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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-4Al-3Mo-lV, and Ti-6A1-4V, 

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 recommende i on the entrance and land of the die toact 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 IIOO'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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NOTICES 

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

Copies have been released for sale to the public and may be purchased from 
the Office of Technical Service (OTS),  Department of Commerce, Washington 
25,  D. C., after October 1964. 

Qualified requesters   may obtain copies from DDC (ASTIA),  Defense Docu- 
mentation Center, Cameron Station,  Bldg.   5,  5010 Duke Street, Alexandria, 
Virginia 22314.    Orders will be expedited if placed through the Librarian 
or other persons designated to request documents from DDC. 

Do not return copy unless return is required by security consideration, 
contractual obligation,  or notice on a specific document. 
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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 administered under the direction of Mr,  T. S.   Felker, Metallurgical 
Processing Branch (MATB), Manufacturing Technology Division, AFMaterials 
Laboratory, Research and Technology Division,  Wright-Patter son 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 ana 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. 
**««« #««**« ****** 

PUBLICATION REVIEW 

This repr-t has been reviewed and is approved, 

FOR THE COMMANDER 

MELVIN E.  FIELDS,  Colonel, USAF 
Chief, Manufacturing Technology Division 
AF Materials 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 air frame 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 

Deleted- 

Part I 
""determination of Shapes 

and Materials 
Part II 
Extrusion of First 
Category Shapes (Fig.   1) 

Part III 
Extrusion of Second 
Category Shapes (Fig.   2) 

"Parf 
Extrusion of Third 
Category Shape (Fig. 

Part V 
Final Report  

3) 

Deleted 

Part !V  
Extrusion and Drawing 
of Third Category Shapes 
(Figure 4) 

Part V 
Extrusion and Drawing 
of Typical RB-70 Shape (Fig. ^ 

Part VI 
Heat Treatment Development 

!- 



TI   -   CONCLUSIONS 

A.        Product 

1.      A workable process was demonstrated to produce a typical RR-TO 
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 
ft.« successfully drawn two passes to 0. 080 in.  thickness in 20 foot lengths, 
y. 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 - 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 
-/s 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 

V: foot straightness; 1/2° per foot, 3* max,  twist; and * l^- angle. 

6. The process did not meet the target surface finish goal of 100 u in« 
S-                   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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7,     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 
ISOO^F proved to be optimum. 

2. 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. 
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c.      For extrusion of 1/16" shapes,  c«!ramic 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 
KJ applied by spraying perpendicular to the surface.    A 
JS. finish machining operation is required on the ceramic 

to obtain accurate orifice dimensions. 

p d.      The tooling arrangement utilizing a tapered 
u 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. 
t 

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. 

t 

c. Granular die pad glasses give better die fill and 
surface finish when used in the -30 4- 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 
f— stretch straightening 3% at 1100*F and punch straightening to remove bow 
:.- and camber     hue 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 Re 67 are suitable to securely hold the extrusions with- 

out slippage. 
'w. 
f 4.     Use of insulated jaws as electrodes assures uniform electrical 

contact, 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. 



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 lul ricants investigated 
during this program. 

2. Die Design 

a. Split dies are attractive for warm drawing in that 
one set of dies can accommodate a complete drawing 
reduction and in addition can be used for several 
dimensioral 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 
(Re 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. 

c. 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. 



•I.     Heating I 
a.     Induction heating was found unsuitable for heating 
the extrusions prior to warm drawing.    Further 

f^ development would be required to make this technique 
£•• attractive, 

•■ b.     The practice of resistance heating the extrusions 
V to temperature and placing in a holding furnace was 

found to be entirely satisfactory for heating the thin 
shapes prior to warm drawing. 
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Ill   -    PROCESS DEVELOPMENT 

A. PHASE   I   -   DETERMINATION OF SHAPES AND MATERIALS 

1.      Survey of Airframe Manufacturers 

a      Agenda 

The survey included Boeing Airplane Company,  Seattle, 
Washington; North American Aviation, Incorporated, Ingle wood, 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) Operational 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 in a 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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below: 

b       Summary of Airframe Manufacturers' Requirementg 

The airframe manufacturers requirements are summarized 

(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. 

