART NAME PART NO. SERIAL NO.
3-2-71 A Billet 8" Diamcter XI thru X
R CTET A AsufrutrsiaMel. 1nlilated by ALSC AFFECTED AFFLCTED QUANTITY
o . ORDER SERIAL HO'S, AFFECTED ORDERED
Pitenium: Metals Corporation of Amerlca
22 Sycaiaore .fcrget Req. No. o 5,000 1b.
Los Angeles, Calif.,  900LO N-01331 XTI thru X |
: Ingot Same

THE FOLLOWING CONDITION AFFECTS THE PARTS DESCRIBED HEREON. THE SUPPLIER ACCEPTS FULL RESPONSIBILITY FOR THE CORRECTNESS
OF THE INFORMATION SUBMITTED,

PROBLEM:

TForging supplier recommends that micro structures of billets supplied to them shell

i

show no evidence of heating over the Beta transus.

Pém-.m;euow SOLUTION: ' o

Modify purchase order by copy of this £17 that nigro strdctures foatlhss

taken of billet per ANS-902954 sht 5l

all show no evidence of heating

~over the Beta transus.

" ADDITIONAL UNIT COST]
$

REDUCED UNIT COSY| REQUESTED BY (IIDIVIDUAL) == | TIILE )
P Yo/ 7/  tots 1
$ \///‘ IS AT S
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10 |2& ‘./3 0 95
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PROJLCT [No) IEER // /ky’// Y
Jﬁﬂ{_ﬁ/ fZAR // PR qg.,g
FINAL APPROYAL MAME TIHLE

OfF DISPOSITION

RECILE =
T ¢~ venoor | (>

Coowvir M IV e |2

PEQUIS | oy 11 Coruen
HOHER “

FROT |~ ll-f
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SUPPLIERS "iNFORMATION REQUEST T koo _— "
- NO 13270
AGZRDLIA12 PAGE 1 oOF 1
‘ NEXT ASSEMBLY PART NAME PART HO. SLRIAL NO.
!~’(1 Fillet 8" Diswmeter . 2T thru %
AT’_‘E{TTCﬂ.)/?\» Rl . LIl bia Lo by JLSC AFFECTED AFPECTED : QUANTITY
Titaxium iletels Corporation of America ORDER SERIAL NO'S. AFEECTED ORDERED
7225 Sycemore Street - -
Los Angeles, Calif. 90O0LO Heq. To. 5,000 1
os Angeles, Calif. i1 P s L.
N-01331 XI thru X Ingot Same

THE FOLLOWING CCOMDITION AFFECTS THE PARTS DESCRIBED HEREON. THE SUPPLIER ACCEPTS FULL RESPONSIBILITY TOR THE CORRECTNESS
OF THE INFORMATION SUBMITTED. '

PROBLEMY Al - )029Cﬁ Para. 3.2 specifies density of Sponge 35 to 40 1bs. per cubic foot.
Supplicr cuotes "Pulk density shall be 66-76f 1L cu. ©t." :
2. ANS-90296A, Para. U.3 dpeciiies sempling method A and Method B, and Pars. L.h.l specifies
’ chemical anslysis shall be in eccordance with ASTH-1-120 or ANSC approvcd alternate method.
: Supplier quotes - "Our methods will have to be epproved by ANSC. :
3e ANS - 902954, Para. 3.3.1.1 Vacuum level shall not exceed 1000 Microns. Supplier guotes. -
"acuum level shall not exceed 6000 Microns. '
» ANS ~ 902954, Pars. 3.L.1 specifies welding shall be performed using nethods thet preclude
contamination such as, Tungsten, inclusions, slsg and oxides. Supplier quotes YA controlled
amount of oxide contamination is inherent in our welding procedures.

RECONMMENDED SCLUTION:
‘ Approve supplier’s quote.provided domestic sponges used.
2, .Euppliez"s sguplirg and chemical enalysis methods spproved. Supplier to submit copics
to ANSC for informztion end review,
Approve supp ﬂljeﬂ s quote.,
Post weld oxide discloration shall be removed entirely by wire brushing and compliance
shall be verified by ANSC representative. ' '

ERgo

oy

ADDITIONAL UNIT COSi{ REDUCED UNIT COSI| REQUESIED BY (1DuIDU/ xL Yy 5 TITLE
/ 7/
s s /(/ S S A Materials Fng 11’0&1"/An’qC
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ENCLOSURE 6

INFORMATION RELATIVE TO TMCA
HEAT K 8930, Ti 5A1-2.5Sn ELI

ANSC P. 0. NO1331

Material Specs. ANS 90295 and 90296
Sponge/Batch Nos. 5617 2213 pounds
| . 5695 2132 pounds
5643 2106 pounds
5727 2190 pounds

TOTAL

8641 pounds

Sponge blends (made up from above four batches):

21417 D/A 4200 pounds
21417 D/B 4400 pounds

Batches were double blended into the two blends, A and B

Bulk Density: 71.6 1b/ft

3419
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10.

11.
12.

13.

14.

15.

16.
17.

OPERATION
OPERATION

O BW N~
e e s s e .

Axial Upset

Reheat

Forge to 24" Square
Reheat

Forge to 16" Square

Bar Hot Cut

Reheat

ENCLOSURE 7

SEQUENCE OF ANSC INGOT REDUCTION
TMCA HEAT K8930

CONDITIONING

TEMP. °F COMMENTS
2200 Extra step used to insure fine macrograin.
2200 -
- Five passes under heavy press.
2200 -

- Largest reduction; evidence of work at
bar centerline by scale flashing off};
only cracking noted was at bottom end
of bar.

- Cut made 40% from bottom while bar still
hot.

2200 Bar portions controlled such that bottom

Forge to 12" RCS - both pieces
Water quench - both pieces

Grind bars all over

Heat-Up
Bars Hot Cut

Forge to 9-1/2 square
Reheat
Forge to 8-1/2 Square

Reheat
Forge to 8-1/2 Round

1840

1840

1840

placed in furnace first with bottom
facing furnace wall; Targer piece placed

.hext to small piece with top facing fur-

nace door. No other material in furnace.

Extra step used to achieve fine alpha
grain precipitation.

Was expedited due to ANSC observer at
mill.

B Bar cut into 2 pieces B and T4; top
bar cut in 3 pieces, T3, T2, and T. Bar
identification was closely watched and
controlled.

Extra step to prevent cracking; normally
materjal is forged directly to 8-1/2 inch.
Small cracks noted on T3.

Bars Elongated to 110 - 120 inches, each
Small cracks noted in T3 and T4.
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AGC DRAWING NO,
ANS-90295A
ULTRASONIC PROCEDURE PURCHASE ORDER NO.
AGCS 0731.9 N-01365
|N/~ME OF ULTRASONIC LAB. PREPARED BY
RML & TIMET J. M. Amaral
ADDRESS OF JLTRASONIC LAB. PHONE NO.
- 355-6875

NOTE: THIS FORM PROVIDES THE ESSENTIAL INFORMATION FOR: "

1. Customer approval of ultrasonic procedure to be used.
2. Shop instruction for performance of the inspection

3. Report record of the procedure used.

SPECIFICATIONS

UL TRASONIC INSTRUMENT

1. Procedure Control MIL-I-8950B Maoke ond Model M 721

2, _Accepionce Stondard ANS-90295A Recorder (if used)

3. Other Mcake ond Model None

TRANSDUCERS 1 2 3 TEST BLOCK STANDARDS

Make Branson Branson Moterial 5 A1-215 Sn (L) 1/2 & 1/4 Section (8) Full
Tyre 1.iS 1.iS Hole Size L) 3/64 FBH (S) .020 Section
Size 3/4 3/4 Hole Depths L) _.750 (4" & 2" metal travel)

Rated Frequency 5 Miz 5 Mz O:her [S) -250 (side drilled off center @
Operated Frequency| 5 Mz 5 MHz Couplants used  Water 1/3"' in 8" dia section)

ON SKETCH SET UP BELOW, INDICATE:
Shape of part.

Directions of scan

Transducer by number above, for each scon

index distance ¢ 50% of beam width
Scanning speed: ~ 58 sfpm

N WA -

)

Rotation

INSPECTOR'S NAME

ST AMIP DATE

8-In. Dia. Billet

/s
374
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AGC DRAWING NO.
1138575

ULTRASORNIC PROCEDURE - PURCHASE ORDER NO.
AGCS 0731.9 : N-02113
NAME OF ULTRASONIC LAB. PREPARED 8Y
Sonic Testing & Engineering J. M. Amaral
ADDRESS OF ULTRASONIC LAB. PHONE NO.
15220 Texaco Avenue, Paramount, California 355-6875
NOTE: THiS FORM PROVIDES THE ESSENTIAL INFORMATION FOR:

1. Customer approval of ultrascnic procedure to be used.

2, Shop instruction for performance of the inspection

3. Report record of the procedure used.

SPECIFICATIOMNS UL TRASONIC INSTRUMENT
1. Procedure Control AGC STD. $0%4 Make ond Model Sperry UM275
2, Acceptence Stendord MIL—I—:ggso AAA Recorder (if used) C-Scan
3. Other ANS 90297 "B" Moke ond Model Automation Industries
TRANSDUCERS |[ALL 1 2 3 TEST BLOCK STANDARDS
Make AT Material Ti 5A1 2.5 Sn (Actual Part Stds)
Type Liq SO, Hole Size 1/64, 3/64 & 5/64
Size “3/4" 7 Hole Depths Actual Part Thickness'
Rated Frequency 5MH Other 6AL-4V Std. Ref. (DAC Curve)
Operated Frequency SM‘Ij . Couplants used Inhibited Water
ON SKETCH SET UP BELOW, INDICATE: : INSPECTOR'S NAME STAMP | DATE
1. Shape of part, . :
2. Directions of scan : Dan Norris/J. M. Amaral 11-20-71
3. Transducer by number above, for each scon
4, Index distonce
5. Scanning speed . (See General Procedure)
4 i ¢ Radii A-Scanned
"
3
i .

