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ABSTRACT - SUMMARY
Final Technical Engineering Report

IMPROVED METHODS FOR THE
PRODUCTION OF TITANIUM ALLOY EXTRUSIONS

John J, Christiana
Republic Aviation Corporation

A process has been developed to produce long, thin aircraft structural shapes
in high-strength titanium alloys by a combination of hot extrusion and warm
drawing,

A variety of structural shapes such as angles, channels, zees, hats and tees
were extruded in the following titanium alloys: Ti-155A, MS 821, Ti-7Al-4Mo,
Ti-4Al1-3Mo-1V, and Ti-6Al-4V,

Extrusion of 1/16 inch cross sectional thickness shapes of 20 ft, length can
be accomplished by the utilization of split ceramic coated dies and a com-
posite glass-wool/granular-glass die pad. A ceramic coating thickness of
.010"-, 020" is recommendei on the entrance and land of the die toaxt as a
thermal barrier and prevent die wash, Split Peerless A tungster steel dies
are reusable but must be recoated with ceramic after each extrusion. The
billets were preheated to 1800°F in an argon atmosphere with protection
glass on the billet surface during heating, The temperature of the tooling
was 900°F for the die, 900°F for the container, and 400°F for the dummy
block,

The straightening process developed consists of a combination of stretch
and punch straightening, The extrusions were resistance heated to 1100°F
with current passing directly through the jaws, stretch straightened 3% and
punch straightened to remove bow while still warm,

Warm drawing of the extrusion can be successfully accomplished by preheat-
ing the lengths to 1050°F in an electric furnace and drawing at 24 feet per
minute, Warm drawing is employed to improve dimensional tolerances and
surface finish, In addition, warm drawing can be employed to produce thin
shapes beyond the present limits of the extrusion process (1/16 inch) by
reducing the thickness in successive draw reductions of approximately 10%
per pass, Drawn tee shapes in cross section thicknesses of , 090", , 080",
. 075", . 063" and , 040" were produced. Split tungsten carbide draw dies,
shimmed to accommodate the various draw sizes, have proven to be an
economical and attractive method for drawing the thin shapes, Positive
gripping of the extrusion points was accomplished with Hufford Universal
jaw grips, The lubricant system developed consists of a Granodraw T
conversion coating, lime dip coat, Alpha Molykote 196X overcoat, and
Fiske 604 grease applied at the die,

Typical structural '"T'" shapes for the RB-70 weapons system were produced

in Ti-6A1-4V to prove the process, A workable process was demonstrated

to produce RB-70 shape 64E15 by extruding to 3/32 inch and warm drawing

in two passes to 0, 080 inches, It was proved feasible to produce 0, 043" " T"
shapes by extruding to 1/16'" and warm drawing in five passes to 0, 043",
However, a high degree of material loss was experienced and present technology
cannot be considered suitable for a production process for 0, 043" shapes
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When US Government drawings, specifications, or other data are used for
any purpose other than a definitely related Government procurement
operation, the Government thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the Government may have formu-
lated, furnished, or in any way supplied the said drawings, specifications,
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the Office of Technical Service (OTS), Department of Commerce, Washington
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FOREWORD

This Final Technical Engineering Report covers the work performed under
Contract AF33(600)34098 from 1 January 1957 to 31 October 1963, The
manuscript was released by the author on 29 November 1963 for publication
as a RTD Technical Report

This Contract with Republic Aviation Corporation, Farmingdale, Long Island,
New York, was initiated under the Research & Technology Division Project
7-556, "Improved Methods for the Production of Titanium Alloy Extrusions, "
It was admiristered under the direction of Mr. T.S. Felker, Metallurgical
Processing Branch (MATB), Manufacturing Technology Division, AF Materials
Laboratory, Research and Technology Division, Wright-Patterson Air Force
Base, Ohio.

This report, identified as RAC 2571, was prepared by Mr, J,J. Christiana

of the Manufacturing Research Department of Republic Aviation Corporation
who was the project engineer, Former project engineers of this program
were Mr, M, Levine and Mr. G, Pfanner, The work performed at the various
companies was under the direction of the following personnel:

Babcock anu Wilcox - Mr, J, Barrett
Titanium Metals Corporation - Mr. H. Palmer
Allegheny Ludlum Steel Corporation - Mr, E, Emmerich
Battelle Memorial Institute - Mr, A, Sabroff
United States Steel Corporation - Mr, D. McBride
H. M., Harper Company - Mr., J. Stevenson
Comptoir Industrial D'Etirage &

Profilage DeMetaux - Mr, R. Hubert

The primary objective of the Air Force Manufacturing Methods Program is to
develop on a timely basis manufacturing processes, techniques and equipment
for use in economical production of USAF materials and components, This
program encompasses the following technical areas:

Rolled Sheets, Forgings, Extrusions, Castings, Fiber and Powder
Metallurgy Component Fabrication, Joining, Forming, Materials
Removal

Fuels, Lubricants, Ceramics, Graphites, Non-metallic Structural
Materials Solid State Devices, Passive Devices, Thermionic Devices,

Your comments are solicited on the potential utilization of the information
contained herein as applied to your present or future production programs,
Suggestions concerning additional Manufacturing Methods development
required on this or other subjects will be appreciated.
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PUBLICATION REVIEW

This repc~t has been reviewed and is approved,

FOR THE COMMANDER

Ml . Panld.

MELVIN E, FIELDS, Colonel, USAF
Chief, Manufacturing Technology Division
AF Materia’s Laboratory
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I - INTRODUCTION

Present military aircraft designs normally utilize large percentages
of extruded sections. The reasons for the extensive use of extrusions are:

1. The extrusion process is the most practical and economical
method for producing the many structural shapes required by
the airframe industry.

2. The extrusion process permits design flexibility unequaled by
other methods of working a metal.

The ultimate objective of this program was to create usable titanium
extrusions in common sections for use by the aircraft designer for random
structural application. To further define this objective, the extrusions had
to have small gage straightness and twist tolerances. In addition, they had
to have the proper thickness ratio to prevent any weight penalties. They
also had to make maximum use of the material and contain no inherent de-
fects due to the conversion process. The attainment of the ultimate objective
dictated a research and development program of a rather large scope.

The development program was originally scheduled in five parts to pro-
duce titanium alloy structural shapes in three size categories. The extru-
sion development for the first and second category shapes (Figures 1 and 2)
was completed in Parts II and III of the program., The double tee shape
(Figure 3) originally selected for extrusion development in Part IV, was
replaced with thinner tee shapes (Figure 4) which were produced by a com-
bination of extrusion and subsequent drawing, Such thinner shapes repre-
sented design requirements in advanced airframe structures, The scope
of the program was further increased by the addition of Parts V to produce
a typical RB-70 titanium alloy shape and Part VI to develop heat treatment
procedures for full length titanium alloy extrusions, Part VI was subse-
quently deleted. The program parts are listed below as originally scheduled
and as revised.

Original Program Revised Program

Part 1
Dete rmination of Shapes
and Materials
Part II
“Extrusion of First
Category Shapes (Fig. 1)
Part 111
Extrusion of Second

Category Shapes (Fig. 2)
Part f‘v Part IV

Extrusion of Third Extrusion and Drawing
Deleted Category Shape (Fig. 3) of Third Category Shapes
Part V (Figure 4)
~Final Report Part V

Extrusion and Drawing

of T%qical‘RBJO Shape(Fig.!
art R ”

Deleted —] Heat Treatment Development




II - CONCLUSIONS

A, Product

l. A workable process was demonstrated to produce a typical RB-70)
titanium ""T" shape (64E15) by a combination of extrusion and warm drawing
processes,

In the final extrusion trial, eight of the eight nominal 3/32" thick-
ness 64E15 extrusions were considered suitable for warm drawing, indicating
a development of satisfactory die design, billet heating practices, lubrication
and straightening techniques for the extruded lengths.

In the Part V warm drawing trials, eight of eight extrusions were
successfully drawn two passes to 0, 080 in, thickness ir 20 foot lengths,
indicating a development of satisfactory die design, lubrication and drawing
practices, straightening techniques, and anneal and heat treat cycles for
the drawn lengths, The eight 20 foot lengths consisted of six extrusions
from the final extrusion trail and two extrusions that were drawn earlier,

2. It was found feasible to produce 0, 043 in, titanium "T'" shapes by
extruding to nominal 0, 065 in. thickness and warm drawing in five passes to
0, 043 in, (RB-70 shape 64E12 modified), However, a high degree of
material loss was experienced and present technology cannot be considered
suitable for a production process, The longest drawn finished length was
approximately 15 feet,

3. Tolerances of b4 0. 005 in, of nominal size on thickness dimensions
was demonstrated to be within the capability of the developed process for
both 0, 080 in, and 0, 043 in, "T" shapes,

4., Edge machining was demonstrated as being a feasible method of
finishing the edges of the "T'" to finished print tolerances of - 0, 005 in, The
alternative of warm drawing the edges produces severe metal losses due to
column failure,

5. Aircraft requirements for straightness tolerances was demon-
strated to be within the capability of the developed process for both 0, 080 in,
and 0, 043 in, "T" shapes, The straightness requirements were 0,010 in, per
foot straightness; 1/2° per foot, 3° max, twist; and t/2e angle,

6. The process did not meet the target surface finish goal of 100 u in.
RMS for the 0, 043 in, shapes, The average surface finish for these shapes
was 115 u in RMS, The failure to meet the 100 u in RMS surface finish can
be traced to longitudinal striations in the extruded shape caused by pickup
on the extrusion die, This appears to be the major problem area in titanium
extrusion of thin shapes., Scoring due to die wash and/or coating failure and
laminations due to improper flow were eliminated.

Surface finish requirements were met for the 0, 080 in, shapes
which had an average surface finish of 80 u in, RMS,
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It was demonstrated that the process produced extrusions which

met aircraft requirements for minimum mechanical properties and internal
microstructure after solution treatment and aging. The minimum room
temperature tensile property requirements for the Ti-6A1-4V alloy "T"
shape were 160, 0 ksi ultimate, 150, 0 ksi yield (0, 2% offset) and 6. 0%
elongation (2 inches). The minimum elevated temperature tensile proper-
ties were 110, 0 ksi ultimate and 90. 0 ksi yield (0, 2% offset). (700°F)

B. Extrusion

1.

Billet Preparation

a. Smooth polished billet surfaces are necessary to
eliminate billet surface markings being carried into the
extruded surface, Forged billet material results in an
extrusion surface with less oxygen contamination than
cast billet material,

b, A slightly tapered billet nose configuration assists
in obtaining smooth flow,

c. Sprayed glass coatings for billet protection during
heating are more adherent than dip coatings.

d. Sprayed protective glass coatings must be applied
on a warm billet and predried to obtain maximum
protection,

e. Billet heat soak time should be kept to a minimum
to avoid deterioration of the billet coating. The billet
should be kept at temperature only long enough to
insure sufficient heat soak and avoid a sticker, For
the 4'" diameter billets in this program, 1 hour at
1800°F proved to be optimum,

Die Design

a. Modified flat face dies were superior to conical
shaped dies in obtaining good metal and glass flow,
The conical dies did not retain sufficient glass at the
die face for proper lubrication throughout 20 foot
lengths, Modified flat face dies with 20° entry angles
and 1/4" land were employed with good results on
this program,

b, Peerless A tungsten steel dies were satisfactory
for extruding 1/8" and larger shapes. The high tungsten
steel dies proved superior to other steels evaluated on
this program,



c. For cxtrusion of 1/16" shapes, ceramic coated,
segmented dies are required, A minimum coating
thickness of , 010" is necessary, Meticulous care
must be maintained in the application of the coating
to insure an adherent coating, The ceramic must be
applied by spraying perpendicular to the surface., A
finish machining operation is required on the ceramic
to obtain accurate orifice dimensions,

d. The tooling arrangement utilizing a tapered
seal between the conical die holder and container is
an attractive technique of locking segmented dies
together in compression without the necessity of
shrink fitting the di: segments in the die holder,

3, Lubrication

a., A relatively high viscosity die glass improves
die fill at the start of extrusion.,

b, Glass in fiber form has more favorable melting
characteristics than granular glass for providing
lubrication at the start of extrusion., Provision of
an orifice in glass wool pads is required to prevent
stickers resulting from glass blockage of the die
orifice,

¢. Granular die pad glasses give better die fill and
surface finish when used in the -30 + 100 mesh size
range than in the -325 mesh range,

d. Hot tooling is required to obtain good lubrication
practice,

C. Straightening

1. Effective straightening can be realized by a combination of
stretch straight~ning 3% at 1100°F and punch straightening to remove bow
and camber ii:ie the shape is still warm (over 300°F),

2. The decrease in shape dimensions with extrusion elongation is
sufficient to necessitate increasing the die orifice dimensions to anticipate
the decrease,

3. Air operated collets with diamond shaped teeth of 1/16" pitch
nitrided . 015" to Rc 67 are suitable to securely hold the extrusiocas with-
out slippage.

4., Use of insulated jaws as electrodes assures uniform electrical
coatact, produces a straightened extrusion near the grips and saves at
least 1 foot of cropping per extrusion by avoiding local hot spots from
clamping the electrodes,

‘N



D. Warm Drawing

1. Pointing and Lubrication

a, The pointing procedure of grinding the fillet radii
and chem milling the points was satisfactory for pointing
0. 080" shapes, Improved techniques should be developed
for pointing 0, 040" shapes.

b, The lubricant system of Granodraw T conversion
coat, lime dip coat, Molykote 196X overcoat and

Fiske 604 performed best of the lu} ricants investigated
during this program,

2. Die Design

a, Split dies are attractive for warm drawing in that
one sct of dies can accommodate a complete drawing
reduction and in addition can be used for several
dimensior.al sizes of a specific configuration,

b, Tungsten carbide dies are suitable for warm
drawing titanium shapes, No wear or wash of the
dies resulted during the course of the program,

c. The tungsten carbide blocks must be tightly
wedged in the die case, A small amount of move-
ment of the blocks will result in cracking of the die
blocks,

d. The dies must be preheated to prevent heat check-
ing of the carbide blocks,

3. Gripping

a, Jaw teeth must be nitrided to high hardnesses
(Rc 67) to avoid gross deformation of the teeth,

b. A diamond pattern of 1/16" pitch is more efficient
than 1/8'" pitch in gripping into the titanium surface.

¢, Gripper jaws with individually operated air
cylinders for each jaw insert were not satisfactory in
gripping and holding the extrusion throughout the draw
cycle,

d, The Hufford Universal Gripper Jaw which is an
air operated wedge shaped chuck was successfully
employed to grip the shapes,
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Heating

a, Induction heating was found unsuitable for hcating
the extrusions prior to warm drawing, Further
development would be required to make this technique
attractive,

b, The practice of resistance heating the extrusions
to temperature and placing in a holding furnace was
found to be entirely satisfactory for heating the thin
shapes prior to warm drawing,



IIT - PROCESS DEVELOPMENT

A, PHASE 1 - DETERMINATION OF SHAPES AND MATERIALS
l. Survey of Airframe Manufacturers
a Agenda

The survey included Boeing Airplane Company, Seattle,
Washington; North American Aviation, Incorporated, Inglewood, California;
Douglas Aircraft Company, Santa Monica, California; Northrop Aircraft,
Incorporated, Hawthorne, California; Lockheed Aircraft Corporation,
Burbank, California; Convair, Div. of General Dynamics Corporation,
San Diego, California; Change-Vought Aircraft, Incorporated, Dallas,
Texas; McDonnell Aircraft Corporation, St. Louis, Missouri; and Republic
Aviation Corporation, Farmingdale, New York

All meetings were conducted according to an agenda that
was sent in advance of the visit, This lead time enabled the interested
groups to review and prepare drawings and reports for the conference. The
agenda covered is shown below:

1) Operaticnal Specifications

Determination of the environmental requirements of
extruded elements such as temperature, duty service at temperature and
strengths,

2) Alloy Recommendations

Determination of applicability of available titanium
alloys to the aircraft industry's use in the extruded form (the heat treat-
able alloys as well as the non-heat treatable alloys were under consideration
in the study).

3) Shapes and Size

Selection of six sections for evaluation; ‘three sections
to be of a configuration capable of being confined in a 1 1/2" circle, two
sections to be confined ina 1 1/2'-3" circle, and one section to be confined
in a 3'"-4'" circle,

4) Tolerance and Finish

Tolerance and finish were discussed not only from the
standpoint of what was desirable, but also the maximum values that were
acceptable without excess in-plant processing,

5) Evaluation Program

Determination of type and scope of tests required to
satisfy conformance to operational specifications,
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b  Summary of Airframe Manufacturers' Requirements

The airframe manufacturers requirements are summarized
below:

(1) Target mechanical properties
Room temperature U, T.S. 180,000 psi
800°F stability at 70, 000 psi load for 500 hours
Creep 0, 5% max, after exposure at 800°F
stability conditions

(2) The dimensional tolerances shall be equal to the
present aluminum extrusion tolerances

(3) Surface finish shall be 125 RMS maximum and
entirely free from oxygen contamination

(4) Most useful shapes are angles, tees and channels
in lengths of 20 feet,

2. Alloy Survey

After receiving the requirements and recommendations of the
airframe manufacturers as to mechanical properties needed in the titanium
extrusions, a survey of the metal producers was made to determine if these
properties were obtainable using alloys that were presently available for
release in billet and large diameter round form. Discussion was limited
to those alloys that were sufficiently tested and evaluated in the wrought form
for room and elevated temperature properties to provide a datum line for
comparison with extruded properties. This accumulated data also served to
establish the capabilities of the alloy and thereby eliminate alloy development
work which is beyond the scope and cost estimates of the extrusion program.

Titanium Metals Corporation of America, Rem-Cru Titanium
Incorporated, Malloy-Sharon Titanium Corporation and Republic Steel
Corporation research laboratories were visited and the alloy selection
problem discussed with their alloy designers and research staffs. The
data is summarized below:

a, Titanium Metals Corporation of America, Henderson, Nevada

TMCA recommended Ti 155A as an alloy that could be heat treated for properties
similar to the requirements, I\i ominal componnon 5% Al, 1.2% Mo, 1.4% Cr,
1. 4% Fe and beta transus 1830 -15°F

b. Rem-Cru Titanium, Incorporated, Midland, Pennsylvania

After reviewing the room temperature and elevated temperature requirements,
the Rem-Cru staff proposed the use of C-135A Mo with a nominal composition
of 7. 0% Al - 4, 0% Mo.

c. Mallory-Sharon Titanium Corporation, Niles, Ohio

The Mallory-Sharon alloy that appears best suited for this program is MS821
containing 8% Al, 2% Cb, 1% Ta with a beta transus temperature of 1920°F,
This alloy has been developed for weldability and is age hardenable,



d. Republic Steel Corporation, Massillon, Ohio

RS 140 is a Republic Steel titanium alloy with properties very similar to
those outlined by the airframe manufacturers., Nominal compesition 5% Al,
2.75% Cr, 1.25% Fe,

3. Selection of Shapes and Sizes

Since no titanium extrusion existed that even remotely correlated

to available aluminum extrusions, and the immediate prospects of one becoming

available were not good, no airframe manufacturer had any specific needs.
Rather, the needs were for very special extruded shapes for special appli-
cations where the use of titanium is almost mandatory. It was not the intention
of this program to create such a specialized product, but rather produce some-
thing of almost universal usefulness, Upon thorough study of the designers
problems, certain conclusions were reached, however, and these conclusions
were sufficient to establish the product shape criteria. Using the basic design
factors such as optimum thickness ratios, common sections, general size
requirements, etc., as the basis for decision, the following conclusions were
reached:

a Sections inscribed within a 1 1/2" circle can tolerate a
maximum gage thickness of . 094" and a lesser thickness of . 065" is desirable
for many applications, Sections of this size are most usable in lengths 10-15",

b  Sections inscribed in a 3'" circle can tolerate a maximum
gage thickness of , 125" and a lesser thickness of , 100" is desirable for many
applications, Sections of this size are most usable in lengths of 15-18",

c Sections inscribed in a 4 1/2" circle can tolerate a maximum
gage thickness of , 200" and a lesser thickness of , 180" is desirable for many
applications, Sections of this sizc are most usable in lengths of 20'-25",

d In general, the smaller the section size the more simple the
section. The converse is not universally true since many large simple shapes
are required, but the more complex sections occur in the large sizes. Based
on the above conclusions, it was recommended that the sections shown in
Figures 1-4 be extruded during Parts II, III, and IV of the program.,

4, Selection of Alloys

The alloys selected were:

1, C-135A Mo 1% Al-4% Mo,
2, MS-821 8% Al - 2% Cb - 1% Ta
3, Ti-155A 5% Al - 1,4% Fe - 1.4% Cr. - 1.2% Mo

5. Selection of Extruders

Per the cortractual statement of work, three extruders were
required for Part II of the contract,

The following extruders were selected as sub-contractors to
produce the indicated sections and alloys:

10
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Extruder

Babcock and Wilcox
U.S. Steel
H., M., Harper

Section

Alloys

Angle
Channel
Zee

C-135 A Mo and MS 821
Ti 155A and C~-135A Mo
MS 821 and Ti-155A
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SHARP CORNERS % .0I5
STRAIGHTNESS .050" PER FOOT
o TWIST — I° PER FOOT
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SHAPES SELECTED FOR EXTRUSION
METHOD DEVELOPMENT
PART I

FIGURE 1



SHARP CORNERS .015RAD. MAX.
STRAIGHTNESS .0125" PER FOOT
TWIST 1/2° PER FOOT, MAX. 5°
ANGLES £ 2°

£.018
.'zs '.
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f— |, 373 —i

t.one
— 2.T30 ———

SHAPES SELECTED FOR EXTRUSION
METHOD DEVELOPMENT
PART IIL

FIGURE 2
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SHAPES SELECTED FOR FABRICATION AS TYPICAL
‘RB-70 AIRCRAFT TITANIUM ALLOY EXTRUSIONS

PART V
FIGURE 5
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B, PART II - EXTRUSION OF FIRST CATEGORY SHAPES

1. Extrusion, Straightening and Heat Treat Development at
Babcock and Wilcox Company.

a) Extrusion Development
The extrusion program consisted of eight trials conducted on eight

different occasions, The work performed on each date was designated as a
separate test group,

1) Extrusion Facilities

The extrusion press is a 2500 ton Loewy-Hydropress
capable of operating at the fast extrusion speeds necessary in steel and
titanium extrusion, The extrusion press was equipped with a 4 3/16"
container and 4 1/16'" diameter hardened steel stem for all the extrusion
trials., The 180, 000 psi stress limitation in the steel stem required that
the press extrusion force be limited to about 1, 000 tons.

2) Extrusion Trials

Extrusion trials were performed on both of the titanium
alloys involved, namely, C135 AMo and MS 821, The extrusion trials can be
divided roughly into three categories: (1) Extrusion of Round Bars, (2)
Extrusion of Angles using a Drilled Billet, and (3) Extrusion of Angles using
a Solid Billet, The results of seventy-six (76) extrusions, forty-five (45) of
C135 AMo alloy, eighteen (18) of MS 821 alloy and thirteen (13) of AISI 4340,
are summarized below, The extrusion data is listed in the Appendix, The
extruded product from test group #2 is shown in Figure 6,

1, All titanium alloy billets were heated in an electric
furnace with an argon atmosphere, The billets were coated with a glass frit
before they were charged to the furnace, This method was used to obtain a
uniformly heated billet with a scale-free surface,

2, Both glass lubricants and grease and graphite
lubricants were investigated, Glass lubrication resulted in better surfaces
and die life, The major problem with grease and graphite was maintaining
sufficient lubrication over the full length of the extrusion, Fine mesh glass
gave a better surface to the extrusion, but was more prone to die orifice
plugging than regular mesh glass,

3, Two die designs were tried, First, a special die
and mandrel were used in conjunction with a drilled billet to produce three
angles in one extrusion (See Figure 7). The other die design (Figure 8)
was a multi-hole die, again used to produce three angles simultaneously,
These die designs were used to lower the extrusion ratio from that encoun-
tered with a single port die, The extrusion ratio for the die and mandrel
was 22:1 and for the multi-hole die was 25:1, The multi-hole die appeared

16
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to be niore promising because of three shortcomings of the die and mandrel
practice, These were (1) complications in manufacture of toolage; (2) loss

in extrusion yield because of drilled billets; and (3) failure of the billet surface
during the collapse of the billet to conform to the mandrel shape prior to
extrusion, Flat dies with 20° inlet angle produced better results than dies
with 30° inlet angles, .

4, Shell cast dies of two standard die steels, a
chromium-nickel steel and a 12% tungsten hot work steel were employed,
The 12% tungsten hot work steel gave evidence of better die life and improved
extruded surfaces than the chromium-nickel die steel, The dies were heat
treated to Rc 40-46,

5, Both scalping and full lubrication* extrusion tech-
niques were examined, To avoid division of effort between two different
practices, it was decided to thoroughly explore the scalping techniques during
this phase of the program,

6, It was established that the temperature of the tooling
was critical, For the scalping method, a container preheated to 400°F was
better than a hot (1000°F) container, The colder container chills the billet
skin and retards flow which is essential for the scalping method, Hot (803° -
1000°F) dies and die holders are advantageous for glass extrusion since the
hot die will fuze the glass and minimize die clogging.

b) Straightening Development

Straightening trials were conducted in a 150 ton Loewy hydro-
press stretcher and detwister. This press had 40" head travel for
stretching and could straighten 40 foot lengths, The press was normally used
for the straightening of heavy shapes. Limiting the machine tension to the
low pressures required for the small angle extrusions was difficult, although
in most cases the limiting tension was determined by the slip of the gripping
jaws,

The current for resistance heating was supplied by a tube
welding transformer, The voltage setting used for each extrusion was deter-
mined by the length of extrusion between the electrodes, The voltage settings
were selected to maintain the desired temperature (approximately 1100°F)
with continuous current, although it was occasionally necessary to shut the
current off momentarily to prevent overheating,

* Full lubrication is the standard method of extrusion whereby the Jubri-
cated billet skin moves out of the container during extrusion to become the
extrusion surface, Billet scalping is accomplished by pushing an undersize
dummy block through the billet during extrusion and leaving a roughly con-
centric can, formed of the billet skin, in the container, This requires some-
what higher extrusion force than the full lubrication technique but presents

the cleaneit possible material to the die during extrusion, In order to retard
the flow of the billet skin and thereby achieve the scalping effect, the glass
used to lubricate the billet should be a higher melting glass than that used for
the glass pad. Figure 9 shows the scalp obtained on the extrusion discard,
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Considerable difficulty was experienced in straightening
and detwisting the 3/32'" x 1" titanium alloy angle extrusions, During initial
trials, the principle difficulty stemmed from the slipping of the extrusions
through the stretch press jaws which made it impossible to keep the extrusions
in the yield condition as required for complete straightening, Additional
problems resulted from local non-uniform resistance heating due to small
electrode contact and occasionally due to extrusion cross section variation,

Improvement in the gripping problem was obtained with
insulated jaws fitted with hard replaceable file inserts at the areas of con-
tact with the angle extrusion. It was not possible to avoid slipping entirely,
however, since the tapered jaw holders require tension to wedge the file
teeth into the extrusion, and the slipping which occurs during the initial
tension application dulls the file teeth and thereby permits further slip
against the hard titanium surface when the tension is later increased,

Temperature measurements were made with optical and
surface contact pyrometers, At higher temperatures fairly accurate
measurements were obtained with the optical pyrometer, but the surface
contact pyrometer proved unsatisfactory for measurements in the 1000°F
to 1300°F range so that Tempilsticks were used to measure the lower
temperatures,

After straightening, the extrusions were sandblasted, This
was accomplished in a large enclosed room by an operator wearing a res-
pirator who walked along the angles and sandblasted them at table height,

c) Heat Treatment Study and Mechanical Property Testing

Mechanical property data obtained during the initial phases
of the program proved to be erratic. Room temperature strength and ductility
varied over a broad range with some attendant brittle fractures. Examination
of these brittle fractures showed them to initiate from the surfaces which
contained varying amounts of surface contamination., Subsequent evaluation
revealed that brittle behavior was exhibited only when the extrusions were
re-heated into the solution temperature range during heat treatment or
straightening, Therefore, this brittle behavior was attributed to surface
contamination formed during the high temperature exposure in air,

To eliminate the effect of surface contamination, tensile spec-
imens were prepared by surface grinding the as-extruded and heat treated
surfaces from the specimens. Tensile results were obtained on as-extruded,
as-straightened, and heat treated samples., The as straightened samples were
obtained from angles which had been solution treated at 1600°F by resistance
heating for a few seconds to two minutes followed by a water quench, The
angles were then straightened at approximately 1100 to 1200°F,

The heat treated samples included those heat treated after
straightening in the Babcock and Wilcox Laboratory and some which were heat
treated at the Metlab Company in P hiladelphia prior to straightening at Babcock
& Wilcox. In all cases the solution treating temperature was 1650°F, The
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aging treatment varied from 1050°F to 1200°F for various time intervals,

The heat treatment done at the Metlab Company was accomplished in a
propane fired, vertical furnace, A protective atmosphere of helium gas was
emplsyed during the heating cycle, The heat treatment conducted at Babcock
and Wilcox was accomplished in a laboratory muffle furnace with no protective
atmosphere,

The most significant conclusion indicated by the heat treat-
ment study and mechanical property testing was that in none of the conditions
was it possible to obtain the objective mechanical properties for C135 AMo
titanium alloy of 180, 000 psi room temperature ultimate strength with 8%
elongation, Secondly, improvement upon the as extruded properties was not
obtained by heat treatment. T he lack of heat treatment response was a
function of the extrusion process employed in Part Il since the heat treatment
capability of the 7A1 4Mo billets prior to extrusion was determined in the
initial testing of the program to be 190, 000 psi ultimate strength with 8%
elongation,

Metallographic examination of the extruded product indicated
that the majority of extrusions took place at or above the beta transus.
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Extruded Product of Test Group No. 2
at Babcock & Wilcox

Figure 6

Mandrel and Die Used for Extrusion
of 3 Angles with a Drilled Billet

Figure 7




duidieos

6 3dNOIAg

anbruyoe g,
ayj3 ur jIng uoisnijxy pue dieog [eowdL [

8 I NDIA

adeyg 2138uy 104
9 UOISNIIXT 3104-UITNN

310 13315 A0V NOLHO1HE
V-v NOILD3S
— WLES
via 100°F

13718 4170S

| vV WOH4 S3ITONV ¢
40 NOISNHLIX3 ¥HO4

- |-
L

* ,_ | |
005"
zoo' ¥ i
s292 *

100'F _

2.1



Extrusion, Straightening and Heat Treat Development at
2. United States Steel Corporation

a. Extrusion Development
(1) Extrusion Facilities

The press tools for adapting the 2,500 ton extrusion press at
the Gary Plant of the National Tube Division for extrusion of the small channel
section from 2-3/4" diameter billets consisted of the following:

(a) Extrusion Press Liner - 2-7/8 inch inside diameter
(extrusion ratio 27:1) - SAE 4340 steel heat treated to
300/350 BHN,

(b) Hollow Mandrel Holder - SAE 4340 steel heat treated
to 390/440 BHN

(c) Stem - Halcomb 218 steel heat treated to 390/440 BHN,

(d) Dummy Blocks - Halcomb 218 steel heat treated to
390/440 BHN.

(e) Die Holder - Halcomb 218 steel heat treated to
390/440 BHN,

(f) Bolster - SAE 4340 steel heat treated to 360/419 BHN,
(g) Guide Barrel - mild steel,

The extrusion tools were designed for a maximum press force of 500 tons.
This is the extrusion force resulting from the maximum allowable stress of
180, 000 psi in the 2-7/8 inch diameter Halcomb stem. The tools, in general,
performed satisfactorily during the extrusion trials, Two methods for
heating the extrusion billets were used: (1) an electrically heated muffle
furnace with argon protective atmosphere and (2) a container of molten glass
heated by immersing the container in a high temperature salt pot.