U 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 

k release in billet and large diameter round form.    Discussion was limited 
to those alloys that were sufficiently tested and evaluated in the wrought form 
fov 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: 

T? 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.    Nominal composition 5% Al,   1. 2% Mo,   1. 4% Cr, 

F> 1. 4% Fe and beta transus 1830 +-15»F. 
b 

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

S; 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 
>y 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. 
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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 composition 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 sizo 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-135AMO 7% 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: 
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Extruder Section      Alloy« 

Babcock and Wilcox Angle C-135 A Mo and MS 821 
U.S. Steel Channel     Ti 155A and C-135A Mo 
H.M.  Harper Zee MS 821 and Ti-155A 

11 



.094R 
±015 

SHARP  CORNERS±.015 
STRAI6HTNESS .050M PER FOOT 
TWIST - 1° PER FOOT 
ANGLES ±2° 

.I88K. 

*.0»| 
1.000 

±00« 

094 R. 
t.019 

±.019 
.I25R. 

t.oo« 

t.oot 

SHAPES SELECTED   FOR EXTRUSION 
METHOD DEVELOPMENT 

PART   I 

FIGURE    1 
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.12511. 

SHARP CORNERS .015 RAD. MAX. 
STRAI6HTNESS .0125" PER FOOT 
TWIST   1/2* PER FOOT, MAX.5# 

ANGLES ± 2* 

t.OI« 

».01$ 
0«2R. 

.I25H. 

2.790 

l 

L 

SHAPES   SELECTED   FOR  EXTRUSION 
METHOD   DEVELOPMENT 

PART m 
FIGURE   2 
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S'IRAIGHTNESS .010" PER FOOT 

TWIST [W PER FOOT,   MAX.   3° 

ANGLES * 1/2Ä 

Rt.015 

1.75ot.005 

NAA NO.  64E12 (Modified) 

!.750t.005. 

NAA NO.  64E15 

SHAPESSELECTED 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 5/16" 
container and 4 l/l6rr 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 tont. 

2)     Extrusion Trials 

Extrusion trials wore performed on both of the titanium 
alloys involved, namely, C135 AMo and MS 821.    The extrusion trials can bs 
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 
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to be more 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 Re 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 (IGOO'F) container.    The colder container chills the billet 
skin and retards flow which is essential for the scalping method.   Hot (800* - 
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 cleaneut 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 lOOO'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 1600SF by resistance 
heating for a few seconds to two minutes followed by a water quench.    The 
angles were then straightened at approximately 1100 to IZOO'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 
employed 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 11 since the heat treatment 
capability of the 7Al 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. 

I 
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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 
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Extrusion,  Straightening and Heat Treat Development at 
-•      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 i;he 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 3 chrome steel and cast 
from 11% tungsten steel.    The flat face die design iu 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 

S- contamination.    Manual transfer of the small billets from the heating con- 
t\ tainer to the press chamber was satisfactory when relatively few extrusions 

are to be made, but the billet transfer should be automated for commercial 
L production runs. 
tZ 

Die Material 

V 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 

f? cross sectional dimensions in the extruded product.    The required uniformity 
[S 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 Rc) 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 

i 

r 

L 

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.    Specie! 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 1200oF 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-I55A 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 en 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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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 

P Steel.    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. 

*v 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 
v drawn: 

(a)    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 
ff range. 

■v (b)    Both Ti-155A and C135 AMo channels are more notch sensitive 
[^. at room temperature than at 800°F in sharply notched speci- 

mens. 

k (c)    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. 

•«' 

(d)    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 
V creep under these test conditions. 

*. (e)    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 
**S 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. 

(f)    Stability test results indicated that the tensile and yield strengths 
p.- of the titanium alloy channels were not affected by heating for 
t' 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 controllable 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»cycle induction 
coil billet heaters.    The heater pedestal 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 following die materials and designs were used during the extrusion 
trials: 

ft Cast Dies s ___ 
M2 or HMH 72 - . 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. 
Rc50-52 

Crucible Peerless "A" 
Carpenter TK 

Insert Dies 

. 28% C.      3. 25% Cr    9% W.     . 25% V 

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. 

