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The two tee shapes selected for Part V were extruded in 6AI-4V titanium alloy
at 1800°F and stretch straightened at 1000°F - 1100*F. The tee extrusions are
.093" and . 063" cross section and will be warm drawn to . 080" and . 043"
respectively.

Good dimensional uniformity of the extrusions after the first several feet was
obtained, but good surface finish free from defects could not be consistently
obtained.

Very little wear or wash of the alumina coated dies was experienced and 75%
of the 3-piece dies will be used for the next trial.
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NOTICE

When Government drawings, specifications or other data are used for any
purpose other than in connection with a definitely related Government pro-
curement operation, the United States Government thereby incurs no re-
sponsibility nor any obligation whatsoever; and the fact that the Government
may have formulated, furnished, or in any way supplied the said drawings,

S- specifications, or other data, is not to be regarded by implication or other-
wise as in any manner licensing the holder or any other person or corpora-
tion or conveying any rights or permission to manufacture, use or sell any
patented invention that may in any way be related thereto.

The work reported in this document has been made possible through the
support and sponsorship extended by the Air Materiel Command under Con-[_ tract No. AF33(600)-34098. It is published for technical information only
and does not necessarily represent recommendations or conclusions of the
sponsoring agency.

Qualified requesters may obtain copies of this report from ASTIA, Document
Service Center, Arlington HaU IZ, Virginia.

Copies of ASD Technical Reports should not be returned to the Aeronautical
Systems Division unless return is required by security considerations,L contractual obligations, or notice on a specific document.
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FOREWORD

This Interim Technical Progress Report covers the work performed under
Contract AF33(600)-34098 from 1 March 1963 to 1 June 1963. It is published
for technical information only and does not necessarily represent the recom-
mendations, conclusions or approval of the Air Force.

This Contract with Republic Aviation Corporation, Farmingdale, Long Island,
New York, was initiated under the Aeronautical Systems Division Project
7-556, "Improved Methods for the Production of Titanium Alloy Extrusions.'
It is administered under the direction of Mr. T.S. Felker of the Basic
Industry Branch (ASRCTB), Manufacturing Technology Laboratory, Aero-
nautical Systems Division, Air Force Systems Command, Wright-Patterson
Air Force Base, Ohio.

Mr. J. J. Christiana of the Manufacturing Research Department, Republic
Aviation Corporation, is the project engineer. Messrs. M. Negrin, Manufactur
Rescarch Engineer and T. Gorecki, Engineer, The Babcock and Wilcox Compan,
have cooperated in the research and in the gathering of data for this report.

The primary objective of the Air Force Manufacturing Methods Program is to
increase producibility and improve the quality and efficiency of fabrication of
airc.aft, missiles and components thereof. This report is being disseminated
in order that methods and/or equipment developed may be used throughout
industry, thereby reducing costs and giving "MORE AIR FORCE PER DOLLAR

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 developed required
on this or other subjects will be appreciated.

Written by: 9 9. •
U Jf i.Christiana

IAincipal Mfg. Rsch. Engr.

PUBLICATIO..VIEW

Approved by:
Mobert W. Hussk, Assistant Chief
Man turing Research Engineer

Approved b
~T.F.mholzChief

Manufacturing Research Engineer
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Ii HTORY OF THE PROGRAM

,,Improved Methods for the Production of Titanium Alloy Extrusions'$ is sponsored
by the Air Materiel Command under Contract No. AF33(600)-34098. The develop-f ment program was originally scheduled in five parts to produce titanium alloy
structural shapes in three size categories. The extrusion development for the
first and second category shapes (Figures 1 and 2) has been completed in Parts II[and M of the program. A double tee shape originally selected for extrusion
development in Part IV, has been replaced with a thinner tee shape (Figure 3)
to be produced by a combination of extrusion and subsequent drawing. Such
thinner shapes represent current design requirements in advanced airframe
structures. The scope of the program was further increased by the addition
of Parts V to produce a typical B-70 titanium alloy shape (Figure 4) and
Part VI to develop heat treatment procedures for full length titanium alloy
ext:rusions. Part VI was subsequently deleted. The program parts are
listed below as originally scheduled and as revised.

Original Program Revised Program

"Part I
Determination of Shapes
and Materials

Complete Extrusion of First
Category Shapes (Fig. 1)

RALrm
Extrusion of Second
Category Shapes (Fig. 2)

PaLIV Part IV
Extrusion of Third Extrusion and Drawing

Deleted- Category Shape (Fig. 3) of Third Category Shapes
PartY (Figure 4)

Final Report Part V
Extrusion and Drawing
of Typical B-70 Shape

[Part VI
Deleted Heat Treatment
12 Oct. 1962 Development

[D l
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Part I

The survey of airframe producers was concluded in Part I and resulted in the
selection of typical extrusion shapes desired in titanium alloys for airframe
design. These shapes are illustrated in Figures 1, 2 and 3. The survey also
determined the test properties required of titanium alloy extrusions for high
temperature service. The major titanium producers and research laboratories
were consulted for information and recommendations for the choice of alloys
most closely conforming to the property requirements.

Part II

The alloys which were selected for extrusion in Part 11 are listed below:

C-135 AMo 7.00/6 Al. 4.0416 Mo.
MS-821 8% Al. 2/o Cb. 1% Ta.
Ti-155A 5% Al. 1.4% Fe. 1.5% Cr. l. Zo Mo.

The extruders who participated in the Part II extrusion development are:

The Babcock and Wilcox Company
The United States Steel Corporation
The H. M. Harper Company

The sections and alloys which were extruded in Part H by these extruders are:

Company Billet Dia. Section Alloys

Babcock & Wilcox 41t Angle C135 AMo and MS 821
U. S. Steel 2-3/4,, Channel Ti 155A and C135 AMo
H. M. Harper 3-7/81, Zee MS 821 and Ti-155A

The extrusion development of the Part II section is described in detail in
Quarterly Report Nos. 3, 4 and 5. The dimensional objectives established in
Part I were approached but were not fully realized during the Part II extrusion'
development. Various lubricants, die materials and extrusion techniques were
investigated and the best results were obtained with hot work tungsten steels
and glass lubrication techniques.

The straightening trials which were conducted with the channel and angle extru-
sions produced in Part II are described in Quarterly Reports 5, 6 and 7. Report
No. 7 also contains a dimensional evaluation of the straightened lengths which
indicates that the extrusions .rproached but did not realize the straightness and
twist specifications for aluminum extrusions of similar cross section.

2
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L" Part III

The Part III development of extrusion techniques for the tee and hat shapes
-_ (Figure 2) was conducted by Babcock and Wilcox and by Compagpie due Filage

des Metaux et des Joints Curty (Cefilac), the French company that developed
the glass lubrication technique for steel extrusion. The Part III extrusionr* trials are described in Reports 8, 9, 10, 12, 13 and 14. The most successful

v. Cefilac trials are described in Report 12 and the most successful Babcock and
Wilcox trials are described in Reports 9 and 14. Similar results in reasonable
dimensional uniformity with good surface finish in 15-25 foot lengths were ob-

° tained by both extruders. Effective glass lubrication held die wear to a negligibli
degree and permitted reuse of the dies. Pickup scoring lines in the extruded
surface due to titanium pickup upon the extrusion die were present to a degree
varying from negligible to appreciable severity. This condition was finally
avoided in the last Part III trials at B & W apparently due to clean billet heating
and handling practice in which stainless steel billet heating cans and a 9000F[ chromium plated extrusion liner were used. See Report No. 14. Practically
all extrusions produced in Part III were extruded by the full flow lubrication
technique in which the billet skin elongates in passing through the extrusion die
and separates into discreet particles in the extruded surface. These particles
are not in themselves undesirable when small and well divided but are the nucleu
for surface depression adjacent to the marks. In addition, when the billet skin
contamination in heating is appreciable, the particles produce die abrasion. A
study of contamination depth as dependent upon heating time and protective glass
coating is still in progress in an effort to determine if the present extrusion pro.
cess can be improved with better heating practice.

A representative evaluation of the Part III tee extrusions is presented in Reports
13 and 15. The best extrusions are within the dimensional straightness and
twist tolerance of aircraft specifications for aluminum extrusions of similar sizi
and shape. However, there is a sufficient range of variation to indicate that a
subsequent sizing operation such as "warm" drawing would be advantageous.
Further, the current interest in titanium extrusions lies in thinner shapes with
smaller tolerances than permitted in aluminum extrusions. As a consequence,
the program has been amended as previously described to produce such shapes
by means of extrusion and subsequent drawing.