(2) Extrusion Trials

Six extrusion trials were conducted at the Gary Plant, The
data sheets for the trials are included in the Appendix,

The trials included pushes with grease and glass lubrication of
flat face and modified flat face dies machined from 5 chrome steel and cast
from 11% tungsten steel. The flat face die design is shown in Figure 10,

Due to inadequate lubrication, it was not possible to develop an
extrusion method capable of producing long (15-20 feet) extrusions with 125
RMS surface throughout and within the dime .sional tolerances required. A
section from the front end of a typical channel extrusion is shown in Figure 11,

Specific conclusions concerning the important extrusion variables
are presented below,
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Billet Heating and Trans fer

Heating the titanium alloy billets under a protective atmosphere
of argon in a closed container immersed in a molten salt bath provided good
temperature control, temperature uniformity, and protection from surface
contamination, Manual transfer of the small billets from the heating con-
tainer to the press chamber was satisfactory when relatively few extrusions
are to be made, but the billet transfer should be automated for commercial

production runs,

Die Material

Dies shell-cast from steel containing about 0, 40% carbon, 2%
chromium, 0, 35% vanadium, and 11. 5% tungsten heat treated to a hardness of
about 50 Rockwell C are resistant to wear, and therefore maintained uniform
cross sectional dimensions in the extruded product. The required uniformity
of cross sectional dimensions were not maintained when extrusion dies made
from steel containing 0, 20% carbon, 1. 5% chromium, 1% nickel, 1% cobalt
(about 20 R_) or steel containing 0, 40% carbon, 1, 05% silicon, 5. 0% chromium,
0. 35% vanadium, and 1, 35% molybdenum (50 R.) were used for the extrusion

dies.

Die Design

Conical dies had no noticeable advantage over flat-face dies
when glass lubrication was used during the extrusion; laminar flow being
obtained with both die types. A disadvantage of conical dies with glass lub-
rication, apparent during the last trial, was the loss of much of the glass
pad with the first foot of extrusion, When grease-base lubrication was used,

shear-type flow occurred with both conical and flat face die types, but the
shear cone formed was somewhat less pronounced with a conical die contour

Lubrication

No lubrication system was developed that provided the required
surface finish on the extrusions beyond about six feet of extruded length, Of
the lubricants studied, the best front end surface was obtained with Fisk No.
604, but Corning 3KB glass gave better results in the sense that the surface
of the extrusions remained somewhat smoother at the back end than when
Corning No, 575 glass, Corning No. 9771 glass, Fisk No. 601 grease, or
Fisk No, 604 grease were used. The protective film of glass obtained from
a wetting of the extrusion from the glass pad reservoir that is typical of
steel extrusion was not obtained with any of the glass compounds used during
the program,

Extrusion Ratio

The extrusion ratio of 27 to 1 used throughout the program
appeared to be suitable for the extrusion of the small channel section in 15
to 20 foot lengths, Variations in extrusion ratio were not studied in the

program,
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b, Straightening Development

Experiments were made at the Gary Plant of the National Tube
Division to establish a suitable practice for hot straightening and detwisting
the channel sections and for commercial heat treatment of the sections in
conjunction with the straightening operation.

The stretch straightening and detwisting equipment at the Gary
Plant of the National Tube Division consists of a Loewy 100-ton capacity,
horizontal stretch-straightening and detwisting machine., The essential
parts of this machine are (1) a heavy cast iron bed, (2) a fixed rotatable
head at one end, and (3) a movable hydraulically powered, non-rotating
head. In operation, the ends of the bar to be straightened are clamped in
the two heads of the machine, the fixed head is rotated to effect detwisting,
and tensile force sufficient to produce slight plastic yielding throughout the
bar is applied to effect straightening. Specicl jaws for gripping the small
channel section in the heads of the stretch-straightener were constructed.

An Alnor "Pyrocon'" contact-thermocouple pyrometer with a temp-
erature range 0 to 1200°F was used to indicate the 900 to 1000° F straightening
temperature and a Leeds & Northrop optical pyrometer was used to indicate
the 1600 to 1700° F solution temperature. The longer channels (12 to 15 feet)
were resistance heated using the 45-volt tap of the main salt-bath transformer
and the shorter channels were heated using the 33-volt tap, The temperature
of the channels was controlled by switching the current in the transformer
primary off when the channel reached a temperature 50°F above the desired
temperature and switching it on at 50°F below the desired temperature, The
controlling switch was located at the straightening press and was connected
to operate a relay to furnish current to the primary coils of the transformer.

Initial trials indicated that the C135A Mo extrusion could be water
quenched from 1600°F solution temperatures while held taut in the stretch-
straightener without distorting during quenching. However, when the Ti-155A
extrusions were similarly processed, considerable bow resulted and subsequent
Ti-155A extrusions were therefore permitted to air cool and considerable
improvement in straightness was obtained.

Gripping pressure was provided by an air cylinder, but during tension
ir the yield range, this pressure was not sufficient and the additional wedging
action of the jaws in the jaw holder during tension was required,

It should be noted that, whereas many of the channels were straight-
ened and detwisted satisfactorily, several were bowed nlightly more than
desired and several had localized sections with excessive twist that could not
be rectified cn the equipment used in this trial,

c. Heat Treatment Study and Mechanical Property Testing

Following the straightening and solution annealing treatment, all the
channels were aged at 1200°F in a commercial roller hearth furnace. To in-
sure uniform aging of these small sections, they were inserted into 7-inch OD
by 1/2-inch wall carbon steel tubes during the aging treatment in the gas-fired
roller hearth furnace,
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drawn:

Three of the Ti-155A and one of the C135 AMo channels were selected
for product evaluation at the Applied Research Laboratory of United States

In addition, a channel section that had been extruded at the National
Tube Division, Gary Plant, and heat treated in a vertical quench furnace with
helium atmosphere at the Met Lab Company, Philadelphia, Pa., was also
selected for evaluation,

The mechanical property evaluation consisted of room temperature
tension tests, elevated temperature tension tests, and creep and stress
rupture tests, In addition, the metallographic characteristics of the product
were determined and documented.

From the results of the evaluation, the following conclusions can be

(a)

(b)

(c)

(d)

(e)

(£)

Tensile strengths in the range 170,000 to 180, 000 psi were
obtained in both Ti-155A and the C135 AMo titanium alloy
channels heat treated by the practices described in the pre-
vious section, However, as indicated by tensile elongation,
only the C135 AMo alloy exhibited ductility within the desired
range,

Both Ti-155A and C135 AMo channels are more notch sensitive
at room temperature than at 800°F in s harply notched speci-
mens,

The fully processed channels of both alloys exhibited 800°F
tensile strengths of about 70 percent of their room tempera-
ture tensile strengths and yield strengths of about 60 percent
of their room temperature yield strengths,

The creep strengths of the commercially processed channels
were about the same as those of laboratory heat treated
samples of the two alloys, The C135 AMo titanium alloy
channel exhibited the desired creep of less than 0. 5 percent
in 500 hours when tested at 800°F and 70,000 psi stress,
The Ti-155A channels exhibited about five times the desired
creep under these test conditions,

Both the Ti-155A and the C135 AMo channels withstood 1, 000
hours at 800°F under a stress equal to one-third the room
temperature tensile strength in stress rupture tests, How-
ever, the Ti-155A alloy extended six times as much as the
C135 AMo alloy in this test, In 800°F stress-rupture tests
with a stress of two-thirds room temperature tensile strength,
the C135 AMo alloy had a life of 24 hours, whereas the Ti-155A
alloy failed in 0, 2 hours.

Stability test results indicated that the tensile and yield strengths

of the titanium alloy channels were not affected by heating for
times as long as 1,000 hours while stressed at one-third the
room temperature tensile strength, but that the ductility of
the alloys was markedly reduced by heating highly stressed
specimens for only 20 hours,
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3. Extrusion Development at H. M. Harper Company

a. Extrusion Facilities

The extrusion press was a Loewy Hydropress four-column hori-
zontal press of 1650-ton capacity. The press was a high-speed water type
capable of ram speeds from 1/4 inch per second to 6 inch per second fully
variable and controliable at any speed between the limits,

The press tools to adapt the 1650-ton extrusion press to extrusion
of the zee section from 3-7/8 inch diameter billets consisted of the following:

(1) Extrusion Press Liner - 4-inch inside diameter (extrusion
ratio 102:1) Ajax Ti steel heat treated to 429/461 BHN,

(2) Stem - Ajax Ti steel heat treated to 445/475 BHN

(3) Dummy Blocks - Ajax Ti steel heat treated to 415/429 BHN,
(4) Backer - Ajax Ti steel heat treated to 401/429 BHN,

(5) Die Holder - Ajax Ti steel heat treated to 429/461 BHN.

(6) Bolster - Ajax Ti steel heat treated to 401/425 BHN.

. Billet heating for all the extrusion trials was accomplished in an
induction heating setup with three magnathermic vertical 60=acycle induction
coil billet heaters. The heater pedesial was modified to permit heating the
3-7/8 inch diameter x 4 inch billets in the standard 5-5/16 inch heating coil.

It was determined that by delaying (cycling) the heating rate, a billet could be
heated rapidly to an even temperature throughout. The rapid heating possible
in the induction heater minimized the possibility of billet surface contamination.
After heating, the billet rolled down to the extrusion press and was placed

into the container with a hand cradle in an average transfer time of seventeen
seconds,

b, Extrusion Trials

Five extrusion trials were held at H. M. Harper Company., A total
of fifty-five extrusion pushes were made consisting of thirteen pushes of 4140
steel, thirty-eight of Ti-155A titanium alloy and four of MS 821 titanium alloy.
The trial data sheets are included in the Appendix,

The trials indicated that extrusion of the difficult zee section was
possible at a 102:1 extrusion ratio, but good surfaces and the desired dimen-
sional tolerances were not obtained due to die wear,

Glass, grease and graphite lubrication ‘vere investigated as well

as extrusion in 5/8 inch wall thickness low carbon steel tubes which was
unsuccessful,
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The
trials:

The

following die materials and designs were used during the extrusion

Cast Dies

M2 or HMH72 - ,70% C. 4%Cr 2%V 5% Mo 6% W R_50-52
Star '"J" 2.5% C. 41% Co. 32%Cr 17% W

Machined Dies

Crucible Halcomb 218 .40% C. 5% 1,35% Mo. .35% V.
R.50-52

Crucible Peerless "A'
Carpenter TK

.28% C. 3.25%Cr 9% W. .25% V
Insert Dies
Aluminum oxide insert with a HMH 72 shell cast shroud.

Chrome carbide insert with a Halcomb 218 shroud.
Zirconium carbide insert with a HMH 72 shell cast shroud.

Design 1

A 25° conical face die, entry radii 3/8-inch, bearing length of
1/4-inch and a 7° back relief 1/8-inch long.

Design 2
A 25° conical face die, entry radii 3/8-inch, 25° angle to bear-

ing, bearing length of 1/16-inch, and 7° back relief 1/16-inch
long.

Design 3

Flat faced die with entry radii of 3/8-inch with 1/4-inch bearing
length, and 7° back relief about 3/4-inch long.

three methods of extrusion used during the trials were:

Standard

The billet was brought to the die with the stem under extrusion press
prefill pressure and upset. High pressure was then applied. A
delay of 1-2 seconds occurred before extrusion,

Throttle

The press speed was throttled by means of a manual valve. This

in turn caused a delay of 3-6 seconds before high pressure could
be applied.
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Imeact

High pressure was applied to the billet as the stem made contact.
There was no delay. The results obtained with the use of the im-
pact extrusion method indicated that the glass lubricant was not
given time to fuse and thereby shield the die from the billet heat
to avoid die deformation.

Conclusions

The extrusion objectives of surface finish and dimensional uni-
formity for the zee section were not approached. Lengths of 25 feet were
produced but die washout was excessive. The thickness was held within
the . 062 - , 006 tolerance for some parts of the cross section for the entire
length on the best extrusion (Push No. 19) but the die wash originating in
the fillet areas tapered into much of the . 062 areas,

The specific conclusions that could be drawn from the extrusion
techniques employed during the trials are presented below for each of the
extrusion variables,

(1)

(2)

(3)

Billet Heating

Billet heating was not a problem during the trials, Billets
heated in the 60-cycle billet heater were uniform in tempera-
ture and did not have a surface oxidation determined to be
harmful in extrusion.

Die Materials

The die materials used during the trials did not seem to have
the properties necessary to withstand extrusion under the pre-
vailing conditions, The metal dies had several deficiencies,
The most serious of these was their lack of resistance to the
combination of hot glass and hot titanium during the extrusion
of such a thin section,

The ceramic and carbide materials failed due to their extreme
brittleness under tension type stresses. The designs used
during the trials allowed this type stress since the insert was
not confined sufficiently in the die shroud,

Die Design

The design of an extrusion die for titanium extrusion using
glass lubrication must be one that permits proper lubrication
and eases the flow of the metal during extrusion. The conical
type die eased the flow, but did not retain glass for proper
lubrication, This was because the glass had a tendency to
flow at a faster rate than the metal,
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(4)

(5)

(6)

The proper design for grease-type lubrication could not be
determined since the high extrusion temperature volatilized
the grease, thus leaving only graphite for lubrication.

Of the three basic die designs that were used, design no, 2
with large open double angle conical entry was the least
satisfactory, although the press force was reduced with that
design. The design does not have sufficient die mass at the
bearing area to carry away the heat of the passing titanium
alloy., As a result, the bearing area washed considerably.

Lubrication

Glass lubrication was the most promising type used. Com-
plete coverage of the extrusion with glass was achieved on
most pushes. However, the glass was not uniformly thick
on the extrusion, Where the glass was thin, pickup and
resulting scratching occurred. Where glass was thick, the
lines formed on the billet face were carried through the die
and appeared as sharp lines on the extrusion,

The defect called pickup was probably a reaction product
from a reaction between titanium, glass and/or the die.
Examination under polarized light indicated that the mater-
ial called pickup was crystalline in nature. T.e glass as
used for lubrication was not crystalline under polarized
light., Some hard particles that could be produced from a
glass, titanium and die reaction are Al; O3 - aluminum
oxide; SiO; - silica; TiOg - titanium dioxide; TiC - titanium
carbide; and combinations of these. All of the above mater-
ials are hard at extrusion temperatures.

To overcome the variation of thick and thin glass on the ex-
trusion, a glass slurry coating was used on a conical die
(Push No. 22). This procedure was not successful because
the glass was consumed by the first few feet of the extrusion.

Die Te.nperature

The die temperature variable was not completely investigated.
Temperatures as high as could be used without excessive tool wear
were maintained. These temperatures were 400°F to 1200°F,
This was in line with general extrusion practice,

Extrusion Ratio

The extrusion ratio necessary to extrude the section from a
four-inch diameter container was the greatest deterrent to
achieving success in this program.

The high extrusion ratio necessitated the use of high billet

temperatures which in turn caused other problems such as
surface contamination and excessive die wear.
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4, Manufacturing Evaluation at Republic Aviation Corporation

a. Resistance Heating Experiment

Purzose

The resistance heating experiment was conducted to determine the heating
characteristics of various voltage and temperature ranges in the resistance
heating of a titanium alloy structural length, and to determine the degree of
temperature differentials in the cross section at the range of temperatures,
This information can be used as a guide in the consideration of hot stretch
straightening or heat treatment of the extruded lengths. A 4Al-4 Mn
titanium alloy extruded length 5' long and machined to 3/32" x 1" x 1" was
used for the resistance heating tests,

Conclusions

Less time was required to reach the maximum temperature at higher voltages,
For example, at 22 volts the maximum temperature, 1795°F, was reached

in 80 seconds and at 9.4 volts the maximum temperature, 935°F was reached
in 170 seconds, This was a result of the temperature exponential radiation
heat 10ss which was a much larger factor at the higher temperatures and
abruptly halted the rate of heating at the higher temperatures.

The data plotted in Figure 12 shows the rate of heating at voltage ranges of
9.4 to 22 volts and the maximum temperature these voltages produced in the
5 foot angle used for the test. The current required to reach the maximum
temperatures at the range of AC transformer voltage settings was plotted in
Figure 13,

The equipment and power requirements for other extruded shapes and alloys
in various lengths can be approximated by correcting for the difference in
resistivity of the alloys, cross section area, and length by means of Ohms
Law and the equation R =pl where R = resistance, 0 u resistivity,

1 = length and A= cross seltion area. This is possible since the maximum
temperature attainable for the voltages plotted are determined by the equilib=
rium between the heat equivalent of the KVA input and the conductive and
radiant heat losses. Since the ratio of surface perimeter to surface area in
structural extrusions are roughly similar, approximately equal maximum
temperatures will be realized in resistance heating all titanium alloy extruded
lengths provided that the KVA inputs per square inch of cross section per
foot of length are equal, Transformer power requirements for resistance
heating various titanium alloy extruded lengths to temperatures in the range
of 935° to 1795° are shown in Table 1,

Variations in temperature in the resistance heated length occurred at points

in the cross section of the angle, The corner and fillet area was consistently
at a higher temperature than the outer portions of the lags, This can be
attributed to the concentration of the mass of the cross section in the sharp
corner and fillet area which reduces radiation losses, and to the relatively
greater exposure of the legs. The temperature differential varied from 20°F
at 1000°F to a differential of 100°F at 1800°F, This differential in_temperature
was consistent throughout the length, and no temperature gradients existed
along the extruded length except at the ends in the zone 1" to 2" from the
electrodes where heat is conducted to the electrodes.
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Eguigment

100 KVA Transformer, single phase, 60 cycle, 220/440 volt connected to
deliver secondary output in a range oi 7 to 22 volts.

Millivoltmeter to determine temperature.

Microvoltmeter to determine temperature variations through the cross section
and along the length of the angle.

Vacuum tube voltmeter to record voltage drop across shunt,
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Procedure

A pair of clamps machined to fit the angle around its entire surface were
used as electrodes. The clamps were spaced 5 feet apart on the angle and
then fastened. The transformer leads were screwed to the angles to complete
the setup. The titanium angle was heated by passing current through the angle
at 6 voltage settings of the transformer. The angle was continuously heated
at each voltage setting and the temperature was recorded at 10 second inter-
vals until the maximum temperature was reached. The current flow during
each test was determined from the voltage drop across a 2, 000 amp shunt
connected in series with the angle being heated. The voltage drop remained
quite constant during the heating with a variation of 5% from minimum to
maximum readings. This can be attributed to the relatively constant res-
istivity of the 4Al1-4Mn alloy which ranges from 150 to 170 to 150 x 10~

ohm cm in the 200° to 1000° to 1800°F temperature range. Maximum
readings were recorded for the voltage drop across the shunt for each of

the heating tests. The voltage drop readings were measured with a vacuum
tube voltmeter which was isolated from the heating circuit by an instrument
transformer with a 1:1 ratio,

Chromel-Alumel thermocouple wires were welded to various cross section
locations on the titanium angle by heliarc welding which permitted inserting the
twisted wire into a tiny molten puddle of titanium. One pair of thermocouple
wires was connected to the millivoltmeter so that the total temperature of

the angle could be determined from the millivoltmeter readings. Other
thermocouple wires were joined and connected to the microvoltmeter so

that the potential difference at various parts of the cross section could be
determined.

A step switch was used to permit rapid alternate readings of difference in
potential between various points in the cross section and length of the extrusicn
Separate heating tests were conducted to determine the variation in temperature
at various points in the cross section or along the length of the extrusion.
Readings were taken immediately after the heating current was shut off to

avoid distortion of the thermocouple readings due to voltage differentials

along the extrusion length,

The data in Table 1 is presented to indicate the power requirements to heat
extruded titanium alloy lengths to the indicated temper-tures. The data for
the 10, 15 and 20 foot lengths is calculated from the data recorded during
the resistance heating tests of the 4Al1-4Mn five foot extruded angle which
was heated by a 100KVA transformer operating at 100% duty cycle for the
indicated voltages.
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Commercial transformer cquipment is available for heating lengths to the
lower temperatures, but specially designed cquipment would be required
for the power to heat to the higher temperatures. Another consideration in
resistance heating heavy sections to high temperatures that will require
investigation is the pertinent safety codes for the high currents required.

The data in the table is based on an average extrusion shape with a perimeter
to cross section ratio of approximately 21:1 and an average resistivity of

160 x 10~ ohm cm. Correction for a higher or lower resistivity can be
made by raising or lowering the voltage required and KVA required in
proportion,

b, Contamination Rate Study

PurEose

The surface contamination of titanium alloys at elevated temperatures for
various time exposures is an important consideration during billet heating
and during extrusion, hot straightening and heat treatment of the extruded
lengths. The purpose of this study was to determine the rate of contamination
during heating in open air and in the restricted air supply and circulation of
an electric furnace

Conclusions

As indicated in the curve Depth of Contamination vs, Time of Exposure
(Figure 14), the rate of contamination of Ti 155A alloy specimen resistance
heated in free air was almost twice as rapid as the rate of contamination of

a specimen heated in a muffle air furnace. These two heating conditions

can be considered the upper and lower limits of contamination rate in
heating without atmosphere. The estimated contamination depth for practical
heating applications will approximate the depth of either of the test conditions
or an in-between condition,

The maximum allowable contamination of , 0025 for removal by chemical or
mechanical finishing is plotted on the curve. This indicates that 1650°F is a
safe temperature for heating periods of over 1 hour and 5 to 15 minute
exposures at 1750°F are allowable, At higher temperatures, only short
exposure of less than 1 to 3 minutes can be considered.
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The rate of beta grain growih above the beta transus was instantaneously
very rapid. At temperature of 1900 to 2250, large grains (25 and 30 microns
respectively) were present after 1 minute heating. After 10 minutes, these
grains grew to 50 to 55 microns respectively,

Equipment

For furnace heating s Tempco Electric Double Door Muffle Furnace
81/2 x91/2 x 131/2 heating chamber

For resistance heating - 100 KVA Transformer, single phase, 60 cycle,
220/440 volts, connected to deliver secondary
output at 7.3 volts with adjustable percentage
heat control for resistance heating.

Bausch & Lomb MILS Metallograph

Procedure

The electric muffle furnace was brought to the test temperature and small
specimens (approx. 1/16" x 1/4" x 5/8") of Ti 155A alloy were placed on a
titanium platen in the furnace. It was estimated that the specimens reached
the test temperature in approximately 10 seconds and were then held at the
temperature for the time intervals plotted in the curves. Quenching was
accomplished by a rapid transfer into a water can at the furnace door. The
specimens were mounted, polished, etched with 10% HF -5% HNO. solution,
examined metallographically and photographed. This preparation included
removing 1 /64" of material from the face of the specimens to be viewed.
The structure viewed was longitudinal to the billet axis. Contamination
depth was measured with a B&L micrometer eyepiece on the surface exposed
to the air,

The resistance heating tests were conducted with Ti 155A specimens approxi-
mately 1/16" x 3/8" x 6" which were prepared from 2 3/4" round billet bars.
The specimens reached the 1750° test temperature in 30 seconds and reached
the 2050° test temperature in 20 seconds after the current was applied. Temp-
erature measurement was made with a Chrom-Alumel thermocouple. By
adjusting the heat control, the test temperature was maintained for the time
intervals plotted in the curve. Cuenching was accomplished by pouring water
over the hot specimens., The specimens were then prepared and examined

as described in the above paragraph.

c Stretch Wrapping Evaluation

Specimens, Equipment and Procedure

An evaluation of the stretch wrapping characteristics of the 7Al1-4Mo titanium
alloy angle extrusions which were produced by the best extrusion method
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(glass lubrication-hot tooling-scalping) developed during Part II of the program
was conducted at Republic Aviation Corporation,

3/32" x 1" angles were received from Babcock and Wilcox in lengths that were
straightened and solution treated with resistance heat and surface cleaned by
grit blasting., The resulting surface finish was quite consistent throughout the
lengths and was not essentially altered from the as-extruded condition. The
7A1-4Mo angle extrusions typically have an , 0005" contaminated surface aftex
the above treatment. Extrusions with smooth (100 microinch, RMS) and rough
(250 microinch orange peel, little striation) surfaces were used for the evalua-
tion,

The amount of material available for the evaluation was limited. Much of the
extruded product was unsatisfactory due to incomplete section fillout during
extrusion, and most of the best product had been used for mechanical property
testing and heat treatment studies. Of the material available, it was possible
to cut only eight lengths 58' long.

An 18" die diameter was selected as a fairly severe bend for a 3/32" x 1"
angle structure, and the angles were wrapped to 180° during the operation. All
the stretch wrapping was done on a Hufford Al2 stretch press equipped with
air operated collets to grasp the extrusions. The collets held the insulated
jaws required to permit resistance heating of the extrusions without passing
current through the machine bed. Jaw teeth were cut to a medium 21 pitch
diamond knurl and hardened to Rockwell C-60. This is a finer knurl than is
used for softer metals and has been found to be effective in grasping titanium
without slipping or notching to failure at the jaws. A photograph of the equip-
ment during stretch wrapping is shown in Figure 15,

Fitted electrodes were fastened to the angles at points just outside the stretch
press jaws. Flexible cables were used to connect the electrodes to the output of
a 1500 amp Hobart Motor Generator (variable voltage, 0-30 volts). During the
trials the voltage required to heat the angles into the 1100-1200 range was
approximately 9 to 11 volts.

The dies were heated into the range of 800 to 1200°F before the angles were
brought into contact with the die. This heating was accomplished at the press
with two acetylene torches, Twenty to thirty minutes were required to heat the
die from room temperature to the operating range.

Stretch Wrapping Trails

A typical part formed during the evaluation is shown in Figure 16, The data
is listed in Table 2,

The first two trials were conducted with rough and smooth extruded surfaces
with a 1100° die and a 4-ton wrapping force. Both angles failed before
wrapping had progressed more than 10°. The failure was attributed to local-
ized strain at point of contact with the die due to the reluctance of the colder
material outside the die to yield. In the balance of the trials, the angles were
resistance heated to a uniform temperature throughout the angle before being
brought into the die. Approximately one minute was required to bring the angle
from room temperature to the operating range.
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The first resistance heated trial, #3, produced a wrapped angle without
failure. However, considerable difficulty was experienced in getting the
compression leg to enter the die after about 90° of wrapping due to twist in

the portion of the angle outside the die., This twist occurred due to an equal-
ization of forces in the two angle legs outside the die. A large lower plate

was substituted on the die to provide a 1'" flange for entry. This considerably
improved the entry problem, and subsequently it was found that higher wrapping
forces also facilitate entry.

Trials #4, 5, 6 were conducted with continuous or intermittent resistance
heating during the wrapping and stretching operations. This heating proved
to be a problem since it was difficult to avoid overheating either at the die
contact or in the portions of the angle outside the die as the overall electrical
resistance dropped during the wrapping operation.

The most successful results were obtained in trials #7 and #8 by resistance
heating the angles until wrapping was started. The higher wrapping forces
(4 tons) used for trial 7 and 8 eliminated corrugation even though the com-

pression leg clearance was excessive (9/64") due to die deformation,

Stretching into the yield range was not effectively realized before Push #7, and
most of the trials showed almost no elongation in the unwrapped portions of
the angle. The 4 ton forces used for stretching did not put the angles into
yield., However, since the fracture point is so close to the yield point in
titanium alloys, several failures had occurred. The stretch force was not
increased until trial #7 since the number of angles available for evaluation
was limited, An elongation of approximately 3% was obtained in the unwrapped
portion of #7 and shrink was a minimum of 1 1/2 - 2% with approximately 10%
stretch. After successfully yield stretching this angle, it was disappointing to
find that the part radius still did not conform to the 9'' die radius even after

a 1/2 hour period at 1200 to 900°F. Subsequently, the die was reheated to
1300°F. At this higher temperature, the creep forming temperature of the
7A1-4Mo alloy was attained and the radius of part #7 conformed to the die
radius (9 1/16" vs 9") after a short 3 minute low tension contact with the hot
die,

A radiation pyrometer was available to record the temperature of the
heated extrusion, but this method of temperature measurement was un-
satisfactory since variations of temperature along the angle lengths could
not be recorded and the angle target moved out of focus and position during
the wrapping operation, Tempilstiks were found to be satisfactory for die
and angle temperature measurements,

A die was machined to 18" diameter from SAE 1010 steel for the evaluation,
Originally, the die contained only thrce screws to fasten together the

upper plate, spacer and lower plate. The plates are 1'" thick and the
spacers are variable from 3/32 to 5/32". After the first three trials, it
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was determined that a flange portion added to the lower plate would reduce
the tendency for the angle to twist before entering the die. To accomplish
this, a new 20" diameter lower plate was substituted and a circumfcrential
ring of screws was added to reduce deformation of the plates during the 1000°F
operation. Examination of the upper and lower plates after the eight stretch
wrapping trials showed that both had deformed approximately 1/16". This
condition progressed during the trials, and the circumferential screws were
not adequate to fasten the plates securely against the spacer ring to obtain a
restricting flange space, However, the combination of high operation temp-
erature and wrap force was sufficient to prevent corrugating the later trials,
Typically, the compression edge increased about . 005" while the tension leg
of the angle reduced about . 003" in thickness.

The die surfaces in contact with the angle were coated with a 1/64" layer of
aluminum oxide ceramic spray as furnished by Metallizing Engineering Company.
This coating was then sealed with brush coats of hydrolized ethyl silicate. The
ceramic coating provided a hard forming surface and an electrical insulation
between the die and angle to permit the resistance heating of the angle during
wrapping without creating a short circuit through the die. The ceramic coating
was an effective electrical insulation except at points of severe corrugation
which created pressure points against the die thereby creating arc spots.

Such arc spots were the center of local compression yielding. After

Push #5, when the die was heated to 1200°F with acetylene torches, the
ceramic coating began to peel off the steel die. This is attributable to

the intense torch heat and localized heating, since the coating is normally
adherent at much higher temperatures,

The limited evaluation performed indicated further work was required but
permitted the following conclusions and recommendations:

1, Extruded 7Al-4Mo titanium extrusions can be successfully
stretch wrapped to part configurations but higher temperatures
are required for this high creep strength alloy than are
required with other alpha beta titanium alloys in current use.

2. One part, #7 was successfully formed to the part
configuration (Figure 16) by wrapping at 1100°F and
creep forming at 1300°F,

3. Future stretch wrapping evaluation should include the
following:

(1) Hot die - no resistance heat
a. Range of die temperatures
b. Range of wrapping forces

(2) Hot die - resistance heated part

a, Locally, internally heated die to permit
temperature increase into creep range
after forming,

b. Separate creep fixture if (a.) is not
practical,
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4, The 1" thick carbon steel dies cannot resist the 1200°
forming temperatures without deformation, For future
evaluations, the following should be considered:

a. Hot work steel dies

b. Thicker dies

c. Locally, internally heated die with
ope rating temperature confined to
die circumference.

d. Joggling Evaluation

Introduction

A joggling evaluation was conducted with 7Al1-4Mo titanium alloy angles which
were extruded during Part II of the program. The objective of the evaluation
was to determine the forming characteristics of these extrusions under various
tool and part temperatures for tight, standard and open joggles.

The extruded material available for the evaluation varied considerably in
surface finish. Most of the better material had been used for previous property
testing. Some of the angles which were used for the joggling evaluation were
cut from the straight ends of angle lengths which had previously been used in
stretch wrapping. Since the overall leg dimensions (nominal 1, 000") varied
considerably, one leg of the angles was milled to ,850" so that the joggle kick
plate would bear uniformly in all tests.

The joggling was performed with a Model 2B joggle die manufactured by the
Joggle Tool and Die Co., The die was equipped with heaters in the lower portion
which permitted tool temperatures up to 600°F, The die inserts were inter-
changeable for various extrusion shapes and both joggle depth and joggle length
are adjustable. The first tests with unhardened tool steel inserts normally
used for aluminum forming showed such inserts were too soft for forming
titanium alloy, whether heated or unheated. Hardened tool steel blocks were
obtained with hot work die steel kick plate inserts, These proved satisfactory
and showed no wear after 50 trials at roum and elevated temperatures.

The initial testing at room temperature proved to be unsuccessful and resulted
in severe cracks in all cases (see Figure 17). The remainder of the tests were
conducted at temperatures from 500°F to 1300°F. Angles 4" long were heated
in a small electric clam shell furnace for periods up to 3 minutes to reach the
desired temperature, The angles were quickly removed with asbestos gloves
and dropped into the die opening, While the operator clamped the extrusion
with a hand lever, the temperature of the unclamped flange was read by a
technician with a contact thermocouple pyrometer. No more than 5 seconds
elapsed between removal from the furnace and the joggle press stroke, and
parts were, therefore, formed at the temperatures recorded.