The 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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Impact 

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. 

c.     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) 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. 

(2) 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. 

(3) 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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rJ 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. 

S 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 
v*; 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. 

(4)   Lubrication 

V1 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 
i'\ 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. 

r 
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.    Tae glass as 
used for lubrication was not crystalline under polarized 

^ light.    Some hard particles that could be produced from a 
P glass,  titanium and die reaction are Ala Qs - aluminum 

oxide; Si02 - 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- 
C 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. 

>; (5)    Die Temperature 

_. The die temperature variable was not completely investigated. 
Temperatures as high as could be used without excessive tool wear 

'"'' were maintained.    These temperatures were 400oF to 1200°F. 
This was in line with general extrusion practice. 

►"■■ 

»■ (6)    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. 

tThe high extrusion ratio necessitated the use of high billet 
temperatures which in turn caused other problems such as 
surface contamination and excessive die wear. 

v 
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4.     Manufacturing Evaluation at Republic Aviation Corporation 

a.     Resistance Heating Experiment 

Purpose 

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 4A1-4 Mn 
titanium alloy extruded length 5' long and machined to 3/3?' 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 loss 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 sy»l   where R ■ resistance,   /0 ■ resistivity, 
1 = length and A= cross section 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 legs.   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 IGOO^F to a differential of lOO'F at ISOO^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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r 

Equipment 

100 KVA Transformer,   single phase,  60 cycle,   220/440 volt connected to 
deliver secondary output in a range of 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 4Al-4Mn alloy which ranges from 150 to 170 to 150 x 10"^ 
ohm cm in the 200° to 1000° to 1800oF temperature range.    Maximum 
readings were recorded for the voltage drop across the shr.nt 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 milli voltmeter 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 extrusion 
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 4Al-4Mn five foot extruded angle which 
was heated by a 1 00KVA transformer operating at 100% duty cycle for the 
indicated voltages. 
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" Commercial transformer equipment is available for heating lengths to the 
lower temperatures,  but specially designed equipment would be required 

^v lor the power to heat to the higher temperatures.    Another consideration in 
*»j resistance heating heavy sections to high temperatures that will require 

investigation is the pertinent safety codes for the high currents required. 

71 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 

V- made by raising or lowering the voltage required and KVA required in 
ü, proportion. 

K\ b. Contamination Rate Study 
L*" 

Purpose 

r 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 

kV 

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 S 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 growth 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 -       Tempco Electric Double Door Muffle Furnace 
8 1/2x91/2x131/2 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.    Quenching 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 7Al-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/^2" x 1" angles were received from Babcock and Wilcox in lengths that were 
straightened and solution treated with resistance heat and surface cleaned by 

ÖJ grit blasting.    The resulting surface finish was quite consistent throughout the 
'£ lengths and was not essentially altered from the as-extruded condition.    The 

7Al-4Mo angle extrusions typically have an . 0005" contaminated surface aftei 
m the above treatment.   Extrusions with smooth (100 microinch,  RMS) and rough 
►j (250 microinch orange peel,  little striation) surfaces were used for the evalua- 
hl 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 
V, testing and heat treatment studies.    Of the material available,   it was possible 
►V 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 

C trials the voltage required to heat the angles into the 1100-1200 range was 
■1. approximately 9 to 11 volts. 

The dies were heated into the range of 800 to 1200aF before the angles were 
A 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. 

i-l' Stretch Wrapping Trails 

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

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 

V. wrapping had progressed more than 10s.    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 
f" 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 900oF.    Subsequently,  the die was reheated to 
1300C,F.    At this higher temperature,  the creep forming temperature of the 
7Al-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 thn e 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 circumferential 
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 1/161'.    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 IIOO^F and 
creep forming at ISOCF. 

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. 

1. 
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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 

operating temperature confined to 
die circumference. 

d.       Joggling Evaluation 

Introduction 

A joggling evaluation was conducted with 7Al-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 600oF,    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 room 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 500oF to 1300oF.    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 undamped 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. 
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c 

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 

r* 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 

•V operator before excessive temperature drop occurs. 