A heat treatment procedure that will consistently produce the objective of 180, 01
"psi ultimate strength with 8% elongation has not been determined. In many case
tensile results have been erratic after heat treatment. For earlier mechanical

Vs property test results and heat treatment studies, see Reports 4, 5, 6 and 7. A
study of heat treatment parameters conducted by Crucible Steel with channel anc
angle extrusions in 7AI 4Mo alloy is included in Report No. 8. Results with
recommended heat treatments and modified treatments are described in Reporti
9, 10 and 11. In the latter report, as-extruded material consistently tested
170, 000 UTS, 150 YTS and 856 elongation. After heat treatment, results were
typically 185 UTS, 175 YTS with 2. 5%o elongation.

Straightening trials conducted with the Part III tee extrusions at B&W are des-
cribed in Reports 9, 13, 15 & 17. The last two reports contain an evaluation of t]
dimensional uniformity and mechanical properties of the straightened Part TI
tee extrusions produced by B&W in terms of straightening temperatures and
modification of jaw assembly.

3
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Part IV

In a previous quarter, a Part IV extrusion and straightening trial was held at
Babcock and Wilcox. The purpose of this trial was to establish the reproduci-
bility of the process developed under the Part III extrusion of tee shapes, deter-
mine the best lubrication practice, and to extrude an . 092" thick tee shaped
section based upon the best techniques developed under the 1/8" thick tee shape
reproducibility phase. The procedures and results of this trial are discussed
in Report No. 17.

Glass contamination studies were conducted at Republic Aviation Structures
Laboratory and at the Babcock and Wilcox Production and Process Laboratory
facilities to determine the influence of billet heating times and glass composi-
tion on contamination of titanium extrusions (Report No. 18). For previous
studies related to surface contamination, see Reports 10, 12, 14 and 17. The
influence of reduced billet heating times on extrusion pressures is discussed in
Report No. 19.

Extrusion techniques and results of the extrusion trials (Group No. 17) in which
20-foot lengths of . 092" and . 062" tee shaped sections were successfully ex-
truded using alumina coated die material, are discussed in Quarterly Report
No. 19. The extrusion pressures required were comparable to pressure ex-
perienced with the smaller ratio . 125" extrusions. Use of alumina coating on
the die material prevented die wear, wash and hot deformation of the die. Uni-
form cross section dimensions from front to back along the extrusion length can
be realized using the alumina coated dies.

A combination of hot stretch and punch straightening of the Group 17 extrusions
produced the straightest extrusion lengths to date. The various extrusion tech-
niques which influence the cross section dimensions of the as-extruded length,
and subsequently affect the resistance heating stretch-straightening and detwist-
ing procedure, are discussed in Report No. XX.

High frequency induction heat equipment, coils and accessory equipment have
been installed at the Allegheny Ludlum Steel Corporation draw bench facility
and are described in Report No. 18. The temperature sensing devices and
controllers, induction coil and stress loading cells were calibrated. A four-foot
tee section was reduced from a nominal . 130" to a uniform. 118" cross section
in one pass. The procedure and results are.discussed in Report No. 19. Ten
foot lengths of as-extruded and straightened . 125" tee shapes were successfully
reduced in one reduction pass to a uniform . 110" thickness. The problems
encountered and recommended solutions for maintaining constant temperature
control of the induction coil, cracking of carbide draw dies, and choice of
compatible lubricant are discussed in Report XX and XXI.

The final series of Part IV extrusion trials were conducted at Babcock and
Wilcox Company completing the extrusion portion of Part IV. Tee sections,
ranging from 20 to 30-foot lengths of 1/16" cross section, were successfully
extruded in 7AI-4Mo, 6A1-4V and 4A1-3Mo 1V titanium alloys using alumina
coated dies and a combination glass wool-granular glass die pad lubricant. The
extrusion procedures and results are discussed in Interim Technical Report XXI.

4
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L~.

U
A fourth series of extrusion trials were conducted at Battelle Memorial
Institute to determine the optimum glass wool composition for the die lub-
ricant system at 1800*F. The glass compositions were melted and blown to
fiber form at Battelle Memorial Institute. The results of this trial seriesare described in Report No. XXII.

For the warm drawing phase of Part IV the tee sections were heated in the
resistance heated muffle furnace which was installed in October. Twenty-
seven as-extruded 20 feet long nominal 1/16" cross section tee shapes con-
sisting of 7A1-4Mo, 6A1-4V and 4A1-3Mo-1V titanium alloys were sized
through a .065" draw die. Eight sized . 065 shapes were drawn to . 058"
cross section. Two of the .058" cross section tees were further drawn to

'.052" cross section

Warm drawing of four tee sections to a final . 043" cross section thickness
was accomplished during the last quarter using modified tungsten carbide
draw dies. The modified die configuration, drawing procedure and results
are described in Report XXIII.

During the last quarter, shapes were selected for Part V which involves the
fabrication of shapes for the B-70 aircraft. The shapes selected are North
American Aviation Shape Nos. 64E15 and 64E12 (modified). NAA No. 64E15
is an . 080" tee section with a 1. 750" flange and 1. 00" stem. The modified
NAA No. 64E1 2 is an . 043" tee section with a 1. 750" flange and 1. 600" stem.
The alloy for both shapes is 6A1-4V titanium alloy. Shape No. 64E15 will
be extruded to . 093" cross section and warm drawn to . 080". Shape No.
64EIZ (modified) will be extruded to .063" cross section and warm drawn
to . 043".

ji During this quarter, the warm drawing program was transferred from the
Allegheny Ludlum Steel Corporation plant at Watervliet, New York to the
newly installed warm draw facilities of Titanium Metals Corporation of
America at Toronto, Ohio. Modification of the TMCA die housing in terms
of enlarging the back-up block orifice, machining a new die cover plate,
and machining steel wedges and shim plates to accommodate the original
"tungsten carbide draw dies has been completed. However, no work on the
TMCA facility has been accomplished.

An extrusion trial was held during this quarter for the two B-70 shapes, using
the practices developed during the Part IV extrusion effort. Included in this
trial were two pushes with dies having two tee port openings per die to dem-
onstrate multihole extrusion capability. The shapes were straightened by a
combination of hot stretch and punch straightening. The procedures and
results of the extrusion and straightening trials are described in this report.

E 5
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INTRODUCTION

In order to determine the practicability of the techniques developed under
Part IV, two shapes required for the B-70 Weapons System were selected
for fabrication. The two shapes are shown in Figure 4. These shapes
were selected since they represent a significant increase in the state-of-art
of titanium extrusion and at the same time are compatible with the existing
warm draw tooling. The shapes will be fabricated in minimum lengths of
20 feet to North American Aviation material specification LB0170-112,
Class I.

To produce these shapes it is 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 will 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". The modified shape 64E12 will be produced by extruding to .063" cross
section and warm drawing to . 043", providing a reduction of .020". Detailed
data will be obtained, relative to dimensional uniformity, surface finish, micro
structure and mechanical properties for both shapes, in the as-extruded con-
dition and after various draw stages to ascertain the degree of improvement
in warm drawing. In this manner, the required amount of reduction in each
size category will be established. This data can be used as a guide in the
design of extrusion dies and draw dies for the production of aircraft quality
long, thin sections.

In addition the effect of the extruded shape variations on the warm draw process
will be noted so as to establish proper dimensional size and tolerances on
extrusions to suit the warm draw process. For example, it was reported in
a previous report (ASD Interim Report 7-556 XXIII, page 47) that 0. 005" to
0. 015" lateral expansion of the leg extremities occurred during the draw pass
when the edges were unrestrained. Since restraint of the edges during a draw
reduction resulted in buckling and development of a "Chevron" defect with
eventual tearing of a leg of the tee extrusion, it was found necessary to extend
the orifice extremities of the draw die and allow the leg to "grow'. This data
would suggest that an allowance be made in the design of the extrusion die to
accommodate the growth per draw pass times the number of draw passes
contemplated. In other words, the extrusion die opening would be made smell-
er. However, it was found that on certain shapes that were drawn, the reverse
was true (i. e. the cross sectional width and height dimensions decreased during
the draw pass). On examination, it was found that in the latter case, the fillet
radius of the shape was undersize while in the former case, the fillet radius
was oversize. One of the objectives of Part V of the program will be the gen-
eration of data relative to the above which can be used by the extrusion die
designer to determine optimum die design.

10
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EXTRUSION OF PART V SHAPES - GROUP 1

OBJECTIVES

The objective of this extrusion trial was to extrude Z0t lengths of extrusions
in . 093" and .063" cross sections.