40



3
o

o

.- v o

Results and Conclusions

Joggling Method

Extruded angle material was available for approximately 50 joggle trials.
The first 10 attempts at joggling were done with both the angles and the die
at room temperature. The severe cracking which invariably occurred is
shown in Figure 17, Formability was greatly improved during the last 40
trials with heat, but the number of tests was not sufficient to conclusively
indicate the best heating method or forming temperature,

The trial conditions and results with the heated tests are presented in Table
3. In the first series of tests, both die and angles were separately heated;
in the second series, the angles were heated while clamped in the hot die;
and in the third series, hot parts were formed in the room temperature die.
Heating the parts in a hot die proved to be the least successful method and
in four trials, all angles showed slight cracks, The results do not indicate
a statistical choice between furnace heated parts in either the hot or cold
die since in both methods, cracks were obtained in approximately 25% of the
trials, However, heating both the die and the part would appear to be the
most practical production method since more time is available to the press
operator before excessive temperature drop occurs,

Joggling Temperature

The results are entirely inconclusive as far as a choice of joggle temperature
is concerned. Both cracked and uncracked joggles were obtained at all
temperatures from 500 to 1100°, No cracks were obtained in six trials over
1200°, Inspection of the cracked angles did not indicate that cracking resulted
from extrusion defects. Some of the failures were in the form of very small
multiple cracks which are associated with surface contamination. From the
limited number of specimens available for testing, no definite conclusions
could be drawn on either the cause of cracking or optimum temperature., The
results indicated that heating to 500° markedly reduced the degree of cracking.
Further testing would be required to determine whether best results would be
obtained at a temperature between 500 and 1200° or whether joggling must be
performed over 1200°F,

A typical joggle formed at elevated temperature is shown in Figure 17,

Joggle Dimensions

A joggle shim of ,162" was used for all trials, This resulted in a finish joggle
height varying from ,105 to .150", The least variation occurred with furnace
heated angles in a heated die. With this procedure, the finish joggle height
varied from 130" to ,150", The forming of tight joggles (7/16") transition
appears to be a problem at temperatures under 1200°F., Longer (17/32") joggle
transitions resulted in a lower percentage of cracked parts. Only three trials
were conducted with the longest (5/8") transition and no conclusions can be
drawn from such limited results, although it is felt that a long joggle transition
is desirable.
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e. Bend Testing Evaluation

Specimens, Equipment and Procedure

Bend tests were performed with specimens taken from 7A1-4Mo angle and
channel extrusions to determine the minimum bend radius for this extruded
titanium alloy.

3/4" longitudinal strips were cut from the angles and channels., The as-extruded
surface of the specimens was not altered for the bend tests. All bends were
made transverse to extrusion between beryllium copper V blocks mounted in a
vise. Bend tests were made at room temperature, 800°F and 1000°F. For

the high temperature tests, specimens were heated in air in an electric furnace
for 10-15 minutes to reach the recorded temperature. The beryllium copper
jaws were maintained at 800° - 900° by internal cartridge heaters for both

800° - 1000° bend specimens. Transfer from the furnace to the V blucks was
accomplished with hand tongs in approximately 5 seconds., The gradual cooling
as vise pressure was applied generally required 2 or 3 furnace reheatings of

the specimen to maintain the temperature until the desired 90° bend was attained.
The bent specimens were then examined for cracking without magnification,

Results

The results of the bend tests of 3/32" 7Al-4Mo extrusions are shown in
Table 4.

It was not possible to bend specimens at room temperature without cracking
at *6T radius, which was the largest radius available in the bend test tooling.
Extruded material did not crack at radius up to 3T, at 800° and 1000°F, Heat
treated and aged material required a 4T radius to avoid cracking at 800° and
1000°, The solution treated material was least ductile and required 5T at
800°F and 4T at 1000°F to avoid cracking,

f.  Drilling Evaluation

Introduction

A drilling evaluation was conducted with 7Al-4Mo titanium alloy angle and
channel extrusions to determine the drilling characteristics of the material.

As extruded and heat treated extrusions in the Rockwell "C'" hardness range

of 37 to 40 were used in the evaluation, Drill sizes of #7 and #21 which
represent typical small fastener hole sizes were tested with the higher included
point angles typically used for harder materials, Drill life was measured in
terms of the maximum number of holes which could be drilled into the 3/32"

* T represents material thickness, 6T = 6 x 3/32 = 9/16 radius.
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thick extrusions before either the drilling pressure or the drilling time
doubled. Feed pressure was maintained by hand to obtain the highest cutting
rate possible without excessively heating or breaking the drill, A table of
the results of the evaluation is presented in Table 5, The table indicates
the number of holes which resulted from standard twist drills of steel and
carbide when these drills were tested with 3 surface speeds and several
drill print modifications (Figure 18). The time required to drill the first
hole for each set of conditions is an economically important factor and is
tabled with the number of holes obtained so that both factors can be con-
sidered together,

Results and Conclusions

Drill Material

Carbide tipped drills with standard point configuration produced 25 to 30
holes as compared to 3 to 14 holes with the various grades of steel drills,
This advantage with carbide did not occur in the type "D" reduced web point
where the carbide tipped drill produced 50 holes as compared to 60-130 holes
with steel drills., The results further indicated that carbide drills were not
advantageous since longer drilling times were required due to the sensitivity
of the carbide point to compressive forces which required lower feed pressures
to avoid crumbling the drill edge. Therefore, since the carbide tipped drills
did not result in a performance advantage under the best drill point conditions
and since these drills cost considerably more than steel drills, they are not
recommended for this application,

Cobalt steel and deep nitrided steel drills produced more holes than high-speed
drills under comparable drill point conditions . This advantage varied from 10
to 100% depending upon drill speed and drill point. After the first sharpening
nitrided drills produced less holes since grinding removes the nitrided case at
the base of the drill, and reground nitrided drills can be considered equivalent
to high-speed drills. In view of the performance advantage, cobalt and deep
nitrided drills are particularly recommended, although high-speed steel drills
are quite satisfactory. In this application, the additional cost of the cobalt
steel drill will be more than offset by the greater number of holes produced
during the life of the drill,

Drill Speeds

The results indicated that slower surface speed of 16 feet per minute produced
more holes between sharpening than the higher surface speeds of 27 and 35
feet per minute, However, considerably longer drilling time is required per

hole at the slower surface speed. For this type uf application, 30 to 35 surface feet
per minute with a feed rate of . 002 to . 004 inch¢s per revolution are recommended
since the reduced labor cost in shorter time per hole greatly exceeded the additional
drill cost resulting from less holes between sharpening.
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Drill Point

The most significant result of the drilling evaluation was the establishment of

the drill point configuration as the major factor in determining drill productivity,
The recommended Type "D" Reduced Web drill point produced approximately

100 holes between sharpenings as compared to approximately 10 holes for a
standard point drill. The photographs and drill point descriptions in Figure 18
illustrate several drill point modifications that resulted in improvement over

the Type A Standard Point,

The secondary clearance modification in the Split Point Type '""B" drill
resulted in a small improvement over the Standard Point due to the reduction
in bearing work hardening and improved opportunity for cutting at the drill
center.

The Type C Slash Point drill resulted in further improvement since the front
edge grinding brings the center to a point to obtain minimum work hardening
during <rilling and the grinding also reduced the norral drill rake to 0°
therel;y strengthening the point cutting edge.

The Type D Reduced Web drill did not bring the drill center to a point and
therefore can work harden the titanium to a greater degree than Type C,

Type D, however, retains enough web to maintain a strong point for a greater
number of hoies than Type C where the sharper center breaks down sooner,

The Type E. Modified Split Point also has the advantage of reduced web but
requires more drilling time than Type D,
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TABLE 1

AC TRANSFORMER POWER REQUIREMENTS FOR RESISTANCE HEATING
TITANIUM ALLOY EXTRUSION LENGTH

Max,
Temp. 5' Length
°F
935 9.4
1265 14,6
1410 16,0
1550 18.8
1730 21.0
1795 22.0

10 Length

18,8

29.2

32,0

37.6

42.0

44.0

Cross Rated KVA
Section Current Reqd per ft.
Area (amps) to Reach
15 Length (sq.in.) All Lgths Max. Temp.
.1 215 4.04
.2 430 8.08
28.2 .3 645 12.12
.4 860 16.16
.5 1075 20, 20
s d 332 9.7
.2 664 19.4
43.8 .3 996 29.1
.4 1338 38.8
.5 1660 48.5
.1 371 11.9
.2 742 23.8
48.0 .3 1113 35.7
.4 1484 47.6
.5 1855 59.5
N | 441 16. 6
.2 883 33.2
56.4 .3 1324 49.8
.4 1766 66.4
.5 2207 83.0
gl 474 19.9
.2 948 39.8
63.0 .3 1422 59.7
.4 1896 79.6
;5 2370 99.5
.1 516 22,7
.2 1032 45.4
66.0 .3 1548 68.1
.4 2064 90.8
oS 2580 113.5
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TABLE 3

Joggling Data for 3/32" x . 850" 7Al-4Mo Titanium Alloy Angles

Specimen Temp, Temp. Joggle
OF 3 Shin

Die

Noe

rart
OF

Block

Finished
Transition J g“lo Dimensions

Spacing  Height Transitiom Cracked

I Hot Die, Furnace Heated rasrts, Variable Temperatures ana Jogglie Transition

1 4o w0 162 «250 134
2 Su0 900 62 +250 140
3 540 820 162 062 L9
b 550 1000 152 062 19
S $50 1100 162 062 2
6 550 1250 62 062 «155
7 550 1300 162 «062 o148
] 550 1400 162 «000 150
9 560 1100 162 2156 QL8
10 560 820 62 «156 «1L0
11 560 920 62 2156 dll
12 560 760 162 o156 ol
13 ao 700 162 156 «130
w 610 750 62 156 133
15 ao 800 62 +156 136
II Part Heated While Clamped In Hot Die, Medium Joggle
16 610 500 162 156 136
17 &.0 500 o162 o156 .39
18 610 500 162 0156 138
19 GLO 500 01& 0250 012‘3
III Unheated Die, Furnace Heated Parts, Medium Joggle
20 8o L20 o162 0156 o132
21 H 500 " " 127
22 n 500 " " «J05
23 o 520 " " 135
2k n 520 " U #113
25 " 520 " " 129
26 i 620 " n .37
27 L 630 s n 0128
28 " 700 L “ #1130
2 n 720 " " «135
30 " 720 " " 120
2 " 930 “ " 220
32 n 1000 " " .20
33 L 1030 L L 0139
3 i 1060 L " 137
35 " 1100 L . 136
36 "2200 " " 139
BYi " 1200 " L] 136
38 " 1200 " " <140
39 * 1300 " " 2

5/8 No
5/8 No
7/16 Slight

7/16 Very Slight
16 Very Slight

7/16
The

516

17/32
17/32
17/32
17/32
17/32
17/3
17/32

Transition
17/32

No
No

No (side sheared)

No
Slight
No
No
No

No
No

Yes

17/32 Very Slight

Yes

1y32
s/8 Slight Cracks
on Undersids

Transition
17/32
"

Yes
No
No
No
Severe
No
No
No
No
Yes
No
No
No
Yes
No
Yoo
No
No
No
No

Part temperatures read with contact thermocouple pyrometer immediately before
joggle press stroke.

Variable 1" angle extrusions machined to 850" to obtain uniform height dimension
to conform with joggle kick insert height.
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TABLE 4

Bend Test Results - 3/32" 7A1 LMo Extrusions

Push Number Test

and Temp.
Treatment OF.

L8 B&W Re To
L8 Extruded 800
1000

5%‘8 & "’ Ro To
As Extruded 800
1000

8% L B & W P.o TO
As Extruded 800
1000

69 =«UesSeSteel Re. T,
Heat Treated 800
W. Q. + 1200°F.

=30 Min./A. C. 1000

T1-U.S.Steel R. Te
Heat Treated 800
Same As 69 1000
7h-UoSoste°1 Re Te

Solution

Treated Only 800
1650°F0"7I’Iinu/

W, Q. 1000

A1l tests with 3/L4" extrusions with as extruded surface.
made in direction transverse to extrusion.
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67

Shattered

Shat tered

Shattered

Shattered

Shattered

Shattered

Bend Radius
5¢ LT

No Cracks No Cracks
No Cracks No Cracks
No Cracks No Cracks
No Cracks No Cracks
No Cracks Mo Cracks
No Cracks No Cracks
No Cracks No Cracks
No Crecks No Cracks
No Cracks No Cracks
No Cracks No Cracks
No Cracks Cracked
No Cracks No Cracks

No Cracks
No Cracks

No Cracks
No Cracks

No Cracks
No Cracks

No Cracks

No Cracks

Cracked
Cracked

Cracked

Bends

2T

Cracked
Cracked

Cracked
Cracked

Cracked
Cracled

Cracked

Cracked
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TITANIUM - 155A
— —— RESISTANCE HEATED IN FREE AIR

— — — HEATED IN AIR IN TIGHT ELECTRIC FURNACE
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— —
e
—

£

TIME IN MINUTES OF EXPOSURE AT TEMPERATURE

Depth of Contamination Versus Exposure Time in Heating
of Ti-155A

FIGURE 14
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Ti-7Al1-4Mo Angle During Stretch Wrapping
FIGURE 15
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5 Heat Treatment Studies and Mechanical Property Testing
a. Specimen Testing

Extensive heat treatment studies and mechanical property
testing was performed with both the Ti 155A titanium alloy and the C135 A Mo
titanium alloy. Studies were conducted at U, S. Steel Corporation, Babcock
and Wilcox Company, Crucible Steel Company and Republic Aviation Corp-
oration, The objectives of the studies were to develop heat treat cycles
which would give the following target properties:

1) Room temperature tensile ultimate strength of
180,000 psi with 8% minimum elongation

2) 800°F stability at 70, 000 psi load for 500 hours

3: 0.5% creep after exposure to the 800°F stability
conditions

Crucible Steel Company developed a heat treat cycle for
C135 AMo with micro tensile specimens having a 0, 6' gage length which
met the ultimate tensile strength requirements of 180, 000 psi with 8%
elongation. The desired properties were achieved by both of the following
processes:

1 2
Extrusion: 1800°F 1750°F
Solution Heat Treat: 1800°F/
1/2 hour water quench 1800°F/1/2 hr, water quench
Aging: 1200°F/4 hours air
cool 1150°F/8 hours air cool

However, considerable testing at Babcock and Wilcox Company
and Republic Aviation Corporation indicated that the target properties could
not be obtained with the heat treat developed by Crucible Steel Company when
a standard tensile specimen (2 inch gage) was used for the test,

The testing also revealed that no significant differences in
properties between ''as cast'' and '"forged" biilet extrusions were indicated
in heat treated material, ''As-extruded'" material with an "as cast'' history
had comparable tensile ultimate strength to the '"forged'" billet extrusions;
however, the tensile yield strength of the '"as cast'' extrusion was slightly
lower while ductility and modulus of elasticity was slightly higher, Typical
extruded properties were 173,000 ultimate strength with 8% elongation and
typical heat treated properties were 187,000 ultimate strength with 2, 5%
elongation. The microstructure of the extrusion produced from an '"'as cast"
billet did not show any significant difference from that of the '"forged'billet.

Metallographic analyses conducted at each of the four organiza-
tions listed above indicated that the majority of the extrisions produced using
billet temperatures of 1800°F exceeded the beta transus, This rise in temp-
erature of the billet during extrusion is attributed to internal friction generated
in the billet, A typical photomicrograph is shown in Figure 52,
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The presence of Widmanstattan alpha platelets (basketweave)
within the prior beta grains outlined by an alpha network, indicate that the
material has exceeded beta transus temperatures, The complete trans-
formation of alpha to beta above the beta transus is time dependent., This
would explain the presence of the primary alpha often seen after extruding
(short time operation) at temperatures above the beta transus, The
delineation of these alpha globules varies directly as the amount of time
spent above the beta transus. Most of the 7A1-4Mo alloy billets extruded
at 1650°F to 1810°F billet temperature contained 5 to 25 percent primary
alpha, Mechanical property results show these type structures superior
to those obtained when extruding at temperatures higher in the beta field.
At these temperatures, no primary alpha remains and thus some beta
embrittlement may occur,

b, Heat Treatment of full Length Sections

Heat treatment of full length extruded sections was conducted in
an atmosphere controlled vertical furnace to test the process as a production
method, The heat treating was conducted at Metlab Company  The lengths
to be heat treated included three C135 A Mo channel extrusions and six 7Al-3Mo
angle extrusions, Solution treatment was conducted at 1650°F for 10 minutes
followed by a water quench., Aging was accomplished by reheating to 1200°F
ior one hour followed by an air cool, Temperature tolerance was set at
Z10°F.,

The heat treating equipment used consisted of a propane fired
vertical furnace with an Inconel X retort and uniform heat zone of about 13
feet., This heat zone was divided into five sub-zones, each individually con-
trolled by a Foxboro mechanical controller and facilities for recording temp-
eratures at each zone with a Brown mechanical multipoint recorder. For
protective atmosphere, helium out of a steel bottle was fed into a manifold
equipped with a Selas flowmeter. During the purging operation, a flow of
about 50 cubic ft/hr, was maintained. The retort was purged for about two
hours, and then the first load of work was placed into the furnace and sus-
pended from a spider with Inconel X pins, The work was split into two runs
in order to be able to check out the method. For the first run, one channel and
one angle were used, On this run, a blower inadvertently discontinued
operation, thus decreasing the furnace temperature to 1425°F before a
return to the required temperature could take place, Twenty-two minutes
elapsed before 1650°F was again reached after which the work was held at
temperature for 8 minutes., The subsequent water quench has handled well
and took no more than one minute for the entire length to hit the water,

The furnace was then allowed to return to the equilibrium temp-
erature of 1650°F and the second load consisting of two channels were
admitted, No difficulties occurred during the run, The furnace dropped
only 60 degrees which was corrected within eleven minutes, The work was
then held at temperature for 10 minutes and quenched in water,

+The aging treatment was performed with the same equipment at
1200°F = 10° for 1 hour and was then allowed to air cool,

56



o i
.
PR

Straightened extrusions were not available at the time the vertical
heat treatments were conducted. The angle and channel lengths were heat
treated with the twist and distortion resulting from extrusion, and were
stretch straightened after heat treatment, Due to the lack of straightness
in the extrusions before heat treatment, it was not possible to establish
how much additional distortion occurred during heating and quenching,

Mechanical property tests on specimens obtained from the produc-
tion heat treated lengths indicated that all target properties could be achieved
with the exception of room temperature elongation,
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C. PART I EXTRUSION OF SECOND CATEGORY SHAPES

1. Extrusion and Straightening Development at
Babcock and Wilcox Company

a, Extrusion Developmn.ent

Objectives

The general objective of the Part III development program at
Babcock and Wilcox was the establishment of extrusion and straightening
processes for the production of the 1/8 inch Tee shape shown in Figure 2 .

The extrusion objectives of Part lIIl were to provide an ex-
truded product of 125 microinch RMS surface and dimensional uniformity
throughout fifteen foot lengths. The desired mechanical properties of heat
treated extrusions were (1) 180, 000 psi ultimate strength with 8% minimum
elongation, (2) less than . 5% permanent deformation after 800°F, 70, 000 psi,
500 hour creep exposure, (3) stability after creep exposure as indicated by
subsequent room temperature ductility.

Efforts to achieve the dimensional objectives included investi-
gation of variables such as lubrication, die materials, billet temperature,
billet length and tooling temperatures.

Extrusion Trials

Seven trials were held in Part III. A total of eighty-five extrusions
were pushed including six 4340 steel billets, seven 18-8 stainless steel billets,
ten Ti 6A1-4V titanium alloy billets and sixty-two Ti 7Al-4Mo titanium alloy
billets., Initial extrusions of AISI 4340 and Croloy 18-8 were made to check
the extrusion practice and new tooling for the tee shape

Considerable die breakage was experienced during the December 1st
trial of Part III due to insufficient circumferential support during extrusion.
This condition was corrected by reducing the outside diameter of the dies
and incorporating the smaller dies into a thin conical die holder, Figure 19,
The tapered fit between the die holder and container produced a compressive
force on the die holder which is transmitted through the thin cone to support
the die. The new design was completely effective in avoiding die breakage.
A comparison of die dimensions before and after extrusion indicated that the
compressive effect actually closed the orifice dimensions during extrusion.
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After each push, dies and butts were examined in an effort to re-
late flow lines to extrusion scores and to determine whether the glass
reservoir was adequate, Examination was made with glass caked to the
butt and die and again after the glass was cleaned off. Extrusion butts
and shapes revealing typical extrusion defects are shown in Figures 20-

30.

The results of the trials are summarized below:

Results

(1) Cast billet material tends to tear along the leading edges

(2)

(3)

(4)

(5)

(6)

(7)

of the extrusion during the initial breakthrough. The
forged material does not. (See Figure 21),

Uneven material flow during extrusion, due to uneven
temperature distribution or lubrication, leads to partial
scalping and results in laminations (See Figure 20) A

The can and cover used for heating and transporting the
billets should be made of stainless steel to avoid contam-
ination of the billet coating when the billets are removed
from the can,

Continuous glass lubrication for the entire length of,
extrusion protects the die and assists in preventing die
wear, t

Longer heating time produced a streaky billet possibly due
to excessive fluidity of the glass coating. This caused
glass flow, thereby reducing glass protection in some
areas In certain cases, the contamination appeared as
small dark areas and caused surface imperfections on

the billet surface and extruded section ( See Figure

22). " Figure 23 ghows photomicrographs which

identify the dark particles as separated portions of

the billet skin. The particles appear as alpha phase

from interstitial contamination during heating

Softer glass die glass pads such as 318 material produced
an irregular rough surface. It was felt that the 318 glass
was not hard enough to iron the extruded metal as well as
coat it at elevated temperatures. (See Figure 24),

The die material was not too critical. There was little to
choose from between the Peerless ''A'" and M-36 as long

as lubrication was effective. The Inconel 713C dies were
better in flat areas, but flowed readily in the fillet area at
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(8)

(9)

(10)

(11)

(12)

high temperatures. Shell-mold cast, single orifice dies
were satisfactory. Final orifice dimensioning was done
by electric spark machining and consistent dimensions
were obtained. Heating the dies to 900° F gave good re-
sults. Little or no die marking or deformation occurred
in the orifice area under the best conditions. Such damage
as did occur generally reduced the orifice size and was
readily removed by a repeat spark finishing operation.

The chromium plated container was generally good and
reusable after the trials. There were two spots approxi-
mately l-inch square that flaked off in areas where the
die holder seated against the container. There was no
container wear in the billet area except for some scratch
lines in the upper portion of the container which was
apparently due to dummy block eccentricity.

A high container temperature appeared to be the controll-
ing factor for proper continuous glass lubrication.

The excess lubricant from the l-inch thick die lubricant
pads constricted the extrusion material approaching the
die. This was clearly shown in the butts from Pushes

92 and 93 in Figure 25, The constricted ''cross section"
was less than the die orifice height and width and resulted
in an incomplete ''filling out'' of these dimensions on the
shape. Pads one-half inch thick eliminated the constric-
tion effect and produced width and thickness fill-out.

Die pads compacted of -40 fine mesh glass particles
yielded shapes that were smaller and with more variation
from front to back. The standard -14 mesh particles
yielded shapes of more consistent dimensions,

The scalping technique produced a smooth surface (60-125
RMS) without billet surface marks whereas the full lubri-
cation technique produced a rougher (100-200 RMS) sur-
face with billet surface marks, Under good heating and
extrusion conditions such marks were so shallow that
with a light grit blast, the typical herringbone pattern of
the marks was removed. The effect of Lillet surface

marks on the extruded surface is shown in Figures 26 and 27,

The full lubrication technique had the following advantages
over the scalping technique:

(a) Lower extrusion pressures due to less sidewall fric-
tion, With the 7Al 4 Mo titanium alloy, the lower
pressure permitted full lubrication extrusions of
20 feet whereas the scalping technique appeared
limited to 12-15 feet with the particular shape and
press tooling involved.
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(b) Full lubrication offered a higher product yield
since the billet skin was not rejected in the
container as occurred in scalping.

It was felt that where surface finish is more of a
consideration than maximum length, the scalping
technique is preferred. Where maximum lengths are
required, the full lubrication practice is preferred.

The extrusion trials which were conducted during the
latter portion of Part III emphasized the full lubrica-
tion practice in an effort to meet the program objec-
tives of 15-foot lengths,
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b, Straightening Development

Effective hot stretch straightening was realized during Part IIT
on a specially constructed stretch press modified with improved pneumatic
operated grips which were insulated and served as the electrodes,

The straightness of the straightened shapes approached, but did
not meet, the objectives of , 012" per foot over the entire length,

The technique employed in straightening the shapes consisted of
placing the extrusion in the gripper jaws and gripping the shape; resistance
heating the length to temperature, detwisting and then stretching, After
straightening the tension was released gradually, The air pressure holding
the jaws closed was then released, Tension on the extrusion was continually
released gradually vntil the extrusion started to bow in compression, This
supplied the force necessary to release the jaws by forcing the jaws back into
the wedge shaped chuck,

In an attempt to prevent the formation of the bow on the straightened
extrusion, a bar was placed between the jaws when the extrusion was in the
stretched position, Gradual release «f tension would then result in the "jaw
release bar' supplying the force necessary to slide the jaws so that they are
in the opened position (see Figure 31)

However, several attempts with the '"jaw release bar'' resulted
in bending of the bar or shearing oi the bolts holding the stationary gripper
head to the bed of the machine, Use of the '"jaw release bar' was therefore
discontinued, Attempts were also made to maintain straightness during
cooling and eliminate the mushroom shape crown in the top of the tee shape
by placing the extrusioa in a restriction fixture upon removal from the stretch
press, Steel rods were tack welded to the hinged cover of the fixture in an
effort to produce an overbending effect to correct the crown shape in the top
of the tee, The restriction fixture was unsuccessful, however, since the
extrusions cooled sufficiently during transfer from the stretch press to the
fixture to make straightening by this method impractical,

Results and conclusions of the Part III straightening trials are
listed below:

l The decrease in shape dimension with extrusion
elongation was sufficient to necessitate increasing the die
orifice dimensioas to anticipate the decrease,

2, Air operated collets with diamond teeth of 1/16" pitch
securely held the extrusions without slippage, The jaws
should be clamped on a portion of the tee shape that is not
severely distorted or twisted,

3. Use of insulated jaws as electrodes assures uniform
electrical contact, produces a straighter extrusion near
the grips and saves at least 1 foot of cropping per extrusion
by avoiding local hot spots from clamping the electrodes,
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It is necessary to check that all three jaws contact the

tee shape uniformly, One extrusion was not uniformly
clamped and a hot spot developed at the jaw. Reclamping
eliminated the problem and the extrusion was straightened
without failure,

4, Stretch straightening and detwisting at low elongations

of 2-4% produced overall straighteness, but do not completely
remove local twists, Higher elongations of 6% produce com-
plete straightness and remove local twists completely. How-
ever, high elongations produced greater dimensional variation
along the extrusion, Resistance heating with the tee shape

in an upright position (as in the printed letter, T) produces

a differential of 100-150° between the stem and the top of

the tee, The stem does not become as hot since it is more
exposed and the heat rising from the stem shields the top.
Uniform heating throughout the section was obtained by
clamping the tee extrusions in the reverse position so that
the heat rising from the base shields the more exposed stem,

5. A very severe instance of high temperature, high stress
corrosion was experienced in one 3" area near the middle

of one of the extrusions, After straightening at 6% elongation,
severe transverse cracks were apparent in parallel lines in
the 3" area. The cracks corresponded exactly to tempilstik
crayon markings which were used to determine temperature,
Smaller cracks originating from tempilstik corrosion were
also observed on another extrusion which was straightened.
Use of tempilstiks to measure temperature was therefore
discontinued.,
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Tooling Arrangement Used During Part III Extrusion Trials.
During Extrusion, the Conical Die Holder (1) is Wedged
Into the Container Which Thereby Transmits a Compressive
Force Which Supports the Die Circumferentially

FIGURE 19
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A. Extrusion 133 250X

HNO3 HF etch

C Extrusion 128 250X HNO3 HY etch

"Smooth" type billet riiark
which appears dark in the
glass film and is gray after
deglassing.

1" Pebbly" type billet mark
which appears dark in the
glass film and is dark after
deglassing.

Severe billet surface mark
which appears te be an ac-
cumulation sheared from
the extrusion,
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White alpha phase grains indicate contamination during heating.J

metal from metal from
billet surface Hillet interior

Transversc cracks are typically present
N M{d\u\&l»—r]—m‘}rﬁ}
"'\-._‘___-\-“- '

depression in surface and elongatc
alpha grains indicate that the inte:
metal moved away from thec billet
surface mark or extruded faster t
the billet surface,

higher concentration of alpha
ograins than above.

A and B are from the front end of 133 and C was taken near the back of 1

Micrographs showing Varying Degrees of Billet Surface Marks
in the Extrusion Surface after Deglassing

Direction of Extrusion ~——m—ppw—

v ) 23
% ) FIGURE 2
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Extrusion 172, Showing the Rough Surface Resulting From Using
the Soft (lower viscosity) 318 Glass as a Die Lubricant.
Areca Shown is Near the Shape Front-End.

FIGURE 24

S

-

Photograph of Butt Ends from Extrusions 92 and 93,
The wavy Condition of the Tee Stem and the
Constricted Zones Between the Billet and the Extrusion
Result from the Excess I.ubricant in 1" Thick Glass Pads

TIGURE 25
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Billet and Extrusion Discard - Push No, 177, Discontinuous Herringhone
Pattern due to Billet Surface Machine Marks are
Distinguishable on the Extrusion Surface.

FIGURE 26
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Micro Examination Shows Flow Effect on Billet Surface Machining
Marks (50X mag.). Micrographs A, B&C trace the Growth of the
Herringbone Pattern from the Closely Spaced Markings
on the Upset Billet to the Widely Spaced Markings at the Inside
Radius Area Approaching the Extrusion Die.

Billet Discard Push No. 184,

70 FIGURE 27
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2, Extrusion Development at Comptoir Industriel D'Etirage
and Profilage De Metaux

Introduction

An extrusion development trial was conducted in Persan, France, by Comptoir
Industriel D'Etirage et Profilage de Metaus to determine the potential of their
glass lubrication technique for the extrusion of airframe structural shapes.
The trial was conducted on a 440 ton vertical press and consisted of four (4)
pushes of 4340 steel and six (6) pushes of 6Al1-4V, Excellent results were
obtained with the three small shapes (angles, channels, and zees) (Figure 1)
in 4340 steel and good results were obtained with 6A1-4V titanium alloy in

the angle and channel shapes. The zee extrusion, 1/16" thickness at 40:1
ratio. exhibited severe dimensional deterioration from the front to the back
of the lengths as a result of die washout,

Since Comptoir did not have previous experience with the 7A1-4Mo titanium
alloy selected for Part III of the development program, it was determined that
they would conduct exploratory extrusion trials with rounds and small shapes

on their 440 ton experimental press before proceeding with the development of
Part III shapes on the 1650 ton horizontal production press, The 1650 ton press
was equipped with a 4, 970" I, D, container,

Twelve (12) pushes were made with theTi 7A1-4Mo alloy on the 440 ton press,
Ram speed on the 440 ton press was controlled to approximately 5'" per second,
and the die was lubricated by means of a glass pad, Billets were prepared from
forged 7A1-4Mo titanium alloy to 2. 36'" diameter in 5 1/2" lengths, The billets
were protected with a glass coating during heating to 1650-1750°F for heating
times ranging from 40 to 65 minutes, Handling time to transfer the billets from
the furnace to the extrusion press was very fast and was accomplished in 3 to 5
seconds,

In general, the 7TA1-4Mo alloy extrusions produced during the trials were
substantially poorer than the 6A1-4V extrusions produced earlier,

Several series of trials were then conducted at Persan with Ti 7TAl-4Mo
alloy billets in the following sequence:

Series "A"

Objective Results
Extrude the Part III tee A total of twelve (12) pushes were made
and hat shapes shown in consisting of (9) tees and (3) hats, Extrusions
Figure 2 in 15 to 20 foot over 20 feet with uniformly acceptable
lengths with 4 3/4" dia. surface finish but with varying degrees of
billets in 1650 ton hori- pickup score lines were produced,

zontal press,
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Series "B"
Objective

Extrude small 2 3/8" dia.
billets in the 440 ton vertical
press into 3/32' x 1"

angles to determine condi~
tions which caused scoring
obtained in "A' above,

Series "C"
Objective

Extrude the Part III tee

and hat shapes in 15 to 20
foot lengths with 4 3/4" dia,
billets in 1650 ton horizontal
press. Extrusion conditions
similar to "A" except for
use of particle free glass
grade found to extrude

best in Series '""B" trials,

Results

A total of (16) pushes were made. Scores
resulted from foreign particles or excess
extrusion speed, Particles created local-
ized pickup whereas extrusion speeds
which did not permit formation of an
adequate glass film resulted in catastrophic
overall pickup.