Joggling Temperature 

H 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 1100s.   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 1200oF, 

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

Joggle Dimensions 

■ 

i 

t 

^ 

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 1200SF.   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 7Al-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, 800SF and lOOOT.   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 blocks 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 
800oF and 4T at 10008F 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 point 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 raground 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 Ol application,   30 to 35 surface feet 
per minute with a feed rate of . 002 to . 004 inches 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   inlling and the grinding also reduced the normal drill rake to 0* 
thereby 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 holes 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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I 
TABLE 1 

AC TRANSFORMER POWER REQUIREMENTS FOR RESISTANCE HEATING 
TITANIUM ALLOY EXTRUSION LENGTH 

6 Max. 
Temp. 

935 

5* Length 10« Length      15* Length 

1265 

1410 

1550 

1730 

9.4 

14.6 

16.0 

18.8 

21.0 

18,8 

29.2 

32.0 

37.6 

42.0 

28.2 

43.8 

48.0 

56.4 

63.0 

1795 22.0 44.0 66.0 

Cross Rated KVA 
Section Current Reqd per ft. 

Area (amps) to Reach 
(sq.in.) All L'gths Max. Temp. 

.1 215 4.04 

.2 430 8.08 

.3 645 12.12 

.4 860 16.16 

.5 1075 20.20 

.1 332 9.7 

.2 664 19.4 

.3 996 29.1 

.4 1338 38.8 

.5 1660 48.5 

.1 371 11.9 

.2 742 23.8 

.3 1113 35.7 

.4 1484 47.6 

.5 1855 59.5 

.1 441 16.6 

.2 883 33.2 

.3 1324 49.8 

.4 1766 66.4 

.5 2207 83.0 

.1 474 19.9 

.2 948 39.8 

.3 1422 59.7 

.4 1896 79.6 

.5 2370 99.5 

. 1 516 22.7 

.2 1032 45.4 

.3 1548 68.1 

.4 2064 90.8 

.5 2580 113.5 

[• 
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TABLE 3 

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

A Finished 
*- Die ftrt Trtnaltdon Joggle Dinmelant 

Spedaen Temp. TMp* Joggle        Block 
■,                                            Ho« OF        °i Shla Spacing Height   TraneiUcn Cracked 

I   Hot Die, Furnace Heated harte, Variable Tenperatures ana Juggle TranBition 

1 5UO       9U0 .162           .250 .13ii           5/8 No 
rs                                               2 5U0       «WO J.62           .250 .OiiO           5/8 Ho 

3 5ü0       Ö20 .162           .U62 .jJ*9           7A6 Sli^Jt 
U 550 1000 ^162           .062 JJU9           7/16 Vexy blight 
5 550 1100 .162           .062 .1'42           7A6 Veiy 4>li^>t 
6 550 1250 .162           .062 .155           7A6 Ho 
7 550 Ijoo .162           .062 .Iii8           7A6 No 

Ö 550 11*00 .162 .000 .150 5A6 Ho (side sheared) 

9 560 U00 .162 .1S6 a^8 17/32 No 
10 560 820 .162 .156 .1U0 17/32 Slight 
11 560 920 .162 .156 .liil 17/32 No 
12 560 760 .162 .156 .3M 17/32 No 

13 610 700 .162 .156 .130 17/32 Ho 
Hi 610 750 .162 .156 .133 17/32 Ho 

^                                             15 6L0 800 a« .156 .136 17/32 Ho 

II   fart Heated '.Wille Clanped In Hot Die, Medium Joggle Tranaltion 

16 610 500 .162 .156 .136 17/32 lea 
17 610 500 .162 .156 .139 17/32 Very Slight 
18 610 500 .162 .156 J.38 17/32 Xes 
19 ao 500 .162 .250 .1:4 5/8 Slight Crack» 

wr en Underoide 
in   Unheated Die, Furnace Heated Parts, Medium Joggle Tranaltion 

20 80 U20 .162 .156 .132 17/32 Tea 
21 •• 500 " " .127              " Ho 
22 " 500 " " .105              " Ho 
23 " 520 " ■ .135               ■ No 
21» " 520 " H .113              " Severe 

-,                                               25 " 520 • " .129               " Ho 
26 " 620 '• " .137              " Ho 
27 " 630 " " .128              " Ho 
20 » 7oo " " .130               " Ho 