A second objective of this trial was to demonstrate multi-hole extrusion
capability for relatively thin shapes by extruding through (2) tee port openings
of . 093" cross section. A third objective of the trial was to evaluate the two
glass combinations that showed the most promise during the extrusion trial
of 6AI-4V titanium alloy conducted in Part IV of the program (See ASD Interim
"Report 7-556 XXI, Babcock & Wilcox extrusion trial Group 19.). The two glass
combinations are the composition 318 OD lubricant coupled with composition
3KB die glass pad and composition E71B OD lubricant coupled with composition
E71 die glass pad. The best glass combination will be used for the remainder
of the program.

A series of (17) extrusion pushes were scheduled by mutual agreement between
Republic Aviation and Babcock & Wilcox personnel. The (17) scheduled pushes
included (7) pushes through the . 093" die orifice, (7) pushes through the . 063"
die orifice and (3) pushes through the multi-port die.

FACILITIES AND EXTRUSION PRACTICE

The extrusion press is a 2500-ton Loewy hydropress with pressure accumulators
capable of operating the press at the fast extrusion speeds necessary in steel and
titanium extrusion. A photograph of the press is shown in Figure 5 and a cross
section view of the press tooling arrangement is shown in Figure 6.

The extrusion press is equipped with a 4-3/16" I.D. container and a 4-1/16"1
"hardened 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).i.
The billet surfaces are belt ground to 100 grit, degreased, heated to 300*F
and sprayed with #85 protection glass slurry prior to heating. The billets are
then placed into a pre-heated (18000F) stainless steel can, covered and given
a 60 second argon purge. The can is then placed into a controlled argon atoms-
phere, 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 container liner (900°F).

The billets are transferred to the extrusion press with the two-man carrying
device illustrated in Report No. 13. The single can method was used and the
billet was tipped out of the transport can onto the runout table where additional
glass powder is applied.

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

11
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FIGURE 5

2500-Ton Loewy Extrusion Press at Babcock & Wilcox, Beaver Falls

12
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The die is lubricated and protected from washout during extrusion by a film of
glass which is continuously fused from a pad of compacted glass powder, or a
composite of glass powder and glass wool which is placed between the die and
billet. (See Interim Report #19)

A new chromium plated and polished liner was used for the trial.

EXTRUSION PARAMETERS

The . 093" shape represents a cross sectional area of . 257 in2 and with a billet
diameter of 4", the extrusion ratio for this section is 48 to 1. A billet length
of 6.75" was selected so that with a discard of approximately 20% or 1.35" the
material available for the extruded length would be 4" diameter x 5.4" or 67.4
ind. This volume would supply an extruded length of 22 ft.

Similarly, the . 063" shape has an extrusion ratio of 58 to 1 and the 6 3/4" billet
length will yield an extruded length of 26 ft. A 9 1/4" billet length was selected
for the multi-port die which would yield (2) extrusions of 15' for each push at an
extrusion ratio of 24:1.

The height dimension of both tee openings in the multi-port die was reduced to
allow sufficient distance between the two tee openings for proper material and
glass flow.

The billet configurations are shown in Figure 7. The convex faced nose
configuration seen in Figure 7A was used for all pushes with the single port
die. The convex billet configuration creates a greater reservoir of molten
die glass which is available to the billet surface at the die opening.

The flat faced billet configuration (Figure 7B) was planned for the three pushes
with the multi-port die. The relatively small radius (3/8"1) at the front face
of the billet is employed to obtain good fillout of the front of the extrusion.

The glass pad configurations employed to lubricate the dies are shown in Figure 8.
Figure 8A shows the glass ring used for lubrication of the single port die while
Fibure 8B is a sketch showing the approximate dimensions of the pad used with
the multi-port die. The glass pad is designed so that the large "boss" in the
center of the pad is available throughout the extrusion cycle for continuous
feeding of glass to both port openings. For the single port, glass wool pads
were used in conjunction with the granular glass pad. The glass wool pads
were placed between the die and the granular glass ring. (See ASD Interim
Report 7-556 XIX for sketch showing arrangement of die, glass wood pads,
granular glass ring and billet) The thin glass fibers of the glass wool pads
melt easily and provide the initial lubrication at breakthrough while the granular
glass provides the lubrication during the latter part of the extrusion. The three
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).

14
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6A) PAD CONFIGURATION USED FOR SINGLE PORT DIE
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6B) PAD CONFIGURATION USED FOR MULTI-PORT DIE

GRANULAR GLASS PAD DESIGNS
FIGURE 8
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Peerless A tungsten steel dies were used for both the three-piece single port
dies and the one-piece multi-port dies. The single port dies used the three
piece design to allow the application of ceramic coating by the flame spray
method to the land areas. Figure 9 shows the eight single port dies used for
the trial after flame spraying the ceramic coating (prior to extrusion). The
11161" orifice dies are in the upper portion of the photograph while the 3/321t
orifice dies are in the lower part of the photograph. Figure 10 is a closeup
of one of the dies showing the ceramic coating along the die lands. The dies
contained a . 002" undercoat of molybdenum with an . 008" - . 010"1 coating of
alumina. The die orifice dimensions after coating are shown in Table 1. The
dimensions were obtained by feeler gage measurement with the die in the die
holder.

The temperature of the tooling during the trial was as follows:

[ die - 10000F

container - 900"F

[dummy block - 400°F

EXTRUSION TRIAL

The trial schedule is listed in Table II with the conditions for each push. Force
measurements are not listed due to faulty instrumentation. 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 con-
ditions of the shapes, dies and discards are presented in the Results section.

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 continu-
ous availability of hot billets in accordance with the heat soak schedule. The
billets were charged into the furnace one every fifteen minutes. The die carrier
was heated with a torch on the die rack. The granular glass ring and glass wool
pads were inserted by hand into the container after torch heating the container
to 9000 F. All billets were extruded by the full lubrication practice using a
double roll pass over glass powder on the run-out table.

The trial was set up to extrude (7) lengths of shape No. 676, and (7) lengths of
shape No. 677. These shapes are the . 093" and . 063" shapes respectively that
will be used for warm drawing to the sections shown in Figure 4. In addition,
(3) pushes were planned through the multi-port dies (shape no. 678). This shape
is similar to No. 677, except for a shorter stem height.

The first two pushes were made through the . 093" die using the E71B-E-71 glass
combination. Both of the shapes were badly scored and titanium pickup was note
on the die. The next two pushes were for the same section but with the 318-3KB
glass combination. The shapes were much improved and showed good metal flo'A
and glass flow.

S,17
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TABLE I

DIS ORWIOB DIMENSIONS PRIOR TO EXTRUSION
(.008% - .0100 ALUMINA FLAME SPRAY MATING)

DIE NO, DIMENSIONS (INCHES PUSH NO.

A B c (REFNCE)

7A .064 .063 .064 266

7B .063 .063 .063 -

70 .063 .063 .o63 261

7E .063 .o63 .063 265

7H .066 .o66 .o66 260

7W .066 .o66 .066 264

7K .o66 .o66 .066 259

BA .097 .097 .096 262

8B .103 .100 .3-03 -53

8C .093 .100 .300 251

OE .096 .096 .094 252

8H .097 .097 .097 254

81 .097 .097 .097 -

8K .097 .097 .097 263

20
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® REPUBLIC AVIATION CORPORATION

As per the pre-planned schedule, the next two pushes were multi-ports using
the E71B-E71 combination followed by a multi-port with the 318-3KB combin-
ation. Difficulty was experienced getting the billet can from the electric furnace
for push no. 255. The can was inadvertently moved laterally during insertion
into the furnace and was misaligned with the overhead gripping mechanism. In
order to remove the can, an overhead crane was employed. Approximately 5
minutes elapsed in removing the billet. The temperature of the tooling was
checked prior to insertion of the billet into the container to insure that the
tooling hadn't cooled appreciably during the delay and was found satisfactory.
However, the billet jammed the press after approximately 21 of extrusion.
It was felt that the billet might have chilled during the delayed transfer. As
expected, the die was difficult to remove from the discard. The surface of the
extruded length looked good with good glass coverage. The billet showed good
metal flow into both orifices and good glass flow to the openings. The remaining
billet length was approximately 8".