Pickup which was almost indiscernible on the
die became aggravated in reuse of the die,

Results

Pickup scores were still present on all
extrusions to at least the same degree as
obtained in "A", Results were poorer
than in '""B", A likely reason for the
poorer results was the inability to heat
the 1650 ton container.

Nine additional billets were extruded into 1'' x 1'" x . 1'" angles on the
440 ton press to investigate die pickup, but conclusive results could not

be obtained,
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3. Heat Treatment Study and Mechanical Property Testing

During Part IIl, a series of tests were conducted at Republic Aviation anAd
Babcock and Wilcox to confirm the results obtained in a heat treatment study
with C135 AMo titanium alloy extrusions at the Midland Research Laboraiories
of Crucible Steel. The Crucible work indicated that high (1800° F) solution
temperatures with 1150-8 hour or 1200°F-4 hour aging, would produce the
combined target properties of 180,000 with 8% elongation. Previous testing at
Republic indicated that high solution temperatures result in brittle failures

or elongations considerably below the 87 target and that 1650°F solution
temperatures resulted in the best combination of tensile strength and elonga-
tion. It should be noted that this treatment was borderline and although the
strength objectives were met, elongation of only 7% were typical,

A program was formed between Babcock & Wilcox, Crucible Steel and
Reputlic Aviation to evaluate the heat treatment developed by Crucible Steel
for 7Al 4Mo extrusions, The objectives of the program were:

l, To determine the consistency of the heat treatment,

2, To determine whether RAC and B&W practices would
reproduce the Crucible results,

3. To determine whether standard tensile specimens would
equal the Crucible results with sub=size specimens,

Tests were conducted with 7Al 4Mo titanium alloy rounds and angle
extrusions produced by Comptoir during their exploratory extrusion trials at
1650°, 1700° and 1750°F extrusion temperatures,

When the Crucible heat treatment was employed with 1/4" round
tensile specimens having 1' gage lengths, the target properties of 180,000
psi ultiraate strength with 8% elongation were consistently obtained, ¢

However, the 1/2'" flat 2" gage length tensile snecimens did not
meet the target properties when heat treated with the optimum Crucible
treatment, Strength levels were similar to those reported by Crucible but
elongatioa in the standard size 2, 0" gage length specimens tested at Republic
Aviation ranged from 0 to 3% with most failures occurring where the specimen
radius blends into the reduced area, Elongations of 8-=9% were obtained with
similarly heat treated , 6" gage length microtensile specimens tested at
Crucible and these failures occurred near mid-gage,

It was suspected that this discrepancy in elongation could be attribuied
to the large difference between the , 6 and 2, 0" gage lengths ince in titanium
a large proportion of elongation is noa-uniform, Microtensile specimens
were prepared from the fractured 2, 0'' gage length specimens as indicated
in the lower sketch in Figure 32, Since the standard specimens were prepared
in a 7' overall length, it was possible to cut the microspecimens from the
fractured specimens so that the new , 6 gage length was entirely in the area
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previously under the grips, Because of inadequate section lengths, the
microtensile specimens could not be made long enough to allow for clear=
ance between the grips sufficient to permit attaching an extensometer,
Therefore, stress-strain curves could not be obtained, However, the
primary objective of the microtensile tests was to ascertain whether the
high (8-9%) elongation obtained with 188,000 to 190,000 ultimate strength
could be attributed to the difference in the gage length and the cross

section proportions between the standard and the microtensile specimens,
The results indicate that the typical elongation of the microtensile specimens
is 6% with 190,000 psi ultimate strength as compared to a typical 2% elonga-~
tion with 185,000 psi strength for the standard specimens,

The following explanations are offered for the variation in elongation
obtained with round, flat micro and flat standard tensile specimens (Figure 32),

1, Standard quarter-inch round tensile bars of 185,000 psi strength
levels exhibited typical elongation values of 8% over a one=-inch gage
length, Although the theoretical stress concentration factor across
the fillet of the round specimen and through the transition area of the
standard flat specimen were both equal to 1, 122, the stress flow
along the reduced area was more evenly distributed in the round
bar, In the flat specimen, additional stress concentrations at the
corners reduced the ductility available in the material,

2, Some of the increase in elongation obtained with microtensile
specimens was attributed to the shorter gage length, The increase
effect was typical in shorter gage length testing since the local
necking near the fracture was more significant in overall elonga=
tion when divided by , 6! than when divided by 2, 0" gage length,

Additional testing was performed to compare properties of the
Part III extrusions straightened at the 1000°-1100°F and 1400°-1500°F

temperature range, Both the Ti 7Al 4Mo and Ti 6Al 4V titanium alloys
were tested for:

a) shortetime room and elevated temperature tensile
properties

b) room temperature tensile properties of specimens
exposed to 800“F for 500 hours

c) room temperature flexure fatigue strength

d) 800°F creep when exposed at 2/3 ultimate for 10
hours and 1/3 ultimate for 500 hours

The flexture fatigue tests were conducted with specimens with severely

mottled extrusion surface, lightly mottled extrusion surface and ground sur-
face for comparison,
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Test results indicated that room temperature tensile strengths
before and after thermal exposure, and elevated temperature tensile strengths
of both alloys were higher for material strengthened in the 1000°F range,
Elongations for both alloys were higher for material straightened at 1500°F,
Typical room temperature properties for 6Al 4V extrusions straightened at
1100°F were 152,000 psi ultimate strength with 6% elongation before exposure
and 151,000 psi ultimate with 9, 5% elongation after exposure to 800°F for
500 hours, For 6Al 4V extrusions straightened at 1500°F, typical properties
were 148, 000 psi ultimate with 8, 5% elongation before thermal exposure and
147,000 psi ultimate with 8, 5% eloagation after thermal exposure,

The results suggested that intermediate straightening temperatures
should be investigated, However, it was anticipated that the warm drawing
operation after straightening would decrease the critical aspects of the
straightening temperature regarding mechanical properties, With this as
a consideration, the lowest possible straightening temperature was used in
the Part IV work to minimize the occasional localized necking which occurred
at the higher temperature range, Localized necking was undesirable since
it presented non-uniform cross sections for the subsequent warm drawing
operation,

Unstressed exposure at 800°F did not significantly alter tensile
properties for material straightened at both temperatures, Flexure fatigue
tests indicated a greater undesirable effect on fatigue life occurred as the
degree of mottled surface became more severe,

The creep tests made =t 1/3 stress level at 500-hours show that 7Al
4Mo extruded tee alloy had better high temperature properties than the 6Al
4V extruded alloy, Both alloys were well within the allowable tolerance of
0, 5% maximum creep at 800°F,
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D. PART IV - EXTRUSION AND DRAWING DEVELOPMENT OF
THIRD CATEGORY SHAPE

1., Extrusion and Straightening Development and Billet Heating
Trials at Babcock and Wilcox Company

a. Extrusion Development and Billet Heating Trails

The general objectives of the Part IV tee extrusion trials
were to extrude 1/8" tee shaped sections to prove the extrusion process using
the best extrusion practice developed under Part Il and to develop new
techniques for extruding thinner tee sections down to 1/16",

The extrusion of thinner tee shapes generated higher die
heat due to the greater deformation work at the die, The die materials,
therefore, had to be fabricated from higher heat resistant alloys or be ther-
mally protected by the lubricant to remain below the plastic flow tempe rature
of the die material,

In extrusions of tungsten at the Wright-Patterson Air
Force Base Extrusion Facility, exceptionally good surface with practically
no die erosion was obtained by steel dies coated with alumina at Republic
Aviation, In view of the good results obtained with the tungsten extrusion
trial, alumina coated dies were evaluated for extruding titanium shapes under
1/8",

The general procedure for coating the die surface was as
follows:

(1) The die surface was degreased ,

(2) All areas to be coated were protected with
a rubber base maskant.

(3) All exposed die areas were sandblasted to
remove residue grease and handling
contamination,

(4) An undercoat of molybdenum metal, ,001 =
. 002 inches thick was applied with a Metco
KD Gun ’

(5) Rokide A alumina rod ceramic composition
was sprayed over the molybdenum under-
coating,

(6) The rubber maskant was removed and final

machining or hand grinding of the coating
was employed to size the dies,

During Part IV, four (4) extrusion trials covering five (5)
days were held
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A total of sixty-nine (69) pushes were made consisting of seven (7) pushes
of Ti-4A1-3Mo-1V, eight (8) pushes of Ti-6A1-4V, and fifty-four (54) pushes

of Ti-7TA1-4Mo.

The results of the extrusion trials and billet heating trials conducted
during the same period are summarized below:

(1) High container temperatures (900°F - 1000°F) in
combination with the glass lubricant of proper viscosity resulted in a uniform
and continuous glass coverage on the extrusion surface,

(2) Longer heating time of the glass protected billet increased
the depth of penetration of oxygen contamination in billet surface marks,

(3) Cast billets extruded without any difficulties and produced
surfaces comparable to forged billets, Oxygen contamination was more severe
with the cast st-ucture,

(4) Extrusion of , 092" thick tee shapes was realized using the
best extrusion technique developed for 1/18'" thick tee shapes, but scoring and
die wear occurred about 12 feet from the front end of the 20 foot extrusion and
ceramic coated dies were indicated for extrusions 3/32'" and thinner,

(5) Continuous glass lubrication was realized with the 3KB-14
mesh glass ring/glass wool die lubricant pad. The glass ring provided a
reserve of molten glass and also directed material flow by preventing shearing
in the billet radius at the die approach area, ,

Provision of an orifice in the glass wool pads is required
to prevent stickers from die blockage.

(6) Dishing of the billet nose had an advantage over the flat
nose billets in terms of creating a grzater r2servoir of molten die glass
available to the billet surface at the die opening and easing metal flow,

(7) The initial peak and average extrusion pressures for the
. 092" and . 062" tee sections were comparable to the pressures experienced

with the ., 125' tee extrusions,

(8) The initial peak and average extrusion pressures for the
45 and 60-minute billet heat soak time at 1800°F were comparable to the
pressures experienced with longer heating times - 90 - 125 minutes,

(9) With respect to dies, the uncoated dies experienced wear,
wash and hot creep deformation at extrusion ratios over 40:1, whereas
with the ceramic coated dies, the die material remained undisturbed. The
alumina coating was superior to chrome oxide coating, Mechanical damage
to the land area coating during removal of the billet discard was obtained,
Therefore, it could not be determined whether more than one push per

coated die could be obtained,
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(10) Micro-examination comparison of extruded surfaces
indicated that oxygen stabilized alpha titanium contamination was minimized
with decreased billet heat soak time at 1800°F, The optimum heating time
ranged from 60-65 minutes,

(11) Good lubrication resulted from a double roll pass of
the billet through the 318-14 mesh glass powder on the runout table to obtain
a heavy coat.

(12) The use of the E-71 family of glasses for all extrusion
locations resulted in poor lubrication properties and extrusion surface
scoring as compared to the practice oi using 85, 318, and 3KB glass com-
positions. However, a combination of t ‘e 85 billet coating with E-71 glass
compositions {(push Nos. 235 and 238) for O. D. and die lubrication resulted
in the smoothest extruded surfaces of the Group 19 trial. This combination
will be evaluated in the initial trials of Part V,

(13) Application of the glass coating for heating protection
by dipping the billet into the slurry resulted in severe spalling of the coating
when handled with tongs. This occurred in both the wet charge method and
oven drying the coating prior to charging and handling of the billets, In
contrast, the sprayed billet ccating remained intact during the billet transfer
procedure.

Examination of the glass coating immediately upon
removal from the furnace at 1800°F showed a uniform, continuous, smooth
fused glass coating for sprayed billets, as compared to non-uniform, porous
glass coverage associated with the dip coated slurry.

Good results, in terms of smooth extrusion surfaces
without contamination, were obtained when the billets were belt ground and
polished smooth prior to glass spray coating which was applied at 300°F
and then oven dried.

b, Straightening Development

Straightening procedures developed in Part 1II were employed
to straighten the Part IV extrusions. The major contribution of the Part IV
straightening work was the coupling of a punch straightening operation to the
stretch straightening operation,

Punch straightening was performed on a 300 ton horizontal
press and succeeded in reducing bow to 1/4" in a 20' section and eliminating
camber, It is imperative that the extrusion is punch straightened while
still warm to avoid imparting kinks to the extrusion, This requires close

proximity of the punch press to the stretch press and demands haste in
transporting the extrusions from the stretch press to the gag press.
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5 Extrusion Development at Battelle Memorial Institute

Prior to embarking on a full scale extrusion program to produce the
thin section tee extrusions at the Babcock and Wilcox production extrusion
facility, pilot studies on glasses for heating and lubrication, and accompany~
ing modifications in extrusion practice were conducted on the experimental
extrusion facility at Battelle Memorial Institute,

Glass Studies

Initial efforts were directed towards evaluating protection and lubri=
cation glasses, A study of the reactivity of a number of glasses with titanium
indicated that the potassium borosilicate glass E~71 rearted least, However,
its viscosity characteristics in the temperature range 1750 to 1850°F were
such that it could not be used to serve simultaneously as a heating glass,
container lubricant, and die lubricant, Therefore, a family of glasses based
on E-7]1 were developed which had the following characteristics: (1) compat-
ible with one another, (2) as inert to titanium as the base glass, and (3)
permitted the selection of glasses for the various functions by having a range
of viscosity,

Four glasses were developed with variations in both the SiO,/B.,0O
ratio and minor oxide additions for viscosity evaluation, The glasses were
designated as E-71A, E-71B, E-71C and E=71D,

The glasses were smelted at 2200°F for 1 hour and water quenched,
After drying, the glasses were ground to pass a 50-mesh screen,

For relative viscosity tests, cylindrical specimens 1/2=-inch diameter
by 1/2e«inch long were compacted under 6 tons pressure, Each pellet weighed
3 grams,

One pellet of each glass composition was placed on a 16-gage stainless
steel '"setter' and heated for 2-1/2 minutes at 1750°F, The setter was then
tipped at an angle of 110 degrees to allow the glass pellets to flow down the
setter sheet, After 1 minute in this position, the setter was removed from
the furnace and the length of flow of each pellet was determined as a measure
of relative viscosity, Flow lengtas for the various glasses were:

Glass Length of Flow, inches
E-71A 2,084
E-71C 2, 149
E=-71 (Base) 2, 334
E-71D 2, 612
E-71B 2,783

These results gave the desired viscosity variations, namely, two more
viscous and two more fluid than E-71,
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The experimental glagses were crushed in a roll crusher, ball
milled, and screened to provide material having particle-size limits of
=80 mesh + 120 mesh for making glass pads, The sized glass was mixed
with 5 weight percent liquid sodium silicate as a binder and compacted
into pads 3 inches in diameter 0a a small press under a pressure of 2000
psi, Pads were dried in air at room temperature over night and then
dried at 185°F over night,

Extrusion Facilities

Extrusion trials were conducted on a 70)-ton vertical hydraulic
press in the Battelle metalworking laboratory, This press was equipped
for hot extrusion and has the following performance characteristics:

Main ram force 700 tons

Container sealing force 100 tons

Ram closing speed 1070 ipm

Ram pressing speed 80 ipm "
Coatainer size 3.2 in, diameter x 14 in, bore
Maximum container temperature 1000°F

Stem size 3 in, diameter x 19 in,
Maximum billet length 10 inches

Maximum stem pressure 190,000 psi

Accessories are available for control and measurement of ram speed,
container temperature, and pressure, The press is located over a readily
accessible pit 15 feet deep,

A 30-kw, 3000-cycle induction heater having a controlled argon flow

atmosphere heating chamber was used for heating the glass coated billets
to lSOO.Fo

Extrusion Trials

A total of sixty-six (66) pushes were made with Ti 7TAl-4Mo titanium
alloy, The initial extrusion effort consisted of four (4) pushes to establish
a reference condition from which modifications in the use of glass, heating
practice, die design, could be evaluated, These trials were made with
0. 125 inch tees following as closely as possible the best practices evolved
in the Babcock and Wilcox work,

Evaluation trials were then made on the 0, 094=inch tee following
essentially the same practices, but with the experimental glasses, These
trials were set up to ascertain the optirnum glass-viscosity requirements
for container and die lubrication consistent with the best billet coating
practice for heafiag,
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Subsequent trials were made with the . 063 inch tee in an effort to
optimize the use of the glasses for extrusion, Variables that were con-
sidered were: Glass pad thickness and form; Glass pad temperature;
Die glass grain size,

Several pushes weie made with alumina coated and uncoated dies to

evaluate the alumina coating, Figures 33 and 34 show the condition of the
two types of dies after extrusion,

Results

The results of the trials showed that with alumina-coated dies, the
best combination of glasses on the basis of surface finish and dimensional
uniformity was E-71A and zlass wool for the die, E=71 or E-71B for the
billet coating, and E-71B for container lubrication,

he effects of the glass variables on the performance of the glasses
are summarized below for die glass E-71, E=71A and E-71B,

Glass grain sizes of 20, 100, and 325 mesh were evaluated using the
open ring with 1 glass wool pad (Tests 40, 42, 43), Better die fill and overall
glass coverage was obtained with the 20-mesh glass, but the best as extruded
surface finish was obtained with the 100-mesh glass, It appeared that with
20-mesh and 100-mesh glass the glass particle flow during pad crushing at
the oatset of extrusion promoted die fill and resulted in better lubrication,
The 325-mesh glass pad was very hard as compacted and little or no pad
crushing occurred, Thus, melting of the glass particles did not appear to
be as uniform with a hard, fine-mesh glass pad as with a more friable,
coarse-mesh glass,

Both the pad shape and the conditions under which each pad shape
was used had significant effects on extruded quality, The use of glass wool
in addition to the die pad also proved to be an important factor in the overall
lubricating process,

The use of a tapered ring at room temperature with 3 glass wool pads
produced a good overall extruded sectinn, The use of a shaped pad at room
temperature without glass wool gave an inferior product, Heating of th:
shaped pad to 1000°F improved results somewhat,

Thus, on the basis of glass variables only, improvement in surface
finish and dimensional accuracy were mainly the result of:

(1) The use of glass wool in combination with the compacted
ground glass pads

(2) Preheating the compacted ground glass die pads

The advantage of the glass wool appeared to be in its melting chare
acteristics in contact with the hot billet, The individual strands of glass
fiber are much finer than the glass particles normally used in compacted
pals, Melting of the fibers appeared to be more rapid than the ground glass,
so that a film of molten glass was immediately available at the die, at the
start of extrusion to supplement the glass applied as a coating for heating,

As extrusion proceeds, the compacted pad begins to melt and supplies the
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glass for the remainder of the extrusion,

Preheating the ground glass pai to 1000°F appeared to have several
advantages: (1) less time was required to melt the glass, (2) les s heat was
removed from the billet to melt the glass, and (3) no heat was removed from
the die in coatact with the glass, All of these factors coatributed to achiev-
ing the conditions desirable at the billet-die interface for proper glass lubri=-
cation; namely, a film of completely molten glass with no solid glass particles,

Conclusions

Several significant effects of glass variables on extrusion guality were
observed in the trials and the following conclusions can be drawn:

l¢ A relatively high viscosity glass improved the die fill at the
start of extrusion

2, Glass in fiber form had more favorable melting character=
istics thon granular glass for providing lubrication at the start
of extrusion

3, Preheating compacted granular glass pads to the die
temperature (1000°F) improved the lubricating performance
of the glass

4, Granular die pad glasses give better die fill and surface

finish when used in the «30 + 10)-mesh size range than in the
=325 mesh range,
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3. Warm Drawing Development at Allegheny Ludlum Steel Corporation

a. Introduction

The Titanium Metals Corporation of America was selected to con-
duct the warm drawing portion of the program, The work was performed
at the Allegheny Ludlum Steel Corporation facilities. Because of the large
amount of development work that was required for warm drawing equipment,
it was decided to perform the initial development work with 1/8'", 3/32" and
1/16" shapes prior to drawing the tee shapes to the target . 043" thickness,
After workable equipment was developed and the large amount of variable
parameters relative to lubrication, temperature and die design were nar-
rowed and/or fixed during development work with the larger sizes, the
drawing development for the , 043" shapes proceeded at an accelerated rate.

Based on the above, a four-phase program was initiated. The
phases are generalized as follows:

Phase I Development of the drawing techniques for sizing
as-extruded shapes having a cross section of
0. 125 inch,

Phase II The development of drawing techniques for the

production of shapes having an 0. 063 inch cross
section from extrusions of 0, 125 inch section.

Phase Il The development of sizing procedures for extru-
sions having a cross section of 0,075 inch. This
was modified to start with nominal 0. 095 inch
thick extrusions,

Phase IV The development of drawing procedures to make
0. 040 inch section shapes from extrusions having
an initial thickness of 0,063 inch.
b. Equipment Development

1. Heating
Induction - Initial heating trials were concerned with the development
of induction heating techniques. A 100 kw induction heating unit was procured,
on a rental plan, from Lepel High Frequency Laboratories.

The temperature sensing device of the thermistor (infrared radiation)
type produced by Mason Instrument Company was connected to the Pyrotel
temperature controller which, in turn, controlled the 100 kw power pack,
Figure 35 illustrates relative position of the 100 kw Lepel unit and Pyrotel
RMF controller in relationship to the draw bench and induction coil.

The induction coil was three feet long and consisted of flat copper
tubes wound around a ceramic (Fiberfrax) liner. Sight ports were provided
in the liner through which the Mason instrument could read infrared radia-
tion and record temperature. The coils were uniformly spaced 5/8 inches
apart as received. The coil was mounted as shown in Figure 35

88



bl A

Sighting with the Mason instrument at a point 6 inches from either end
of the coil resulted in a temperature 250°F higher in the center than at either
end due to end cooling effect. With the refractory liner removed, the temp-
erature was uniform along the entire length. The inverse temperature gradient
in the exit half of the coil negated temperature control since the sensing device
was seeing a temperature higher than that initially controlled. Under dynamic
drawing conditions, uncorrected, thc coil would develop a 500°F temperature
fluctuation in a three-foot interval. To correct the condition, the coil was
respaced with an additional two turns in the front end to obtain a hotter zone
at the exit end. In addition, holes were drilled in the cen:er portion of the
liner to facilitate dissipation of heat. This resulted in a positive temperature
gradient from the control point to the back and the unit controlled proportion-
ately the power demands, The control point was placed 12 inches from the
exit end to obtain improved control. All initial temperatures were determined
by welding thermocouples to the test extrusion.

The potential effect of emissivity of various lubricant systems on
determining metal temperature with the Mason instrument was ascertained by
heating a bright pickled surface and one coated with a black graphite lubricant,
The maximum temperature variability was only 25°F and thus presented no
problem in the lubricant study.

Continuous problems were encountered with the induction heating
system. During the initial trials, ''shorting'" between the titanium extrusion
and the coil resulted from arcing of the extrusion to a wet liner. The highly
absorbent fibrax liner material was wetted by absorbing water of condensation
from the coil turns., The arcing was eliminated by applying a water resistant
coating of glyptol to the O,D, of the liner and by the use of preheated cooling
water to the coil, Other problems that were associated with the induction
heating system were burnout ot the coil due to overheating from insufficient
cold water flow through the coil and splitting of the underground, water-cooled
coaxial power lead from ice formation in the line.

The coil requirement to obtain a ¥ 25°F temperature control in the
€00 - 1300°F temperature range did not perform as anticipated; uniform heating
could not be obtained. A second sensor head was incorporated for uniform
heating, and damping circuitry was installed to reduce response of the sensor
to compensate for a tmle delay functlon These factors reduced the temp-
erature variance from - 500°F to ¥ 100°F. This was still beyond the tolerance
necessary for the program which required temperature control in order to
evaluate a wide range of lubricante and develop the optimum lubricant system,
The temperature controlling device was disregarded and temperature curves
for constant power heating were developed. By heating with a constant power
input, temperature variability was reduced to a nearly acceptable < 50°F but
at the expense of temperature and draw speed selection,

When attempts were made to draw thinner shapes, it was found that

the equipment could not heat 1/16 inch and thinner sections to warm draw
temperatures of 1000°F without major, costly modification. A decision was
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made to develop a resistance heated tube furnace and to dispense with the
induction heater,

Radi>nt Tube, Resistance Heated Furnace

The radiant tube furnace, is illustrated in Figure 36

The central resistance heated tube chamber was Type 310 stainless
steel, a nominal 3.00in I.D, x 0,098 in, wall x 12 foot length, The tube was
surrounded by 2800 series refractory MgO bricks and a carbon steel shell.

One foot of the tube protruded on each end to which the water cooled copper
power clamps were attached. Two G.E, 1500 amperes continuous duty DC
rectifiers were installed in parallel to supply 3000 amperes, 0-40 volts DC,
The primary power source was three phase 550 volts, approximately 200 KVA;
the secondary was metered. T.ae temperature was controlled by a controlling
thermocouple.

The satisfactory temperature control in heating an extrusion
longer than the furnace is depicted in Figure 37, The furnace, located about
6-3 inches away from the die stand, was set at 1325°F; the extrusion was
then introduced with one end about 18-24 inches from the discharge port,
heated 30 seconds, pushed through the die, and drawn at 12 fpm. In this
curve the temperature varied only from about 870°F minimum to about 950°F
maximum; one instantaneous peak of 1010°F was recorded. The power was
generally on for 10-15 seconds (10-12V, 2500 A) and then off for 60-90
seconds. The Pyrotel head was used to measure draw temperatures and
was placed 8 inches from the exit end of the furnace.

-

Minor, but objectionable arcing occurred sporadically when the
thin edged extrusions were in contact with the extremities of the tube furnace.
The severity and frequency of the areas of metal spark erosion are depicted
in Figure 38, However, few failures through these notches were observed upon
drawing. Initially, to circumvent this arcing, rings of liberfrax were
inserted on both of the ends and the middle of the tube furnace to keep the
extrusion from contacting and arcing to the tube. A more positive means
of preventing arcing consisted of turning the furnace power off during the
draw operation. This practice was feasible as the temperature losses during
the short draw cycle were minor in the well-insulated furnace. However,
this practice was limited to extrusions about 12 feet in length.

Resistance Heating and Electric Furnace

Due to equipment limitations (straightening facilities in particular)
the warm draw program was transferred to the Titanium Metals Corporation
upon installation of the new warm draw facility at Toronto, Ohio. The heating
equipment consisted of a 20!, three zone, side opening electric furnace., The
furnace was placed in the draw bench trough adjacent to and lined up with the
die stand. Electrode clamps were situated alongside the electric furnace for
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resistance heating the shapes prior to insertion in the furnace. Resistance
heating was employed to minimize the time at temperature of the extrusion
to avoid lubrication breakdown. The electric holding furnace was used

to equalize the temperature throughout the length and obtain uniform heating.

This arrangement proved entirely satisfactory and is the type
of equipment recommended for warm drawing,

2. Gripper-Head and Jaws

One of the most persistent problem areas which hindered progress

in warm drawing was the inability to consistently grip and hold the extrusion
during the drawing operation. The normal force distributed to the surface
of the extrusion from jaws operating at 30° angles was not adequate. The
three cylindrical jaws each actuated separately from a 500 pound pressure
attained from a nitrogen bottle invariably permitted slippage and rapid point
deterioration on almost any patterned, nitrided, steel jaws. Figure 39
illustrates two of the three jaws and the rounding off of the 1/8 inch diamond
pattern teeth which rendered further drawing impossible. The jaw material
was H-11 die steel nitrided to a 0.015 inch case depth.

Cutting of the O-ring viewed in the bottom cylinder in Figure 39
was a frequent occurrence in all three jaw inserts at one time or another;
the net effect was an excessive loss of gripping pressure and failure to draw.
The cutting of O-rings was attributed to one cylindrical insert progressing
further than the other two separately actuated inserts and cutting of the ring
on a metal stop. The frequency of this phenomenon increased with the
shortening of the inserts from repeated recutting of the diamond pattern,

An effort was made to avoid some of the difficulties in jaw
gripping by evaluating a simple form of pin insertion. For simplicity sake
only one 1/2 inch diameter pin was inserted through the vertical leg. The
point failed by shearing and no drawing transpired. No further efforts at pin
gripping were attempted,

Several designs of the diamond pattern jaws were evaluated but
none proved entirely successful, The best results were achieved with a
modified 1/16 inch diamond pattern, illustrated in Figure 40. The positive
gripping achieved with this improved design is viewed in Figure 41. The
wide (1/8'" diamond) did not penetrate the titanium extrusion surface to the
same depth as the 1/16'" pattern, However, only moderate success was
achieved with the design, Efforts to improve gripping entailed torch heating
the grippers to about 300/500°F; it was felt that in handling the thin 1/16 inch

extrusions, the jaws would not then act as giant heat sinks and chill the sections

to the point that securing the shape would not be possible, Moderate success

was indicated but more desirable means of heating the jaws would be necessary.

The problem was finally solved by replacing the gripper head with

an 8 inch Hufford Universal Gripper, The jaw inserts were of the same design
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as used in the Babcock & Wilcox stretcher straightener, but the insert
material was different, The inserts manufactured by Hufford were 1020
carbon steel heat treated, carburized and then chrome plated. It was no
longer necessary to actuate the jaws with 500 psig as had been the case with
the old head; the new jaws were actuated with 80-100 psig bottled nitrogen
or air, Laboratory testing prior to delivery of the jaws indicated that a
1-1/2inx 1-1/2 in x 0, 120 in, thick T sustained a 43, 330 1b load (120 Ksi)
without slippage.

Subsequent warm drawing trials justified the transition to the
Hufford Universal Gripper heads; no slippage was encountered under the
most adverse conditions,

3. Draw Dies

One of the major accomplishments of the program was the design
and development of the split tungsten carbide draw dies, The original concept,
designed by American Carbide Company, Union City, New Jersey and the
modification designed by Republic Aviation are shown in Figure 42. A view
of the die inserts assembled in the die case can be seen in Figure 43, The
split die sections were held by means of screw loaded wedges.

The major reason for using the modified design (Figure 42)
was to eliminate working the edges of the tee during a reduction pass which
caused buckling and "Chevron'" defects (See Figure 44), The new design
pe rmitted unrestrained working of the edges and eliminated the '"Chevron"
defect, In addition, the complicated , 010" recesses to contour the edges of
the extrusion in drawing were eliminated so that machining time for the
modified design was considerably less, Dimensional control was accomplished
hy altering the size of the three steel shims, It would be possible to incorporate
end working in a final pass by introducing carbide end blocks with the desired
rz dius,

Shims were made to accommodate changes in the die opening from
. 093" to, 040" with one set of dies, Another advantage of the modified design
is that it could be used for various tee configurations (and in fact, was used
for the Part V work) resulting in considerable savings in tool cost,

Some of the difficulties encountered with the draw dies was cracking
of the bottom block, This was traced to the fact that the top blocks and shim
assembly exceeded the bottom dimension by , 0015" thereby resulting in some
slop of the bottom block which resulted in cracking at the radius area.