.-                                              29 " 720 " M .135              " lea 
v"                                             30 " 720 " " .120              " No 
ii                                             31 " 930 " ■ .120              " No 

32 " 1000 "      ,, J.20     " Ho 
33 " 1030 *               " .139      " Yea 

JS.                  34 " 1060 •      " .137     " Ho 
?••                 35 •• 1100 " " .136     " lea 

36 " 1200 " M .139     " Ho 
37 ■ 1200 » " .136 " Ho 

£•. 3« H 1200 " " .11*0 " Ho 
£                  39 " 1300 " " .UU2      " Ho 

Part temperatures read with contact thermocouple pyrometer Immediately before 
•.*'                  Joggle press stroke. 
o!                     Variable 1" angle extrusions machined to •H50n to Obtain unil'om height dimension 

to conform with joggle kick Insert height. 
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TABLE 4 

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

Push Number 
and 

Treatnent 

Test 
Temp. 

0F. to 

i*8 B & W 
As Extruded 

R. T. 
800 

1000 

Shattered 

59E-B & \J 
As Extruded 

R. T. 
800 

1000 

Shattered 

80E - B & W 
As Extruded 

R. T. 
800 

1000 

Shattered 

69 -U.S.Steel 
Heat Treated 
1650^ .-7Min/ 
W. Q.  ♦ 1200°! 
-30 Min./A. C. 

R. T. 
800 

, 1000 

Shattered 

5T 

Bend Radius 

liT 3T 2T 

No Cracks  No Cracks No Cracks  Cracked 
No Cracks  No Cracks No Cracks  Cracked 

No Cracks  No Cracks No Cracks  Cracked 
No Cracks  No Cracks No Cracks  Cracked 

No Cracks  No Cracks No Cracks  Cracked 
No Cracks  No Cracks No Cracks  Cracked 

No Cracks  No Cracks No Cracks  Cracked 

No Cracks  No Cracks No Cracks  Cracked 

71-U.S.Steel  R. T, 
Heat Treated  800 
Sane As 69  1000 

Shattered 
No Cracks 
No Cracks 

No Cracks Cracked 
No Cracks Cracked 

7U-U.S.Steel  R. T. 
Solution 
Treated Only  800 
löSOOF.-THin./ 
W.O.       1000 

Shattered 

No Cracks  Cracked 

No Cracks  No Cracks Cracked 

All tests with 3A" extrusions with as extruded surface* Bends 
made in direction transverse to extrusion. 
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Ti-7Al-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 

1 Extrusion:     1800*F ITSO^F 
Solution Heat Treat:    ISOO'F/ 

1/2 hour water quench 1800,F/l/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 
5 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" billet 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 
K 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 
j 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 ahown 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 7Al-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 IbBO^F for 10 minutes 
followed by a water quench.    Aging was accomplished by reheating to IZOO'F 
for one hour followed by an air cool.    Temperature tolerance was set at 
il0oF. 

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. 
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< 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 III EXTRUSION OF SECOND CATEGORY SHAPES 

1.      Extrusion and Straightening Development at 
Babcock and Wilcox Company 

a.     Extrusion Development 

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 III 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, 000psi, 
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 Ist 
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. 

58 



t 
i 
I 

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: 
"> 
K- Results 

>.-' (1)    Cast billet material tends to tear along the leading edges 
^ of the extrusion during the initial breakthrough.    The 

forged material does not.    (See Figure 21). 

£■ (2)   Uneven material flow during extrusion, due to uneven 
temperature distribution or lubrication, leads to partial 
scalping and results in laminations (See Figure 20) 

• ' 
I" (3)    The can and cover used for heating and transporting the 

billets should be made of stainless steel to avoid contam- 
P> ination of the billet coating when the billets are removed 
f.v from the can. 

(4) Continuous glass lubrication for the entire length of. 
extrusion protects the die and assists in preventing die 
wear. 

)> (5)   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 

f2 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 shows photomicrographs which 
identify the dark particles as separated portions of 
the billet skin.    The particles appear as alpha phase 
from interstitial contamination during heating 

t" 
(6)    Softer glass die glass pads such as 318 material produced 

r. 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). 

r"; (7)    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 

1-j better in flat areas,  but flowed readily in the fillet area at 

».- 
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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. 