Scan 1
Direction

Part Direction

]

AV rLoneiTuoina,

2
- 374

1138575



ULTRASONIC PROCEDURE
AGCS 0731.9

AGC DRAWING NO.

1138576

PURCHASE ORDER NO.

N-02113

NAME OF ULTHASONIC LAB.

PREPARED BY

J. M. Amaral

~S.DDiC~IesLing_&_1' ngineering

o
ADDRESS OF ULTRASONIC LAB,

15220 Texaco Avenue, Paramount, California

PHONE NO.

355-6875

NOTE: THIS FORM PROVIDES THE ESSENTIAL INFORMATION FOR:

1. Customer opproval of ultrasonic procedure to be used.
2, Shop instruction for performance of the inspection

3. Report record of the procedure used.

SPECIFICATIONS

ULTRASONIC IMSTRUMENT

1. Procedure Control AGC 5TD. 9014

Make and !odel Sperry UM275

MIL-1-8950 AAA

2_:_Accqp"oncp_._§_tcndord

Recorder (if used) C-Scan

3. Other ANS 90297 'B" Moko ond Mocel | _Autemation Industries
TRANSDUCERS | ALL 1 2 3 TEST BLOCK STAMDARDS
Make AL Moterial 1Ti 5A1 2.55n (Actual Part Stds)
Type Li, SO, Hole Size i/64, 3/64 & 5/64

Loy T a- 1
Size 3/40 T Hole Depths Actual Part Thickness'
Ratad Frequency S:M'H Other 6AIJ"‘4V std. Ref. (DAC CUrVe)

[ - . .

Operated Frequcp:y 5MH-'1 L Couplants used Inh'lb&_g@fl Water

ON SKETCH SET UP BELOW, INDICATE:

1. Shape of part,

. Directions of scan

Tronsducer by number above, for each scon
Index distonce

Sconning speed

oW

Luran |

INSPECTOE-'_S N;\Mé ST AP DATE
Dan Norris/J. M. Amaral 11-20-71
(See General.Procedure) Ry
~ Radii A-Scanned
~ Scan 1
Direction

R

AN A
(L) gl \
\
N
Part
Direction

/ [ , (L) 2LERGITUItRAL v-?
5 ' uz&by
2




UL TRASONIC PROCEDURE
AGCS 07319

AGC DHRAWING NO.

1138577

PURCHASE ORDER NO.

N-02113

NAME OF ULTRASONIC LAB.

Sonic Testing & Engineering

PREPARED BY

J. M. Amaral

ADDRESS OF ULTRASONIC LLAB.

15220 Texaco Avenue, Paramount, California

PHONE NO.

‘3556875

NOTE: THIS. FORM PROVIDES THE ESSENTIAL INFORMATION FOR:

1. Customer approval of ultrasonic procedure to be used.
2. Shop instruction for performonce of the inspection

3. Report record of the procedure used.

SPECIFICATIONS

UL TRASONIC INSTRUMENT

1. Procedure Control AGC STD. S04

Make ond Model

Snerrv UM725

MIL-1-8950 AAA

2, Acceptance Stendard

Recorder (if used)

C-Scan

3. Other | ANS 90297 "B" Make cnd Model Auteraticn Industries
TRANSDUCERS| ALIN i 2 3 TEST BLOCK STANDARDS
Make AT Moateriol Ti SAL 2.5 Sn (ACtU&l Part StdS)
Type LJ_,7 SO/ Hole Size 1/6/}, 3/64 & 5/64
Sizer =374 Hole Depths Actual Part Thickness'
Rated Frequency SMH’, Other 6AL--4V Std. Rel. (DAC CU,I'V@)
Opcrated Frequency SMH; Couplonts used Il’lhibig?d Water o
ON SKETCH SET UP BELOW, INDICATE: INSPLUCTOR'S NAME STAME | DATE
1. Shape of part.
:23 1[2:;?12’;3::rol)fysrc13:\ber obove, for each scon Dan NOI’I‘iS/J. M. Amaral 11-20-71
4. Index distance
5. Scanning speed (See General Procedure)
4' ¢ Radii A-Scanned
Scan 1
Direction

Part
Direction

| fizes7? -



AGC DRAWING NO.
1138578
ULTRASONIC PROCEDURE PURCHASE ORDER NO.
AGCS 0731.9 N-02113 '
NALE OF U1 ULTRASOMNIC LAB, FREPARED BY
Sonic Testing & Engineering J. M. Amaral
ADDRESS OF ULTRASONIC LAH. PHONE NO.
15220 Texaco Avenue, Paramount, California 3155-6875
NOTE: THIS FORM PROVIDES THE ESSENTIAL INFORMATION FOR:
1, Customer approval of ultrasonic procedure to be used. ‘
2, Shop instruction for performance of the inspection '
3. Report record of the procedure used. ‘
SPECIFICATIONS ULTRASOHIC IHSTRUMENT
1. Procedure Cantrol AGC STD. 904 Make end Model Sperry 275
T2, Acceptance Stendaord MIT-I-8950 AAA Recorder (if used) C~Scan
3 o ANS 90297 "B" Mok ondbodel | Autamation Tnduseries
TRANSDUCERS | ALL 1 2 3 TEST BLOCK STZMDARDS
Make AT Motediol Ti H5A1 2.5 Sn_(Actual Part_Stds)
Type Li, S0, Hole Size 1/64, 3/64 & 5/04
e’ a
Size s 3/4" Hole Depths Actual Port Thickness'
Rated Frequency SMHQ . Other 6AL-4V Std, Ref. (DAC Curve)
Operated Frequency SMH ' Couplents US@d» Inhibited n’ater
ON SKETCH SET UP BELow INDICATE: INSPECTOR'S NAaME STAME | DATE
Shape of part, : ) B
Directions of scan J 4
Transducer by number above, for each scan Dan Norris/J. M. Amaral 11-20-71

Index distonce

Scanning speed - (See General Procedure)

R R

¢ Radii A-Scanned

SHEAR

(l) LONGIT UDINAL

138578




AGCS 0731-9

MAME OF ULTRASONIC LLAB,

Sonic Testing

AGC DRAWIMG NO.
- 1133579
ULTRASOMIC PROCEDURE PURCHASE ORDER NO.
S N-02113 _
pREpARLD gy
Ingineering J. 1. Amaral
ADDRESS OF ULTRASONIC LAB. PHONE MNO.
15220 Texaco Avenue, Paramount, California 355-6875

NOTE: THIS FORM PROVIDES THE ESSENTIAL INFORMATION FOR:

1. Customer approval of ultrasonic procedure to be used.

2. Shop instruction for performance of the inspection

3. Recport record of the procedure used.

SFECIFICATIONS

ULTRASONIC iNSTRUMENT

AGC STD. 9014

1. Procedure Control

Moke cnd Model

Sverry UM725

2. _Acceptance Stendard MIL~T-8950 AAA_ Recorder (if used) C-Scan
3. Other ANS 90297 'R" Make and Model A1rﬁm~'*qj_lndhstrves
TRANSDUCERS 1 2 3 TFS'I BLOCK ST»\NDA?DS
Make AT AT AT Matericl Ti 5A1 2.5 €a (Actual Part Stds)
Type Li, SO, Li, SO, Li., SO, |Hole Size 1764, 3764 & m/6
Size 3 /47 YL 374" i Hole Depths Actual Part Thickness'
Rated Frequency Sl'ﬂ“’x 5MH 5MH Other GAL-4V Std. Ref. (LAC Curve)
Operated Frequcncy 17 -SMH: SNHj Couplonts used Inhibited Water
ON SKETCH SET UP BELOW, INDICATE INSPECTOI'S NAME STAMP | DATE
1. Shope of part.
2. Directions of scan S PR R, 3 g T
3. Tronsducer by number obove, for each scan Dan NOlrlS/J' M. Amaral 11-20-71
4, Index distence
5. Scanning speed
(See Genmeral Procedure)
Part
: Direction
2 /N
Scan !
Direction ~~7TTTTTTLAm
mh(-lwomu-(L) . tu
M
r \ \ L Scan
Directions
Part
Btationary
e {1}
Anlan

378
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1% YV O D

. P
ARCTURUS PROCESS PROCEDURE .| ANSC~XR-1000
\fdﬁ,,/ / /'/ Radiographic Inspection Procedure 1ssueo 8/30/71
A MFG. co“P fOl",Al\\'SC”P/N ”38577_—1 "p TREVISION
OXHARD, CALIF. Arcturus Die 2917 Pace 1 of 1

1. 0 SCOPE:- This document estab11shes the procedures for the rad1ograph1c
inspection of the following parts: _

2.0

3.0

LI ~h D QO T
- . - s - o

. ANSC P/N - * . Arcturus Die # - ' T
1138579-1 C X-292
1138579-2 C : o © X-293
1138575-1 D : K - 2915
1138576-1 E ) - 2916
1138577-1 D . 2917
. 1138578-1E ‘ 2918

REFERENCE DOCUMENTS: Mil-Std-453, ANSC-09297"B".