The condition was overcome with careful dimensional control,

assuring the bottom block being 0, 0005 inch larger than the cumulative size
of the upper two top blocks and shim. Another problem was thermal fatigue
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which resulted in heat checking of tlie top right and left hand blocks, as seen
in Figure 45, The blocks were not polished prior to photography.

It was assessed by the supplier that the defects were about 0, 010
inch deep. To avoid this heat checking, the dies and die case were preheated
to 500°F prior to usage in warm drawing.

No further difficulties were experienced with the draw dies, and
periodic inspection of the dies indicated no wear was encountered,

c. Process Development

The process development consisted of an evaluation and development
of a lubricant system, and an evaluation of drawing speeds and drawing temp-
erature, In addition techniques were developed relative to pointing of the
extrusions and guiding the extrusions to eliminate bending moments on the
points as the extrusion is drawn. The initial work was conduc ted with four foot
lengths prior to using ten and twenty foot lengths,

Lubricant System

Good lubrication during the draw operation is necessary to prevent
seizure of the metal to the die and galling of the extrusion, The lubricant system
must have the ability to wet the extrusion and adhere without spalling off during
handling and during the preheat operation. The lubricant must also resist
breakdown when subjected to the heat generated at the die face by the metal
reduction,

Various lubricant systems such as colloidal graphite (Px:oda.g, Aquadag),
molydisulfide (Alpha-Molykote 196X) and Fiske 604 (lithium grease, alum-
inum, mica, molydisulfide, bentonite) have been investigatec:'l and employed
successfully from 750°F to 1150°F over a chemical conversion coat. A
glass -type lubricant such as Phosphatherm (a phosphate type glass) was
investigated at 1150°F in a preliminary fashion with only mild success due
to limited temperature control for such a lubricant.

The lubricant system which performed best and which was selected
for the Part V work consisted of the following:

An Amchem Granodraw T subcoat which is a conversion coating was
put on the extrusion to facilitate wetting of the extrusion by the lubricants, This
was followed by a lime dip coat and a brush coating of Alpha Molykote 196X
which is a moly disulphide. Fiske 604 lubricant, which is a Bentone type base
product combined with graphite and aluminum powder and mineral oil, was
applied at the die face.
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Draw temperature and draw speed

Preheat temperatures ranging between 800°F and 1400°F and
draw speeds between 6 ft. per minute and 24 ft, per minute were investigated,
The temperature of the exiting extrusion can be controlled by varying the
distance between the furnace exit and the die orifice at a preset furnace
temperature and draw speed. This distance is critical as rapid cooling of the
thin tee section occurs due to radiation losses, The 10'long furance was
capable of heating the 1/16'" thick and thinner extrusions uniformly to draw
temperatures of 10N00°F at the die entrance at draw speeds of 12/14 fpm without
difficulty, The distance between the furnace and the die stand was 7' and the
furnace was preset at 1350°F,

Higher preheat temperatures would result in lubrication burnoff
and subsequent galling of the extrusion., Galling of the extruded surface due to
lubricant breakdown is illustrated in Figure 46, The 1000°F draw temperature
was found to be satisfactory in that relatively low draw loads (in the order of
7000 1bs, for a 10% reduction) were obtained.

With the 20' electric furnace at the TMCA facility, good results
(low draw loads and elimination of galling due to lubricant breakdown) were
obtained with a preset furnace temperature of 1050°F and a draw speed of
24 feet per minute,

Draw Force

Facilities for recording stress during warm drawing were in-
corporated in the drawing assembly at the Allegheny Ludlum plant., Figure 47
illustrates the location and nature of the load cell, The cell, a threaded round
with a 1-1/2 inch diameter reduced section was calibrated in a 60, 000 1b,
Riehle universal testing machine. During the actual drawing, a Heiland
Visicorder was incorporated into the equipment for a continuous record of
loading.

At the TMCA facility, a recording ammeter was employed as an
indication of the draw force, The ammeter measured the DC current to the
motor pulling the trolley., At 100% motor amperage rating, a 50,000 pound
pull would be exerted on the 50,000 pound draw bench,

The mean draw forces encountered ware in the order of 5000 to
10, 000 1bs, for 107 reductions,

Pointing

Both grinding and chemical milling of the points were utilized.
The procedure employed consisted of grinding the fillet radii to insure inser-
tion through the die and chem miliing the points in a solution of 35 HNO, and
5HF. Metal removal was at the rate of 1 mil per minute. Undercutting at
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the air-liquid interface was prevented by taping that area of the shape, It
should be emphasized that care must be exercised during the pointing
operation to avoid making the points too thin, Excessively thin points caused
numerous difficulties when the program was transferred to the TMCA facility
in that continual point slippage and/or breakage occurred.

Point slippage occurred because the buildup of the pasty Fiske
lubricant on the Hufford Jaws prevented closure on the excessively thin points,
Point breakage occurred when the thin points could not carry the draw force.
Further effort is required in the area of pointing extruded shapes to make the
process attractive,

General

It was generally established that laminations, seams and striations
greater than , 006" could not be refined in the drawing process, Figure 48
shows the appearance of a lamination after drawing from 3/32" to ., 080",

Figure 49 illustrates typical distortions that were obtained after a
warm draw pass resulting from non-uniform metal flow, Since the extrusions
required straightening after each pass, hot stretch straightening (1500/1550°F)
was employed which imparted an anneal to the extrusions, Therefore, it was
not determined whether an in process anneal was necessary after each draw
pass to avoid internal shear cracking due to work hardening of the section,

The warm draw process developed during Part IV accomplished the
following general improvements in the extruded product:

l. Ironed out transverse glass markings and light striations
(under ., 006" depth) on the extruded surface,

2. Improved surface finish approximately 50% (from 200 u in RMS
to 100 u in RMS and from 125 u in RMS to 75 u in RMS).

3. Improved dimensional tolerances to + ., 004" on thickness
dimensions.

Tensile Property Survey and Microstructural Examination

A series of samples were procured from the as extruded and
straightened extrusions and from extrusions after warm drawing to determine
mechanical properties and heat treat response of the material before and after
warm drawing., The data for the three alloys: Ti-7Al-4Mo; Ti-6A1-4V; and
Ti-4Al1-3Mo-1V are listed in Tables 6, 7, 8 and 9, Included in Table 6 are
tensile tests at 1000°F which indicate the relative ease of drawing at this
temperature for the three alloys. It can be seen that Ti-7Al-4Mo offers the
greatest resistance to flow and Ti-6Al1-4V the least, Table 7 reveals the
properties of a nominal 3/32" T shape of Ti-7Al1-4Mo warm drawn to 1/16",
The properties are equivalent to the properties of Ti-7Al-4Mo as extruded
shapes similarly heat treated, but slight improvements in heat treated
ductility are indicated,
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The material was examined metallographically in both the as
extruded and straightened condition and after warm drawing. The photo-
micrographs are shown in Figures 50-57. A minor structural refinement
is noted in the primary alpha particle size of the extrusions drawn to 1/16"
from 3/32" when a comparison is made to an as-extruded 1/16" section
(See Figures 54 and 55).



View of Warm Drawing Assembly,
Left Rear, 100 KW Unit; Right Rear Control Unit;
Left Front Trolley on Draw Bench; Right Front, Induction Coil

FIGURE 35



Resistance Heated Stainless Steel
Muffle Tube Furnace

FIGURE 36

020 30 40 SO0 60 70

0

Temperature measured at die entrance, 8 inches away
from the exit end of furnace

Temperature Uniformity Along the Length of a
Warm Drawn Extrusion, Heated in a Resistance
Heated Tube Furnace, Ten Foot Long

FIGURE 37
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Approx. 2 1/2X

Views Illustrating Heat Checking Noted in the Upper Right and Left
Draw Die Inserts of Tungsten Carbide. Hairline Cracks are at

:
Approximately the Bearing Line

FIGURE 45



9% Y NDIA

juedlIqn J101133X5 2yl se deog ajeieals OOF
91 011 "0 243 Ysnoly], A[30241g um®eI( WIBA SUOISNIIXT

18epy Buis)
om] JO malp wojljog V

L

*[1I0D UO13dNpUl 9Y) JO uoljenidnyy ainleraduwa)l o}
9]1BD1PUL) SEBOIE PIa[[eD

NP UMOPXEI.IQ UCI}BOLIGN] JO }[NSAI B 91® (SMOII®

Aq p

104



Gripper
| Head

A View of the Gripper Head with Load Cell Lccated
Between this Unit and Trolley

FIGURE 47
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No working
occurred on
extremities

since flange Lamination in
Base of crack was tapered original extrusion
caused in gag and edges resulted in
straightening were thinner "pitting'" of drawn
operation than die opening section

A 3/32" Tee After Warm Drawing to 0. 080", Ironing in Middle
of Base Due to Heavy Fillet Reduction. Note Inability to cope
with Seams in Warm Drawing
FIGURE 48

Distortion in As-Drawn Tee Extrusions, Resulting from Improper Die
Alignment and Non-uniform Metal Flow. Arrow indicates mechanically
Pointed Front Ends.

FIGURE 49
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As Extruded & Straightened

L.ongituuinal Properties

UTS, Ksi 155.8
YS(0.2%), Ksi 141. 4
El(1 in), % 15.€ -

b

V20

1725F(5Min)WQ + 1000F(4Hrs)AC
UTS, Ksi 178. 4
YS(0.2%), Ksi 161.6
EI(1 in), % 10.0

Transverse Microstructures of a nominal 1/16 in. T of 6Al-4V
(B&W #226), as Extruded and Straightened and also in the
Heat Treated Condition

FIGURE 50
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As Extruded & Straightened

Longitudinal Properties

UTS, Ksi 147.2

YS(0.2%), Ksi 135.5

El(1 in), % 12.0

r | P

(J 1625F(5Min)WQ + 925F(12Hrs)AC
oy e _\ ‘-‘vw.yxg‘:}u’/‘?‘?‘; r"‘:‘ : “‘v:ﬁ

UTS, Ksi 167. 4

YS(0.2%), Ksi 136.2

El(1 in), % 7.0

Transverse Microstructures of a Nominal 1/16 in. T Extrusion
of Ti-4Al-3Mo-1V (B&W #243) As Extruded and Straightened
and also as Heat Treated

FIGURE 51
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Transverse
UTS, Ksi 164.4
¥YS(0.2%),Ksi 143.7
EL(1/2in)% 4.0
62-234D 500X
Longitudinal
UTS,Ksi 169.7
YS(0.2%),Ksi 139.6
EL(1l inch)% 11.4

Microstructures of an As-Extruded 1/16 in. T of Ti-7Al-4Mo (Battelle #55)
FIGURE 52
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Transverse

UTS, Ksi 179.5
YSiO.ZI) Ksi 154.4
EL(1/2in),% 3.0
62-285G 500X
A A R S Y S S A YN
R I S A
Sl N I A B g
R Bl ﬁ“\w@iﬁ”wﬁaswﬂ“"
g NN ! Y Lt @V
\\-l'f i3 ',"-‘ Mo L
%\“gmi' \\W’ S
'~:g%&jq-g¥'3h Vi
L
Longitudinal
UTS, Ksi 189.0
¥S(0.2%),Ksi  167.1
EL(1linch),% 3.5

62-285H 500X

Microstructures of a 1/16 in. T Extrusion (Battelle #55) of
Ti-TAl-4Mo, Heat Treated 1750°F (5 min.) WQ + 1150°F (4 hrs. JAC

FIGURE 53



1450F(1/2Hr)FC to 1000F, AC

UTS, Ksi 177.0
YS(0.2%), Ksi 157.8
El(1 in), % 14.0
500X
)

1750F(5Min)WQ + 1150F(4Hrs)AC

R ) (17 A LT
UTS, Ksi 196. 7
YS(0.2%), Ksi 175.0
El(1 in), % 7.0

Transverse Microstructures of a Nominal 1/16 in. T of Ti-TAl-4Mo
(B& W # 230), Annealed and also in the Heat Treated State

FIGURE 54



As Drawn to 0.065in

UTS, Ksi 184.6
YS(0.2%), Ksi 164.8
El(1 in), % 8.0
500X
LD
175CF(5Min)WQ + 1150F(4Hrs)AC
UTS, Ksi 202.3
YS(0.2%), Ksi 182.7
El{1 in), % 4.0

500X

Transverse Microstructures of a Nominal 3/32 in, T of Ti-7Al-4Mo
(B&W # 223), As Warm Drawn to 1/16 in. and also
in the Heat Treated Condition

FIGURE 55
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TABLE 8

ANNEALED " PROPERTIES OF
PART IV EXTRUSIONS

Extrusion Drawn Web UTS YS(0.2%) EI(1 in)
No. Alloy Thickness, In Ksi Ks1 V)
228 Ti1-4Al-3Mo-1V 0.052 135.5 121.8 14.0
229 Ti-4Al-3Mo-1V 0.052 136.7 121.3 13.5
230 T:-7Al-4Mo 0.058 170. 3 156. 6 6.0Q
2156 Ti-6Al-4V 0.048 150. 3 130.9 13.0Q
239 Ti-6Al1-4V 0.052 154. 5 140.9 15.0
240 Ti-4Al-3Mo-1V 0.058 132.2 114.0 14.0
245 Ti-4Al1-3Mo-1V 0.052 132. 6 117.2 10. 5

Heated 1550F (10 Sec.) hot, stretched
(1/2 - 1 percent).
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S

E PART V - EXTRUSION AND DRAWING
OF TYPICAL RB-70 SHAPES

1., Introduction

In order to determine the practicability of the techniques developed under
Part IV, two shapes required for the RB-70 Weapons System were selected
for fabrication, The two shapes are shown in Figure 5, These shapes
were selected since they represent a significant increase in the state-of-art
of titanium extrusion and at the same time were compatible with the existing
warm draw tooling. The material for the two shapes was Ti 6A1-4V,

To produce the shapes it was determined that it would be economically
advantageous to extrude to as close to the finished dimensions as possible,
consistent with the limitations of the extrusion process, so that the required
draw reduction would be a minimum, With this in mind, it was decided to
produce shape 64E15 by extruding to . 093" cross section and warm drawing
to the final , 080", providing a reduction of . 013" or 14%. The modified
shape 64E12 was produced by extruding to ., 063" cross section and warm
drawing to ., 043", providing a reduction of , 020" or 32%, Detailed data was
obtained, relative to dimensional uniformity, surface finish, micro structure
and mechanical properties for both shapes, in the as-extruded condition and
after various draw stages to ascertain the degree of improvement in warm
drawing,

The cross sectional dimensions shown in Figure 5 were the dimensions
selected at the start of Part V, However, as discussed later in the report,
the scope of Part V was changed to include heat treatment of the shapes which
resulted in a reduction of the nominal cross section.i thickness of each shape,

After heat treatment, five (5) extrusions were shipped to North American
Aviation, Inc, for testing relative to NAA specifications applicable to the
RB-70 Weapons System,

2. Extrusion Trials at Babcock and Wilcox Corporation
a) Initial Extrusion Trials of Part V
(1) Objectives

The objectives of the initial extrusion trials were to evaluate
the techniques developed under Part IV, and supply extrusions for the warm
drawing phase.

A secondary objective of the trials was to determine the production
potential of extruding shapes for the RB-70 aircraft by demonstrating multi-
hole extrusion capability.

(2) Results and Evaluation

In the first two trials of Part V, a total of 30 pushes were made
consisting of ten (10) pushes through the , 063" orifice die, ten (10) pushes
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through the . 093'" orifice die and ten (10) pushes through the multiport die
which contained two (2) , 093" orifice tees. The extrusion data for these
pushes is listed in the Appendix., The extrusion conditions for these trials
were similar to the conditions for the final extrusion trial which are dis-
cussed in detail in the next section of this report,

During the first trial, a final evaluation was made of two glass
systems which performed well during Part IV of the program. (E71B OD
glass - £71 die glass and 318 OD glass - 3KB die glass), Poor results
were obtained with the E71B-E71 combination in terms of heavy titanium
pickup and wash of the dies and heavy scoring of the exirusions, Therefore,
it was decided to use the 318-3KB combination for the balance of the program,

During the first trial, a lamination condition existed which
indicated an uneven metal flow caused by nonuniform glass lubrication,
Scalped discards from this trial are shown in Figure 58, Dvring the
second trial, the lamination condition was traced to the skid rails on which
the billet was placed prior to insertion into the container, It was felt that
the glass coating on the billet was being scraped off when the billet was
pushed along the skid rails by the stem and/or the billet surface in contact
with the skid rails was being chilled, Coating the rails with #85 glass
slurry prior to placement of the billet on the rails eliminated this condition
and no lamination defects were observed for the remainder of the program.

Examination of the dies for the second trial revealed that
washing of the fillet radius consistently occurred and the areas of die wash
corresponded to areas of scoring on the shapes., The relatively heavy die
wash was attributed to a relatively light ceramic coating on the die radius
which was not sufficient to act as a thermal barrier between the hot billet
and the die material, The technique used in spraying the dies was to spray
with the gun perpendicular to the die land to be sprayed. However, the
spray gun was not aimed radially at the land of the fillet radius and the only
ceramic pickup the fillet radius received was at an angle (from coating the
stem and flange lands - see sketch below),

View Looking at Top of Die

=
.;‘ -— direction of ceramic spray for stem land

, e desired direction of ceramic
\\Hl W spray for fillet radius

dxrectxon of ceramic spray for flange land

The spray technique was modified as shown above for the dies

used in the third trial with excellent results, (See discussion in next
section),
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The production potential of extruding thin tee shapes in multi-
port dies was demonstrated by producing lengths of 17'0" and 16'8" in one
push (approximately 34' of extrusion) but additional development work would
be required to obtain good lubrication on all portions of the cross section,

The shapes were straightened by a combination of stretch and
punch straightening developed under Part IV of the program, The detailed
procedures used during these trials are presented in the section titled
""Recommended Operational Procedure,'" No difficulties were experienced
during these trials which were run very smoothly at the Babcock and Wilcox
Corporation, Comparison of cross sectional dimensions after stretch
straightening with as-extruded dimensions revealed that considerable
dimensional contraction resulted after stretching 3%, This contraction is
sufficient to require an allowance in extrusion die design, For the tee
sections involved, the allowance should be 0, 017" for the height and width
dimensions and 0, 0025" for the thickness dimensions,
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PUSH #252

#266

PUSH

The Arrows on Push # 266 Discard Show the Lamination Leading
up into the Shape. The Scalped Portion of Push #252 Discard is Missing.

Butt Discards Showing Typical Billet Scalping and Lamination
FIGURE 58
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b) Final Extrusion Trial

The final extrusion trial of the campaign was performed at Babcock
and Wilcox Corporation,

(1) Objectives

The objectives of the trial were to prove out the extrusion
process developed during the program and to provide material for warm
drawing NAA Shapes 64E12 and 64E 15 by producing 20' lengths of the
shapes in 0, 093" and 0, 063" cross sections,

(2) Facilities and Extrusion Practice

The extrusion press was a 2500-ton Loewy hydropress equipped
with a 4-3/16" I, D, container and a 4-1/16" harden ed steel stem for
extruding 4" diameter billets., The 180,000 psi stress limitation in the
steel stem required that the press extrusion force be limited to 1100 tons
(1540 psi bottle pressure), The press is shown in Figure 59

The billet surfaces were belt ground to 100 grit, degreased,
heated to 300°F and sprayed with #85 protection glass slurry prior to
heating, The billets were then placed into a pre-heated (1800°F) stainless
steel can, covered and given a 60 second argon purge. The can is then
placed into a controlled argon atmosphere, electric resistance furnace,.
During billet heating, the glass slurry forms a protective film of glass
over the billet, In subsequent extrusion, the glass film on the billet
surface insulates the hot (1800°F) billet from the relatively cooler con-
tainer liner (900°F),

The billets were transferred to the extrusion press manually
in the stainless steel can and tipped out of the transport can onto the runout
table where additional glass powder was applied,

After the billet was in position in the container, the stem was
advanced rapidly until contact was made with the billet, The stem remained
in this position for one or two seconds while upsetting the billet, and then
extrusion proceeded in about two seconds.

The die was lubricated and protected from washout during
extrusion by a film of glass which was continuously fuzed from a ring of
compacted glass powder, The granular glass ring (shown in Figure 60a)
was inserted into the container adjacent to the die and three (3) glass wool
pads were inserted next to the granular glass ring. The glass wool pads
were slotted and shaped by hand into a '"doughnut'" form, the I, D, of which
was larger than the tee opening of the die (to avoid die clogging). The thin
glass fibers of the glass wool pads melt easily and provide the initial
lubrication at breakthrough,
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(3) Extrusion Parameters

The billet configuration is shown in Figure 60b. The convex
faced nose created a reservoir of molten die glass which was available
to the billet surface at the die opening, The relatively small radius
(3/8") at the front face of the billet was employed to obtain good fillout at
the front of the extrusion,

Shape 64E15 had an average die opening of 0, 096" and width
and height openings of 1, 85" and 1, 05" respectively, The cross sectional
area for this shape was approximately 0, 269 in 2, With a container of
4-3/16" 1. D. , the extrusion ratio for this section was approximately 51 to 1.
Shape 64E12 had an average die opening of 0, 069" and width and height
openings of 1, 85" and 1, 68" respectively, The cross sectional area for
this shape was approximately 0, 242 in 2 and tne extrusion ratio was approxe-
imately 57 to 1,

Peerless A tungsten steel dies heat treated to Rc 48-51 and
sprayed with approximately 0, 012" ceramic over a 0, 002" undercoat of
molybdenum were used for all the pushes, The dies were of three piece
design to allow the application of the ceramic coating by the flame spray
method. The die design is shown in Figure 61, The die orifice dim-
ensions after coating are shown in Table 10, The thickness dimensions
were obtained by feeler gage measurement and the width and height
dimensions obtained with specially made inside calipers. All the dies
were coated with alumina except dies 7E, 7BB, 8ZZ and 8VV which
were coated with zirconia, The extent of ceramic coating on the dies is
shown in Figure 62,

The temperature of the billet and tooling during the trial was

as follows:
billet 1800°F
die 900°F
container 900°F
dummy block 400°F
A new chromium plated and polished liner was used for the
trial,

The lubrication system employed consisted of the #85 billet
coating, 318-14 mesh O, D, glass and 3KB-14 mesh die glass,

(4) Extrusion Trial

The trial schedule is listed in Table 11 with the conditions for
each push, Force measurements are not listed due to faulty instrumenta-
tion, The data listed under the Remarks column are notes that were made
during the trial and reflect the impressions made as the events occurred,
A more detailed analysis of the conditions of the shapes and dies are
presented in the Results section,
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Four stainless steel heating cans were available which allowed
flexibility in the billet heating cycle., Previously sprayed glass coated
billets were categorically lined up in front of the four furnace entry
positions in order to maintain continuous availability of hot billets in
accordance with the heat soak schedule, The billets were charged into
the furnace one every fifteen minutes.

The trial was set up to extrude eight (8) lengths through the
3/32" orifice dies followed by eight (8) lengths through the 1/16" orifice
dies, Since this was the final trial, it was decided to hold all conditions
as constant as possible to prove out the process, The trial was run very
smoothly and no major difficulty was experienced. Glass coverage of the
extrusion was not optimum in that the glass was not getting into the fillet
radii on some of the shapes, Some variation was made on the last few
pushes by adding more glass wool pads to correct this condition (see
remarks in Table 11 ) but the additional glass wool did not noticeably
improve the glass coverage, Examination of the dies after the trial
revealed that on several dies the entrance radius at the fillet was sharper
than the design radius (1/8'" - 3/16" R instead of 1/4" R) and suggested
that the glass flow in the fillet was restricted by the sharp radius,

The balance of the shape cross sections had excellent glass
coverage with a thin, clear, bluish film of glass covering the entire length,

(5) Results

After deglassing and stretch straightening, the extrusions
were visually inspected along the entire length and cross sectional
measurements were taken at the back end, middle, front end, and at
every foot from the front end until the dimensions were approximately
equivalent to the dimensions at the middle of the extrusion (to determine
the point at which good fiilout was obtained). The measurements are
tabulated in Table 12,

The conditions of the shapes and dies are presented below
under the individual push number:

Push No, 282

Shape - good surfaces all over - light striations in fillet
radii from front to back - slight amount of
occasional pitting - edge radii sharp,

Shape rated good

Die - ceramic flaked off in several areas - all surfaces

looked good
Die reusable
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Push No, 283

Shape -~ light scoring and some pits on front end on right
flange and right side of stem - light scoring on
left flange and left side of stem with heavy scoring
in left fillet radius toward back end - light scoring
and a few areas of pitting on bottom of flange -
edge radius sharp toward back end
Shape rated fair

Die - ~most of ceramic still intact - very light scoring
in ceramic on bottom of flange
Die reusable

Push No, 284

Shape - good surfaces all over with light pitting distributed
lightly over entire length - very light striations on
bottom of flange with patches of pittine over the full
length - slight sharpness on edge radius
Shape rated good

Die - die surfaces good - part of ceramic still intact
Die reusable

Push No, 285

Shape - all surfaces good over entire length with some
pitting approximately 4' from the front end - very
light striations toward back end - O, D, radius
slightly rough
Shape rated good

Die - all surfaces good with light titanium pickup on left

stem and right fillet radius
Die reusable

Push No, 286

Shape = left and right stem and flange good surfaces to
light scoring front to back - bottom of flange

numerous pits with very light striations front to
back - some scoring on edge radii

Shape rated good

Die - almost all of the ceramic gone from land - no wash
or wear on die
Die reusable
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Push No, 287

Shape

Push No, 288

Shape

Push No, 289

Shape

Push No, 290

Shape

very light striations on all surfaces full length -
one area of fine pits on bottom of flange - light
to medium scoring front to back in right radius -
sharp radius on edge

Shape rated fair

slight wash in right fillet radius - rest of die good
Die reusable but requires rework in radius

very light striations full length on right flange -
light scoring in right fillet radius at back end -
stem rippled for 1' from front end - some pits
toward front end on left side of flange - very
light striations full length on left stem and
radius and bottom of flange - slight sharpness
on edge radius

Shape rated good

heavy titanium pickup on top of ceramic in left
fillet radius - rest of die lands good
Die reusable

very light striations full length on right flange,
right {illet radius and right stem - light striations
toward back end of left flange - light striations

in back end of left fillet radius - one area of
pitting on left stem - light striations with dis-
continuous pitting on flange bottom - edge radius
good

Shape rated good

die surfaces good - part of ceramic still intact
Die reusable

good surfaces all over with light pitting distributed
lightly over entire length - very light striations

on bottom of flange - edge radius good

Shape rated very good

all surfaces good - ceramic flaked off in several

areas
Die reusable
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Push No, 291

Shape

Push No, 292

Shape

Push No, 293

Shape

Push No, 294

130

Shape

light scoring and some pits on front end on right
flange and right side of stem - light striations
left flange and left stem - heavy scoring front to
back on left fillet radius - very light striations on
bottom of flange full length - occasional light
pitting over entire length - slight sharpness on
edge radius

Shape rated fair

heavy titanium pickup on left fillet radius -~ rest
of land good
Die Reusable

light to medium scoring on back end of right flange -
tear starting in stem approximately 6' from front
end of left flange - slight ripple in stem 5' from
front end of right stem - very light pitting right
fillet radius - very light to light striations full
length on bottom of flange with very light pitting,
Shape rated good

all surfaces good - ceramic flaked off in several
areas
Die Reusable

very light striations over all surfaces - discontinuous
pitting on all surfaces - kink 8' from front end of
right stem - good edge radius

Shape rated very good

all surfaces good - some ceramic still intact
Die reusable

very light striations full length on all surfaces -
fine pitting over entire surface - edge tears on
flange from approximately 3' to 6! from front
end edge radius good,

Shape rated good

all surfaces good
Die reusable
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Push No., 295

Shape

Push No, 296

Shape

Die

Push No, 297

Shape

light striations front to back over all surfaces -
slight pitting on all surfaces front to back -
edge radius good

Shape rated good

all surfaces good
Die reusable

light striations front to back right flange, right
stem, right fillet radius - light to medium scoring
front to back left flange and left fillet radius -
edge tears for first 7' - pitting on all surfaces -
light striations front to back of bottom of flange -
edge radius very sharp

Shape rated poor due to tear

all surfaces good
Die reusable

light to medium scoring front to back of right
flange - some ripples on right stem - light to
medium scoring front to back of bottom of flange
edge radius very sharp

Shape rated fair

all surfaces good
Die reusable
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(6) Evaluation

Dies

An analysis of the results of the trial indicated that the dies
performed excellently, Only one die out of the sixteen had some wash in the
fillet radius (die 8TT - push 287) and this die was reusable with some
rework,

The sixteen dies are shown after extrusion in Figure 63 and after
extrusion and sand blasting in Figure 64, Figures 65 and 66 show closeups
of die 7C - push 290 which was typical of the condition of the dies, Figure
65 shows that wear was obtained in the ceramic on the stem lands but an
examination of Figure 66 shows that the base metal was untouched,

The lack of glass at the fillet radius of some of the shapes during
extrusion made the trial a severe test of the ceramic coating, The lack of wash
or wear on all of the dies except one is evidence of the excellent performance

of the ceramic coating.

Surface Quality

Figure 67 shows the discards after the trial. No laps or lamina-
tions were noted on any of the discards or extruded shapes, Figure 68 is a
closeup view of discard #295 which was typical of the discards, Examination
of Figure 68 and Figure 69 (which is a section cutting the stem of discard
#295) reveal the good metal flow obtained during extrusion,

The general surface quality of the extrusions was fair with light longi-
tudinal striations running the length of the extrusions on most surfaces.
The surface finish ranged between 50 and 370, The average surface
finish was about 170 RMS., Figures 70 and 71 illustrate the typical
surface quality of the extrusions produced during the trial, The
as-extruded surface quality of two 1/16'" extrusions processed for
warm drawing can be seen in Figure 95, These views were taken of
the back ends of the extrusions. Of the eight (8) 3/32" shapes, six (6)
shapes were rated good and two (2) shapes were rated fair, Of the
eight (8) 1/16" shapes, five shapes were rated good, two (2) shapes
were rated fair and one (1) shape was rated poor (due to a tear in the
flange). (See '"Results' section for detailed description of shapes),

Dimensional Analysis

During the latter portion of the Part IV warm draw program
(which was run concurrently with the extrusion effort in Part V) difficulty was
experienced on the TMCA draw bench in drawing the shapes below ., 058",
Based on a recommendation by TMCA that the Part V shapes could not be
successfully drawn below , 058", the extrusion dies for the final Part V trial
were opened up by electric discharge machining, This was done to allow
sufficient reduction in drawing to effect a surface improvement, The 1/16"
dies were opened up to provide a nominal , 072' opening after ceramic
coating., In addition, the height and width dimensions of the tee were increased
to insure that sufficient stock would be available for edge machining the
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shapes to the target dimensions, However, it was established that technical
errors rather than process problems prevented drawing the shapes below

. 058", Two of the dies (7GG and 7CC - which were not coated with the
previous group) were then coated with a heavier ceramic buildup and machined
back to provide a nominal , 063" orifice. The other 14 dies were not machined
after application of the ceramic coating. The variation in die orifice size

is due to the lack of control of buildup in the application of the ceramic spray.
The variation in die dimensions after coating is tabulated in Table 13.

The extrusion cross section dimensions are listed in Table 12
and the dimensional variation of each extrusion is tabulated in Table 14. It
can be seen from Table 14 that the maximum variation from front to back
on any one leg of the extrusion is , 010", This was obtained on extrusion 283
which had poor die fillout for the first several feet. However, extrusion 283
was 25' 9" long and dimensional tolerances for a 20' (target) length of the
extrusion are considerably better than indicated in Table 14, Referring to
Table 12, by cropping only 1l foot from extrusion #283, the variation from
front to back on any one leg is reduced from , 010" to . 005", Cropping 3'
from the extrusion would reduce the variation to . 004" and would reduce the
total variation on the three legs from ., 020" (see Table 14) to . 014",

Also seen from Table 14, the average variation from front to
back on any one leg was . 004", This small variation is attributed to good die
performance and glass practice. Again referring to Table 14, it can be
seen that the maximum total variation on all three legs was . 022" while the
average total variation was , 012", This variation is attributed to both
variation in die opening and poor die fill for the first several feet. Again,
cropping the extrusions to the target 20' would reduce the dimensional varia-

tion considerably.