(8) The chromium plated container was generally good and 
reusable after the trials.    There were two spots approxi- 
mately 1-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. 

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

(10) The excess lubricant from the 1-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. 

(11) 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. 

(12) 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 billet 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 lowe r 
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 III 
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 emplo/ed 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 until 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 'o 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 of 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 ox 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 extrusion 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: 

1, The decrease in shape dimension with extrusion 
elongation was sufficient to necessitate increasing the die 
orifice dimensions 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 

P clamped and a hot spot developed at the jaw.    Re clamping 
t/ eliminated the problem and the extrusion was straightened 

without failure. 

.V 
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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 13 3 

B Extrusion 133 

c Extrusion 128 

250X HN03 HF etch 

250X HN03 HF etch 

25 0X HN03 HF etch 

11Smooth11 type billet ;.>ica.i·k 

which appears~ in the 
glass film and is gray after 
deglas sing. 

11 Pebbly" type billet mark 
which appears~ in the 
glass film and is dark after 
deglas sing. 

Seve re billet surface mark 
which appears t <' b e an ac
cum ulation sheare d from 
the extrusion. 
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White alpha phase grains indicate contamination during heating 

metal from 
billet surface 

metal from 
billet interior 

Transverse cracks are typically present 

T 
T' 

higher concentration of alpha 
"rains than above.   

depression in surface and elongate 
alpha grains indicate that the intei 
metal moved away from the billet 
surface mark or extruded faster t' 
the billet surface. 

^ 
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 

£> iA, 'J 

Direction of Extrusion — 

FIGURE 23 
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Extrusion  17Z,  Showing the Rough Surface Resulting From Using 
the Soft (lower viscosity) 318 Glass as a Die Lubricant. 

Area Shown is Near the Shape Front-End. 
FIGURE 24 

J 

i 

m 
\ 

Photograph of Butt Ends from Extrusions 92 and 9 3. 
The wavy Condition of the Tee Stem and the 

Constricted Zones Between the Billet and the Extrusion 
Result from the Excess Lubricant in  1" Thick Glass Pads 

FIGURE 25 
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Billet and Extrusion Discard - Push No.    177.     Discontinuous Herringbone 
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 
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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 air frame 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 6A1-4V.    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 7Al-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 7Al-4Mo titanium alloy to 2. 36" diameter in 5 1/2" lengths.    The billets 
were protected with a glass coating during heating to l650'-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 7Al-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 7Al-4Mo 
alloy billets in the following sequence: 

Series "A" 

Objective 

Extrude the Part III tee 
and hat shapes shown in 
Figure 2 in 15 to 20 foot 
lengths with 4 3/4" dia. 
billets in 1650 ton hori- 
zontal press. 

Results 

A total of twelve (12) pushes were made 
consisting of (9) tees and (3) hats.    Extrusions 
over 20 feet with uniformly acceptable 
surface finish but with varying degrees of 
pickup score lines were produced. 
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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. 

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. 

S^. Pickup which was almost indiscernible on the 
die became aggravated in reuse of the die. 

,V Series 

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 

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. 

.-- 

r 

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

1 
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3. Heat Treatment Study and Mechanical Property Testing 

During Part III, a series of tests were conducted at Republic Aviation and 
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 (ISOO^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 ISBO'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 
Republic Aviation to evaluate the heat treatment developed by Crucible Steel 
for 7Al 4Mo extrusions«    The objectives of the program were: 

1, 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 7A1 4Mo titanium alloy rounds and angle 
extrusions produced by Comptoir during their exploratory extrusion trials at 
1650*,   1700' and nSO'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 ultinate 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 
elongation 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 attributed 
to the large difference between the , 6 and 2, 0" gage lengths    ince in titanium 
a large proportion of elongation is non-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 

76 



t 
i 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 f;he 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), 

• * 

P 

<. 

r • 1.     Standard quarter-inch round tensile bars of 185,000 psi strength 
jv 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. 

>■.. 
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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 lOOO^-HOO^F and HOO'-ISOO^F 
temperature range.    Both the Ti 7A1 4Mo and Ti 6A1 4V titanium alloys 
were tested for: 

a) short-time 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. 