PROCEDURE: The fo11ow1ng lists the procedure which shall be applied to
~the radiographic 1nspect1on of the above referenced part number,

10
Je

Radiation source - 2 MEV- X ray Unit
Film - AGFA-Gevaert D4 and D7
Intensifying Screens - ;010 Lead
Blocking or Masking - Mone - o
Minimum source to film distance - 40" °
Penetrameter - Mil. Std. 453 (Titanjum)

Quality Tevel - 2-27

Density - 1.8 to 3.2 o . '
Developmant of Film - Automatic Developing
Number of views - 2 ‘

X RAY SKETCH

Fun S|

(-2

4.0 ACCEPTANCE CRITERIA: Acceptance criteria shall be per ANSC- 9032 1

380
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I.  TEST DESCRIPTION (Reference 1)

Tensile specimens were machined from fifteen rotor'forgings which
were dle~forged by Arcturus Manufacturing Company. The forgings repre-
sented four different parts for TPA S/N 1. TFrom each forging, three

tangentially oriented and one radially oriented specimens were tested.

The forgings were made from three titanium billets of which two
("I" and "T1")came from RMI Heat 804722 and the third ("B8") from TMCA
Heat K8930. The heats were produced in accordance with ANSC Spec. 90295A
and 90296A and the forgings were produced pexr Aﬁsé Spec. 90297B."
The test matrix is shown in the follewir; table, which also shows average

tengile propertiles for the f£ifteen fowminna,

ARCTURUS AVERAGE PPOPRERTY

' ES
ARCTURUS  ANSC FORGING  HO.07 % TS YIS ELONGALIoN
DIE NO. P/N  HEAT s/u SPRCTIGING (KST)  LXSI) (7)

L2615 1138575 TMCA 8 A 120.8 11.2.0 16.0
RMI 11 4 119,0 - 111.0 18.5
RMI 12 A 117.2 109.5 16.8
2918 1138578 RMI 11 A 119.0, 111.2 18.2
RMI 12 4 120,0 112.5 18.2
RMI 13 4 121.0 113.2 16.8
"M 14 4 120.0 114.5 16.8
RMI 15 4 120.0 114.5 15.8
2916 1138576 THC 5 4 120.0 111.8 14.8
RMI 6 4 122.5 114.0 15.2
RUT 7 4 116.0 107.0 13.8
RIIA% a 4 117.2° 109.8° 14.0
2917 1138577 TNCA 4 b ¢ 120.8 112.0 14,2
TCA 5 4 ©121.2 112.0 14.0
v G t 122.2 113.8 14.0

TiC4A

% 3 Tangentdial, 1L Nadial

o Blllet "T1V: 21l oshers freen | 91 Lsar ave Hillee MY,
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IT. DATA ANALYSIS

The possible sources of variation in the above test plan are:
1. Directions (tangentiai vs. radial)
2. Configurations (i.e. part numbers or dies)
3. Heats or billets
4. Differences among forgings of the same configuration

5. Differences among specimens from the same forging.

The effects of configurations and of heats are partially confounded
or confused with each other; for example, it is impossible to determine
whether an observed difference in properties betwéen P/M's 1138578 and
1138577 is due to the different confirurarions on to a oifference between

the two heats.

Primary Analysis of Variance showed th-.t there was no difference
between the tangential and radial orientsctions. Therefore the specimens
'from'each forging were combined into a singla group of.four.. There was,
however, for all three tensile properties, significant fofging-tc«forging
variability, which was furcher partitioncd into two componcnés, wvithin and
between configurations.~-Thg Analysis of Varlance tables for the three
properties are shown in Table i, “his analysis shows that configuration
differences are significant only 2 elongation.

Reference (1) points out th-.= cpacimens from P/N's 1138576 and 1138577
were tested on a differcnt day #u+i on a differvent testing machine from the
specimens taken from the cothes tvao configuratious. This factor rather ghan
grue configuration diifcreuces r.oo>ably accocuts for the observed difference
in elongation beirraen the tro pul.a of confipuratloas.

3R/
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Although isolation of a heat-to-heat component of variance is
precluded because of confounding with configurations, inspection of the

table on Page 5 shows no apparent difference by heats in those cases

where billets from both heats were used to make the same configuration.

The calculation of design allowables followed the primary procedure
of Reference (2) with forgings representing "Lots". The variances from
the two random sources of variation, '"Specimens withiﬁ Forgings" and
"Forgings within Configurations", were combined to obtain the standard
deviation S The appropriate effective sample size and degrees of freedom
{(m and f) were determined by means of the Satterthwaite awnproximation.
‘The corresponding 99/95 tolerance limii factor, k, was obtained from the
computer program TFAC** on the G.E. cn@putu;. The design allowables were
calculated as i—ksT , in which § in the uozn for each of the four config-
urations. Since these averages do not dif{~:; greatly, only the lowest of
. the four is reported, and the allowables are ccnsidoréd to 2pply to any
" of the four TPA parts, or to any simliler forgings.

The data are categorized as "A".
IITI. REFERENCES

1. Materials Memorandum IT:130:0230 from P. P, Dessau to H. Derow,
dated 10 November 1077, Subjcet: "Die~Forged Ti-5A1-2.5Sn ELI

Data from TPA S/N 1 Troia'.

2. NERVA Prooram Proccduss R10L- NRP--503, "Statistical Analysis of
Material Test Data®, N
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TABLE I
!
ANALYSIS OF VARIANCE TABLES
DEGREES OF
oA FTITIRTY SOURCE CF VARIATION - SUM OF SOQUARES FREEDOM MEAN SQUARE ¥
TLTTINTD STRLINGTH . CONTICURATIONS 51.747 3 17.249 1.37
{81 - | |
FCRCINGS (UITHIN 138,353 -11 12.578 11.91 #=*
CONVICURATIONS) ' :
SPZCDENS (UITHIN FCOZINGS) 47.500 45 1.056
UL 237.600 59
YIDLD STIUSTL COUTICUTATICUS 79.052 3 26.354 . 1.84
{KST) :
TOTSIVGS (UITHIN 157.773 11 14.343 10.12 #=
CONTICUTATIONS)
. ' r
. SPECIMNENS (JITHIN FCI1INGS) $3.750 45 1.417
TOTAL 306,802 56
CLONCATICH CONTICURATIONS 121,275 3 42,425 11.76 u®
(%) .
FORSINGS {UUITHIN 37.813 i1 3.438 2,33 =
CCUFIGUTATIONS)
SPECIMENS (WITHIN FORCINGS) 656.500 45 1.478
TGTAL 225.600 59
& SIGNIRIC.'T, .C3 LIVIL
& SIGNIFILIT, .01 LEVEL
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PAGE: 1 OF 24
AEROJET NUCLEAR SYSTEMS COMPANY

MATERIALS DATA RELEASE

CONTENTS
DATA
MATERIAL FORM ) CONDITION PROPERTY CATEGORY PAGE
Ti 5A1 2.5Sa ELI DIE FORGINGS ANNEALED STATIC FRACTURE TOUGHNESS (KIC) @ RT, c 2
PANCAKE FORGINGS* . ~160 AND -423°F#% :
DIE FORGINGS . ! . NUMBER OF CYCLES TO VARIOUS Xi LEVELS c 3
’ @ RT, -160 AND -423°F
DIE FORGINGS CYCLIC FRACTURE TOUGHNESS (Ki) @ RT, c, D ' 4
PANCAKE FORGINGS* ~160 AND -423°F
’:8 DIE FORGINGS CRACK GROWTH RATE, RT C . 5
i
b= . DIE FORGINGS CRACK GROWTH RATE, -160 AND.-423°F c 6
PANCAKE FORGINGS ‘ CRACK GROWTH RATE, -423°F c 7

*  PANCAKE FORGINGS @ -423°F ONLY
4

** RT IN GH,, 100 PSI; ~160°F IN GH,, 1200 PSI; -423°F IN LH

2° 22 2

NOTE: THIS REVISION SUPERSEDES DRM 04.10 DATED 30 MARCH 1972, WHICH INCLUDED ONLY STATIC FRACTURE TOUGHNESS
AT ROOM TEMPERATURE. THE DATA INCLUDED IN THE ORIGINAL DRM HAS BEEN COMPLETELY INCORPORATED INTO THE
REVISION.

EXPLANATION OF SYMBOLS ON PAGES 2 - 7: )
s = STANDARD DEVIATION (STANbARD ERROR OF ESTIMATE) ~

\

n,6 = EFFECTIVE SAMPLE SIZE . ) <§\Si\

= DEGREES OF FREEDOM FOR s $¢

k = 99/95 ONE-SIDED TOLERANCE LIMIT FACIOR : -«
CLASSIFICATION:

. 2 ) . - T
PREPARED BY: %%(’“’ . ‘ UNCLASSIFIED —
REVIEWED BY: . o PER 7774% 2l
. 4 i
DATE =y / ol / 72
VAR
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MATERIAL T4 5A1 2.5 Sn ELI FORM  DIE FORGINGS/PANCAKE FORGINGS ANNEALED
SPECIFICATIONS ANS_90297 B
PROPERTY FRACTURE TOUGHNESS, K ., KST VN,
'A. DIE FORGINGS
99/95
TEMP DESIGN DATA SOURCE
°F MEAN s n f .k ALLOWABLE CATEGORY REFERENCE
RT 100.0  4.23 12 12 3.67 84.5 c 1, 2
-160 ' 85.4  4.23 2 12 4.20 67.6 c 2
-423 56.3  4.23 2 12 4.20 36.5 c 2
B. PANCAKE FORGINGS
-423 69.4  4.23 12 4.65 49.7 c 2
4
£