Table 14 reveals that all of the extrusions produced at the final
trial with the exception of #283 are within + . 012" of nominal size. The
low variation from front to back on each leg indicates that tighter extrusion
tolerances could be attained by more accurately controlling the die orifice
size in a finish machining operation,
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Granular Glass Ring Configuration
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Convex Shaped Nose Billet Configuration

Glass Ring and Billet Configurations Used During Final Extrusion Trial
FIGURE 60
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Photograph Showing Extent of Ceramic Coating on Three Piece Extrusion Dies

FIGURE 62
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Dies Used on Final Trial Shown After Extrusion and Sand Blasting
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Closeup of Die 7C (Push #290) After Extrusion
FIGURE 65

Closeup of Die 7C (Push #290) After Extrusion
and Sand Blasting

FIGURE 66
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Closeup of Discard # 295
FIGURLE 68

Sectioned View of Discard #295 Showing Metal Flow

FIGURE 69
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DIE NO,

8E
8H
8K
8RR
8SS
8TT
8vVv
82z
7C
7DD
7E
7BB
7EE
7FF
1GG
7CC

TABLE 10

DIMENSIONS (INCHES)

DIE ORIFICE DIMENSIONS* PRIOR TO EXTRUSION

PUSH NO.

(REFERENCE)

A B C D E
. 098 . 096 . 106 1, 847 1. 063
. 095 . 093 . 093 1, 835 1, 050
. 096 . 098 . 101 1. 828 1, 054
. 098 . 099 . 097 1, 842 1, 065
. 109 . 095 . 100 1, 839 1, 058
. 100 . 099 . 097 1, 850 1, 047
. 097 . 095 . 095 1,853 1, 049
. 100 . 100 . 097 1, 842 1, 052
. 072 . 074 . 077 1, 834 1, 693
. 071 077 . 076 1, 842 1, 689
. 076 077 . 070 1, 830 1, 680
. 089 .088 077 1. 855 1. 698
. 075 . 070 . 075 1, 846 1, 690
. 076 . 075 . 068 1. 829 1, 684
. 064 . 065 . 062 1, 830 1, 686
. 062 . 065 . 062 1, 832 1, 687
2
-l | | C "

£—A

'l

3

* See "Evaluation' page 132 for discussion of die dimensions.

282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
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TABLE 11

FINAL EXTRUSION TRIAL DATA SHEET

146

BILLET BILLET
HTG TRANSFER
PUSH TIME TIME DIE DIE EXTRUSION
NO. (MIN) (SECS) NO. CTG LENGTH REMARKS

282 83 54 SE Zirconia 21' 9 Difficulty removing cover from billet can - ctg on billet
looked good coming out of can (no dark spots) - shape was dry
in both fillet radii - balance had excellent glass coverage all over
die ctg was removed in fillet but land did not appear to be washed
shape looked good,

283 86 40 8H Alumina 25' 9" Billet looked good out of can - shape again dry in both fillet
radii - excellont glass coverage all over except in fillet - die
looked good - land and ctg held up well - shape looked good but
had fine scoring in fillet where no glass coverage was obtained -
vertical leg of shape had step on extremity (may be due to ctg bull
on die - no laps on discard,

284 91 48 8K Alumina 23 1 Billet was given two revolutions on glass table to try to cover a
bad area in ctg - part of ctg seemed to be separated from the
billet; however, no scale was noted on billet - discard had no laps
and good glass coverage - the shape had excellent glass coverage
except in fillet whare very light score was noted - no step was
observed on leg extremities - die ctg held up well,

285 92 36 8RR Zirconia 23 3 Billet ctg looked good - billet was given a double roll in glase -
shape looked excellent - left fillet radius was dry - right radiue h
good glass coverage - one section of shape in the e of the
extrusion was dry and appeared to be scored very lightly - may
have been due to a bad spot in ctg that was not seen - difficulty
getting die out of holder,

286 68 36 8SSs Alumina 21 3" Billet ctg looked good - shape looked excellent - slight step on
vertical extremity - discard had no laps, good glass coverage and
flow - ceramic on die intact,

287 73 45 8TT Alumina 22' 10" Shape looked ’ood « fillet radii dry - glass was sparse in area
from 3' to 9' from front end on bottom of horisontal leg but then
picked up - balance f shape had excellent ﬂlll covarage - some
titanium pickup notec right fillet radius of die.

288 12 42 [AA) Alumina 24 4" Billet ctg looked good - die looked good (ctg intact). Excellent
glass coverage over entire shape.

289 72 36 822 Alumina Results similar to above.

290 70 40 c Zirconia 19* 3" Results similar to above - Shorter length due to shorter billet
length (balance of available stock).

291 84 42 7DD Alumina 22' 2" Good glass coverage except in radius - some scoring in left
radius - shape had undercut in right radius on back end -
die had some Ti pickup on left radius (corresponding to
undercut in shape) rest of die looked good.

292 [ 1] 36 ™ Alumina 24 ¢ Glase coverage good for first 14' and spotty for last 10' on both
sides of horisontal leg.

293 97 3s 788 Alumina 19' 8" Thﬂrlnuln glass ring was reduced in thickness to 1/4" instesd
of 5/16" and 1 extra glase wool pad was used (total of 4) to attempl
to get more glass in the radius - good glase coverage over entire
shape - discard had good glass coverage and flow,

294 90 42 72K Zirconia 23 8" Five glass wool pads used - shape loolulﬂr.ud = excellent glase
coversge all over - glass was spotty in fillete,

198 90 42 mwrr Alumina ' 1" Saape similar to 293 and 294 - dry in radii towards back ond -
hesvy glass left on die - die had no waeh or wear - dle ctg
removed but 1and held up.

29 9% 40 GG Alumina 26 3 Four glass wool s used since five pade did not shew an im.
provement over four - shape had slight tears in flange (probably
dus to glass clogging die and restric flow so that the material
fails in tension ) - heavy glass left on dis.

F11 ”» - 7cC Alumina 28" 1" Three glass wood pade used - 1/4" thick granular glass ring in-
advertently used with the (!)glu wood pads instead of & §/14"
thick ring - This coupled with the long length (dus to & smaller
orifice opening than the other dies) produced a shape with sparse
glase covering.

CONSTANT CONDITIONS

Billet Temp. - 1800°F Container Temp. = 900°F

Bulet Length - § 3/4" o e .

Billet Config. - Convex Face ock Temp, - 400°F

Blllet Ctg. - #83 Peerless A R, 48-51

0. D, Glass - 318 - 14 Mesh Chrome Plated Liner

Die Glase - 3KB - 14 Mesh — “ o) lulctll-h. « Electric Furnace Argon Atmosphere

., - + gla s: three 890 WOO

Bis Gssv Contls p‘“ u?d Unlees réise specilled.



TABLE 12

CROSS SECTIONAL DIMENSIONS

(AS EXTRUDED AND STRETCH STRAIGHTENED)

Dimensions (inches)
EXTRUSION FT. FROM (See sketch for dimension locations)

NO. FRONT END A B C D E
1 .091 .090 . 095 1.706 . 93¢
2 1.723 ., 95¢
282 3 1.764 .97¢
4 1,796 ,99;
5 1.819 1,01
Middle .096 . 095 . 096 1.819 1,02
Back end .097 . 095 . 097 1. 826 104!
1 . 083 . 084 . 074 1.529 .86
2 .086 . 089 .078 1,600 .89
3 . 087 . 090 .079 1.636 .92
283 4 .088 . 090 . 080 1.676 .94
5 1.705 .97
6 1.734 .99
7 1,762 1,00
Middle .089 .092 . 082 1.797 1.0l
Back end .09l . 094 .082 1.806 1.02
S
- >_1
Do I
e D - -

View Looking From Front End
Of Extrusion 147



TABLE 12 (continued)
CROSS SECTIONAIL. DIMENSIONS
(AS EXTRUDED AND STRETCH STRAIGHTENED)

Dimensions (inches)
(See sketch for dimension locations)

EXTRUSION FT. FROM
NO. FRONT END A B C ‘ D E
1 . 097 . 097 . 090 1,710 .980
2 1,753 .992
284 3 1,760 984
4 . 098 . 098 «0°1 1,781 ,993
Middle . 097 . 098 . 090 1,783 ,988
Back end . 097 . 098 . 090 1,780 ,992
1 . 092 . 095 . 093 1,780 1,011
285 Middle . 092 . 094 . 092 1.776 1,006
Back end 3093 . 096 . 095 1,798 1,016
1 . 106 . 092 . 095 1,772 1,011
2 1,776
286 Middle . . 106 . 089 . 095 1,782 1,016
Back end . 107 . 090 . 095 1,791 1,016
1 . 097 o038 . 093 1, 766 . 983
2 1,788 . 993
287 Middle . 097 . 088 . 093 1,789 1,001
Back end . 097 . 089 . 093 1,791 1,001
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TABLE 12 (continued)
CROSS SECTIONAL DIMENSIONS

(AS EXTRUDED AND STRETCH STRAIGHTENED)

Dimensicns (inches)

(See sketch for dimension locations)

EXTRUSION FT. FROM
NO. FRONT END A B C D E

1 . 089 . 087 . 091 1,127 « 993
2 1, 725 . 989

3 1, 747

288 4 1. 747

5 1,755
Middle . 090 . 085 . 089 1,761 . 980
Back end . 092 . 088 . 092 1. 771 . 994
1 . 092 « 091 . 093 1. 753 « 993

2 1,752

289 3 1. 772
Middle . 092 . 091 « 091 1. 775 . 994
Back end . 094 . 093 . 092 1.794 1.007

290 See Table B-1 in Appendix B
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(AS EXTRUDED AND STRETCH STRAIGHTENED)

TABLE 12 (continued)
CROSS SECTIONAL DIMENSIONS

Dimensions (inches)

(See sketch for dimension locations)

{ EXTRUSION  FT. FROM
NO. FRONT END & B C D E

1 « 059 . 067 . 071 1. 601 1. 527
2 1. 655 1, 557
3 1, 702 1, 599
291 4 1. %727 1. 625
5 1,730 1. 611
6 1. 788 1. 632
Middle . 062 . 069 . 076 1. 798 1. 636
Back end .(_)65 R 071 . 077 1,809 1, 643

262 See Table B-1 in Appendix B
1 . 089 . 084 . 067 1. 752 1. 533
2 1. 767 1. 540
3 1,777 1. 564
4 1,784 1,578
293 5 1. 587
6 1. 610
7 1. 636
Middle . 089 . 085 . 068 1. 796 1. 642
Back end . 089 .085 .081 .067 1. 795 1. 646

294
295 See Table B-1 in Appendix
150
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TABLE 12 (continued)
CROSS SECTIONAL DIMENSIONS
(AS EXTRUDED AND STRETCH STRAIGHTENED)

Dimensions (inches)
(See sketch for dimension locations)

EXTRUSION FT. FROM
NO. FRONT END A B C D E
1 . 061 . 054 . 055 1. 697 1. 633
2 1. 727 1. 621
3 1. 753 1. 628
296 4 1,743 1. 638
5 1, 756 1, 645
6 1, 765
Middle . 061 . 052 . 058 1,772 1, 645
Back end . 064 . 056 . 059 1,788 1,661
1 . 058 « 055 . 049 1.716 1.572
2 1. 737 1. 599
297 3 1. 761 1. 604
4 1,777 1. 610
5 1,783 1. 615
Middle . 061 . 058 « 051 1. 795 1. 620

Back end . 065 . 061 . 054 1,805 1. 640
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TABLE 13

DIMENSIONAL VARIATION* OF DIE ORIFICE DIMENSIONS AFTER
CERAMIC COATING

MAXIMUM
AVERAGE DIMENSIONAL VARIATION

PUSH NO. DIE DIMENSION RANGE OF NOMINAL FROM NOM.,
(Ref,) OF 3 LEGS 3 LEGS DIMENSION ON ALL LEC

-. 000
283 8H . 094 .093 -,095 . 098 +. 000

-, 005

-, 002
285 8RR . 098 . 097 -,099 . 098 +, 001

-, 001
286 8SS . 101 .095 -,.109 . 098 +.011

-, 003
287 8TT . 099 « 097 -,100 . 098 +, 002

-. 001
288 8VvV . 096 . 095 -, 097 . 098 +, 000

-, 003

-, 001
290 7C . 074 .072 -,077 .072 +, 005

-, 000
291 7DD . 075 . 071 -, 077 . 072 +. 005

-. 001
292 7E . 074 . 070 -, 077 . 072 +. 005

-. 002
293 7BB %% - = -
294 7EE . 073 . 070 -, 075 .072 +, 003

-. 002
295 7FF . 073 . 068 - . 076 072 . +. 004

-. 004
296 1GG . 064 . 062 - ,065 . 063 +, 002

-, 001
297 7CC . 063 . 062 -, 065 . 063 +. 002

™ 001

* See Table 10
*% Inadvertently machined oversize See Table 10 for dimensions,
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3. Warm Drawing at Titanium Metals Corporation
a) Equipment and Procedures

Following incoming or in-process inspection, pointing and surface
preparation and lubrication, each extrusion followed this sequence:

1. Preheat, electrical resistance

2. Transfer to electrically heated holding furnace to
maintain preheat and draw temperature

3. Exit from holding furnace, pass point through die
and grip point in Hufford grips attached to carriage
of draw bench

4, Draw entire length through die

5, Stretcher straighten using resistance heating., Two
Hufford grips are used for this operation, Electrical
power may be applied through the Hufford grips or
by attachment directly to the extrusion

The equipment and procedures involved are described below:

Rectifiers and Resistance Preheater

A bank of eight (8) 1200 ampere, 40 volt rectifiers are connected
in parallel to provide electrical resistance heating for warm drawing, This
same arrangement was also employed for resistance heating during stretcher
straightening,

Variable lengths can be handled from a minimum of about 3 feet to
a maximum of 21 feet. For these sections, a preheat of 1050°F was
possible in less than 90 seconds by the use of four or five rectifiers set
at 200/250 amperes.

Power is applied through the point on the fixed south end by means
of a copper contact; exerting pressure vertically; the north end copper
contact is movable to accommodate any length of extrusion up to the
maximum of 21 feet,

The preheater is located immediately adjacent and parallel to the
door of the electric holding furnace, All temperatures were checked
manually with a contact pyrometer,

Electric Holding Furnace

The electrically powered holding furnace had an 8 x 8 in x 21 foot
maximum usable length hearth, The floor of the hearth was a perforated
metal plate which was in line with the center line of the draw bench and die
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stand, The furnace is rated at 80 KW, operating at 440V and was designed
for use up to 1500°F.

Draw Bench

The draw bench was a 50, 000 pound Aetna-Standard bench with variable
speed control from 0 to 100 fpm. Through Part V, the draw bench speed was
standardized at 24 fpm. An assessment of draw loads was made by in-
corporating a recording ammeter on the DC motor drive. The maximum
drawn length on the bench (45 feet) far exceeds the preheat and holding
furnace limitations,

A conical, tapered die holder was positioned in the die stand., This
accommodated an 8 inch maximum O, D, steel die case engineered by
American Carbide, For gripping of the extrusion during drawing, an air
actuated Hufford Universal gripper (3 segments) was employed.

During drawing, the extrusion in the holding furnace was manually
pushed through the die assembly into the Hufford jaws for point gripping.
As the extrusion moved out of the furnace into the die stand, lubricant
(Fiske 604) was applied by brushing, The Hufford jaws were made from
heat treated H-13 die steel, subsequently nitrided by the Tuftride (Kolene)
process, The knurled gripping surface of each jaw was a shallow criss-
cross pattern with 1/16 in, diamond teeth,

Stretcher Straightener

The stretcher straightener consisted of two opposing Hufford grips,
each rated at 100, 000 1bs, pulling force, One grip was mounted on the draw
carriage of the 50, 000 pound bench and the second to the 15 ton hydraulic
cylinder which, in turn, was mounted in a separate, detachable carriage,
removed from the draw bench when not in use. When stretching, this
carriage was mounted on the draw bench and hooked into the stationary draw

bench chain,

During in-process straightening, the electrical power is attached
directly to one end of the extrusion (pointed end) in order to preserve the
point for subsequent drawing, On the opposite end, power is brought
through the Hufford gripper. For final straightening, the pnint is cut off
and power is then brought to the extrusion through the Hufford grips.

During final stretcher straightening, the position of the jaws was
checked with a spirit level to assure that the ends are parallel and thus
minimize twist in the final product, All temperatures were checked with
either a contact pyrometer or an optical pyrometer, Limitations on the
unit were the 15 ton hydraulic cylinder and a maximum length that can be
handled, approximately 22 feet,
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b) Drawing Shape 64E15

A drawing of 64E15 is illustrated in Figure 6 Initial work was
conducted on two short lengths from extrusion 253 followed by work on
254 and 263, Upon completion of these four pieces, an additional six
lengths were processed, namely 282, 284, 285, 286, 288 and 289,

Pointing

All incoming extrusions had a 1/16 in, fillet radius milled for a nine
inch length on one end destined to become the point. The extrusions were
then taped with acid resistant tape from the end of this nine inch length to
an additional 9-12 in, length and then the point reduced to 0, 070 in, + 0, 000,
-0, 010 in, in a 15 percent acetic acid - 5 percent hydrofluoric acid bath,
The function of the tape was to prevent or minimize undercutting at an
air-liquid interface. This point would permit drawing through the two
cycles,

Cleaning, Coating and Lubrication

All extrusions were cleaned by alternate immersion in a KOH bath
at about 425‘F, rinsing, immersion in a 15 percent H,SO,4 bath at about
120°F, rinsing, flash p1cklmg ina 15 HNO3;~1-1/2HF bath at RT, rinsing
and then conversion coating in Amchem Granodraw "T'" (3 ox/gallon) and
drying., The extrusions were all te have been lime dip coated at this point
but as there existed difficulty in developing a good, dry coat which would
not spall off on resistance heating, the lime coat was disbanded for these
shapes., Two coats of Alpha-Molykote 196X were applied over the dry
conversion coat by brushing and air drying between coats,

During resistance preheating, at about a temperature of 400/500°F,
the power was turned off and Fiske 604 brushed over the entire warm
extrusion, In addition, Fiske 604 was applied at the die face during the
actual draw,

Dies

All extrusions were scheduled to be drawn through two passes,
one a sizing pass primarily to work the fillet radii and a second pass to
finished web thickness, No edge working was to occur in any of these
passes, These passes were as follows:

1. 0,090 in,
2, 0,080 in,

Prior to drawing, the die assembly was preheated to approximately
500°F to prevent and minimize thermal fatigue failure of the carbide blocks,

A view of the draw die assembly is shown in Figure 42, The size
change is accomplished by altering heat treated steel shims S.
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Heating and Drawing, Straightening

The coated extrusions were resistance preheated to about 400/500°F,
Fiske 604 applied by brushing over all surfaces and then the extrusion
heated to 1000°F and manually inserted into the electric holding furnace
set at 1050°F,

It was generally necessary to air blast the point during resistance
preheating to prevent overheating and possibly sustain a point break in the
drawing operation,

The extrusions were soaked at 1050°F for one minute and then the
extrusion was inserted manually through the preheated dies into the Hufford
gripper jaws and drawing started at a draw speed of 24 fpm, Fiske 604
lubricant was applied at the die face during the drawing operation, A
recording ammeter was incorporated on the D, C, drive; this provided a
good indication of the draw forces involved. No abnormal peak loads were
seen in starting the actual draw operation, Typical load curves are shown
in Figure 72, approximately 10-12 percent of the total draw force merely
represents power required to move the draw chain,

After each draw pass, the extrvsions were cleaned by multiple
immersions in KOH and H,S04 and inspected dimensionally, It was gen-
erally necessary to remove excessive Fiske 604 lubricant from areas which
were not reduced in the first draw pass by means of a Scothbrite pad and
6161 solvent; the 425°F KOH bath cculd not remove this excess lubricant
without this operation,

After the cleanup and inspection, the extrusions were then stretcher-
annealed by resistance heating to 1550/1600°F for about 20 seconds accom-
plishing an anneal and straightening by stretching between 1/2 and 1-1/2
percent longitudinal strain, Following the stretcher-anneal, the extrusions
were then again cleaned by means of KOH and HSO4 immersions and then
reinspected,

The cleaned extrusions, after the first draw pass and anneal, were
then recoated, reheated, redrawn and restraightened as for the first pass,
However, this time the extrusions were drawn through dies presenting an
0. 080 in, web thickness; again the dies were end free working,

In the original scope of the contract, the extrusions were not
scheduled for any further processing, However, it was decided to perform
mill heat treatment on these extrusions since they are not used in the
annealed condition,
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Heat Treatment

A 1/8 to 1/4 in, diameter hole was drilled on the front end of each
extrusion to facilitate a rapid withdrawal and quench after solution treat-
ment, This is particularly important in solution treating these thin extru-
sions, since radiated heat losses are rapid, All extrusions were then solu-
tion treated 1725F (2 min, ) and water quenched within 3 seconds. The degree
of distortion in water quenching these extrusions required that they be re-
stretcher straightened,

It was intended that two of the extrusions be supplied in the solution
treated and aged condition and the remaining six be supplied in the solution
treated only condition, It will be discussed later that extrusions to specifi-
cations for solution treated only material (150 Ksi maximum yield strength)
cannot be supplied for in stretcher straightening (1 - 1-1/2 percent) at temp-
eratures below aging or omega embrittlement (400/450F) the yield strength
is increased from about 115 Ksi to 155/165 Ksi. However, after descaling,
extrusions 282, 284, 285, 286, 288 and 289 were successfully stretcher
straightened at 400/450F (20 seconds). The remaining two extrusions 254
and 263 were in essence aged by stretcher straightening at aging temperatures
of 1000/1025F, Figure 73 shows the distortion after solution treatment and the
straightness after stretch straightening following solution treatment.

Tensile Property Survey

A test slice was removed from one end of each finished extrusion plant
heat treated and straightened and a tensile property evaluation made. It
was only feasible to acquire tests in the longitudinal direction, These results
appear in Table 15, It is readily seen that it was not possible to supply
straightened extrusions in the solution treated only condition as the yield
strength was generally well in excess of 150 Ksi, Only a minor strength
spread existed when a 1000F (4 hrs) AC aging treatment was imposed on test
specimens in the laboratory,

It would be recommended that the aging or stretch-aging temperature
of this Ti-6A1-4V material be increased to 1100F to reduce the strength level
more closely to the maximum 150 Ksi required for solution treated only ex-
trusions, Table 15 also reveals that aging has occurred upon stretch aging
at 1000/1025F,

A laboratory study was initiated to delineate the stage at which altera-
tions in strength were noted in solution treated only extrusions. As can be seen
from the data in Table 16, were it not for the stretch straightening required,
the yield strength would be as low as 133 Ksi but imposing a 1-1/2 percent
longitudinal strain, as in stretcher straightening, the yield strength increased
to 162 Ksi, The effects of exposure to a 425F KOH bath are relatively minor
and insignificant, Additional laboratory heat treat studies revealed the heat
treat response of the as- extruded 3/32 in, thick "T'" extrusions and this data
can be seen in Table 17, This increase in strength in the drawn extrusions
may be associated with the microstructural changes introduced by warm
drawing; the transverse microstructures of the as-extruded and warm drawn
shapes in the heat treated condition can be seen in Figure 74. A refinement
of the primary alpha platelet areas can readily be noted.

158



B
P}
L2

Al
.

.

Edge Machining

Upon a review of the dimensional survey of the 64E15 extrusions,
it was decided to attempt edge machining of two extrusions (282, 285) which
appeared to exhibit sufficient stock to machine to the required size of
1,000 +0, 005 in, x 1, 750 + 0, 005 in, The other extrusions were already
under this size and machining to another size to clean up the undrawn edges
was not considered, Edge machining was adopted for conditioning of the
edges rather than warm drawing; this was to prevent metal losses by devel-
opment of a '""chevron' buckle in excessive edge working and to present a
much improved dimensional integrity by edge machining as the final operation,

Figure 75 summarizes the total dimensional history from one start-
ing extrusion to the finish, drawn and edge machined part.
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T6428-D

Extruded & Warm Drawn (, 080-in, ) in 2 Passes & STA
Etch: HNO3-HF Mag: 500X

T6428-B

Extruded (0. 095) & STA
Etch: HNO3-HF Mag: 500X

Photomicrographs of 64E15 Extrusions Showing Differences in
Microstructure Between As-Extruded and Drawn Shapes After
Full Heat Treatment

FIGURE 74
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N

A Inches

B8 Inches

C Inches

1.825

1.800

L.775

1.75C

1725

.700

1.050

1.025

11000

0.975

0.950

0.100

0.090

0.080

0.070

kn-sm-w 64E15 No.285

c— l
I Max 8
Min _I.
— A L
| 2 3 4 5 6 7
As Recd.| Warm 2 Plus Warm 4 Plus | 5 Plus Str] 6 Plus
Draw Hot Str. Draw Hot Str. | Plus 1000 Edge
0.090 0.080 F Str. Age| Machine

Alteration in Dimensions Through all Processing Stages
for 64E15 Extrusion #285

FIGURE 75
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TABLE 15

Tensile Property Survey of 64E15 Extrusioas
of Ti=6Al-4V (64E15) Warm Drawn 2 cycles (15, 8% Reduction)
to 0, 080 in, and Plant Heat Treated

UTS YS(0, 2%) EL(1l in)
Ext, No, Ksi Ksi %

(A) -1725°F (2 min)WQ + Warm Stretch 400/450°F

282 193,2 174, 7 6.0
284 172, 3 159, 7 11.5
285 173, 1 153, 6 10, 0
286 186, 6 165, 5 6,0
288 177, 4 152, 9 10,0
289 188, 4 172, 3 7.0

(B) -(A) +1000°F (4 hrs)AC in Laboratory

282 188, 8 172, 5 8.0
284 191, 3 176, 4 6. 0
285 189, 9 174, 3 7.0
286 187.9 172, 9 7.0
288 186, 6 172, 4 7. 0
289 187.9 174, 6 6.0

- min)WQ + Hot Stretch 1
(C) 1725°F (2 min)W Hot S h 1000/1025°F AC

254 198, 2 182, 1 6.0
263 194, 2 182, 1 6.0

(D) «~(C) +1000°F (4 hrs)AC in Laboratory

254 194, 2 179, 4
263 192, 1 178, 1

© o
o O
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TABLE 16

Effect of Thermal and Strain Variables on As-Solution
Treated Ti-6A1-4V Extrusions (64E15)

Test UTSs YS(0, 2%) E1 (1 in)

Condition Temp Ksi Ksi %
(A) 1725°F (2 min) WQ RT 171, 7 129, 3 12,0
(B) (A) + 425°F (1/2 hr) AC

(Simulating KOH Cycles) RT 171, 3 133, 4 12, 5
(C) (B) + 1=1/2% Stretch at RT 172, 4 162, 4 13,0

(425°F (AC)

(Simulating 425°F stretcher 425°F - 99. 9 1.5

straightening)

(D) (C) + 425°F (1/2 hr) AC RT 174, 1 166, 8 10, 0

(Simulating KOH cycle

after warm stretch)
(E) (B) + 1-1/2% Stretch at RT RT 174, 9 159, 9 10, 0 BS

Note: Vapor blast and pickle after every thermal cycle
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TABLE 17

Heat Treat Response of As-Extruded
64E15 Extrusions

Ext, Web UTsS Ys(0,2%) EI1(1lin)
No, Thickness Heat Treatment Ksi Ksi %
284 0, 095 1725°F(2min)WQ + 1000°F(4hrs)AC 180, 2 161, 4 8.0
284 0. 095 " + " 185, 0 166, 3 -
286 0. 095 " + o 181, 4 164, 2 8.0
286 0. 095 u + " 181,11 162, 7 7.0
286 0. 095 1725° F(2min)WQ 165, 9 119, 4 13,0
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¢) Drawing Shape 64E12 (modified)

Material

Eight extrusions were selected for applxca.non to this phase of the
warm draw program, These were nominal 1/16 in, thick "T" extrusions
11:;) be waérm drawn to supply finished extrusions to print 64E12 depicted in

igure

The irregularity in web thickness on several of these extrusions
can be seen from Figure 76, It will be discussed later how these

constricted areas contributed to much matarial loss in actual warm
drawing,

Procedures

The genera.l processing outline for this five lta.ge warm drawing was
as follows, in all cases utilizing end free drawing:

l. Inspect incoming extrusions
2, Machine 1/16 in, fillet radii for 9 in, point length

3. Point, chemically, to 0, 050 in, web thickness + 0, 000,
-0, 010 in,

4, Clean, pickle in KOH, H504 and HNO3-HF baths

5, Conversion coat, lime coat,brush coat Alpha Molykote
196X

6. Resistance preheat 1050°F

7. Discharge into electric holding furnace set at 1050°F
and commence drawing without any holding time,

8. Hook up and draw at 24 fpm applying Fiske 604 lubricant
by brushing while drawing through preheated dies,
First die pass 0, 065 in, for all but 264, 292, 294 and 295,
For these, the first die pass opening was 0, 075 in, This

was done to minimize the reduction since the fillet
radius was 11/64 inch,

9, Clean, pickle as in Step 4
10, Inspect

11, Hot stretcher anneal 1550/1600°F
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12,
13,
14,
15,
16,

17,

18,
19,
20,
21,
22,
23,
24,

25,

26,
27,
28,
29,
30,
31,
32,
33,
34,
35,
36,

Clean, pickel as in Step 4
Inspect

Repeat Step 5

Repeat Step 6

Repeat Step 7

Warm draw second pass of 0, 058 in, drawing again at
24 fpm

Repeat Step 4

Inspect

Repeat Step 11, stretcher annealing
Repeat Step 4

Inspect

Repoint to 0, 040 + 0, 000, -0, 010
Repeat Steps 5, 6 and 7

Warm draw third pass of 0, 053 in, drawing again at
24 fpm

Repeat Step 4

Inspect

Repeat Step 11 stretcher annealing at 1550/1600°F
Repeat Step 4

Inspect

Repeat Steps 5, 6 and 7

Warm draw fourth pass of 0, 047 in drawing at 24 fpm
Repeat Step 4

Inspect

Repeat Step 11 stretcher annealing at 1550/1600°F

Repeat Step 4
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37. Inspect
38, Repoint to 0, 030 + 0, 000, -0,010
39. Repeat Steps 5, 6 and 7

40, Warm draw fifth pass of 0, 043 in, drawing again at
24 fpm

4], Repeat Step 4
42, Inspect
43, Repeat Step 11, stretcher annealing at 1550/1600°F

44, Repeat Step 4

45, Inspect

Per the original scope of the program, no heat treatment was to be
conducted on these extrusions, However, the scope of the program was
altered to include heat treatment of the shapes and solution treatment and
restraightening was performed. Five lengths were solution treated 1725°F
(15 seconds) WQ, The extrusions were again descaled by KOH, H,SO, and
HNO, -HF immersions and either stretched at 400/450°F or lOOO/%OZé’F
as re3quired and then again descaled as above, Two lengths were of
J§ufficient stock to warrant edge machining to 1, 600 in, + 0, 005 in, x 1750 in,
- 0,005 in,

Warm Drawing First Pass (0, 065 or 0, 075 in, )

The anticipated die sequence in five stage drawing of Part V
extrusions was as follows:

1, 0,065
2, 0,058
3, 0,053
4, 0,047
5. 0,043

These are all nominal 10 percent reductions, The first five
extrusions (260, 261, 266, 290 and 292) were drawn through the 0, 065 in,
pass, selecting those extrusions which would pose only minimal problems.
This generally implied that the web thickness was no thicker than 0, 065 in
and only the heavy fillet radii (9/64 to 11/64 in, ) would be worked through
the 0, 125 in die radius. The remaining extrusions (264, 292, 294 and 295)
generally possessed combinations of heavy webs (greater than 0, 065 and
up to 0, 080 in) and fillets (11/64 in, ); these extrusions then received their
first pass through an 0, 075 in. die opening, end free drawing.
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Table 18 summarizes the pertinent draw bench data such as mean
draw loads, areas of working and the like, Generally the heavy over-work-
ing of the fillet resulted in rather extreme build up of heat (approx, 300°F)
in this region and subsequent lubricant breakdown and metal seizure. An
11/64 in fillet radius reduced to 1/8 in, upon drawing represents a severe
local deformation of 27 percent reduction in thickness; the accompanying
heat buildup and attendant galling can thus be rationalized,

Due to the heavy working of the fillet, minor growth of about 0. 025 in,
of the vertical leg occurred upon comparison to the starting extrusion dim-
ensions,

This can be noted by comparison of dimensions after the first pass
(Table B2) and the starting dimensions (Table Bl), Comparison of Table
B2 with Table B3 (dimensions after stretcher straightening-annealed)
revealed that little change (contraction) in dimensions transpired in this
operation,

Reasons for metal loss in the first warm draw pass, be it 0, 065 in.
or 0, 075 in., were associated with physical separation of the vertical leg
from the horizontal flange upon emerging from the draw die, This type of
failure is depicted in Figure 77. Referring back to Figure 76, reasons for
this metal failure are rather obvious, The thin areas in the starting
extrusions, adjacent to oversize fillet radii, were heated more readily in
resistance preheating and during the drawing operation with overworking
of the fillet zones the thin areas are incapable of sustaining the draw forces;
thus metal separation ensues, initially necking, however,

A microstructural examination adjacent to the failure revealed the
further thinning or necking of the thin spot in the web of the vertical leg
and the development of strain induced porosity near the tensile fracture,
(See Figure 79),

Warm Drawing Second Pass (0, 058 in, )

After surface preparation, lubrication and the like, the extrusions
were then preheated and drawn through the second pass to 0, 058 in, The
exception to this was extrusion 292 which was worked 0, 075 in, and then
0. 065 in, The 0, 058 in, pass was then the third for this extrusion. This
extrusion again revealed extensive separation of the vertical leg from the
horizontal flange for reasons discussed previously and had to be scrapped.