77 



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 I000"F range. 
Elongations for both alloys were higher for material straightened at 1500*Fa 
Typical room temperature properties for 6A1 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 SOO^F for 
500 hours.   For 6A1 4V extrusions   straightened at 1500^,typical properties 
were 148, 000 psi ultimate with 8, 5% elongation before thermal exposure and 
147,000 psi ultimate with 8, 5% elongation 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 7A1 
4Mo extruded tee alloy had better high temperature properties than the 6A1 
4V extruded alloy.    Both alloys were well within the allowable tolerance of 
0. 5% maximum creep at SOO^F. 
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THICKNESS VARIABLE 
DEPENDENT UPON 
EXTRUSION- 
.070   TO .0»0 

THICKNESS VARIABLE 
DEPENDENT UPON 
EXTRUSION- 
.070 TO .0»0 

CRUCIBLE MIDLAND LAB 
MICROTENSILE SPECIMEN 

VIEW INDICATING HOW MICRO 
SPECIMENS  WERE   MACHINED 
FROM FRACTURED STANDARD 
SPECIMENS 

IN RAC TESTING 7' LONG SPECIMEN WERE 
USED THEREBY PERMITTING   MINIATURE 
SPECIMENS TO BE PREPARED FROM BROKEN 
FULL SIZE SPECIMEN AS SHOWN ABOVE 

Configurations of Specimens Used in Tensile Testing 

FIGURE 32 
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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 III 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 temperature 
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". 

follows: 

days were held 

The general procedure for coating the die surface was as 

(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) 
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A total of sixty-nine (69) pushes were made consisting of seven (7) pushes 
of Ti-4Al-3Mo-lV,  eight (8) pushes of Ti-6A1-4V, and fifty-four (54) pushes 
of Ti-7Al-4Mo. 

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

(1) High container temperatures (900^7 - lOOO^.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 structure. 

(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 greater r-sser/oir 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 thr 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 stabilised alpha titanium contamination was minimized 
with decreased billet heat soak time at 1800oF.    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 Ox using 85,   318, and 3KB glass com- 
positions.    However,  a combination of l >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 coating remained intact during the billet transfer 
procedure. 

Examination of the glass coating immediately upon 
removal from the furnace at 1800CF 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 300oF 
and then oven dried. 

b.     Straightening Development 

Straightening procedures developed in Part III 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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Z, 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 
facilityt 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 reacted 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-71 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^O, 
ratio and minor oxide additions for viscosity evaluation.    The glasses were 
designated as E-71A, E-71B, E-71C and E-71 D, 

The glasses were smelted at ZZOO'F for 1 hour and water quenched. 
After drying, the glasses were ground to pass a BO-mesh screen. 

For relative viscosity tests, cylindrical specimens 1/2-inch diameter 
by 1/2-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 n50*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 lengths for the various glasses were: 

Glass Length of Flow, inches 

E-71A 
E-71C 
E-71 (Base) 
E-71D 
E-71B 

These results gave the desired viscosity variations,  namely, two more 
viscous and two more fluid than E-71, 

2. 084 
2. 149 
2, 334 
2, 612 
2, 783 
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The experimental glasses 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 0.1 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 703-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 

Container 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 ISOO'F, 

Extrusion Trials 

A total of sixty-six (66) pushes were made with Ti 7Al-4Mo titanium 
alloy.    The initial ext usion 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 optimum glass-viscosity requirements 
for container and die lubrication consistent with the best billet coating 
practice for heafiig. 
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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 were made with alumina coated and uncoated dies to 
evaluate the alumina coatihg.    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 glass wool for the die, E-71 or E-71B for the 
billet coating, and E-71B for container lubrication. 