/)Z"%’f
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MATERIAL Ti 5A1 2.5Sn ELI FORM DIE FORGINGS CONDITION ANNEALED
SPECIFICATIONS ANS 90297 B
PROPERTY NUMBER OF CYCLES TO VARIOUS STRESS INTENSITY (Ki) VALUES
) LOG OF CYCLES ' NO. OF CYCLES
TEMP K1 n 99795 50% DESIGN DATA SOURCE
°F KSI~»J IN MEAN s k e £ LOWER LIM{_ POINT ALLOWABLE CATEGORY REFERENCE
RT 20 4.372  0.138 3.63 6 15 3.871 23528 7431 c 2
30 3.922 3.53 10 3.435 8352 2722
40 3.501 3.48 14 3.021 3167 1049
50 3.108 . 3.49 13 2.626 1283 423
;Q 60 2.744 3.57 8 2.251 555 178
c% 70 2.409 3.68 5 1.901 256 80
80 2.102 3.86 3 1.569 127 ° .37
-160 20 4.391 3.63 6 3.890 24594 7764 c 2
; 30 3.920 . 3.51 11 3.436 8317 2727
40 3.478 3.46 16 3.001 " 3004 1001
- 50 3.064 3.49 13 2.582 1159 382
60 2.679 3.57 8 2.186 478 154
-423 20 4.706 5.40 0.42% 3.961 50811 9137 c 2
30 3.890 4.05 2 : 3.331 7774 2143
40 . 3.104 4,50 1 2.483 1270 304

* NORMALLY, n, IS ROUNDED TO THE LARGEST INTEGER NOT GREATER THAN THE CALCULATED VALUE.
IN THIS CASE SUCH A ROUNDING PROCEDURE WOULD HAVE YIELDED ne=0 FOR WHICH NO k VALUE WOULD
EXIST. THEREFORE THE CALCULATED FRACTIONAL VALUE OF 0.42 WAS USED.

j
pe i os
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DRM: 14.10R1
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PAGE: 4 OF 24

FORGINGS CONDITION _ ANNEALED
SPECIFICATIONS ANS 90297 B
PROPERTY CYCLIC FRACTURE TOUGHNESS (Xi) KSI'JN
A. DIE FORG.INCS ki (KST -\,_II:,;)
TEMP - DESICN DATA SOURCE
°r NO. OF CYCLES MEAN e £ K ALLOWABLE CATEGORY REFERENCE
RT 100 83.5 3.95 2 15 4.05 67.5 c 2
1000 52.9 3.69 12 15 3.50 40.0 c
10000 28.2 3.44 9 15 3.55 16.0 c
-160 1000 51.6 3.31 12 15 3.50 40.0 c
10000 28.3 292 10 15 3.53 18.0 . ¢
-423 1000 41.3 1.40 1 15 4.50 35.0 T ¢
10000 28.6 1.58 2 15 4.05 22.2 c
B... PANCAXE FORGINGS
-423 1000 46.2 1.40 1 15 4.50 39.9 p*
10000 33.6 1.58 1 4.50 26.5 ¢

* SEE PAGE 15.

v6e
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FORM

ANNEALED

~ DRM:
DATE:
PAGE:

MATERTAL T4 5A1 2.5Sn ELI DIE TORGINGS CONDITION

SPECIFICATIONS ANS 90?297 R

PROPERTY CRACK GROWTH RATE (da/dN), MICRO-INCHES/CYCLE @ RT

LOG (CRACK GROWTH RATE) CRACK CROWTH RATE
53/95
Ki | UPPER 50% DESIGN
(kSI~/IN) MEAN s "e £ x_  LMIT POINT  ATLOWABLE
20 0.696  .156 9 103 2.98  1.161 5 14
30 1.314 21 i 2.81  1.752 | 21 57
40 1.751 46 2.73  2.177 56 150
50 2.091 75 2.69  2.511 | 123 324
60 2.369 74 2.69  2.789 | 234 615
70 2.603 43 271 3.026 | 401 1061
80 2.806 37 2.75  3.235 ; 640 1718
90 2.986 27 2.78  3.420 | 967 2628
100 3.234 16 2.86  3.680 | 1708 4788
110 3.504 26 2.78  3.938 3188 8663
120 3.751 19 2.83  4.192 5636 15577
- 130 3.979 10 2.95  4.439 9518 27942
140 4.189 6 3.09  4.671 15461 46886
150 4.385 4 § 3.26  4.890 24239 77703
o)
A

DATA

CATEGORY

c

04.10 R1
5 MAY 1972
5 OF 24

SOURCE

REFERENCE

2
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MATERIAL Ti 5A1-2.5Sn ELI : FORM DIE FORGINGS CONDITION ANNEALED
SPECITICATIONS _ ANS 90297 B
PROPERTY CRACK GROWTH RATE (da/dN), MICRO-INCHES/CYCLE @ -160°F, -423°F
LOG (CRACK GROWTH RATE) CRACX GROWTH RATE
: 99/95
TEMP Ki ) a UPPER 507 DESIGR DATA SOURCE
°F (KSI-[IF) MEAN S e f k LIMIT POINT ALLOWABLE CATEGORY REFERENCE
-~160 30 1.045 .0887 6 41 3.23 1.331 11 21 C 2
40 1.534 14 3.04 1.803 34 64
50 1.913 30 2.95 2.174 82 149
60 2.222 42 2.92 2.481 167 303
70 2.484 33 2.94 2.745 305 556
80 2.711 21 2.99 2.976 514 947
90 2.911 14 3.04 3.181 815 1516
-423 30 1.171  0.327 16 3.64 2.361 15 230 . C 2
35 1.501 s | 3.5 2.649 32 445 |
. 40 1.998 12 3.46 3.129 100 1347
45 2.601 11 3.47 3.736 399 5441
50 3.269 3.56 4.433 1858 27109
3 55 3.979 3.71 5.192 9533 155657
j@ 60 4,715 4.01 6.026 51984 1062360
op



DRM:
DATE:
PACE:
MATERIAL Ti 5A1~2.5Sn ELI FORM PANCAKE FORGINGS CONDITION ANNEALED
SPECIFICATION ANS 90297 B
PROPERTY  CRACK GROWTH RATE (da/dN), MICRO-INCHES/CYCLE @ -423°F
1L0G (CRACK GROWTH RATE) CRACK GROWTH RATE
99/95
Ki n UPPIR 50% DESIGN DATA
(XKS1-JIN) MEAN s e £ k LIMIT POINT ALLOWABLE CATEGORY
30 0.378  .327 2 16 4.01  1.689 49 c
35 0.707 3 3.82 1.956 90
40 1.204 4 3.71 2.417 16 261
45 1.807 6 3.59 2.981 64 957
50 2.475 6 3.59 3.649 299 4456
55 3.185 6 3.59 4.359 1532 22852 .
60 3.921 4 3.71 5.134 8339 136198

oY %

04.10 R1
5 MAY 1972
7 OF 24

SOURCE
REFERENCE

2
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1. TEST DESCRIPTION

This DRM is based upon work performed by the Boeing Aerospace Group,
Seattle, Washington under ANSC P. 0. N-01499. (Room temperature static
fracture toughness data obtained by Metallurgical Testing Corporation under
ANSC P. O. N-02243 is also included in this DRM and has been combined with
the corresponding Boeing data. The Metallurgical Testing Corp. data was
the subject of the original DRM 04.10 which is being superseded by this

revision. Material from the same two lots were used in both programs).

Two heats of Ti 5A1-2.55n ELI per ANSC Specification ANS 902978 were
used for the test program. Héat 804722 produced by RMIL, was used to fabri-
cate die forgings. Heat K8930, produced by TMCA, was used to fabricate
both die and pancake forgings. These heats were specially prepared for ANSC.

All forgings were produced by Arcturus Manufacturing Company, Oxnard, Calif.

Fracture toughness specimens were fabricated from the die and pancake
forgings so as to maintain the flaw propagation direction of the specimens
parallel to the radial direction. A total of 24 specimens were fabricated
and the testing was conducted at room temperature, -160°F and ~423°F. The
room temperature and -160°F tests were conducted in GH2 and GHe; the -423°F
tests were conducted in LHZ' The 24 specimen test program was designed as an
interim program to provide statistical data from which a major test program

would be developed. The test matrix for the interim program was designed to

be as small as possible consistent with this goal.

338



Both static (KIC) and cyclic (Ki) fracture toughness tests were con-
ducted. One static test and two cyclic tests were performed for each of
the die and pancake forgings.
cycles to failure curve was developed at each temperature.

instantaneous crack growth rate (crack growth per cycle) data was developed

DRM: 04.10 R1

DATE: 5 MAY 1972

PAGE: 9 OF 24

for each Ki test. The test matrix is shown in Table 1.

Test results were as follows:

Test Specimen

Temp, °F No.

RT 880471
880486
880489
880472
880473
880473
880474
880487
880488
880488
880490
880491
880491

From the results, a Ki versus number of

In addition,

No. of K or Ki
Cycles (&gl - \Afﬁ)
1 (KIC) 108.4
1 " 104.7
1" 97.4
191 75.9
393 56.3
24377 19.2
2719 , 44,2
1500 48.6
3517 35.1
22000 18.8
25926 . 19.2
100 83.8
1882 46.9

339



Test
Temp, °F

-160

-423

*

Specimen
No. _
880477
880483
880478
880479
880479
880484
880485
880485

880476
880480
880492 *
880475
880482
880481
880493 *

Pancake Forgings

No. of
Cycles

1 (KIC)

1
2738
9737

23502 °

2540
606
1926

1609
1601
12867
10347

(K

"

IC

DRM:
DATE:
PAGE :

Kre

(kST - ~JIN)

04.10 R1
5 MAY 1972
10 OF 24

or Ki

400

84.
86.
42.
30.
22,
43.
57.
L4,

55.
53.
69.
36.
36.
25,
33.