Prior to push no. 256, the glass pad broke in transport from the bench to the
press. However, the billet had not been removed from the furnace. A new
glass pad was machined (hand ground as per sketch in Figure 8B) and the tooling
was reheated prior to extrusion. However, another sticker occurred after
approximately the same length of extrusion. It was felt that the length to diameter
ratio was too high to extrude the 6AI-4V alloy at the 1800°F temperature. To
insure the obtainment of a multi-port extrusion with the third and last multi-port
die the 9 1/4" billet scheduled for push no. 257 was pulled off the line and the
next 6 314", billet was used for the multi-port push. The extruded shapes were
fair with good glass coverage. The nose of the extrusions indicated poor break-
through. However, the billet face had a convex configuration since the billet
was planned for a single port die, and the poor breakthrough could be attributed
to this fact.

Push no. 259 was the first push through the .062" orifice and employed the
E71B-E71 glass combination. Comparison of this push with no. 260 using the
318-3KB glasses as well as evaluation of pushes no. 251 through 254 indicated
the superiority of the 318-3KB glasses and this combination was used for the
balance of the trial.

There was no apparent reason for the sticker in push no. 262. One possible
explanation is that the wrong billet was inadvertently removed from the furnace
and had not undergone sufficient soak time but this could not be verified.

During the trial, it was noted that the coating on one of the billets awaiting
heat soak had flaked off. The coating was removed and the billet was resprayed
with the no. 85 slurry. This billet was used for push no. 267.

An examination of the multi-port dies from pushes nos. 255 and 256 (both
stickers) revealed that the dies were in excellent condition. Multi-port die
no. 1 was cleaned up and reused for another multi-port push (no. 267).

The stem was deformed slightly (best upwards) and was first noted after push
no. 263. It became progressively worse and necessitated filing of the top
surface after push no. 265 to avoid excessive rubbing with the container.

22
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RESULTS

The extruded shapes are ahown in Figure 11. The push numbers progress from
left to right as marked. The 2' lengths from the stickers in push nos. 255 and
256 are shown at the bottom left. The photograph shows the extrusions as
deglassed except for nos. 255 and 256. The poor breakthrough on the multi-port
shapes of push nos. 258 and 267 can be adjudged by the shape of the nose on these
extrusions. The amount of twist of the extrusions appears to be normal for these

( shapes. The extrusions were visually inspected along the entire length and cross
sectional measurements were taken at 2' intervals along the length. The measure
ments are tabulated in Table III.

The discards are shown in Figure 12 and are lined up in the push sequence as
numbered. The dies are shown "after extrusion" and "after extrusion and sand
blasting" in Figures 13 and 14 respectively. The dies are also lined up in push
sequence for ready identification with the shape and discard.

The results of the trial will be discussed under the individual push number and
the reader is invited to make continual reference to the photographs as the resulti
are discussed for greater clarity of the data.

Push No. 251

Shape - light to heavy scoring on all surfaces from front to
back getting progressively worse toward the back end-
scoring on back end very deep - shape rated poor -
relatively good fillout on height and width - thickness
dimensions undersize on back end indicating slight
closure of die opening from titanium pickup - extruslon
length 18' 11".

Discard - heavy scoring on all surfaces of shape discard - very
little glass coverage with only fair glass flow - billet
discard scalped but did not get to shape.[Die - heavy titanium pickup on fillet radius - light pickup on

bottom of tee - rest of land o.k. - not reusable

"Push No. 252

Shape - light scoring uniform front to back on right flange
and right stem - light to heavy scoring front to back

. on left flange, radius and stem - bottom smooth all
the way - shape rated poor - good uniformity in cross
sectional dimensions - length 1)-' 11''

"Discard - heavy scoring on left flange and left stem - heavy

scalp with scalped portion missing from discard

[ ,Z3
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TABLE III

Cross Section Dimensions (As Extruded)

Dimension Locations (Inches)
Extrusion Feet From (See Sketch)

Number Front End A B C D 3

251 0 .091 e093 .091 1.738 .976

2 .093 .092 .090 1.754 .985

4 .093 e093 .090 1.754 .983

6 .093 .092 .090 1.75b e983

8 .093 .092 .090 1.753 .984

10 .092 .091 .090 1.752 .984

12 .092 .089 .090 1,749 .984

14 .088 .088 .088 1.748 .976

16 .085 .084 .084 1.748 .974

18 .083 .079 .079 1.747 e970

252 0 .088 .093 .087 1,736 .974

2 .089 .091 .086 1.7L8 .983

4 .090 .090 .087 1,749 .983

6 .088 .090 .088 1.749 ,983

8 .088 .092 .086 1.749 .982

10 .089 .091 .086 1.749 .980

12 .089 .091 .086 1.750 .981

1C 0 ,090 ,091 ,086 1,750 .982

36 .088 .090 .085 1.750 ,980

:1 .089 .090 .083 1,752 ,980
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TABLE III (Contimed)

( CGros Section Dimensions (As E.tr.ded)

I" Dimension Locations (Inches)

Extrusion Feet From (See Sketch)
Number Front TM A B C D ,

(1 253 0 .089 .0914 .o95 1.761 .983

2 .090 .0914 .o94 1.746 .982

4 1+ .089 .094 .0914 1.74l5 .981

S6 .088 .093 .095 1.747 .982

8 .089 .094 .094 1.747 .979

L10 .090 .093 .094 1.749 .977

12 .090 .093 .094 1.7148 .978

114 .090 .0o9 .0914 1.759 .980

16 .090 .093 .095 1.750 .981

18 .090 .092 .o95 1.75o .982

254 0 .092 .093 .097 1.7142 .9145

2 .o94 .094 .098 1.751 .968

14 .093 .094 .098 1.758 .997

[6 .093 .093 .098 1.758 .982

[8 .094 .093 .098 1.762 .984

10 .093 .093 .098 1.766 .986

12 .094 .09k .098 1.769 .985

14 .093 .093 .098 1.766 .986

L16 o094 .093 .098 1.7614 .987

18 .094 .093 .0" 1.765 .986

20 .094 .092 .098 1.759 .988
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TABLE III (Continud)

Cross Section Di•mnsions (As Extaded)

Dimension LocatLons (Inches)
Extrusion Feet From (See Sketch)

Number Front End A B C D E

258A 0 .096 .094. o095 1.736 .948

2 .100 .098 .098 1.743 .950

4 .100 .099 .098 1.747 .942

6 .100 .099 .098 1.761 .948

8 .100 .100 .099 1.760 .947

10 .102 .101 .099 1.758 .9148

258B 0 .097 .094 .099 1.754 .900

2 .100 .098 .102 1.762 .915

4 .102 .099 .101 1.768 .929

6 .102 .099 .103 1.768 .949

8 .104 .101 .103 1.768 .953

10 .lo4 .102 .l4 1.771 .952

259 0 .059 .064 .o62 1.588 1.*491

2 .058 .063 .062 1.650 1.516

14 .059 .0614 .o63 1.723 1.551

6 .058 .06.4 .o63 1.742 1.581

8 .058 .063 .063 1.743 1.590

10 .058 .063 .063 1.7145 1.590

12 .o59 .063 .063 1.743 1.589

14 .059 .063 .o63 1.7I2 1.586

16 .058 .063 .062 1.742 1.587

18 .058 .62 .060 1.041 1.587

20 .059 .063 .059 1,737 1.585

22 ,o59 .o6o .o57 1.736 1.586
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TABLz ni (Continued)

Cross Section Divensions (As Extud.d).

Dimension Locations (rnches)
Extrusion Feet From (See Sketch)

Number Front Eed A B . D R

260 0 .089 .092 .086 19717 1.1486

2 .088 o095 .086 1.7143 1.512

14 .088 .094 .086 1.z61 1.535

6 .089 .093 .087 1,753 1.557

8 .089 .094 .087 1.757 1.570

10 .089 092 .087 1.759 1.577

12 .090 .095 .087 1.756 1.581

14 ,090 .093 .087 1,756 19581

16 .089 .094 .087 19759 1.582

18 .089 .092 .086 1,762 1,582

"20 .089 .093 .087 1.763 1.582

22 .089 .092 .088 1.765 1.583

261 0 o059 .064 ,o60 1,6nl 10378

2 ,060 .064 .060 1.663 1,1423

4 061 .065 ,o59 1.691 1.467

C6 o061 .065 .061 1.,708 195U

8 o062 .065 .o60 1.732 1.530

10 .062 .065 .059 1.7142 1.55o

1 12 .062 ,C66 .o62 1.744 1.566

14 .062 .065 ,061 1.749 1.572

1. 16 .062 .065 .061 1.753 1.576

18 .062 .065 .059 1.758 1.579

20 o062 .065 .059 1.763 1.581

(22 .061 .065 .o60 1.763 1.584
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TABIR III (Continued)