The draw forces, as noted in Table 19, were generally higher than
for the first sizing pass. No undue damage was inflicted by going from
0. 075 in, pass to 0, 058 in. on the three extrusions but this merely resulted
in slightly higher draw forces than going from 0, 065 in, to 0. 058 in,

As can be seen from Figure 79, point damage was extensive after
the second draw pass and all had to be removed prior to the stretcher
straightening-annealing operation, Representative causes for failure were
buckling upon release of the extrusion through the draw die, tearing of
tapered knife edges of the point or start of separation of the vertical leg
from the horizontal flange in the point, generally due to undercutting in the
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original extrusion,

The dimensions of the extrusions after the second draw and also
after stretcher annealing is tabularized in the Appendix in Tables B-4

and B-5,

All extrusions were machined in the fillet for a nine inch length and
then chemically pointed to 0, 040 in, + 0. 000, -0, 010 prior to the third draw,

Warm Drawing Third Pass (0, 053 in, )

The extrusions were prepared for third pass warm drawing as for
the previous two passes; the same heating and drawing techniques were
utilized, As can be seen from the pertinent draw bench data in Table 20,
it became necessary to scrap the second extrusion, number 295, as phylical
separa.non of the vertical leg from the horizontal occurred, The failure
typified in extrusion 295 is shown in Flgure 80; this, however, is a picture
of extrusion number 266 which failed in an identical fashion four (4) feet
from the rear end of the extrusion,

Almost invariably, it became necessary to reﬁoint all extrusions
at this stage for after the 0, 053 in, pass, most extrusions exhibited point

failure,

From this stage on, pointing (machining of fillet and chemically
milling of flats) was conducted in laboratory facilities to exercise the
greater control necessary to warm draw thin extrusions, The tendency
to cut into the web thickness in machining the fillet radius in the point or
over -pickling of the point thickness was thus curtailed, It was thus possible
to pull an extrusion through the 0, 048 in, die opening with a point thickness
as great as 0,040 in, Care had to be exercised in cutting off the old points
as the angularity of the vertical leg could be ruined and all other control in
pointing would be of no avail,

The dimensional measurements of these extrusions after the third
draw pass and after the stretcher-anneal operation is presented in Table B-6 -
and B-7 in the Appendix,

Warm Drawing Fourth Pass (0, 047 in, )

The remaining six lengths of the starting eight extrusions were again
prepared and warm drawn as in earlier passes, The draw bench performance
data is summarized in Table 21. There was a tendency for rippling of the
edges of these warm drawn extrusions as a 0, 001 in, variation in web
thickness from side to side would induce extreme undulations and require
excessive stretcher straightening to remove these ripples, Here again,
point breakage was encountered for, in generai, the points were too thin
(as low as 0, 025 in, ) to sustain the shock of the extrusion emerging from
the die and buckling or metal failure occurred.

The variability of the dimensions of the extrusions, after being drawn
through the 0, 047 in, die opening and after stretcher straightening, is
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summarized in Table B-8 and B-9 in the Appendix,

Final Warm Draw Pass - (0, 043 in, )

Six extrusions were capable of being drawn through the required five
warm draw passes, Prior to introducing this last pass, it was again
necessary to repoint, Again the laboratory was assigned to machine the
radius in the point and to chem-mill the point, Here the points varied from
only 0, 032 to 0, 038 in, in web thickness, thus incorporating a strong point
to pull the extrusion through the 0, 043 in, die opening, It would not have
been practical to control the size much closer than that demonstrated here,
The operation, however, was time consuming, requiring nearly 3/4 hour
for accurate machining of the fillet radii and another 1/4 hour for prepara-
tion and actual pickle pointing,

Pertinent draw bench data is summarized in Table 22, No unusual
problems were introduced but, in general, all extrusions exhibited excessive
waviness of the web thicknesses,

Throughout this program, the draw forces were recorded for each
pass by means of a recording ammeter hooked into the DC motor circuit.
Figures 81 and 82 reveal the pressure versus time curves for the two
longest extrusions processed; the data represents the load curve for each of
the five passes, Beyond the first pass, wherein extrusion number 290 was
heavily worked and 294 only lightly in the fillets, the draw forces were
essentially the same, Ordinarily about 10/12 percent of the available bench
capacity is used merely to drive the chain, Galling can be readily detected
on these charts such as on extrusion 290 towards the rear end of the first
0, 065 in, pass and minor galling at the extreme end of extrusion 294 at the
0, 058 in, pass,

The dimensions of the extrusions after the fifth, and final, draw
pass to 0, 043 in, thickness and after stretcher straightening is presented
in the Appendix in Table B-10 and B-11,

/

Straightness and overall view of the completed 64E 1" extrusions

are viewed in Figure 84,

With the change in scope to include heat treatment, five (5) of the
six (6) extrusions finished through the 0, 043 in, draw pass were plant
solution treated and aged, Extrusion 260 was left in the annealed condition,

Heat Treatment

Five of the six extrusions were selected for heat treatment at TMCA,
Extrusions numbers 261, 264, 266, and 294 were solution treate” 1725°F
(15 seconds) and water quenched. As can be seen in Figure 84, considerable
distortion developed in solution treating of these extrusions,
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Extrusion 264 was stretcher straightened at 400°F and the remainder
at approximately 1000°F, The appearance of the three longest lengths after
restraightening is noted in Figure 85, It was necessary to stretch more
than 1 1/2 percent in about every case to restore straightness,

The tensile property survey of these three long lengths revealed the
values noted in Table 23, The heat treat response is essentially that noted
in the original extrusions and summarized in Table 24, however, marked
microstructural refinement in warm drawing could be noted by viewing
Figure 86,

A dimensional survey was made on the extrusions after straightening
of the solution treated product; this data appears in the Appendix in Table
B-12, From this data, it was decided to machine the edges of two extrusions,
Warm drawing of the edges was not considered for reasons discussed earlier,

Edge Machining

Extrusions 290 and 294 had nearly sufficient stock on the leg height
and width to machine the edges to the required 1, 600 in ¥ 0, 005 in x 1, 750 in
t 0, 005 in, Figure 87 shows the dimensional controls exhibited in these two
extrusions, These lengths were pickled one mil in a HNO3-HF bath and
shipped to North American Aviation for inspection with the 64E15 extrusions,

Figure 88 summarizes the history of extrusion 290 from the incoming

extrusion size, progressively through all five draw nasses, heat treatment
and final edge machining,
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Mode of Failure of Several 64E12
Extrusions After First Draw Pass

FIGURE 77

Necking and Strain-Induced Porosity
Noted in Areas Adjacent to Failures in Figure 77

FIGURE 78
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290 266 b

Various Point Failures Noted Upon Drawing 64E12
Extrusions Through a Draw Pass

FIGURE 79

Failures Due to Separation of the Vertical Leg;
Failure Occurring in Third Pass

FIGURE 80
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Three Longest Lengths of 64E12 Extrusions After
Restraightening Following Scolution Treatment

FIGURE 85

185



As-Extruded
0.0651in
Plus STA

64-28-F 500X

Warm Draw
0.040in (5 passes)
Plus STA

64-28-H 500X

Marked Alteration and Refinement in Transverse
Microstructure Typical of 64E12 Extrusions

FIGURE 86
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Step by Step Alteration in Dimensions Throughout Entire
Processing of 64E12 Extrusion # 290

FIGURE 88
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TABLE 23

nsile Property Sutvey of 64E12 Extrusions

of Ti-6A1-4V (64E12) Warm Drawn 5 Cycles to
0.0

43in and Plant Heat Treated

(A) 1725F(15sec)WQ + Hot Stretch 1000F(AC)

Ext. No. ke e i -
261 175.3 165.3 5.5
290 176.2 158.5 ' 5«5
294 178.1 158.6 8.0

(B) -(A) + 1000F(4hrs)AC in Laboratory
261 187.2 172.7 8.0
290 173.2 162.8 10.0
294 173.8 164.0 8.5
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TABLE 24

Heat Treat Response of As-Extruded

64E12 Extrusions

Ext. Web
No. Thickness
2€1 0.065
261 0.065
290 0.065
290 0.065
294 0.065
294 0.065
294 0.065

UTS Ys(0.2%) El1(lin)
Heat Treatment Ksi Ksi %

1725F(15Sec)WQ + 1000F(4hrs)AC 186.2 167.8  10.0
" e u 187.7 171.4 10.0

" " " 186.0 170.2 9.0

" n " 181.8  164.7 7.0

" + " 181.7 165.4 8.0

" + " 186.4 163.7 7.5
1725F(15Sec)WQ 158.7 117.8 12.0
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4, Evaluation
a, Surface Quality and Surface Finish

The as-extruded surface finish measurements for six of the nominal
3/32 in, extrusions are shown in Table 25, The progressive surface im-
provement by warm drawing two extrusions from a nominal 3/32 in, thick tee
in two light passes to 0, 080" is shown in Figures 89 and 90, Table 26 re-
veals the RMS readings at each stage, Figures 91 and 92 show the surface
quality of the 0, 080" extrusions,

Table 27 reveals the as extruded surface finish measurements of
the nominal 1/16'" extrusions, Comparison of Table 27' with Table 28 re-
veals the improvement in surface finish by warm drawing, The improvement
in surface quality by warm drawing the nominal 1/16" extrusions to 0, 043"
in five draw passes is shown in Figures 93, 94 and 95,

Detailed surface finish measurements on the five extrusions sub-
mitted to NAA for inspection are shown in Figure 96, The high readings
were generally over areas containing light striations which can be seen
in certain of the photograph closeups. These can be related back to defects
in the as-extruded material which were not completely ironed out, Typically,
the surface adjacent to the striation was in the order of 80 u in RMS while
the mea:urement over the striation would be upwards of 120 u in RMS, This
can be seern in Figure 95, The surface of the warm drawn extrusion #290
(upper part of photo) measures 70-80 u in RMS except in areas at the center
of the flange (100 - 120 u in RMS) and the upper part of the flange (120 - 150
u in RMS). Examination of Figure 95 shows the light striations at the center
and upper part of the flange. Referring to the extruded surface in Figure 95,
the severity of striations that cannot be tolerated in extrusion to attain a
warm drawn product (30% reduction) of 100 u in RMS can be observed. Also,
the severity of striations that can be tolerated can be seen from the photo-
graph,
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b, Metallurgical Analysis

A metallurgical evaluation of the 6A1-4V titanium alloy extrusions
was conducted to complete Part V of the program,

Three investigations were conducted independently by North
American Aviation, Titanium Metals Corporation and Republic Aviation
Corporation to evaluate the extrusions. The tensile property survey con-
ducted at TMCA is included in the previous section on warm drawing and the
testing at NAA is discussed in the next section, The processing employed
on the extrusions evaluated by Republic Aviation in Part V are shown in
Table 29 while a tabulation of the mechanical properties is shown in Table 30,
Extrusion #253 is representative of the 0, 080 inch thick shapes forwarded to
North American Aviation for qualification testing. Figure 97a through ¢
illustrate photomicrographs of the extrusion after several processing varia-
tions, In the as-extruded and straightened condition (Figure 97a) the structure
consists of a coarse Widmanstatten (basketweave) structure, There appears
to be some evidence of primary alpha present in the structure indicative of
the extrusion having exceedecd the beta transus for a short period of time.

The tensile properties (Figure 97a)indicate that some minor harden-
ing by alpha precipitation has occurred during cooling from the extrusion
temperature, This occurs because the cooling is sufficiently rapid to allow
retention of more than the equilibrium amount of beta phase which now trans-
forms to alpha, A gradual refinement of the basket weave structure is ob-
served when additional warm working is imparted to the extrusion,

No strength increase is seen after the first draw and straightening
operation, (Figure 97b) due to the minor amounts of deformation introduced
into the extrusion., The increase in strength noted after an additional draw-
ing and straightening operation (Figure 97c) is due to the plastic deformation
experienced. (10% reduction @ 950°F,) The effect of the 1550°F treatment
after drawing is considered negligible due to the insufficient (less than 30
seconds) time at temperature., Figure 97d shows the mechanical properties
and microstructure obtained on the extrusion which was heat treated by
direct (1000°F /4 hours) aging, while Figure97e shows the effects of solution
treatment (1750°F /30 minutes) and aging (1000°F/4 hours), The conspicuous
absence of martensite (alpha prime) is due to an inadvertent delay during
quenching, This delay resulted in cooling below the M_ before quenching, thus
producing a basketweave alpha-beta matrix with primary alpha growing from
the grain boundaries, Previous data has shown that quench delays of greater
than 10 seconds cause reductions in as quenched strength, It is felt that
strengths in excess of those shown are obtainable if a complete (long time)
solution heat treatment is employed with a maximum quench delay time of
10 seconds,

Photomicrographs and mechanical property tests of extrusion #270
are shown in Figure 98a, b, and c. As previously described (extrusion #253),
the micro structure consists of a Widmanstatten structure with evidence of
primary alpha present, The increase in strength observed upon directly aging
after extruding is likely due to an additional beta to alpha transformation, As
in the previous extrusion, the lack of alpha prime can be attributed to a delay
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in quenching. The differences between this extrusion and #253 (Figs, 97 & 98)
appear to lie in the size of the alpha plates (formed from the primary alpha
on cooling) present after STA heat treatment,

Although the strength (Fty) of extrusion #270 was slightly higher than
#253, elongations were lower, This can be attributed to the greater amount
of deformation (from drawing and stretch straightening) imparted to extrusion
#253, and consequently the finer Widmanstatten and alpha platelet structure
formed after heat treating,

The effect of the additional deformation is to break-up the large
alpha-beta structure formed by extruding above the beta transus, A micro-
structure obtained by heating above the beta transus (in the absence of
mechanical work) usually results in an embrittled material. However, mech-
anical working (at temperature) is directly proportional to the ductility re-
stored after processing, Figure 993, b and c illustrate the microstructures
obtained on extrusion #271, It should be noted here that extrusions #271,
270 and 253 differ only in their post-extrusion processing. The mechanical
properties and microstructures obtained on extrusions #271 and 270 differed
only slightly, indicative of the first stretch straightening operation (3% @
1100° F) having a negligible effect on mechanical properties, This is also
seen upon observation of the tensile data from extrusion #253, The first
strength increase is seen only after heavy (10%) drawing operations, It
should be noted that on all shapes extruded at 1800°F with a 51:1 ratio, no
contamination was noted.

Examinatica of extrusions #277 and 273 (Figure 100a through d)
show the microstructures and mechanical properties obtained on shapes
extruded (1800°F) at 24:1 and 57:1 ratios respectively., Figure 100a indicates
that the extrusion exceeded the beta transus during fabrication, This can be
seen from the small prior beta grain size, Only very small amounts of
primary alpha can be noted in the relatively large basketweave structure,
The flange area (Figure 100b)shows a stabilized alpha phase at the surface
(0. 0008-inches thick), However, no hardness differences between this
surface and the core were noted,

The microstructure, and mechanical properties of extrusion #273
can be seen in Figure 100c, Plastic deformation received by the material
(57:1 extrusion ratio) has resulted in a fine Widmanstatten structure, The
stabilized alpha phase noted in the flange (Figure 100d) showed no hardness
differences between this surface and the core, This is due to the fact that
a rather high composition of alpha stabilizing inters titials must be present
before any hardness difference is seen, The alpha case thus formed is due
to the diffusion of alpha stabilizing elements (from the glass lubricant) into
the surface of the extrusion, FigurelQOlathrough f illustrate photomicro-
graphs of the front and rear ends of extrusion #272,

The microstructure seen in Figure 10la, ¢ and e indicate that the
material has just exceeded the beta transus., As indicated by the flow ob-
served in Figure 10la, only partial recrystallization has occurred in the
front of the extrusion,
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The photomicrographs shown in Figurel0lb, d and f illustrate the
microstructures obtained from the rear of the same (#272) extrusion. Note
the larger Alpha platelets, and lack of initial flow seen in this area of the
extrusion, This is indicative of the higher temperatures obtained toward
the rear of the extrusion as a result of increased friction, The alpha
phase seen on the surface of the extrusion (FigurelOle and f) failed to show
any hardness differences with the base metal, The sketch in Figure 101
shows the locations where photomicrographs were taken,
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c) Inspection by North American Aviation
(1) Introduction

Five extrusions were suvbmitted to North American Aviation
Inc. for evaluation relative to application for the RB-70 Weapons System,
Two of the extrusions were of the modified 64E12 configuration and three
extrusions were of the 64E15 configuration. The extrusions submitted to
NAA were 290, 294, 282, 285 and 289. These extrusions were reidentified
by NAA as 64E12, #1 and #2 and 64E15, #1, #2 and #3. All extrusions were
in the solution treated and aged condition.

(2) Procedure

One sample from each end of each extrusion was tensile tested
at room temperature and one sample from one end of each extrusion was
tensile tested at 700 + 10° F to the requirements of NAA Material Specifica-
tion LB0170-147 ' Titanium Alloy (6Al-4V) Bars, Rods and Shapes, Extruded."
Tensile tests were performed on flat specimens selected from the vertical
leg of the 64E12 extrusions and from the base of the 64E15 extrusions.

Each extrusion was checked dimensionally to the drawing
requirements for 64E12 (modified) and 64E15 shapes as shown in Figure 5.
Measurements were made at each end of each extrusion and at one foot
intervals,

In addition, all extrusions were: (1) fluorescent penetrant
inspected, (2) analyzed for chemical composition, and (3) metallograph-
ically examined at 100 and 500X. Chemical analyses for Al, V and Fe were
performed by x-ray fluorescence; 02 and C by Leco gas analyzer; N by
the Kjeldahl method; and H2 by hot vacuum extraction,

(3) Results

Tensile results are shown in Tables 31 and 32. Elevated
temperature tensile data for one of the 64E15 extrusions were invalid due
to sirearing of one of the specimen holding pins. The minimum ultimate
strerygth requirement was reached, however, before the holding pin failed,
indicating that the strength of the specimen was satisfactory, From
Table 31, it can be seen that for the 64E12 extrusions there was a wide
variation in strength from one end to the other.

Results of dimensional measurements are shown in Table 33,
The dimensional range is recorded where it was found that dimensional
requirements were not met. RMS values ranged from 40 to 190 for the
64E12 extrusions with an average of 115, Values for the 64E15 extrusions
ranged from 30 to 130 with an average of 80. NAA Material Specification
LBO0170-147 stipulates that surface finish should be equivalent to RMS/100
or better.



Fluorescent penetrant inspection revealed no surface defects
other than rounded shallow pits. The pits and a scale pattern noted on the
extrusion surfaces are typical of titanium that has been descaled by chem-
milling (acid pickling).

Results of chemical analyses are listed in Table 34, Hydrogen
content for one of the 64E12 extrusions was high, i,e., 170 ppm. Two
additional analyses on this extrusion showed 165 and 182 ppm.

Microstructural examination of each extrusion revealed an
acicular alpha structure. Prior beta grain boundaries were evident in
all extrusions; however, these boundaries were almost completely broken
up at the intersection of the horizontal and vertical legs. No inclusions,
laminations or separations were noted in the microstructural specimens
examined.
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d, Summary

A workable process was demonstrated to produce "T" shape
64E15 by a combination of extrusion and warm drawing processes, In the
final extrusion trial, eight of the eight nominal 3/32" thickness 64E15
extrusions were considered suitable for warm drawing, indicating a develop-
ment of satisfactory die design, billet heating practices, lubrication and
straightening techniques for the extruded lengths,

In the Part V warm drawing trials, eight of eight extrusions were
successfully drawn two passes to 0, 080 in, thickness in 20 foot lengths,
indicating a development of satisfactory die design, lubrication and drawing
practices, straightening techniques and anneal and heat treat cycles for the
drawn lengths, The eight 20' lengths consisted of six extrusions from the
final extrusion trial and two extrusions that were drawn earlier,

It was found feasible to produce 0, 043" titanium '"'T'' shapes by
extruding to nominal 0, 065 in, and warm drawing in five passes to 0, 043"
with present technology., Six of the original eight extrusions were drawn
the required five cycles of nominal 10 percent wall reductions but with
much attendant material loss and greater difficulty than in drawing shape
64E15 to 0, 080", The longest drawn finished length was approximately
15 feet.

Originally five extrusions were to be submitted in the annealed
condition to North American Aviation for testing, The extrusions after
the final anneal operation were within the required print dimensions of
0, 080" t,005'" and 0, 043" ¥, 005" for the two shapes (see Table B13 and
Bll in Appendix), After fabricating the extrusions to size, it was decided
to heat treat the extrusions so that they could be inspected in the condition
in which they are used, The stretch straightening and pickling operations
after heat treatment reduced the cross sectional thicknesses to nominal
dimensions of 0. 075" and 0, 040" which were under the NAA print dimen-
sions (see Table 33), The cropping of the extrusions after the final stretch
straightening operation reduced the length of the extrusions to approximately
18' and 10' for the 64E15 and 64E12 extrusions, respectively.

The NAA inspection revealed that all the extrusions met the
requirements for minimum mechanical properties and internal structure,
one of the 64E12 extrusions failed to meet the requirement for minimum
hydrogen content and the surface finish (RMS) for the 64E12 extrusions was
unsatisfactory, The surface finish (RMS) for the 64E15 extrusions was
found to be satisfactory,

Failure of one of the extrusions to meet the requirement for
minimum hydrogen content suggests that a vacuum anneal be given the
extrusions after the final draw pass and prior to solution treatment, How-
ever, additional testing would have to be performed to determine the
necessity of this operation,

The failure of the 64E12 extrusions to meet the minimum surface

finish requirement of 100 u in RMS can be traced to longitudinal striations
in the extruded surface which were not completely ironed out during warm
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drawing, The longitudinal striations are caused by pickup on the extrusion
die which appears to be the major problem area in titanium extrusion of
thin shapes. Scoring due to die wash and/or coating failure and laminations
due to improper flow were eliminated, Warm drawing did improve the
surface finish of the 64E12 extrusions from a scatter of RMS values from
60/290 in the extrusion to a range of 40/190 with an average of 115, The
64E15 extrusions after warm drawing ranged from 30 to 130 with an average
of 80,

Warm drawing also refined the coarse Widmanstatten micro-
structure of the extrusions, but no real improvement in heat treated
ductility was noted by this alteration in microstructure,

Solution treatment of the shapes, especially the thin 0, 040" extru-
sions, resulted in severe distortion. This necessitated a high degree (1-1/2%)
of hot stretch straightening to remove the quench distortion which tended to
induce crowning across the flange in the transverse direction, The extrusions
could not be supplied in the solution treat only condition., Upon stretch
straightening of the solution treated extrusion at 400/450°F, the yield strength
is increased by about 30 ksi to values in excess of 150 ksi, Some form of
restrained die quenching from solution treating temperatures appears neces-
sary to prevent severe distortion which, in turn, necessitates a stretch
straightening type operation. The procedures and facilities for supplying
extrusions in the fully aged condition were found to be adequate.

Edge machining was demonstrated as being a feasible method of
finishing the edges of the '"T" to the finished print tolerances of + 0, 005",
The alternative of warm drawing the edges was not attempted as work in
Part IV rcvealed severe metal losses due to column failure. Several of the
extruded shapes did not have sufficient stock to machine the edges to the re-
quired print dimensions, It appears necessary to provide approximately
0.070/0, 090" over the print dimension on the extruded leg height and width
to assure sufficient stock for edge machining,

Processing difficulties in drawing the 64E 12 shapes related to the
as-extruded product quality were as follows:

(1) Excessive fillet radii (9/64 to 11/64 in.) for the 1/8 in, draw
die radius resulting in excessive heat buildup in the fillet
area and lubricant breakdown in warm drawing. The heavy
working of an oversize fillet generally resulted in extrusion
and growth of the vertical leg (0. 020 in.), For ease of draw-
ing, the incoming fillet radii should not exceed the draw die radii.

(2) Thin spots on the vertical leg near the fillet radii were as much as
0. 012 inch thinner than the adjacent web thicknesses resulting
in their inability to sustain the draw load and thus resulting in
separation of the vertical leg from the horizontal flange. These
thinner areas upon resistance preheating are hotter than the
heavier areas; this condition contributed to metal separation by
further necking and eventual tensile type failures.
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(3) Uneven web thicknesses which resulted in pickle pointing
problems. In pickling the thickest leg to pass through a die
opening, the thinner legs are under-pickled and too weak to

sustain a draw load.

The above difficulties were in part due to an attempt to utilize ceramic
coated extrusion dies without a finish machining operation; the intent being to
develop a process as economical as possible within the tolerance requirements
of the warm draw process. However, the high material loss in warm drawing
the thin shapes indicates that relatively close dimensional tolerances are
required in the extruded product to realize efficient warm drawing of thin
shapes. Therefore, it appears that a finish machining operation on the
ceramic coated extrusion dies is mandatory,

Processing difficulties related to the actual warm draw operation
generally centered on the following:

(1) Failure to point to the proper web thickness, machining
through or excessive thinning of the fillet radius or chemical
undercutting at the air-liquid interface during pickle pointing.
All these conditions would result in failure of the point to grip
in the jaws, failure to sustain the draw forces and break or
buckling and fracturing of the point upon successful comple-
tion of the draw,

(2) Extreme waviness or corrugation of the flanges resulted
from as little as 0,001/0. 002 inch variation in working of
web thicknesses below 0. 058 inch thickness, This required
stretcher straightening more than the nominal 1 percent
usually found adequate.

The above difficulties suggest that the present pointing practice is
inadequate for thin shapes and new pointing techniques must be developed.
Until an economical and accurate pointing process is developed, it is
recommended that the extrusions be pointed to accommodate one 10 percent
die pass only,
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Ext. No.

Surface Finish of 64E15 Extrusions

TABLE 25

200

282
284
285
286
288
289

Numinal 0.095in

As-Extruded

Horizontal Leg

(H)

Vertical Leg

Min.

140
110
100
120
100
110

(V)
Max. Min.
370 50
220 80
260 90
230 70
180 70
220 60

Max.

350
210
180
220
120
130
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TABLE 26

In-Process Variation in Surface Finish

of Warm Drawn 64E 15 Extrusions

(*)

Ext. Stage of

No. Processing__
263 As-Extruded
263 1st draw 0.090
263 2nd draw 0.080
253 As Extruded
253 1st draw 0.090
253 2nd draw 0.080
(*)

RMS
Horizontal Leg(A-A) Vertical Leg(B-B)
Min. "Max.  HMin. ‘Max.
60 130 60 130
40 80 30 85
30 70 20 55
50 120 45 110
40 80 45 85
20 65 15 40

All pickled approximately 1 mil in 35 HNOa-5HF bath pri-r
to profilometer measurements.
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TABLE 27
Surface Finish of As-Extruded 64E12 Extrusions,

‘Nominal 0. 065in, _

B
J\B
( )
Foa — &
RMS
Horizontal Leg (A-A) Vertical Leg (B-B)
Ext. No. Min. Max. Min. Max.
260 60 260 .70 180
261 60 180 100 220
264 50 150 50 210
266 90 160 90 190
290 110 290 100 240
292 90 290 70 190
294 70 180 e0 250
295 80 270 70 240

All pickled approximately 1 mil in 35 HNOa-5HF bath prior to
profilometer measurements.
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Ext. No.

260
261
264
266
290
294

TABLE 28

Surfacce Finish of Finished Warm Drawn
64E 12 Extrusions Nominal 0, 043in,

RMS

Horizontal Leg (A-A) Vertical Leg (B-B)
Min. Max. Min. Max.
60 100 40 80

70 100 60 100
40 80 40 70
70 100 60 80

70 150 60 170

50 100 60 90
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Alteration and Improvement in Surface Quality of Extrusion # 263
by Warm Drawing

FIGURE 90
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Plan View of Horizontal Flange of Finished 64E 15 Extrusions 254,
263, 282, 284

FIGURE 91
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Plan View of Horizontal Flange of Finished 64E 15 Extrusions 286,
285, 288 and 289

FIGURE 92
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Starting and Finished Surface Quality of 64E12 Extrusions #260 and 261
FIGURE 93
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Starting and Finished Surface Quality of 64E 12 Extrusions #264 and 26

FIGURE 94




Starting and Finished Surface Quality of 64E12 Extrusions #290 anrl

FIGURE 95
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SHAPE- EXT™ FRONT

RMS
MIDDLE

| 1

64EIS- 282
8|2
e4E/15-285  4lo
I~
90-//0§70-90
70-100
62E/5- 289
64E/12-290
80-120
bIEI2- 294

70-/05] 0-80

S0-100

90-/20}90-/130
70-150

70-/10]4-0-80
70-9%

so0-70l70-110
40-65

O
s
83
70-90}80-/00
45-65

0 ~/60
o -150

ajo
70-/110}/00-]70
90-/50

o
ol
alo
Lhle
70-120]1 60-90
60-90

Surface Finish Measurements of Five (5) Heat Treated Finished Extrusions

FIGURE 96
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EXTRUSION #270

00 270 70 e
Fty (in
(ksi) 1")
136.4 13.0
135.7 13,0
131,6 14,0
Photomicrographs of
Fig: 98 a . MR 3-11-6A titanium alloy 6Al1-4V
Extruded & Siretch Straightened extrusion (#270) 3/32" thick
Etch: Krolls Mag: 500X extruded at 1800°F, ata 51:1
ratio and stretch straightened
3% at 11C0°F, Figures 98 a
and 98b show the coarse
Widmanstatten (basket weave)
structure, It should be noted
that this material has z;eached
% e temperatures beyond the teta
Fty (in transus during extrusion,
(ksi) 1") Figure 98c shows structure
138. 9 ZZ. 0 obtained after a 1750°F

152.9 14.0 solution treatment (water
150. 5 15. 0 quench) followed by a 1000°F
. 3 (4 hr, ) age. Absence of alpha
prime (Martensite) expected
after this heat treatment is
due to an inadvertent delay
during quenching, This delay
Fig: 98 b MR 4-1-H2 resulted in co..ling below Mg
Extruded & Stretch Straightened before quencning thus producing
& Age a coarse basketweave alpha-
Etch: Krolls Mag: 500X beta matrix with primary
il alpha beginning to grow from
the grain boundaries,

% e

Ftu Fty (in
{(ksi) (ksi) 1')
al82,3 169.3 6.0

b178,9 166.7 6,0
cl181.5 169.9 8,0

Fig: 98¢ MR 4-1-1-G
Extruded & Stretch Straightened & STA
Etch: Krolls Mag: 500X

Photomicrographs of Extrusion # 270
FIGURE 98 217
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EXTRUSION #271

oL+

0.2% % e
Ftu Fty (in
(ksi) (ksi) 1')

a 158,6 129.9 12,0
b 158,0 132,5 12.0
€ 156,7 129.1 12.0

Photomicrographs of

Fig: 39 a MR 3-11-6E titanium alloy 6Al-4V
As Extruded extrusion (#271) 3/3%2" thick
Etch: Krolls Mag: 500X extruded at 1800°F, at a 51:1

ol ratio. Figure99 a and 99b
show a coars: Widmanstatten
(basket weave) structure. It
should be noted that this
material has reached
: temperatures beyond the
(Fl;t:i) g(t:i) (11'1'1) beta transus during extrusion,
Figure 99c shows the
alé62,8150,3 13,0 structure obtained after a
b160,2 146.4 13,0 1750°F solution treatment
c161.3151,3 15.0 (water quench) followed by a
1000°F (4 hr,) age. The
absence of alpha prime
(martensite) expected after
this heat treatment is due to
an inadvertent delay during
quenching. This delay

0.2% % e

Fig: 99b MR 4-1-1E resulted in cooling below the
As Extruded & Aged Mg before quenching thus
Etch: Krolls Mag: 500X producing a coarse basketweave

alpha-beta matrix with primary

alpha beginning to show

Widmanstatten growth from the
of grain boundaries.