TN 0 NN B e

0 NP W W w O v



™CA
T™CA
™CA
RMI
RMI
RMI

MCA
TMCA

f= THCA

1%

RMI
RMI
RMI

™CA

TABI l

Loy DRM: 04.10 R1
DATE: 5 MAY 1972
PAGE: 11 OF 24
NUMBER OF OBSERVATIONS
R.T. (100 PSI GH,) -160 (1200 PSI GH,) ~423 (LHyp)
FORGING : , CRACK CRACK CRACK
©_ p/N SHAPE S/N ‘SPECTMEN STATIC  CYCLIC GROWTH STATIC CYCLIC  GROWTH STATIC CYCLIC GROWTH
1138575 RING 8 880471 : 1
1138575 " 880472 1 15
1138575 " 8 880473 2 20
1138575 " 12 880474% 1 16
1138575 " 12° 880475 1 3
1138575 " 12 880476 1
1138576 " 880477 1
1138576 " 5 880478 1 ‘13
1138576 " 5 880485%" 8
1138576 " 830480 1 _
1138576 " 880481 1 6
1138576 " 6 880482 ) 1 4
1138577 " 4 880479 2 16
1138577 " . 880483 1
1138577 " 880484 1 12
1138578 " 11 880486 1
1138578 " 11 880487 . 2 16
1138578 " 11 880488 2 19
1138578 CENTER 11 830489 1 .
1138578 " .11 880490 1 18
1138578 " 11 880491 2 19
- I
=
1138579 SLICE 3 880492 1 N
(PANCAKE) -
" " 4 880493 1 7
" " %
880494 1%k -
*  IN GASEOUS HELIUM; ALL OTHERS IN Hj ** FAILED ON INCREASING LOAD; NO CYCLIC DATA OBTAINED ‘F
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2. DATA ANALYSIS

a. Static Fracture Toughness

The Boeing K., data consisted of 3 tests at room temperature,

IC
two at -160°F, and three at -423°F. All specimens were prepared from die

forgings except one at -423°F which was-from a pancake forging.

Results on nine specimens tested at room temperature by Metallur-
gical Testing Corporation under ANSC P.O0. N-02243 (Reference 1) were also in-
cluded in this analysis. These specimens were prepared from the same two
material lots as those tested by Boeing. There was no significant difference
in fracture toughness between the two material lots and therefore the two
groups were combined.

Despite the fact that the Metallurgical Testing spe;imens were
tested in air, their fracture toughness did not differ significantly from
that of the Boeing specimens, tested in hydrogen. The within-gfoup varia-
bilities were also homogeneous and the two groups were combined to form a

single group of 12 observations at room temperature.

Within group variabilities were found to be homogeneous over all
temperatures, and accordingly a pooled standard deviation, s, based on 12 degrees of
freedom,was calculated. The design allowables at each temperature were cal-

culated in the usual manner as X - ks.
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The pancake forging specimen had a much higher KIc than the die
forging specimens, a result expected both from previous testing experience
and from comparative microstructure. This difference is also seen in the
cyclic tests and in the crack growth rate data. The KIC for the pancake

forging is shown separately. It was assumed that the pooled standard devia-

tion calculated for die forgings would also apply to pancake forgings.
b. Cyclic Fracture Toughness.

The method of regression analysis was used for the cyclic Ki data,
employing the G. E. computer program MULFIT. In this analysis, the cyclic
life is expressed as a function of the stress intensity, Ki. Because of the
small number of observations at each temperature, data for all three tempera-
tures were included in a single regression equation in which temperature

occurs as a second independent variable.

Theoretically, the static tests could be included in this same re~-

gression equation as the cyclic tests since K is merely Ki after one cycle.

IC
However, no simple function could be found that would efficiently fit both
groups of data gndvtherefore the static data were handled separately as shown
above. The use of the MULFIT program consisted of trying various functions
of Ki, temperature and cycle life to determine a model which would fit the

experimental data with a minimum standard error of estimate, Sy The

following results were obtained:
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n = 20; S, = .138 (log units); R2= .959
Regression Equation:
Log y - 5.277 = .0494 x + 1.432 x 107" x” + 42.378 (1/p) - 1.4539 (x/R)

where x = stress intensity (Ki), KSI - Fin.

I

R = test temperature, °R

i

y = number of cycles.

This equation includes the quadratic function of Ki, the reciprocal
function of temperature, and a final interaction term which expresses the

differences in response for the three different temperatures.

The equation was used to calculate the expected number of cycles
for various stress intensity levels at the three temperatures. These are
shown on Page 3, both in log and anti-log form. The 99/95 lower limits were
calculated as log y - ks, where the tolerance limit factor k.is based upon
the effective sample size, ne,and the degrees of freedom, f, associated with

s. Finally the lower limit was converted to the anti-log form.

Probably a more useful representation of the same data is given on
Page 4. Here, the expected stress intensity affer various numbers of cycles
are shown, with corresponding design allowables. These values were obtained
by back-solving the regression equation for both mean and lower limit. The
standard deviations wefe then estimated by dividing the difference between the

mean and lower limit by the appropriate value of k.
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The specimens tested in helium showed no extreme deviations from
- their expected values and were included along with the specimens tested in

hydrogen.

The pancake forging specimen (880493), tested at -423°F was sub-
stantially off the curve, with an actual Ki of 33.6 at 104 cycles compared
with an expected value of 28.6. It is therefore shown separately on Page 4,
and its design allowable was calculated by assuming the same standard devia-
tion as the die forgings. The stress intensity for pancake forgings at 10
cycles was estimated by extrapolating from lO4 parallel to the die forging
curve, and the corresponding design allowable was again calculated by assum-
ing the same standard deviation. Because of the extrapolation, this one data

item has been downgraded to category 'D".

c. Crack Growth Rate
(1) General

Instantaneous crack growth rates (da/dN) in Micro-inches per
cycle were obtained during cyclic testing. Paired data for crack growth
rate vs average Ki were provided by Boeing in thé form of computer printouts.

Up to 20 data points were given for each cyclic specimen.

The data are plotted on log-log paper in Reference 2. The
growth rate increases with stress intensity in an approximately linear manner

until,at about 90 KSI~—J in, there is a fairly abrupt increase in the slope.

4035



DRM: 04.10 R1
DATE: 5 MAY 1972
PAGE: 16 OF 24

{

|

The relationship could be represented by a quadratic equation over the %
entire range or by two straight lines of different slopes, each represen-—
ting a portion of the data. The latter model was selected because it pro-

vides a simpler and more useful regression equation.

The computer program MULFIT was used to perform regression

analysis. Each temperature was handled. separately.

(2) Room Temperature

At room temperature the specimen tested in helium exhibited
a slightly slower crack growth than the specimens tested in hydrogen. The
helium data were excluded from the analysis to provide a more conservative

estimate for crack growth rate in hydrogen.

The data were divided into two groups to represent the two
different slopes, and separate regression analysis runs made for the two groups.
A brief series of iterations was required to locate the boundary of the groups
close to the intersection of the two regression lines. A reasonable boundary

DB
was located at 90 KSI —\@ in.

Regression analysis results for the two goups were:

n | Regression Equation Se* R2
for Ki < 90: 80 log (da/dN) = -3.863 + 3.5045 log (Ki) |.1645 .918
for Ki > 90: 27 log (da/dN) = -9.861 + 6.5466 log (Ki) {.1251 .896

* 1in logarithmic units
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The standard errors of estimate were found to be homogeneous

for the two groups and were combined to obtain a pooled se of .156 based on

103 degrees of freedom.

The expected value of the log of growth rate was calculated
from these two equations for a series of stress intensity levels. The upper
99/95 limits were determined as Expected Value + kse, where the k values

correspond with calculated effective sample size and f = 103.

Finally both the expected values and the 99/95 limits were

converted to anti-log form (micro-inches per cycle).
3. ~-160°F

At -160°F, data points in the upper slope region were few in
number and were extremely erratic. Regression analysis was, of necessity,
confined to the determination of a single straight line for the region of
Ki < 90 KST —5??51 The specimen tested in helium yielded results that were

typical of the three specimens tested in hydrogen and therefore these results

were included in the same analysis.

The results were: .
. . s ' 2
n Regression Equation I e R
for K £-90 43 log (da/dN) = -4.,733 + 3.9115 log x l .0887 .968

The calculation of expected values and design allowables

followed the procedure used for the room temperature data.
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(4) -423°F

At -423°F the pancake forging spécimen exhibited a sub-
stantially lower crack growth rate at all Ki levels in comparison with
the die forgings. A change in slope is indicated in the vicinity of
45 KSI - Q?;;: for both forging types, but the number of data points is
too small to determine the two separate regression lines for the purpose
of calculating design allowables., As an alternate, the quadratic model
was used over the entire data range. In this analysis, forging type was
input aé a dummy variable, Xy which was assigned a value of zero for die
forgings and of one for pancéke forgings. This technique results in two
regression lines having the same slopes but different intercepts.

The results were as follows:

. - . , ' s 2
n Regression Equationsg¥® e R

20 log (da/dN) = 60.614 - 83.453 log xl+ 29.253 (log Xig.794x2 .327 .903

For die forgings, X, = 0 and the last term drops out. For
pancake forgings, X, = 1 and the last term becomes -.79%4 which may be combined

with the intercept 60.614 to produce a curve parallel with the first.

The regression equation was used to determine expected growth rates
and 99/95 design allowables in the same manner as the other two temperatures.