Cross Section Dimensions (As Extruded)

Dimension Locations (Inches)

Extrusion Feet From (Sao Sketch)
Number Front FM A B C D E

263 0 .094 0093 .092 1.737 .976

2 .094 .093 .091 1.750 .980

4 .093 .092 .093 1.750 .984

6 .094 .093 .091 1.751 .983

8 .094 e093 .091 1.753 .985

10 .094 .093 .091 1.755 .983

12 .094 .093 o091 10755 .984

114 .094 .093 .091 1.756 *985

16 .094 .093 .o92 1.754 .982

18 o094 .093 .092 1*757 .984

20 .094 .093 .092 1.758 .985

264 0 .063 .064 .067 1.679 1.1457

2 .065 .065 .069 1.697 1.475

4 .064 .064 .068 10719 1.495

6 .063 .064 .068 1.734 1.516

8 .064 .066 .068 1.744 19527

10 .063 .065 .069 1.746 1.549

12 .064 .065 .068 1.747 1.565

24 .063 .066 .068 1.750 1.578

16 .063 .065 .069 1.751 1.580

18 .064 .065 .069 1.751 1.582

20 .063 .065 .068 1.751 1.583
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TABIS III (Contimnd)

Croes Seotion Dimensions (As Extruded)

Dimension Locations (Inhes)
Extrusion Feet From (See Sketch)

Number Wront End A B C D E

265 0 .064 .59 .063 1.58o 1.508

2 .064 .059 .063 1.623 1.535

4 .063 .o59 .062 1.664 1.557

26 .064 .058 .063 1.706 1.575

8 .064 .5 .062 1.739 1.579

I 10 .063 .058 .062 1.745 1.578

S12 .064 .o59 .062 1.746 1.578

A2 .064 .059 .063 1.748 1,580

16 .064 o05 .062 1.7k? 1.581

18 .063 .059 .062 1.747 1.582

20 .063 .05 .062 1.747 1.584

22 .064 .056 .063 1.746 1.587

2k .063 .054 .063 1.736 1.592

266 0 .o59 .065 .056 1.670 1.367

2 .o59 .065 .o55 1.719 1.381

[4k .060 .067 .056 1.733 1.412

6 .059 .065 .057 1.736 1e"3

V 8 .061 .065 .056 1.742 1.461

10 .061 .066 .056 1.745 1.479

( 12 .061 .065 .057 1.746 1.k98
.4 .o60 .065 .056 1.746 1.512

{ 16 .061 .065 .057 1.7146 1.536

18 .059 .065 .056 1.746 1.556

20 .060 .065 .059 1.716 1.569

22 .058 .065 .055 1.740 1.575

24 .059 ,066 .o56 1.733 1.573
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TABlE III (Continued)

Cross Section Dimenuions (As Extruded)

Dimension Locations (Inches)

Extrusion Feet From (See Sketch)
Nuwber Front End A B a D z

267k 0 .095 .098 .099 1.746 .795

2 .099 .103 .103 1.757 .913

4 .i00 .105 .102 1.765 .932

6 .I01 .105 .103 1.767 .937

8 .101 .106 .103 1.738 .938

10 .102 .107 .103 1.768 .9443

267B 0 .o95 .100 .o96 1.717 .871

2 .098 .103 .099 1.753 .903

14 .100 .4 .101 1.764 .934

6 .101 .105 .100 1.764 .948

8 .101 .105 .101 1.762 .951

10 .101 .106 .100 1.763 .950
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Die - some titanium pickup at fillet radius and along land
on stem and flange adjacent to radius - ceramic still
intact on bottom and on outside radii -reusable

Push No. 253

Shape - light scoring front to back on all surfaces - shape
rated good - good fillout and dimensional uniformity -
length 201 0"

Discard - good discard - no scalping - good glass coverage and
De - glass flow - very light scoring

Die - very light titanium pickup at fillet radii - ceramic
coating removed in land areas - die reusable

L Push No. 254

Shape - very light scoring all over front to back - both
fillet radii had light to medium scoring front to
back - shape rated fair to good - good cross
sectional thickness uniformity - poor fillout of
height and width dimensions for first 3' - good
dimensional uniformity for balance - length 20' 2"

Discard - good glass flow - good metal flow except for scalp
which leads up to shape but stopped short of entering
shape. Very slight scoring in radius

Die extremely light titanium pickup in fillet radius -
ceramic removed from land areas - die showed no

SPush No. 255 wear or wash - reusable

Shape - both pieces inspected with glass coverage - smooth
surface - fair breakthrough - length 2'

Discard - good glass coverage on billet - appeared to have
sufficient glass available for extrusion - good
metal flow

Die - excellent condition - reusable

Push No. 256

Shape
Discard - Same as push No. 255
Die

(
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Push No. 258

Shape A - light to medium score lines on full length - heavy
scoring on bottom - medium herringbone pattern
on surface of right flange, radius and stems - poor
breakthrough - poor fillout for first 4' - shape
rated fair - length 101 6"

Shape B - light to medium scoring front to back - poor
breakthrough - poor fillout for first 4' - shape
rated fair - length 10' 6",

Discard - good glass flow - scalp all the way up discard

Die - very light pickup in fillet radius - light wash at
center of both flange openings - remainder of
land in good condition - reusable

Push No. 259

Shape - light to heavy scoring front to back on right flange
radius and stem - light scoring full length on left
surfaces and bottom - shape rated fair - poor
fillout for first 4' - good thickness uniformity -
length 22' 11"

Discard heavy scoring on right flange and stem - no glass
on scored side - ripple on left flange - scalp on
billet extending to shape

Die - extra heavy die wash and pickup on side corres-
ponding to scoring marks on shape - die not reusable

Push No. 260

Shape - very good - scoring very light in all areas - good
fillout after first 4'

Discard - good glass flow and coverage - good metal flow
small scalp on discard did not reach shape

Die - titanium pickup in both fillet radii light pickup
on remaining land - reusable

Push No. 261

Shape - fair to good - deep scoring in left radius - good
fillout

Discard - good - no scalp, good metal and glass flow - light
scoring in corners
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Die - pickup and washing in fillet radii - rest of land
P o O.K. Bottom land good - not reusable

Push No. 262

Shape - sticker

Discard - only 112" of product - billet coating looks poorU compared to # 255 and 256

Die - excellent condition - reusable

[ Push No. 263

Shape - very good - scoring very light in all areas

Discard - good metal flow, good glass flow, scalp on
discard - does not effect shape

SDie - good - washed in right fillet radius -rest
of land O.K. - reusable

(i Push No. 264

Shape - very good - light socring on bottom -one deep

score starting 10' to 16' from front end

Discard - scalp did not come over corner - metal flow
and glass coverage good

Die - light pickup in one radius, rest of land good

Push No. 265 
reusable

Shape - poor - heavy scoring on bottom side, other
surfaces very good

Discard - scalped all the way into shape - good glass
flow over most of discard

Die - titanium pickup on one radius, die wash on
other radius, rest of land in good condition
reusable
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Push No. 266

Shape - light rippling first 19', heavy rippling last
6' - otherwise good

Discard - scalped all the way into shape - light scoring
on rest of surface

Die - die wash in both radii, titanium pickup on

stem- reusable

Push No. 267

Shape A - good - poor breakthrough

Shape B - light scoring - both shapes had rougher surface
than those extruded with ceramic coated dies

Discard - no scalp, good glass coverage and flow

Die - same die used on push no. 255 - light die wash
on bottom of both flanges - remainder of land in
good condition - not reusable

It is noteworthy that of the twelve alumina coated dies employed, nine dies are
reusable. These dies require slight dressing and recoating of ceramic prior to
use in the next trial scheduled for the B-70 shapes.
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EVALUATION

"( Eytrusion Defects and Surface Finish

The overall results indicate two major defects occurred during the trial -
scoring and laminations due to scalping.

In almost all cases, the scoring started very light, part way up the shape and
grew progressively worse toward the back end. Examination of the dies showed
this condition to be due almost exclusively to titanium pickup. The pushes
utilizing the E71B - E71 glass combination were very heavily scored and it is
apparent that-these glasses did not do an efficient job. Typical surface finish of
the shapes using the E71B - E71 glass combination are shown in Figure 15. The
upper extrusion in the photograph is push no. 259 (. 063" section) and the lower
extrusion is push no. 251 (. 093" section). The sections on the left are from the

Sfront ends of the shapes while the sections on the right are the back ends. Figure
1T vividly shows the heavy grooves and scoring on the back ends of the shapes.