0. 2% % [
Ftu Fty (in
(ksi) (ksi) 1')

2173,2158,5 10,0
b 176,6 164.8 10.0
€177.7 169.5 10,0

Fig: 99 ¢ MR 4-1-1F9
As Extruded & STA
Etch: Krolls Mag: 500X

Photomicrographs of Extrusion # 271

FIGURE
218 79



EXTRUSION #277

0.2% % e
Ftu Fty (in
(ksi) (ksi) 2")

2 148,5 125.3 9,5
b152.7 119.4 8.5
€150,5 126,3 11,5

ol
Fig: 100 a MR 3-9-2-2A Fig: 1ou b MR 3-9-221
As Extruded - Center As Extruded - Edge
Etch: Krolls Mag: 500X Etch: Krolls Mag: 500X

Photomicrographs of a titanium alloy multiport extrusion (#277) 3/32" thick
extruded at 1800°F at a 24:1 ratio, The material has been heated just above the
beta transus as can be seen from the small prior beta grain size,

Although the flange shows a stabilized alpha phase at the surface (0, 0008" thick),
no hardness differences between this surface layer and the base metal were noted,
This is due to the fact that an exceptionally high composition of alpha stabilizing
interstitials must be present before any difference is seen. Any embrittlement
present would be revealed by bend and/or toughness testing, The structure
consists of Widmanstatten alpha-beta platelets.

‘\\\-nlv\‘“\ :
_ \\\ - AN EXTRUSION #273
\‘.n. \ \‘:\”\" c
\ " ‘:5‘ \
B P
\/’; \\ y \\\,,/ 0.2% % e
: '\-. R Ftu = Fty = (in
i u )' 0 (ksi) (ksi) 2")
[ ~~‘\ 1% /\')‘J
Lo =iy n.7 0 al5]1,8 128,1 8,0
L e x,_;j'x Jp# v b152,5 119,1 10,0
P e ¢€154,1 131.8 8,5
, S l- I
- 'IT ..I'
oL
Fig: 100 c MR 3-9-22D Fig: 1004 MR 3-2-22H
As Extruded & Stretch Straightened As Extruded & Stretch
Center Straightened - Edge
Etch: Krolls Mag: 500X Etch: Krolls hfl.g: 500X

Photomicrographs of a titanium alloy extrusion (#273) 1/16" thick, extruded at
1800°F, at a 57:1 ratio and stretch straightened 3% at 1100°F, The material has
been heated above the beta transus as can be seen by the presence of alpha phase
outlining the prior beta grains, The very fine alpha platelets in the Widmanstatten
configuration seen in this structure (Fig, 100 d ) are a result of more severe
(58:1) reduction during extrusion and more rapid cooling (due to small thick-

ness) from the extrusion temperature, These processing variables would tend to
produce a structure higher in beta content, No hardness differences were noted
between the high alpha surface (at flange) and the base metal,

Photomicrographs of Extrusions # 277 and 273

FIGURE 100 219

CosSwud s




MR 3-11-6E9

Fig. 101 a
As Extruded
Etch: Krolls Mag: 100X \

A

MR 3-11-6D7 E

As Extruded
Etch: Krells Mag: 500X
e I ‘ ey Ko
! 4 :
- WLl )

e 0. 0012" <

, 4,:4::.;§
e Fe
Fig. 101 e MR 3-11-6E4
As Extruded

o Etch: Krolls

) /7=

Mag: 500X

Front
of

Extrusion

Photomicrograpl
#272 (1/16" thicl
microstructures
the material has
As indicated by t
complete recryst
the front of the e
which appear not
The microstruct
f, illustrate the 1
rear of the same
platelets and lac}
of the extrusion,
temperatures obt
extrusion as a re
alpha phase seen
(rear and front),
differences with {
below shows the |
graphs were take

Photomic:



Photomicrograph of titanium alloy 6A1-4V extrusion
#272 (1/16" thick) extruded at a 57:1 ratio, The
microstructures seen in Figures a, ¢, and e show
the material has just exceeded the beta transus,

As indicated by the flow observed in Figure a,
complete recrystallization has not occurred in

the front of the extrusion and there are some areas
which appear not to have reached the beta transus,
The microstructures shown in Figures b, d, and

f, illustrate the microstructures obtained from the
rear of the same extrusion, Note the larger
platelets and lack of metal flow seen in this area
of the extrusion. This is indicative of the higher
temperatures obtained toward the rear of the
extrusion as a result of increased friction, The
alpha phase seen on the surface of the extrusion
(rear and front), do not show any hardness
differences with the base metal, The schematic
below shows the locations where photomicro-
graphs were taken,

Phctomicrographs of Extrusion # 272 é L

FIGURE 101
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1Al=-4V extrusion
|l ratio, The

c, and e show
reta transus.

1 Figure a,
iccurred in

are some areas
e beta transus,
res b, d, and
tained from the
1e larger

1 in this area
of the higher
:ar of the
riction, The

he extrusion
.rdness

1e schematic
>tomicro-

sion # 272

Rear
of
Extrusion

ig. 101'b MR3-11-6D-10
As Extruded

Etch: Krolls

Fig, 101 4

Etch: Krolls

Mag: 100X

MR 3-11-6D-S
As Extruded

Mag: 500X

-

Fig. 101 f
As Extruded

Etch: Krolls

MR 3-11-6D8

Mag: 500X

0, 00167 &
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TABLE 31

ROOM TEMPERATURE TENSILE RESULTS
OF EXTRUSIONS EVALUATED AT NAA

- EXTRUSION YS, KSI ELONGATION, %
i NO. SPECIMEN UTS, KSI 0.2% OFFSET 2 INCHES
290 A 188. 8 175. 5 6.5
B 175.5 162. 1 7.0
294 A 175. 3 158. 6 8.5
B 199. 2 181. 6 6.0
282 A 172.9 151, 3 8.5
B 173. 6 154. 5 10,0
285 A 184, 2 169. 5 6.5
B 187. 6 172. 2 6.0
289 A 181. 6 168. 1 7.0
B 181, 4 169.1 6.0
>' Required Tensile Properties 160. 0 (Minimum) 150, 0 (Minimum) 6. 0 (Minimum)

223



TABLE 32
ELEVATED TEMPERATURE TENSILE RESULTS (700 ! 10F)

EXTRUSION YS, KSI
NUMBER UTS, KSI 0.2% OFFSET
290 126. 8 107.9
294 125, 4 96. 5
282 131. 4 109. 0

285 % :
289 129. 7 101. 7

Required Tensile
Strength 110. 0 (Minimum) 90. 0 (Minimum)

* Tensile stress on specimen was 123, 6 KSI when holding
pin failed.
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Extrusion No,

Required

290

294

Extrusion No.,

Required
289
285
282

TAB:

DIMENSIONAL MEASUREMENTS

Thickness Radius

+
(0.043 + 0. 005")(1) (0, 125 - 0, 005")

Height

(1. 600 % 0, 005"
Satisfactory

Satisfactory

DIMENSIONAL MEASUREM

*Unsatisfactory Satisfactory
#*Unsatisfactory (2) Satisfactory
Thickness Radius

(0. 080 ¥ 0.005") (0.125 ¥ 0. 005")

:::Unsatisfactory(4) Satisfactory

(5)

*Unsatisfactory Satisfactory

(7)

*Unsatisfactory Satisfactory

* See Summary page 197

.

Height
(1. 000 T 0, 005"

Satisfactory

Satisfactory

Satisfactory



TABLE 33

\SUREMENTS OF 64E12 (MODIFIE D) EXTRUSIONS

eight

. 600 t 0, 005
tisfactory

itisfactory

Width

Straightness Twist

(1.750 £ 0.005") (0.010" per ft) (1/2° per ft,max. 3°)

Satisfactory

Unsa.tisfa.ctory(3

Satisfactory Satisfactory

) Satisfactory Satisfactory

. MEASUREMENTS OF 64E 15 EXTRUSIONS

right

. 000 ¥ 0, 005"

tisfactory

tisfactory

tisfactory

Width

Straightness Twist

(1.750 £ 0. 005") (0.010" per ft)  (1/2° per ft,max. 3°)

Satisfactory

Satisfactory

Satisfactory

Satisfactory Satisfactory
Unsatis factory(6 ) Satisfactory
Satisfactory Satisfactory

;}f/‘fg

Angle

(t 1/2°)
Satisfactory

Satisfactory

Angle
(t 1/72°)

Satisfactory

Satisfactory

Satisfactory

Re
(1)

(2)

(3)

(4).

thi
0. (

(5),

thi
0. (

(6)

(7),

thic
to



IFIE D) EXTRUSIONS

Straightness

05'") (0.010" per ft)
Satisfactory

ry(3) Satisfactory

EXTRUSIONS

Straightness

05'") (0. 010" per ft)

Satisfactory

Unsatisfactory

Satisfactory

(6)

(1/2° per ft,max. 3°)
Satisfactory

Satisfactory

(1/2° per ft,max. 3°)
Satisfactory

Satisfactory

Satisfactory

S of

Angle
(t 1/2°)

Satisfactory

Satisfactory

Angle
(t 1/2°)

Satisfactory

Satisfactory

Satisfactory

Remarks

1 . L. . .
( )Varlatwn in thickness

(0, 042" to 0.037")

(Z)Variation in thickness

(0. 040" to 0, 037")

(3)First 3' undersize
balance of 8!
satisfactory

Remarks

(4)

Variation in
thickness (0. 077" to
0. 073")

Variation in
thickness (0, 079" to
0. 073")

(6)0. 020" kink

(7)Variation in
thickness (0, 076"
to 0. 069")

225
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IV. RECOMMENDED OPERATIONAL PROCEDURE

A, EXTRUSION

Procedure
l, Belt grind billet surfaces to 100 grit
2, Degrease billet

3. Heat billet to 300°F and spray with protection glass slurry,
Oven dry,

4, Place billet into preheated (1800°F ) stainless steel can,
Cover can and argon parge for 60 seconds,

5, Place can into controlled argon atmosphere electric furnace,
Soak 60 minutes,

6, Transfer billet to extrusion press as fast as possible (20 to
40 seconds),

7« Remove billet from can on runout table,

8. Give billet a double roll on the runouat table to apply
additional glass powder to billet surface,

9. Place glass ring/glass wool die pads into container against
die face,

10, Place billet in container,
11, Advance stem rapidly until contact is made with billet,

12, Hold stem in position for one or two seconds while
upsetting billet,

13, Extrude

Conditions

l. Chromium plated liner

2, Die temperature - 900°F

3, Container temperature - 900°F

4, Dummy block temperature - 400°F

5, Die material - Peerless '"A'" tungsten steel, Rc -~ 48-52

6, Die coating - ceramic

228



7. Coating thickness - ,010 - , 020 inches per side
8. Billet protection glass - #85 coating
9. Billet O, D, lubricant - 318 glass - 14 mesh

10, Die lubricant - 3KB - 14 mesh glass ring
(3) glass wool pads

B. POST EXTRUSION

Deglass

1. Dip in 30% solution of sodium hydroxide at about 425° F
for approximately one (1) minute

2, Water rinse
3. Dip in 15% sulphuric acid bath for approximately one (1) minute
4, Water rinse

5, Steam blast

Straightening

1. Insert one end of extrusion between jaws of stationary head
on stretcher press,

2. Detwist manually sufficiently so that shape can be completely
detwisted on press with one revolution of rotating head. Lock the
detwisted end in the movable jaw.

3. Resistance heat extrusion through insulated jaws to 1000° -
1100° F, maintaining tension in the part,

4, Stretch to approximately 3% of the original extrusion length,
An allowance of about 3" of springback for 20 foot lengths is made
in determining the amount the extrusion is stretched.

5. Cut the power and air cool the extrusion under a constant
diminishing tension until approximately 2 inches of contraction
occurs, Release the air pressure holding the jaw grips so that
further release of tension will cause the extrusion to bow slightly
in compression and force the jaw grips to open.

6. Remove camber and bow by ''gag'' straightening on a hydraulic
p~28s (while the extrusion is still warm - over 300°F),

229



C.

230

WARM DRAW

Procedure

1. Machine fillet radii over a 9" end length to insure insertion
into draw die.

2. Chemically point extrusion ends in a 15% acetic acid - 5%
hydrofluoric acid bath to 0,010" - 0,020" less than lst pass di-
mension. Tape the air-liquid interface to prevent undercutting
between the point and base extrusion,

3. Chemically clean extrusions by alternate immersion in a

KOH bath at about 425°F, rinsing; immersion in a 15% H,S0

bath at about 120°F, rinsing; flash pickling in a 15 HNO, ™~ 141/2 HF
bath at room temperature and rinsing. Conversion coa.t3 with
Amchem Granodraw ""T" (3 oz/gallon); rinse, lime dip coat (4-8 oz/
gallon) at 160 - 180°F, multiple immersion (3-4 dips about 1 minute
each) with hot air drying between dips; brush coat two layers of
Alpha Molykote 196X with air drying between coats.

4, Resistance heat extrusion to 1050°F at a station adjacent to
holding furnace in draw bench trough.

5. Place extrusion in the holding furnace at 1050°F and hold
for 0-1 minutes depending on shape thickness,

6. Hook up extrusion and draw at 24 feet per minute, (10%
reduction per pass), Die is preheated to approximately 500°F,

7. Brush apply die face with Fiske 604 lubricant during draw
cvcle.

8. In-process straighten extrusions by stretch annealing at
1550° F.,

9. Heat treat extrusions according to recommended heat
treat cycle for designated alloy.

10. Pickle and final straighten extrusions (stretch straightening
temperature is dependent on heat treat condition).

11, Machine extremities of extrusions to bring the end dimensions
within size.

12, Clean, inspect and test.
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APPENDIX A

Extrusion Trial Data Sheets

A-1



The original extrusion data sheets are reproduced in Appendix A for reference.
Duplication of extrusion push numbers may be somewhat confusing since each
extruder numbered his pushes consecutively beginning with 1. However, the
original push numbers have been maintained so that the data would correlate
with the identification on the extrusions,

Several assigned push numbers were not used where the unavailability of
tooling or problems in billet heat-up voided the push, The push numbers
used and the total number of pushes are listed below for clarity, The entire
program encompassed 535 pushes,

Total Total
Push Numbers Each Extruder Each Part
Partl - Survey (no
pushes)
Part I1
Babcock & Wilcox 1-20, 24-66, 69-82 77
U.S. Steel 1-74 74
H. M., Harper 1-55 55
206
Part III
Babcock & Wilcox 83-131, 133-138,
140-141, 144-155,
160-175 85
Cefilac 1-62 62
147
Part IV
Babcock & Wilcox 176-245 70
Battelle 1-66 66
136
PartV
Babcock & Wilcox 251-256,258-297 46 2
4
Total Number of Pushes 535
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PART II EXTRUSION TRIAL
DATA SHEETS

BABCOCK AND WILCOX COMPANY
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PART III EXTRUSION TRIAL
DATA SHEETS

BABCOCK AND WILCOX COMPANY
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TEST DATA OF EXTRUSION TRIALS AF 33(600} 3409¢

Push | Biller | Billet| Billet | Billet | Heating| Hig | Billet | Gemsasmer | Container Die Die | Die Die | gt | Btllet | Extr.| Max. Man®®| Maz, |Ext.
No. |Materiai] Size | Temp | Coating] Method | Time | Lubricant | dubsioons Temp. |Lubricant | Temp | Dosign | Material |g, 4. | Trans.| Time [ Pressure} Pressure| Force [Lgth
o (Min) Shepe Noamber| RC e | Time |(Sec.)| Reading | on Billet |en Billet)(Ft,)
op {Sac.) rowsl (pei) | (Toas)
83| w3w0 ¢ng| 2300 58, | “hten | 30 | 335-14] Ye'T 6o0°r| ! Goo| 2 |Wmevaily | 29 702 | 112,004 16"
.
84| 18-8| - o G “ 35 | ass-14 0 a8 z 400| 6 @ " 28 1080 | 199,509 19'¢”
85| ¢340|4w07| - " N 45 | 3ss-14 3 v o - 7 " " 32 $40] 99,00 21's’
86| 8-8| " - 2 - | e ] sis-14 2 e o -~ | 8 " v | 32 840/ 146,000 21'¢”
EPR Electre . Grighten |, 32, 600 .
87| M 46| 1600] 3/8A 'K hee] 6! 318 | 1" Rewd " 38 | -~ - "Atley 45 760 | 132, 3
_—f Ty
88 | Ul 44| -~ - O “ 62 38 |1A" Revnd " -. 0 — .- " F1) 218 | 14¢,000 3’
89 |mrym| - | - s | es]| as | wT - » looo| 26 |*tanel n | 39 1080 | 188, 609 snense
90 | v #9| 1150 | -+ « | o ae | v " " o] g |fekedl - | e 1080 | 198,600 .
91 |74 Mo #67| - - “ | 120] 318 %T = = o L et I 30 648 | 113,000 ¢
* ﬂvp-nl by tack WH--’ oFter cracking nbe 3 sections
Extrusion Section Dimensions ""‘"’ Posh 8
Push | Extrusion Surface Dis Conditd _Eroat Cepter End % Based on 4% contaner General Data
No | and Straightness After Extrusion alblclolalmlc]n]a]lnlclp Ry .rks
P ,."o':.,.';:'.’.'::«"'::.‘- 0 l:.-::':a:.r wlony inturior] Dats: ™ Decomber 19, 1958
Hdye tvbrcation brole dnd Big wear 4t above. Company: Babunk v Uiicox
89| atrer 3' was estrvded | Oie crocked R A
z rnluror Lecation Genver ] 3 Nemiaal
85| Saws as F3 '.'.3‘:.":"" i ' Dimensions
B6 | AP iz w] B8 wee shony orir oy N
87 s...:':l-,; T::’k‘: Very ,/.,“ die wesh SvRmAct GEMERALLY ROvEN :
88 Same s 7 Smegjer 8 Cross Sectien View 2
Me crached Noentrnionf P C Tens)
89 STICKER ..'.::I'_‘ pacity ( #‘ ..
90 e No Eutrosion Srices Coutainer Dh-our._'E&_
' Yy = TR P Ext Rstio VAIg Q8
G/ | Sufae Faich Rogh  Sight Die Wash s..;’//’:_...:; movds vom ‘::.:; r A
TEST DATA OF EXTRUSION TRIALS AF33{600) 34098
Push | Billet | Billet| Billet Billet | Heating| Htg Billet Container | Container Die Die Die Die Extru.| Billet Max"®
No. {Material] Size | Temp | Coating] Method | Time | Lubriczane | Lubricont Temp. Lubricant | Tamp | Besige | Material | Qo i Trans, Pressure
" {Min) °r o [Number| R [+ Time on Billet
=t fSec) Loot)
.. Elocine, Croend . w . Poeviese A TG
92 [ 7A14Md 4547 1800 | @85 | Fimee| SO | Wiim bk /a"T 600 ane | 900" 3 & va-sz| Salp| 32 948 | 16/,5% €10
93 | 741am wsw] 1800 | ess| ¢ | | - . o |9 " “ - | 30 784 | /52,600 7’3"
9q | 741 4Md| 4'ss°| (800 | eS| 80 - " . @, . 10 " - | *s 958 | /52,600 9!

Push

() - 1" Hhich qless pad veed.
) - X"lnd&hu
dve

Extrusion Surface

d

Die Condidon

K

vaed Note how Ar@ extrvsion dimensions are constricted and €90 incovased
wwre s ylate m 1*peds { Aoshes 24990 Extrusion Section Dimensions

< 3
C

L
B

@ Bt heatod sn can and Tramspoted to fm dous fble in con.
v Besed on 47 scalpray dumany block

General Data

No. | and Straightness After Extrusion AlBlClD|lA]DB D] A clD Remarks
Ssetecs Fucly geed Die crack 424 127 Date: bar 19, 1958
Qz | Stem vy tor bout 2 fmb] v (UMY gie pewr  [1976]112 3] 0 vnfswr| gz | e Dacember _
S Face yood Die cracked n o Company: Bebeock and Wilcex
93] L viness werse AT [RF21TX1 N1 e 19081737 34| 424 Beaver Falle,
No waviness. Vi hobt oig wenr. ne "y Location Nominal
99| cusplogyed put ot ol 19221 19 IN) 07| y2e 3 f Dimensiens
orf.ca Surfecs OK
for fract ¢ Bach 8 AZO0D
B_L1se
l ctiE
eyl
Press Capacity (Tonl)_lol.o
Stem DI
Contatner Di
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TEST DATA OF EXTRUSION TRIALS AF33{600) 34093
Push | Billet Billet | Billet Billet | Heating| Htg Billet Extrusion | Container Die Die Dis Die Die | Billet | Extr, Max Max, Ext.
No. [Material] Size | Temp. | Coating] Method | Time | Lubricant | Practice Temp. [Lubricant | Temp | Design | Material | No, | Trans.| Time Pressurs| Force [Lgth
o (Min) °F {2 oF ‘R [ Time |(Sec.)| Reading | onBillet |on Billet{Ft.)
8-52
vy [Soc.) lpt) L (Fonelf
95 4340 o 2300 Salt Bath 35 3135-14 Full Lub, 600 GWG-1n 400 T LCT-2 3 9 .15 523 Q
96 4340 10w 2300 Salt " 40 335-14 . 600 " 400 T LCT-2 3 e . 30 643 ~
97 18-8 b 2300 Salt g 43 335-14 £ 600 " 400 T P.A, 21R o .35 910 -
98 18-8 10¢ 2300 Salt Ind, 60 335-14 o 600 GWG-1/2"] 400 T P.A, 9 8 .40 635 =)
Elect,
99 C135¢ | 43/4q 1800 a5 Fce 120 GWG Scalp 600 IKB-1/20 | 900 T P.A. 22 33 .15 935 649
100 " 43/41 1800 a5 - 127 " Scalp 600 IKB-1/2" | 900 T P.A. 17 35 15 850 GV
T
101 “ S 1800 85 d 138 @ Scalp 600 J 900 T LCT-2 12 40 .35 962 90
»e 1
102 G , S1/2f 1800 85 J 60 @ Scalp 600 U tn 900 T LCT-2 24 20 .30 988 1392
-
103 " l 51/2{ 1800 a5 & 65 & Scalp 600 0 900 T P.A, 20 15 .55 1040 1108
*Forged *¢ Canned Extrusion section dimensions {sce Table o) (1) Minus 40 meeh glass, others, -14 mesh glass (2} 1/2" pads used for pushes 98 thru 103 con-
Die Condition GENERAL COMMENTS tained 1/4' tee orifice in pad
Push | Extrusion Surface After Extrusjon Thinner (3/8 to 1/2¢) flat glass pads with 1/4" tee open- General Dats
No. | and Straightness {See Table IV) ings proved very effective in producing the finest con- Remarks on Butt Ends
tinuous film of clear glase ever observed at any of the Date: January 16, 1959
95 - Moderate Die Wash previous trials. On two pushes, this effective glass
lubrication resulted in dies without wear, pickup, de- Company: Babcock & Wilcox Company
96 - " formation or any evidence of prior use after a sand Beaver Falls, Pa,
blast cleanup On the cther three titanium alloy Location Nominat
97 = " pushes, wear was limited to light scratches, or defor- Dimensions
mation at the radii of the tee. The effectiveness of
98 c L) the glass lubrication is considered primarily due to A_Z—OFO_
Smooth surface the thinness of the pad although the influence of die FroniTace nof completely re- s.2.000"
99_| Good straightness Very slight die wash _ temp. (or pad temp) has not been determined. The )/4» tarded in scalping. Slight back Cui28
Smooth surface tee openings in the glaas pad eliminate any early clogg- ame as above, Severe p L. 750 |
100 No Wear ing of the die orifices which produces undersize section back end seams, Croan Section View E .12%
dimensions in the first few feet of extrusion, Same as above, Very severe 1080 F .12%+
101 3:“ LEC " back end seams. Press Capacity (Tons)
Ly Cast electric discharge machined dies were used, A Stem DI 4 1716
o2 Smooth surface new die design proved successful in eliminating break- Square frontbuttface,Severe Coaalas A1 4 3/16m
Straightness OK Slight che oo age during extrusion. The dies were confined in a thin _____—J"“" end seam drd dicklin: | Fo e 201
103 | BTt e, S e et only tapered shell which permitted the restriction of the Simelasiabove
conical container opening to be transf{erred to the die.
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TEST DATA OF EXTRUSION TRIALS AF33{600) 34098
Push | Billet | Billet| Billet Billet | Heating] Heg Billet Extrusioa [ Comtainer Die Dis Die Die Dia | Billet | Exte, Max.
No. |Msaterisl] Sise | Temp. | Costing| Method | Time | Lubricant | Practice Temp. {Lubricant { Temp | Design | Material | No. | Trams,| Time | Pressure |
(Min} RC Time |(Bec.)| Readiag | en Billet
*F *F 48-32 18250 ‘l" )
104 | 4340 [ 2300 5 ucti - 335-14 Full Lub 600 awo 400 T LCT-2 3
105 | 18-8 [ 2300 85 o S " " * o) o " P.A. 2 18 - "o .
106 | 4340 10w 2300 [ 1] " - W Q ] Ll o L] P.A. 21R 15 .28 ”° o
C-135 3
107 |Fpoeseq | & 1800 85 I rce |95 | GWo Scalp " IXB 1/f %00 | » |P.aA, 7 s | .2 s 1004
108 " " 1800 [1] n 143 " " " " " v |P.A, 19 0 160 1100 am
C-13%
109 | cast L) 1800 [ 1] " 149 - " ¢J G " " LCT-2 14 25 .18 53 Srgm
110 " [ 1800 85 . 96 L] L4 " o “ - P.A, 16 30 - L1 10v8w
C-135, lec.Feqd 104
M) Jporged | 6 1800 [1] Induct e " " " " #  Juer-2 |2 ’ .30 938 L0
112 " [ 1800 5 J " 0 & & " CJ " P.A. 16 [} . 1100 -
All)tl . C::drlud-:n GENERAL COMMENTS
Push | Extrusion Surface Dl 1 General Data
No, | and Straightness (see Table IV) A new replacement stem wae found to be bent about Remarkercm:Buit Kide
1/16 after several pushes. Reversing the stem 180° Bete: 3
104 - o overbent the stem im the direction ia which it was orig-  Square front butt : anwary 23, 1959
Def: 3 - but not scored inally beat. The stem gain reversed 180° and the )
105 - er':::-‘od h container was offset about 1/64 to correct for the tea- Company:  Babcock &k Wilcex Company
dency of the stem to bend. Abeut 8 extrusion triale B alls, P
106 9 Badly washed were conducted after this cha and at the end of the Liecatios aaver¥als, Re. ::::::-.
Good surface Light deformation day'e trials, the bent condition of the stem had sot §uite Tronl Iace. Back @
107 aggravated further, liuik ‘l and slight back end &
T Fair surface -Eilﬁmen— Results of this day's triale were again as imp i B
108 | and straightness some wesr and scorss as thoss of January 9. Although for reasona not yet Partial sticker c
Surfice OK Severs scores and established, ‘the glass films wers not a# clear, heavy T 4 Yi T
109 | Good straightness ckup or continuous as oa January 9, extrusion surface was hgar cone, No back ead Cross Section View
Good surface No deformation good. Dise may not have basn as well protected as E_lbn
110 and straightness Light wear duriag previous trial (1/16/59); but this will be deter- )_"_n.ﬂ"—-

Surface OK

No deformation

mined in future inspection eince at the end of the day's
trials, four dies still had to be removed from the butts.

111) Good straightness Light ecores
No deformation {Sectional dies are being designed to overcome this dif- Extrusion Ratie 31:)
112] Sticker Little wear ficulty). Slight die w which occurred across the
trance radius did not generally affect the die beariag
TEST DATA OF EXTRUSION TRIALS AF33(600) 34098
Push | Billet | Billet | Billet Billet | Heating| Htg | Extrusion | Container | Container Die Die Die Die Die | Billet | Extr, Mazx, Max.
No. |Material]l Sise | Temp. | Coating] Method | Time | praceyce | Lubricant Temp. |Lubricant | Temp | Design | Material | No, | Trans,| Time | Pressure| Pressure
s {Min) o RC Time |(Bec.}| Reading | en Billet
48-52 {8ec.) {pst]
T-138 ectric
313 |rorgeg | & 1800 (1] Ess® 136 | GWG Scalp 600 3kBi/2¢]| 900 | T P.A. 19 13 K1)
114 o [ 1800 [ " 73 L) Full Lub c L G T LCT-2 15 38 49
115 " [ 1800 [E] " 83 | 318 L b bl » 0 LCT-2 14 30 .30 9% 1104
116 " b 1800 85 " 36 318 Ll ”» " ”» " LCT-2 10 40 .30 [11] 1009
117 " o 1800 [ 1] " 4 3i8 L] & L D L LCT-2 1 49 20 Ul
$Canned
{See Table IV)
GENERAL COMMENTS (Contd,
P::h Extrusion Surface Dls/Casdition surface or the extruded surface eral dies were used General Data
. | and Straightnes After Extrusion | twice during the day's trisls Ramarks on Butt Eads
Cood surface Light deformation ce during the day'e tr! = " Date Jaauary 23, 1989
113 | and Stni.huun Somse ,lekul & scored
e Surface OK Slight deformation deformation at the radii of the tes. It may aleo be de- Compaay: Babceck & Wilcex Cempany
—— t— sirable to re-electric discharge machine the orifices of
s ;‘"‘"v: OK the dies used for titanium extrusion to eliminate slight " ue te partial Lecation Besver Falls, Pa, Nomisal
R“yh ;v;: Noaot o t~ conatrictions {.001 or .002) which occur (generally near —lﬂm-—-_ Dimenstens
1é ough surface o deformation the radil of the tes).
e - A s
Scored B 0
117 " c oo
DL
Cross Bection View E__ ki
Press Capacity (Teas)—L Li
Stem Di. 1/16%
Coatajaer Di. 431
Extrusioa Ratie 7:)
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APPENDIX B

Dimensional Measurements of Warm Drawn Shapes
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Feller Engineering Company

Attn: Mr, R, C, Zeile, President

Empire Building
Pittsburgh 22, Pennsylvania

The Garrett Corporation

AiResearch Manufacturing Division

9851 Sepulveda Boulevard
Los Angeles 45, California

General Electric Company
Flight Propulsion Division
Technical Information Center
Mail Zone F-22

Cincinnati 15, Ohio

General Motors Corporation
Allison Division
Indianapolis, Indiana

General Motors Technical Center
Metallurgical Research Building
Metallurgical Engineering Research Staf
Attn: Mr. Clarence J. Tobin

Warren, Michigan
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