Pancake and die forgings are listed separately.

* Xy = Ki; X, = forging type.
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Linear regression equations for the two slopes were also
calculated and are presented for information even though they were not
used for calculating design allowables., The division of the data is based

on a boundary value for da/dN of 100 micro-inches/cycle.

da/dN n Regression Equation * * e R?
_f-lOO 11 -30.217 + 19.857 log Xl - 1.187 x2 . 409 .789
> 100 9 -6.578 + 5.257 log Xl - 466 X, .083 _ .924
* X, = Ki (KSI —\fig3; X, = Forging Type (x2 = 0 for Die, X, = 1 for Pancake)
(5) Plots

Crack growth rate curves for the three temperatures are pre-
sented in Figures 1 - 4. DBoth the expected values and design allowables are

shown.,
d. Data Categories

The data are all categorized as "C'" except for one "D" entry discussed
above. Although the sample sizes for crack growth rate data far exceed the
requirements for "A" data, these represent multiple observations per specimen,

rather than an adequate number of specimens.
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The intent of the data analysis and classification procedures is
to make adequate allowance for material variability. To be consistent with
this intent, the number of specimens, rather than the total number of obser-

vations is the logical criterion.

In the few cases where the sgécimeg matrix meets the requirements
of TD-28, there is still insufficient representation of material lots and
forging configurations for such factors to be investigated adequately, and
allowances made for their effects. Therefore none of the data have been

classified above category "C".

3.  REFERENCES

(1) Metallurgical Testing Corporation Test Report, Laboratory
No. 12-109F, 18 January 1972
(2) "Flaw Growth of Various NERVA Engine Materials", by W. D. Bixler,

Aerospace Group, The Boeing Company, March 1972,
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4.8 5A1-2.5 Sn (ELI) Titanium

4.8.1 RT Tests

Three static fracture tests were conducted at RT in 100 psig gaseous hydrogen;
one from one die forging and two from enother die forging. The detailed results

of these tests are presented in Table 22, - K volues ranged frem 97.4 to 108.4

Q

ksi {in and (Kl) o values ranged from 116.8 to 126.8 ksiVin. The tests did not
max

K

meet the ASTM-E399-70T requirements for thickness. Bused on an assumed RT yield

strength of 94 ksi, KQ would have to have been < 59.5 ksi™, in to be considered

a valid K. test.

| Although no valid plane strain fracture toughness values were
c

determined for the 5A1-2. 55n (ELD titanium at RT, the resulis obtained do show litilc
variability of static fracture properties of the die forgings itested. The effect of
100 psig hydrogen on the static fracture properties

- 1 L, s . - ez
tes of the Hiiunium was 1ot ws

since tests in helium were not conducted.
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\
A fotal of 7 specimens were cyclic tested at RT to essentially failure; one in’
100 psig gaseous helium and 6 in 100 psig gaseous hydrogen {one from one die
forging, 2 from another die forging and 4 from yet another die forging). All of
the tests were conducted at 5 cps and the results are presented in Figure 31 and
Table 23, Figure 31 indicates that a single curve adequately represents the
variation of Kli with N in the hydrogen environment. The single specimen |
tested in gaseous helium demonstrated a very slightly longer life. The results of
the instantaneous da/dN for the specimens tested in helium and hydrogen are
presented in Figures 32 and 33, respectively. The scaiter band on the helium
da/dN data lies within the scatter band of the hydrogen da/dN data but tends
to the slow side. Although it appears that 100 psig hydrogen might have a very
slight effect on the cyclic life and crack' growth rates at 5 cps, additional tests would
have to be conducted to verify this point since this observetion is based on only one
test specimen. Variability of material properties from die forging fo die forging
might account for the slight differences observed. It is a krown fact that
5A1-2,.55n (ELD) titanium forging materiol is susceptible to high pressure (1400 psig)
guseous hydrogen at RT as observed in Reference 1.  The Reference 1 work indi-
cated sustained load thresholds as low as 20 ksi Win for the high oressure hydrogen,
but it is not known how the susceptibility varies with pressure for this materiol.
In conclusion, it appears that the cyclic life and flaw growih rates at RT are only
very slightly affected, if at all, by 100 psig gascous hydrogen compared to helium

for the titanium material when tested at 5 cps.

4,.8.2  -160°F Tests

Two slatic fracture fests were conducted at -160°F in 1200 psig gaseous hydrogen,
each from o different die forging.. The detailed results of these tests are presented
in Table 22. KQ values of 84.9 and 86.0 ksi\in and (Kl)mcx values of 84,9
ond 88.5 ksi[in were obtained. The tests did not quite meet the ASTM-E399-70T
requirement for thickness. Based on a ~160°F yiceld strength of 128 ksi, KQ would
hod to have been £ 81.0 ksi\in to be considered a valid ch test per ASTM. The

flat appearance of the fracture face plus the failure abruptness of the load/displace -

ment curves, leads one to believe that the tests were valid, The results obtained
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do show little variability of static fracture properties of the two die fér-gings tested.
The effect of 1200 psig hydrogen on the static fracture properties of the titanium
‘was not assessed directly but the load/displacement records indicate that essen~-
tially no flaw growth took place prior-to failure and therefore it is felt that there

is no effect,

A total of 4 specimens were cyclic fested at ~160°F to failure;-1 in 1200 psig
gaseous helium and 3 in 1200 psig gaseous hydrogen (2 specimens each from 2

die forgings). The tests were conducted at 5 cps and the results are presented

in Figure 34 and Table 24.  Figure 34 indicates that a single curve adequately
represents the variation of Kli with N in either environment. The results of the
instontaneous da/dN for the specimens tested in helivm and hydrogen are presented
in Figures 35 and 36, respectively. The scatter band on the helium da/dN data
encompasses the hydrogen da/dN results with the exception of one hydrogen speci-
men of very high stress intensity levels, This specimen was cycled from a very low
K“ of 22.3 ksijm and at a stress intensity of about 65 ksi'\ri—n‘ the crack had ex~
tended to the point thai excessive plastic deformation was taking place and this
resulted in the high growth rates. From these results, it oppears that the cyclic
life and flaw growth rates are unaffected by high pressure hydrogen compared to
high pressure helium at RT for 5A1-2.5 Sn (ELD) titanium material. Additioncl

o
supporting evidence of the imrmunity of this titanium fo gaseous hydrogen at -160 F

is presented in Reference 1 sustained locd tests at this temperature!

4.8.3 -423°F Tests

Essentially 4 static fracture tests were conducted at -423°F in zero psig liquid
hydrogen; one each from 2 die forgings and one each from 2 pancake forging slices.
The detailed results of these tests are presented in Table 22. The two die forging

specimens had K . values of 53.4 and 55.2 ksi Vin while one static fracture pan -

Q
cake forging specimen exhibited a value of 69.4 ksiin. The remaining pancake
forging specimen was initially intended for use as a cyclic specimen, but failed

within 5 cycles while increasing the load to the desired cyclic load. This specimen

418
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demonstrated a KQ value of 50.5 ksi'\Wr‘w‘, considerably below the other pan-
cake forging specimen test, All of the tests did meet the ASTM-E399-70T require -
ments. Based on an assumed -423°F yield strength of 168 ksi, a KQ.volue of
< 106.2 ksiVin would be considered a valid Klc test. It should be mentioned
that the strain rate to failure for the specimen intended for cyclic testing was
considerably higher than that of the standard static fracture test. The loading
rate normally was 8500 1b/minute, whereas the low toughness specimen was loaded
at almost 500 times thot rate. This difference in loading rates could account for
the difference in toughnesses. One other difference between the two poncake
forging specimens was the appearance of the fracture faces. The low toughness
specimen exhibited a smoother texture macroscopically than the other specimen.
Both specimens were examined microscopically but only very minor differences

were observed. Additional tests would be required to definitely establish the

reason for the low toughness observed.

Four specimens were cyclic tested at -423°F in zero psig liquid hydrogen; 2 specime
from one die forging, one specimen from another die forging and one specimen from
a pancoke forging. All of the tests were conducted at 5 cps and the resulis are
presented in Figure 37 and Table 25. Grouping the results bosed on whether or
not the specimen was made from a die forging or a pancake forging, resulted in
single curves representing the variation of Kli with  N.  The single pancake forging
specimen tested exhibited a very rough textured fracture face. Instantaneous da/dN
results of these spscimen tests are presented in Figure 38, The pancake forging

specimen exhibited slower fatigue crack growth rates than the die forging specimens.
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5.0 OBSERVATIONS

The static fracture results were unaffected by 1200 psig high purity
gaseous hydrogen compared to 1200 psig gaseous helium at RT for
Armco 22-13-5 steel, phosphor bronze, A286 steel, Hastelloy X and
347 stainless steel. Valid fracture toughness values were not

obtained in the above tests due to limited material thickness,

An apparent hydrogen effect was observed in the static fracture testing
of 9310 carburized steel when considerable time dependent growth
occurred during loading to failure in 1200 psig gaseous hydrogen at RT.
The growth on this specimen was distinguishable on the fracture face as
well as indicated on the load/crack opening displacement record. Using
the flaw size at fracture plus the locd at failure resulted in an opparent
toughness equal to that observed in a helium environment. An apparent
ch equal fo about 120 ksiin was observed at RT in helium for the
9310 steel. At -423°F in liguid hydrogen this material exhibited o K
value of 32 ksiVin, -

lc

The static fracture tests for SAI-2.5 Sn (ELI) titanium in 100 psig gaseous
hydrogen at RT were not valid ch tests due to limited materiol thickness
available, The two different die forging materials tested ai RT did not
indicote any significant variability in apparent fracture féughness. The
static fracture tests conducted at -160°F in 1200 psig gaseous hydrogen
were essentially valid ch valves, These results also demonstrated uni-
formity of toughness results between the two die forgings tested. The
fracture tests at -423°F in liquid hydrogen involved specimens fabricated
from a pancake forging as well as two die forgings. All fracture tough-
ness tests at -423°F resulted in valid ch results with the pancaoke forging
demonstrating a higher toughness than the die forgings.