Figure 16 shows the dies that were used for push nos. 251 and 259*. The dies
have been sand blasted to remove the glass and ceramic coating so that the die
surface could be inspected. The die on the left shows the extremely heavy
titanium pickup on the fillet radii. The die on the right shows the high degree
of die wash that occurred on push no. 259. Die # 8C on the left has an . 093"
port opening while die #7K has an . 063" opening. Both dies were used in con-
junction with the E71B - E71 glass combination.

The 318-3KB glasses appeared to lubricate the extrusions properly during the
early part of the trial but towards the end of the trial, bad scoring resulted on
the shapes using 318-3KB combination.

Similarly, the lamination condition became progressively worse as the trial
progressed. Almost all of the billets were scalped but in the early pushes
the lamination did not reach the die and never entered the shape. For each
succeeding push, the lamination appeared to progress further and further into[ the shape indicating that scalping of the billet was occurring earlier.

Figure 17 is a closeup of two discards showing the scalp condition. The discard
on the left is from an early push (#252) in which the lamination did not reach the
extrusion but stopped on the face of the billet discard. As can be seen, the
scalped portion of the discard is missing. The discard on the left is from a
push later in the trial (#266) and shows how the scalp extended into the extrusion
resulting in a lamination. The two discards are typical of the discards obtained
from the trial and indicate the uneven metal flow that was occurring during the
trial. The scalping is an internal shearing of the billet that occurs due to the
slower flow of the relatively cool billet surface as compared with the faster
flow of the hotter interior billet metal. The lamination defect is caused by

( * The left piece of die 7K was missing for the photograph.
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PUSH # 252 P U #

BUTT DISCARDS SHOWVING TYPICAL BILLET SCALPING AND LAMINATION. THE
ARROWS ON PUSH 11 N'6 DISCARD SHOW THE LAMINATION LEADING UP INT'O T'III"
SHAPE. THE SCALPE'D PORTION OF PUSI-H 11 252 DISCARD IS MISSING.

FIGURE' 17
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uneven metal flow which is due to non uniform glass lubrication.

( Both conditions suggest a poor lubrication condition but the exact reason for the
poor lubrication cannot be ascertained. The glasses did not react with the
titanium since a microstructural analysis and micro hardness survey of the
shapes revealed no contamination (for both glass combinations). A possible
cause might have been a poor coating of #85 protective glass. Several people
at the trial independently observed that the billet appeared darker than usual
coming out of the can and it is possible that the coating did not have sufficient
thickness. However, this is only a surmise and the effect of the coatings on
the results cannot be determined accurately.

( After the trial, the stem and container were inspected at length to see if the
bent stem caused excessive wear to the container and possibly contributed to
the scalping. However, the container was not scored and showed very little
signs of wear (the chrome plating appeared dull at the point of rubbing).

The surface finish of several sections was measured by profilometer with the
stylus movement perpendicular to the extrusion direction. The microinch
surface finish measurements are presented in Table IV. The table shows that
even at the front end of the extrusion where little or no scoring was obtained,
the average surface finish was 200 u in RMS. This order of magnitude requires
refinement and the trial indicates that warm draw processing is required if the
shapes are to be considered aircraft quality.

Dimensional Uniformit,

The cross section dimensions are listed in Table III. The height and width
dimensions for all three shapes are plotted versus the length in Figures 18, 19,
20, 21, 22 and 23. The graphs show at a glance:

[1. the poor fillout of the front end of the shapes
2. the good dimensional uniformity of each shape along its length
3. the relatively wide variation from one shape to the next

The tolerances shown on the graphs are equivalent to tolerances for similar
aluminum extrusions and are for reference only. It can be seen that the dim-
ensions for the stem height (dimension E) are all on the low side of the target
dimension which indicates an inaccurate allowance in the determination of the
die orifice size.

Figure 18 is a graph showing the height of shape 676 (1/16" section) along the
length. It shows extremely poor fillout for push nos. 261, 264 and 266. Die
fillout was not obtained for the first 12' of nos. 261 and 264 and was not obtained
until the end of push no. 266. The other three extrusions had poor fillout for the
first 6' with the remainder of the lengths within a narrow dimensional range
(. 01511). The width of the shapes (Figure 19) again sh6ws poor fillout for the[ first 6' with the extrusions well within tolerance for the remaining length.
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TABLE IV

SURFACE FINISH MEASUREMENTS

EXTRUSION NO, LOCATION RMIS (u in.) EXTRUSION NO. LOCATIONI R)6 (u in

259 Bottom 125 - 175 251 Bottom 300 - ho
(front end (front end after
as extruded) Left Stem 200 - 225 straightening) Left Stem 100 - 15

Left Flange 150 - 175 Left Flange 200 - 30

Right Stem 75 - 100 Right Stem 150 - 20

Right Flange 150 - 175 Right Flange 100 - 15

259 Bottom 100 - 150 261 Bottom 100 - 15
(back end (back end after
as extruded) Left Stem 100 - 150 straightening) Left Stem 100 - !2

Left Flange 100 - 150 Left Flange 100 - I'

Right Stem 300 -600 Right Stem 100 "3

Right Flange 300 - 600 Right Fiange 100 - U
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ftREPUBLIC AVIATION CORPORATION

Surprizingly, shapes no. 677 (the . 093" sections) show a wider variation along
each individual length and from extrusion to extrusion (See Figures 20 and 21).
.However, much better fillout was obtained for these extrusions (good die fillout
21 from the front end). As can be seen in Figures 22 and 23, poor fillout was

ubtained for the first 4' of shapes 678 (extruded through the multi-port dies).
This may be attributed to the front end configuration of the billet (convex faced

-_ billets were used for these pushes due to the inability to extrude the longer
flat faced billets). Several multi-port extrusions will be made in the next
trial with flat faced billets and it will be of interest to determine if better fillout
is obtained.

Generally, a small radius on the face of the billet will provide good fillout in the
early stage of the extrusion. As can be seen in the sketch of the billet configura-
tions (Figure 7) a relatively small (3/8") radius was employed for all pushes,
so that the poor fillout obtained in the trial is difficult to explain.

Figures 24, 25 and 26 show the range of variation along the length for shape nos.
676, 677 and 678 respectively. These graphs show the extremely small range of[h thickness variation for the ceramic coated dies. The exception is extrusion 251
which has a total thickness variation of . 010",, . 014" and .01212 for the left flange,
right flange and stem respectively. The balance of the ceramic coated die ex-
trusions are within . 005" total variation with the majority within . 001", to . 00z'
total variation along the entire length. The multi-port die extrusions without
ceramic coating are not as uniform as can be seen from a comparison of Figure
26 with Figures 24 and 25.

Included on the three graphs are the range of thickness variations of the extrusion
after warm stretch straightening. This data will be discussed in the next section.
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"K ( REPUBLIC AVIATION CORPORATION

1.
OBJECIVESSTRAIGHTENING TRIAL OF GROUP 1 SHAPES

The general objectives of the trial were to detwist and straighten the . 063" and
• 093"1 cross section tee shapes extruded during 2 May 1963 extrusion trial. The
major objective was to obtain shapes suitable for warm drawing and subsequent
B-70 application evaluation. However, sections that were not suitable for B-70
application evaluation (due to either short length and/or badly scored surface)
were also straightened to accumulate data on the straightening process for thin

titanium sections for aircraft use.

f. EQUIPMENT AND PROCEDURES

"The straightening trials were conducted at Babcock and Wilcox Company on
15 May 1963. The extrusions were stretch straightened on a 25 ton capacity
stretch press which is described and illustrated in Quarterly Report No. Z0.
The extrusions were resistance heated using two welding generators connected
in parallel to supply a 40 volt, 700 ampere input to the insulated gripper jaws
which serve as electrical contacts. The operation of the pneumatic operated
jaws is described in Quarterly Report No. 15.

The procedure for straightening the as-extruded shapes was:

1. Insert one end of tee extrusion between jaws of stationary head.

2. Detwist manually sufficiently so that shape can be completely
detwisted on press with one revolution of rotating head. This
eliminates the necessity of detwisting one revolution from shape,
removing shape from head and rotating head to original position,
reinserting shape in head for additional detwisting, etc. Lock
the detwisted end in the movable jaw. With this procedure,
when.the heads are lined up, the piece detwists itself as it is
stretched.

3. Resistance heat extrusion to 1000-1100°F, maintaining tension
in the shape -

4. Stretch to approximately 3% of the original extrusion length.

V An allowance of about 3" of springback for the 20' lengths

is made in determining the amount the shape is stretched.