The cyclic life and flaw growth rates were unaffected by 1200 psig

gaseous hydrogen compared to 1200 psig gaseous helium at RT for Armco

22-13~5 and phosphor bronze.
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The cyclic life and flaw growth rates were apparently unaffected by

1200 psig gaseous hydrogen at RT for A286 stcel tested at 5 cps. A
single specimen tested at 1 cps in hydrogen had flaw growth rates slightly
higher than that observed in either hydrégen or helium at 5 cps.  This
could either indicate a slight hydrogen effect or a strain rate sensitivity
phenomenon, Additional specimens would have to be tested to establish

this point.

The cyclic life and flaw growth rates were moo'érai'ely affected by the
1200 psig gaseous hydrogen af RT for Hastelloy X and 347 stainless steel.
For Hastelloy X, a single specimen tested at 1 cps showed significdnfly
higher flaw growth rates than specimens tested at 5 cps in hydrogen. The
347 stainless steel did not show this dependence of flaw growth rate with

test frequency.

The cyclic life and flaw growth rates were significanily affected by the
1200 psig goseous hydrogen at RT for 9310 carburized steel. The flaw
growih rafe also increased when the test frequency was decreased. This

hydrogen effect was observed at a stress intersity level as low as 11 ksi\in.

The cyclic life and flaw growth rates were apparently slightly affected by
100 psig gaseous hydrogen at RT for 5Al~2.5 Sn (ELI) ftitenium as compared
with gaseous helium when {ested at 5 cps. The single spécimen tested in
gascous helium demonstrated growth rates that fell within fhé guseous
hydrogen scatter band but was on the slow side which might indicate a
slight hydrogen effect at 5 cps. Additional specimens would have to be
tested to establish this point. The cyclic flaw growth rates obtained were

very consistent between the 3 die forgings tested.

The cyclic life and flaw growth rates were unaffected by 1200 psig
gaseous hydrogen at ~160°F for 5A1-2.5 Sn (ELD titanium as compared
with gaseous helium at 5 cps. The data scatter bands for both environ-

ments were essentially the same and consistent between the 2 die forgings

tested. 421
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(10)  The cyclic life and flaw growth rates at -423°F in liquid hydrogen for
9310 carburized steel and 5A1-2.5 Sn (ELI) titunium were determined.
Flaw growth rates for titanium specimens fabricated from die forgings

were faster than for a specimen made from a pancake forging.
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Table 2: 5A1-2.5 Sn (ELI) Titanium Specimen/Forging Correlation

FORGING
IDENTIFICATION
ARCTOR FRACTURE SPECIMEN
PART DWF‘US SERIAL IDENTIFICATION
1151 LJ 1S
NUMBER | nuMeER NUMBER ) |
1138365-104D/2915/08  S/N 820471
08 1138365-104D/2915/08  S/N 880472
1138575 - )
) 1138365-104D/2915/08  S/N 850473
Ring ) 2915
Segment / 1138385-104D/2915/12  S/N 880474
12 1138365-104D/2915/12  S/N 880475
1138365-104D/2215/12  S/N 880476
1138365-104D/2916/05  S/N 880477
05 1138355-104D/291€/05  S/N 880478
1;?8575 so16 1138365-104D/2916/05  S/N 820479
(c ns ) 1138336-1040/2916/C6_ S/N 80470
Segment ——
06 | 1128235.104D/281G/06  S/N 88545
1138365-10:4D/2916/06  S/N 880482
138577 | 1138365-104D/2917/04  S/N 880483
<Ring ) 2917 04 1138365-104D/2917/04  S/N £80484
Segment 1138365-104D/2817/04  S/N 830485
1138578 1138365-104D/2318/171  S/N 880436
( Ring > 2918 11 1133355-1040/2818/11  S/N £80487
Segment 1138365-1040/2918/11  S/N £50488
1138578 1138365-1040D/2918/11F S/N 280489
( Whole ) 2918 1 1138365-104D/2918/11F S/N 830490
Forging 1138365-104D/2918/11F S/N 820401
1138579 3 1138365-1040/X202/3  S/N 850492
(Half ) X292 4 1138365-104D/X292/4  S/N 850493
Forging 5 1138365-104D/X292/5  S/N 880494
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Table 21: Cyclic Tests of 9310 Carborized Steel in Liguid Hydrogen

’: 8 A
CRACK : Z oo <2
Test LENGTH =2 < = Z|q Az
SPECIMEN | PARAM -~ e v 1%} 2 ler un it uw
2l oz | <Eju or uipl W —
/N ETERS (INCHES) I3 |53|=5] 2202388 > | ¢ REMARKS
AT %2 S S T e ey~
Ly n 20 i< P
a a a a =0 Wz Bt g
1 2 3 avg = vy
: -
, ZERC ]
880012 INITIATION | 0.940{0.94210.040, 09411 0.1, 047 | 4o | 5 |pgig| 118100061 1301252 o\ o 1o to Foiture
TERMI~ — — b4 -
A - | 1.0 0.54 LHy 0.009 | 15.4 | 32.1
INITIATION | 0.8t 5 i 1.c02 | ~05 5 LERG 605 | 1
220014 0998, 1.005 | 1,004 & 0.5 9.59 3.0 [ esiG | 1,406 00551 139 4 208 Specimen Cycled to Fallwe
TERL- _ _ _ e Ui : . i
HNATION 1.186 0.59 2 | 0.011] 17.7 | 2n38
INITIATION | 0.964] 0.9421 0.247' 0.951 ] +1.4 | 048 ZeRg 10003} 131 | 128
woots oo ; I W bt 20 | & |Fsic P340 221 specknen Cycled 10 Falture
E Filai- K .
ot -1 - - {1as0| ~ | os7 LH2 0.013{ 225 | 26.0

**ROUGH ESTIMATE

Table 22: Static Facture Tests of 5A1-2.5 Sn (ELI) Titanium at RT, -160°F and 423°F

-
pa
CRACK . Z o 0
TEST LENGTH ~2 1 9| 3
SPECHAEN | PARAM- (INCHES) 2=l 3 LS T .
SN ETERS xS % la2| o &l > REMARKS
AT < Sl >
a P 2 0 < =&
1 52 1 %3 ava P
5% QFFSET
| score 1.01611.035] 1.0311 1.627) -1.1 | 051 | 1503 | a2 14.3 11034 | NO FRIOR TEST
280471 HISTORY
Praax 1.01611.036 ] 1,031 1.027! -1.1 | 051 | 17.55 - 14.2 11768
5y QFFSET RY
5% QFF3ET .
SLOPE 1.037]1.054 1 1.055] 1.048] -1.1 | 052 [ 14001 g4 | 100 14.6 {104.7 | NO PRIOR TEST
880456 b2 P3IG HISTORY
Proax 1.027; 10847 1085 ] 10481 414 1 052 eS0T fGHy v q4p 1224
£% OFFSET . "
| sLoek 1.02011.030} 1.010] 1.022] -1.2 | 051 | 13.00] 0 14.2] 874 | NOPRIOR TEST
880489 P HISTORY
HAX 1.03011.030t 1.010] 1.022) -1.2 | 061 l18.30) — 14211188
- T LeQFESLT ; i ; i ; NO PRIOR TEST
80477 * GLCPE & Paayy) 1.05011.066 1 10521 10581 208 | 053 ] 1108 o0 J-100oF vagl B9 | worosy
) OFFSEY j . 1200
- siore 1.01211.009 1.024] 1,015} +038 | 0.51 | 1200} 02 |PwiG 141} 860 | 1o pRIOR TEST
20433 : T iGH, HISTORY
LAAX 101241.000 ] 1.024] 1,015 0.5 | 0.51 [ 1250 — 1a1] 855
- - - RO PRIOR TEST
880478 frax D 1.04211.052 | 1.038} 1.044| +0.8 | 0.52 7.431 0.0 14.6] 592 | WI3TORY
~ 4230F NO PRIOR TEST
BYD4A20  [Priay L 1040110001 1064} vestl w12 | 053 ] 710f 00 [T 147! 524 | owistoay
5% OFFLET PSIG NO PRIOR TEST
- 1.030]1.030 | 1.050{ 1.037] +1.3 | 052§ 9.45] o1 14.41 624 | isyony
’ SLOPE. 4= LH,
880492 2 (FRACTURE FACE
PMAX 1.020(1.030 | 1.050) 1.037| +1.3 | 052 | 960! — 14.4] 705 | vinvy pouGH)
; FPAICED UPON INCREASING LOAD
830494 MAX L1.036 1.0461 1.0501 1.024] 08 | 052 | 680 l - 14.6] 505 |on 6TH CVCLE OF A CYCLIC TEST

D PMAx REACHED PRIOR TO PQ AT 5% OFFSET SLOPE
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Table 23: Cyclic Tests of 5A1-2.5 Sn (EL1) Titanium at Room Temperature -