1- 5. Cut the power and air cool the shapes under a constant
diminishing tension until approximately 2" of contraction
occurs; releasing the air pressure holding the jaw grips
so that further contraction of the shape automatically
disengages the extrusion from the jaw grips.

1 6. Remove camber and bow by gag straightening on a horizontal
press (while the extrusion is still warm - over 300*F).
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O REPUBLIC AVIATION CORPORATION

DESCRIPTION AND RESULTS OF STRAIGHTENING TRIAL

The Part V Group 1 extrusions were resistance heated and straightened as
described in Steps 1 through 6 in the previous section. The data for the straight-
ening trial is listed in Table V.

The sequence of the straightening runs was determined by the length of the shapes
in order to minimize manual adjustment of the back head position along the bed
of the press. The press has a 26' capacity and the movable head has a stroke
of 18".

The shapes were cropped to remove ends with excessive twist which could not be
gripped in the heads. The starting and finish lengths were tape measured and
are listed in Table V.

Very little difficulty was experienced and the trial ran rather smoothly. This is
attributed to the good uniformity of the cross section dimensions of the shapes
(See Table III). The front end of the shapes (with poor fillout) were slightly
undersize and the front portion of some of the shapes heated up faster than the
balance of the shape. This factor limited the amount of stretch applied to some
of the shapes.

During the trial only 3 sections broke, 2 of them at the front end. The other
section (#253) broke in half at almost dead center. This section was one of the
better extrusions obtained from the extrusion trial, relative to both surface
defects and dimensional uniformity and the reason for the fracture cannot be
explained; visual examination of the fracture did not reveal any apparent defects.
An investigation of the reason for the failure is in process.

Figure 27 shows the product of the straightening trial. Each shape is identified
by the extrusion number. The cross sectional dimensions were micrometer
measured at 2' intervals along the length after straightening and are listed in
Table VI. The measurements were taken at the same locations as the measure-
ments before straightening (Table III) The range of thickness variation is plotted
in Figures 24, 25 and 26 both before and after straightening. The graphs show
that the thickness dimensions are reduced rather uniformly and predictable in
all cases. The graphs also show that a wider range of variation is obtained in
the sections after straightening. The average amount of thickness reduction
after the straightening operation is 0025".

Figures 28, 29, 30, 31, 32 and 33 are graphs showing the variation of the height
and width dimensions along the length for the three groups of shapes that were
straightened at the trial. Comparison of these graphs with the graphs of Figures
18 through 23 reveal that the height and width of the tees are reduced after the
straightening. The reduction is quite uniform and consistent for both dimensions
and for both the . 093" and . 063" cross sections. The average reduction is . 017".
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TABL VI

Cross Section Dimensions (After Straigtening)

DimnMsion Locations (Inches)
Extrusion Feet From (See Sketch)

Nwnber Front End A B C D 3

251 2 .093 .091 .089 1.752 .984

4 o093 .091 .089 1.750 .980

6 .093 .091 .089 1,749 .981

8 .093 .091 .089 1,748 .983

10 ,092 .090 .089 1.746 .982

12 .091 .090 .089 1,748 .975

14 .088 .088 .086 1.750 .963

16 .083 .082 .080 1,746 .946

252 0.75 .085 .089 .083 10734 .966

2 .086 .088 .084 1.735 .972

4 .086 .088 .085 1.733 .973

6 .085 .088 .0814 1.730 .975

8 .085 .088 .084 1.7428 .970

10 .086 .089 .083 1.735 .973

12 .086 .088 .082 1.727 9968

14 .085 .087 .082 1.726 .967

16 .085 .086 ,080 1.714 *965

18 .086 .087 ,080 1.728 .970

19 .086 .088 ,080 1.735 ,966
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[1 TABJZ TI (Oontmined)
SCro Section Dimensions (After Straightening)

SDimen•ion Location. (Lch..)
kZtewioa Feet From (See Sketch)

Umber Front FM A B C D 9

253 1 .086 .091 e092 1.737 o970(Front Half)[ 2 .086 .091 .091 1.734 .974

14 .087 .091 .091 1.727 .971

6 .087 .091 .091 1.734 .974

8 .087 .090 *091 1.735 .973

S9.75 .087 .091 .091 1.730 .970

1253 31 .087 .090 .090 1.734 .969(Bacok Hal
12 .087 .090 .091 1.730 .970

.14 087 .090 .091 1.730 .968

16 .087 .090 .091 1.735 .972

18 .087 .090 .091 1.735 .973

19.3 .088 .090 .091 1.715 .976

25-4 .8 .089 .088 .091 1.717 .935

2 .090 .090 .093 1.730 .960

1 4 .089 0089 .0914 1*732 .965
6 .089 .090 .o94 1.74 .968

S8 .090 .090 .095 1.746 .972

S10 .089 .089 .093 1.74o .973

12 .090 .089 .0o94 1.7149 .975

[14 .089 .089 .o94 1.740 .9714

16 .090 .090 .094 1.7142 .976

S18 .090 .089 .o95 1.750 ,979

U 19.3 .091 .089 .095 1.755 .976
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TABM VI (Oontinued)

Cross Section Dimensions (After Straightening)

Dimension Locations (Inches)
kEtrusion Fest From (See Sketch)

Number Front Ed A B C D z

258- A 1 .093 .088 .090 1.692 .925

2 .096 .094 *094 1.723 .936

4 .096 .096 ,094 1.719 .928

6 .097 .097 .095 1.749 .944

8 .097 ,097 .096 1.750 .942

9 .098 .097 .096 1.750 .940

258- B 1 .o94 .093 .097 1.730 .895

2 .o97 .096 .098 1.746 .910

4 .o99 .096 .098 1.755 .923

6 .100 .098 ,099 19752 .937

8 .101 .099 I.l0 1.757 .946

10 .102 .101 .101 1,762 .950

259 1 .o56 .o59 .059 1.675 14515

2 .056 .060 .o6o 1,702 1.531.

4 .055 .o61 .060 1.724 : 1.564,

6 .056 .060 .061 1.728 1.574

8 .056 .060 .o60 1.729 1.576

10 .056 .061 o060 1.724 1.•572

12 .056 o060 .060 1o722 1o569

S.055 o 0q; 9 .o59 1.715 1.56o

16 .o55 .o59 .056 1.709 1.554

18 .056 o6o .057 1.718 1.566

19 .056 .058 .057 1.717 1.563
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TABLE VI (Coutntcmd)

Cross Section Dimensions (After Straightening)

Dimension Locations (Inches)
Zetruuiea Feet From (See Sketch)
N•ber Front End A B C D z

26o 1.068 .063 .o57 1.64o0 ,.430

2 .061 .064 .058 1.682 1.455

S.063 .067 .060 1.724 1.51o

6 .064 .o69 .061 1.737 1.540

8 .064 .069 .061 1.737 1.552

[10 .064 .068 .o61 1.736 ..556

12 .064 .068 .o61 1.737 1.562

S1• .064 .067 .o61 1.7142 1.570

[16 .064 .067 .o61 1.74o 1.564

18 .064 .068 .062 1.7144 1.566

1 20 .064 .069 .061 1.746 1.567

22 .063 .068 .062 1.755 1.573

261 7 .059 .063 .o58 1.691 1.492

[8 .c59 .0614 .058 1.700 1.502

10 .o6o .065 .058 1.721 1.532

[12 .060 .064 .058 1.726 1.545

" 14 .060 e065 e059 1.729 1.553

16 o6O1 .065 eO59 1.731 1.555

1 18 o062 .064 .o59 1.743 1.562

20 .061 .064 .060 1.750 1.567

. 22 .061 .065 .059 1.755 1.572

I
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TAOMZ VI (Contm")

Cross Section Dimensions (After Straijbtening)

Dimension Locations (Inches)
Extrusion Feet From (See Sketch)

Number Front FM A B C D 3

263 1 .093 .090 .087 1.719 .962

2 .093 .091 .088 1.725 .968

4.o94 .091 .089 1.727 .973

6 .093 .092 .090 1.726 .971

8 .093 .092 .090 1.739 .974

10 .094 .092 .089 1.735 .972

12 .093 .092 .088 1.735 .974

14 .094 .092 .088 1.737 .974

16 .093 .093 .090 1.738 .974

18 .093 .092 .090 1.738 .975

20 .093 .092 .089 1.742 .976

264 1 .o59 .o6o .o64 1.618 1,399

2 .o61 .063 .o66 i.664 1.444

4 .063 .064 .067 1.709 1,486

6 .064 .064 .067 1.717 1.5oo

8 .o04 .064 .066 1.721 1.51o

10 .062 .065 .067 1*729 1.533

12 .063 .064 .066 1.728 1.548

114 .064 .065 .067 1.733 1.564

16 .o64 .065 .o67 1.74o 1.568

18 .064 .064 .067 1.739 1.570

20 .063 .065 .067 1.739 1.570
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TAMA VI (Outiotld)

ii. Cross Section Dimensilons (Akfter Straightlging)