- 12 (
5 VA
CRACK . 2 212 Xz
TEST LENGTH =2 <7l o S e puED
SPECIMEN | PARARY~ A LR 20150 Zlezwizud - AR
SIN ETERS (INCHES) TE 3 lsgledy] 2208288 > | ¥ REMARKS
X > L 2 0 5 .
AT > o = - - > &
Ty w2 0IEES
o« e e
3y 3 R MW P
INITIATION {1,006 [ 1.034 {1.032 ] 1.027 | -1.1 | a51 100 ] 0.032| 143 | 759
850472 - 105 5 |psic | 191 ko CYCLED TO FAILURE
FAILURE  B1.33 [.33 }.33 js133 ] — | 0.67 - |GHy 10,0737 225 {1355
INITIATION | 1,063 | 1.656 11.050 | 1.062 | +0.6 | .53 | 8.6°* 1}0.025 14.9 | €5.3 | SPECIMEN CYCLED FOR 276
i : ] e 276 ! ST~ == CYCLES AT LOAD THAT
TERMINATION 1,653 (1,100 11,608 | 1.054 | +0.5 | 0.55 | €5 ;‘s):oc 10021 155 {526 | DECREASED FAOMB.5 TO 6.5
830487 . . . 5 . - KIPS, UNLOAD AND RE-
INITIATION ] 1,093 1.100 }1,088 1.094 | 205 | 0.56 .1 GHy | 0019 | 155 | 48.6 | STARTED AT 6 KIPS. TEST
- ! 6.0 1,500 S —- ~{ TERNMINATED JUST PRIOR TO
TERMINATION, y.52¢ | 1.540 11,522 | 1.520 | +0.7 | 0.76 {Bo62°| 35.3 | 1309 | FAILURE
WATIATION | 1070 [ 1.074 1.074 1 1.073 | -0.3 | 0.54 {0018 ] 1511 458
L ' AR 1,682 = SPECIMEN CYTLED UNTIL
TERMINATION 1 354 11370 [1.300 } 1.361 | +0.7 | 068 100 0033 | 240 | 838 1 A~ 0039 MNARKED & RE~
gans9; - ¥ i ; 6.0 6 |PSIG STARTED. TERMINATED
INITIATION | 1,306 1 1.374 11,253 | 1.364 +0.7 | 0.8 GH, 0.030 ] 241 1 pas | JUSTPRIOR TO FAILURE,
[1.00011.374 ) K ST I ] VENTED & MARKED,
TERMINATION 1 6401 1,600 11.608 1613 | +1.7 | 0.8 [Boraet = -
- - —_ - o T - T
INITLATION | i 3 41.03 160 gl 14 440 TECT TERLUNATED JUST
R J1.030 105061034 11038 | +1.2 | 062 9 ooig b 145 | ar2 | TeST TrnunaATED JUST
30474 e A 6.0 8 (PSI5 12719 bs et PRIOR TO FAILURE, VENTED
TERMINATION y cos 11,610 11600 11505 | 403 | o73 GHE 0087 | 331 h12v e | THEN MARKED.
r v v -
IITIATIGN | 1,070 11.072 [1.050 {1.064 | -1.3 | 053 o6 | 149 | 19.2
. ! o9 h.0sc : w2 h4.377 ."._O.f.;.': N CYCLED UNTIL
TERMINATION 1544 | 30 {15 -06 | o. 100 363 | 56.3  MAARED
geoara i oL NATION 1 °_.4_f_"_5f§!.‘;5fd. 12901 061 097 1 5 |Psic 008 3 RESTARTED. TEAHINATED
INITIATION | ; DS S } GH 253 | 553 | JUST PRIOR TO FAILURE,
TS S0 100 | 08 ) 077 2| g 100301 383 1 93 | VENTED & MARKED.
IFEANINATION 1.690 | 1,645 [1.632 | 1.686 t1021 08 "Jooss | — - 1
! i 1
- }
INITIATION | 1.054 1,054 [1.045 [ 1001 | 08 | 053 o.ooaj 147 | 198
‘ : K 2000 ' SPECITAEN CYCLED FOR
TERMINATION 1.364 [1.374 l\ 3£01.363 | -1.0 | 0.68 100 0.015 | 249 | 25, 22,000 CYCLES, UNLOADED.
850458 ; . M| 25 s | P3lg . RESTAATEZ G(ET &
INTIATION | 15354 11,574 {1,350 { 1,363 | ~1.0 | 0.68 GH, 0015 { 241 | 3y | TERMINATED JUST PRIOR
; : s 3617 TO FAILURE.
TERMINATION, 1.709 | 1.692 1.677!1.090 -0.8 |>08 0.054 | — -
N ¥
INMTIATION | 1.044]1.072 [1.074 f1033 | -18 | 0.53 100 10006 { 149 | 192 | TEST TERRMINATEOD JUST
50490 X ; 25 5 | PSIG 26925 _ PRIOR TO FAILURE,
reRMINATION 1716 1.710 {1700 {1,708 | 0.5 [>0.8 GHy joost | — - VENTED & MARKED.
* EXCEEDED RECORDER DISPLACEMENT FULL SCALE
*+ LOAD ERROI — FLUCTUATED .

*** APPROXIMATELY




Table 24: Cyclic Tests of 5A1-2.5 Sn (ELI) Titanium at -160°F

TEST CRACK 'O _ L
SPECIMEN | PARAM- LENGTH O X595 g Gy
£ N . — -
S/N ETERS {INCHES) 9 g < sy | (Z 8 DFog > 2 REMARKS
AT o & = - sE
3 a a, |2 =0 0 S ST
1 2 3 avg [ N
, INITIATION |1.02411.0001101111.012 | £1.2 | 0.5 1200 0015 | 140 ] <23
80478 6.0 § | P31G 12,738 CYCLED TO FAILURE
FAILURE 1.42011.440 11,4301 1.433° +0.5 | 0.72 GHy 0.051 | 27.9 |i00.2
INITIATION | 1020} 1.040 [y 024 | 1.028 | +1,2 | 0.51 1260 0.015 | 143 | 434 | TEST TERMINATED PRIOR
30484 60 | 6 [PSIG i2s00 TO FAILURE. °
| [TERMINATION 1,304 | 1.307 [1.384 | 1.392 | 0.6 | 0.70 GHy 0.040 | 256 | 80.3
! . :
’ INITIATION |1.040 | 1.050 11,050 11.047 | -0.7 | 0.52 0.017 | 14.6 | 44.8
| 1,926 SPECIMEN CYCLED UNTIL
| ITERMINMATION 1.184 | 1164 11,180 | 1.186 | +0.7 | 0.69 | 1200 00221 1721 577 A =0.022", MARKED &
sgg}aeg y i 6.0 6 |PSIG RESTARTED AND CYCLED -
X INITIATION 11,184 {1194 [1 580 | 1.185 | +0.7 | CE9 GHE 00221 17.7 | 87.7 TO FAILURE,
608
! FAILURE 1.400 1 1.384 11,360 | 1.281% -15 | 0.63 0.028 | 25.0 | 88.0
i INITIATION | 1.027 11.054 11047 [1.043 | 1.5 | 0.52 0.008 | 145 | 22.3
123,502 SPECIMEN CYCLED UNTIL
TERMINATION 1,200 | 1.220 (1,212 {1.211 | 0 | 0.8 1200 0.010{ 183 { 30.3 A =0.010", RESTARTED
tdhero : 30’7l & |PSIC AND CYCLED TO FAILURE.
IMTIATION [ 1.200 11220 (v 212 {1211 | 6.9 | 061 ’ Griy 017 | 183 | 303
! 9,737 by
FAILURE 1.600 heoo 1.690 {1.597°| -0.4 | 0.80 0.0e0 | 425 | 80.5
© 0T OXIMATELY
25, . ; 4 Vi
Table 25: Cyclic Tests of 541-2.5 Sn (EL]) Titanium at -423°F
- |2
. - z|9 Ix
CRACK T 5 . W= T
TEST =9 1L Gl55,
SPECHAEN | PARLN~ LENGTH wel s | % Zic o _
SIN ETERS {(IvCHES} ><‘ z 5 = 1(1.-‘) 8 5 .‘;:' E(S 6 > ¥ REMARKS
AT <o ~ S|leoxzZ
zZ0 Zin =T
2 & 3 & o W i
LI 2 B O IR wis o dlyg
‘ }
HATIATION | 1,048l 1.044 [1024) 1037 ] 1.3 | 082 ZENO L0033 1 144 | 367 | TEST TERMNATED
A . 5 = 1.600+ 2 Ch
880475 : ! 5.0 roig | 1590 PRIOR TO FAILURE,
TERMINATION 12260 1.240 [1.2301 1.237 | +0.6 | 0.2 LH, C.021 | 19.0 | &2.6
NITIATION 1.032{1.030 11.036{1.036 | *0.4 | 052 ZERO 014 4 R
£00482 036 ; 20 5.0 8 [psig | 1,601 144 1387 ) evereoTo FAILURE,
[FERMINATION 1233'1.233 11.233] 1.233°] — 0.62 LHq 0.023 | 19.0 | 52.7
NITIATION 0.970[1.010 10.970| 0.883 | +2.7 | 0.49 2ERO 0.611 | 13. . CYCLED YO FAILURE
830422 ' 6.0 6 |PSIG {10,347 211 338 | {FRACTUNE FACE
TERMINATION 138 1139 b1.aa biase | — | o6 LHy 0.033 | 24.9 | 730 | VERY ROUGH)
NITIATION 1.030[1.034 |1.054| 1039 | +v.4 | 052 - 2ERO 0.009 | 146 258
880431 . 35 6 |psic [12.867 2. =225 CYCLED TO FAILURE,
ERAMINATION>1.35 L3 35 $1.35 |51.35° 1 — | 0.68 LH, 0.022{ 234 | 47.6

\
¢ APPRCXIMATELY