Dimension Locationa (Inch-s)
zztzsioR Feet, From (See Sketch)

Number Front Znd A B C D E

265 2 .060 .054 .059 1.584 1.1498

4 U .059 .055 .058 1.632 1.525

6 .061 .055 .o6o 1.684• 1.558

[8 .061 .055 .059 1.720 1.56o

10 .061 .055 .059 1.724 1.559

[12 .061 .056 .059 1.724 1.562

1 4 .o6o .056 .059 1.726 1.561

16 .060 .o56 .059 1.727 1.563

18 .060 .056 .059 1.722 1.560

20 .059 .056 .o58 1.718 1.557

1 22 .059 .055 .o6o 1.728 1.570

266 2 .060 .059 .053 1.660 1.330

4 .058 .061 .o52 1.693 1.377

6 .057 .o61 .o54 1.7o6 t.4i1

[8 .057 .063 .05k 1.721 1.440

10 .o057 .o63 .00 1.723 1.458

.2 .o57 .o62 .055 1.72k 1,476

14 .o5g o062 o054 1.727 1.h99

.16 .059 .063 .054 1,730 1.522

18 .058 .063 .05 1•.735 1.543

20 .057 .062 .054 1.732 1.557

22 o57 o62 e054 1*731 1561

65



TAKBE VI (Continued)

Cross Section Dimensions (After Straightening)

Dimension Locations (Inches)
Ltrusion F'eet From (See Sketch)

Ibntber Front. End A B C D E

267- A 1.5 .096 .099 .098 1.737 .900

2 .097 .101 .099 1.740 .904

4 .098 .103 .099 1.756 .920

6 .099 *102 .101 1.758 .929

8 .099 .103 .101 1.757 .932

10 .100 .104 .10 1.765 .94o

267- B 1 .090 .094 .090 1.686 .860

2 .094 .099 .094 1.726 .914

4 .098 .101 .097 1.750 .926

6 .098 .102 .098 1.753 .941

8 .099 .103 .098 1.754 .945

9.5 .099 .103 .098 1.753 .9146
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SREPUBLIC AVIATION CORPORATION

METALLURGICAL EVALUATION OF GROUP 1 SHAPES

(. To determine the relative merits of the lubricants and extrusion parameters
employed during this phase, representative specimeas were sectioned from
"several extrusions for metallographic and mechanical property determinations.

Extrusions number 259, 251 and 261 were tested and the results are tabulated
in Table VII . These data indicate no differences in properties attributed to
the type of lubricant employed. As can be seen from Figure 34 the difference
in properties noted are a function of the degree of stretch imposed upon the
extrusion during the straightening operation. It should be noted that although
the ultimate strength remains constant, the yield strength varies directly and
elongation inversly as the percent stretch. From the above it appears that
some strain aging of the alloy has occurred.

TableVIII shows the results of hardness traverses taken at various locations to
determine whether any contamination was produced during extrusion. These
data indicate no contamination in either of the specimens evaluated, and no
differences between the glasses employed. This confirmed theIII conclusions drawn from metallographic examination. Figures 35 and 36
illustrate photomicrographs of specimens sectioned from extrusions number
259 and 261. No differences in microstructure between these two extrusions
"are evident. Although the billets were heated to 1800°F (below the beta transus
for this alloy) from the microstructure it appears that internal friction heating
raised the temperature beyond the beta transus (approximately 1825°F). The
often seen "basketweave" alpha-beta structure is a result of heating in the beta
field at some stage of fabrication or heat treatment. The structure consists
of alpha phase as thin platelets within the beta grains and in the prior beta
grain boundaries. Although the cooling rates in the flange and stem areas
appear uniform some minor evidence of slower cooling rate was shown (Figure '6C)
in the thickest areas at the radii where there appears to be a heavier trans-
formed (to alpha) structure. Examination of the as-extruded material showed
a somewhat smaller grain size and greater evidence of beta phase. This beta
phase subsequently transformed to alpha plus beta upon reheating to 1000-1100°F
during straightening. The additional strength accrued during the short 1000-1100°F[ treatment as discussed above is a result of the strain induced during straightening.
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TABLE VIII

HARDNES TRAVERSES CONDUCTED ON ZXTRUSIONS #259 (3-712 UMICANT
ON BIULT, 3-71 WBRICANT AT DIE) AND #261 (318 WBRICANT ON
BILSCT AND 3B LUBRICANT AT DIX).

DISTANGC 11OOP

EITRUSION TRAVERSE EDE*M 5 m Ra

#259 1 .ooo4 inhe, 103 40

.0012 403 1.0

.0024 367 36.5

.0036 385 38.5

.00•8 385 38.5

,0060 403 410.0

.0072 403 4.0.0

.oo81. 367 36.5

.030 367 36.5

2 .0004 367 36.5

.0008 367 36.5

,0012 403 400

.0016 367 36.5

.0020 385 37.5

.0024 385 38*.5

.0028 367 36.5

.0032 367 36.5

.o30 367 36.5

* PAT OF TRAVRSE .035 367 36.5
INDICATED ON
SKETCH EMUM
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F TABLE VIII (Contld)
DISTANIS KOOP

NOm EARRMM

0.0004 Ino s 385 3II5
S.,0008 3805

.0012 368 3*

.0016 368 36*5[.o020 368 36*5

.0024 368 36.5

.o0028 368 36o5

.oo32 368 36.5
.0036 336 33.0
.0ooo 368 36.5

.0056 351 35.o

[ 0072 m
.0088 368 36.5

.00914 385 38.5
aL120 385 38.5

" 0160 351 35.0

*.0200 351 35.0

.3240 368 36.5

[.000oo 368 36.5
0.oo8 368 36.5

.0012 368 36.5[ .OO6 351 35.0

.0020 385 38.5
.0028 351 35.0

•0036 368 36.5[.00144 368 36.5
.0052 385 38.5

.0060 368 36.5
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CONCLUSIONS AND RECOMMENDATIONS

I. Good dimensional unifurmity of cross section thickness dimensions can
be obtained for 20' extrusions of . 093" and . 063" cross section in
6A1-4V titanium alloy.

2. The first several feet of the extrusions are not useable due to undersize
width and height dimensions from poor die fillout. Therefore, several
feet must be added to the target length to allow for this condition.

3. Good dimensional uniformity of the height and width of the tee can be
obtained after the first several feet.

4. Good surface finish free from defects was not consistently obtained
on the relatively thin tee shapes. Further effort is required.

5. Warm drawing is required to improve the micro inch surface finish
of the shapes.

6. Extreme care is required in the exercise of the basic
extrusion techniques to obtain a good product.

7. Multi-hole extrusion of tee shapes of . 093" section in 6Al-4V titanium
is a present capability. The maximum length that can be extruded is
undetermined.

8. The E71B-E71 lubricating glass combination performed poorly with
the extrusion conditions in the Part V Group 1 trial. This glass
combination will not be considered for further trials with the 6A1-4V
titanium alloy.

9. Neither the E71B-E71 or 318-3KB glass combinations contaminated
the titanium extrusions.

10. The alumina coated dies performed very well with 9 out of 12 dies
being reused for the next trial.

11. The press tooling is operating at the limits of its capacity as etidenced
by the bent stem.

1 2. An allowance must be made in extrusion die design for reduction of the
cross sectional dimensions of shapes by stretch straightening.

For the tee sections of Part V, the allowance should be . 017" for the
height and width dimensions and . 0025" for the thickness dimensions.

13. Minimum loss of length is obtained during stretcher straightening if
the extrusion dimensional variation along the length is within tolerance.
However, an allowance of at least 11 must be made for cropping the
ends which are marred by gripping in the stretcher press heads.
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[
PROGRAM FOR THE NEXT QUARTER

1. Procure 6A1-4V titanium billet material for 30 additional pushes.

2. Conduct Groups 2 and 3 extrusion trials.

3. Conduct straightening trials for Groups 2 and 3 extrusions.

S4. Complete warm drawing of Part IV shapes.

5. Warm draw Part V shapes.
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