The 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 ZO-mesh glass,  but the best as extruded 
surface finish was obtained with the lOO-mesh glass.    It appeared that with 
20-mesh and 100-mesh glass the glass particle flow during pad crushing at 
the outset 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 section«    The use of a shaped pad at room 
temperature without glass wool gave an inferior product.    Heating of thä 
shaped pad to lOOO'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 char- 
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 pad to lOOO'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 contact with the glass.    All of these factors contributed 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 quality were 
observed in the trials  and the following conclusions can be drawn: 

1#   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 than granular glass for providing lubrication at the start 
of extrusion 

3, Preheating compacted granular glass pads to the die 
temperature (lOOO^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 -r 103-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 III 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 
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Sighting with the Mason instrument at a point 6 inches from either end 
of the coil resulted in a temperature 250oF 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,   the coil would develop a 500oF 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 25CF 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 ol 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 at 25 0F temperature control in the 
800 - 1300oF 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 time delay function.    These factors reduced the temp- 
erature variance from - 500oF to t 100oF.    This was still beyond the tolerance 
necessary for the program which required temperature control in order to 
evaluate a wide range of lubricants 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 t 50oF 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 1000oF 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 3.00 in 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.    Tae 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 
b-d inches away from the die stand,   was set at 13250F; 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 870oF 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 Fiberfrax 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   t rough 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-ll 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 
1-1/2 in x 1-1/2 in x 0. 120 in.   thick T sustained a 43,330 lb 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 
permitted 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 
by 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 
re 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 tae 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 conducted 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 (Prodag, Aquadag), 
molydisulfide (Alpha-Molykote 196X) and Fiske 604 (lithium grease,   alum- 
inum,   mica,   molydisulfide,   bentonite) have been investigated and employed 
successfully from 750oF to 1150oF over a chemical conversion coat.    A 
glass-type lubricant such as Phosphatherm (a phosphate type glass) was 
investigated at 1150oF 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 SOO'F and MOO^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 101 long furance was 
capable of heating the 1/16" thick and thinner extrusions uniformly to draw 
temperatures of lOOO'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 lbs.   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 IDSG^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 lb. 
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 were in the order of 5000 to 
10,000 lbs.   for 10% 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 milling the points in a solution of 35 HMO- 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/IBSO^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: 

1. 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-4Al-3Mo-lV are listed in Tables 6, 7,  8 and 9.    Included in Table 6 are 
tensile tests at lOOO'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-6A1-4V the least.    Table 7 reveals the 
properties of a nominal 3/32" T shape of Ti-7Al-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). 
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View of Warm Drawing Assembly , 
Left Rear , 100 KW Unit ; Right Re a r Control Unit; 

Left Front T r olley on Draw B e nch; Right Front, Induction Coil 

F IGURE 3 5 
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1 0 2. 

Buc',ling and Res ultant Chevron Defec t s in a :"omir>il l 
1 / 16 in . T Ext rus ion of Ti -7 Al- -l \-1 o 

FIGURE -!-! 

Chevron 
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A View of the Gripper Head with Load Cell L o cated 
Between this Unit and Trolley 

FIGURE 47 
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Ba s e o f c r a c k 
caus ed in gag 
s ti·a ighte n ing 
ope ration 

No working 
occurred on 
extremities 
since flange 
was tapered 
and edges 
were thinner 
than d i e opening 

Lamination in 
orig inal extrusion 
r e sul ted in 
"pitting" of drawn 
section 

A 3 I 32" Tee After Wa rm 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 

Dis tortion in As -Drawn Tee Extrusions , Resulting from Improper Di e 
Alignment and on - uniform Metal Flow. Arrow indicates mechanically 

Pointed Front Ends . 

FIGURE 49 
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As Extruded & Straightened 

so ox 

1725F(5Min)WQ + 1000F(4Hrs)AC 

Longitu.uinal Propertie s 

UTS,Ksi 155. 8 
YS(O. 2o/o), Ksi 141. 4 
El(l in), o/o 15.' 

UTS. Ksi 17 8.4 
YS(O . 2o/o), Ksi 16 1. 6 
E l(l in), o/o 10. 0 

Tra nsve r se Microstructures of a nominal 1 I 16 in. T of 6A1-4V 
{B&rW #226), as Extruded and Straigh tened and also in the 

Heat Treated Condition 

FIGURE 50 
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As Extruded & Straightene d 

50 0X 

Longitudinal 

UTS, Ksi 
YS(O. 2%), Ksi 
El(l in), % 

Properties 

147.2 
135. 5 
12.0 

1625F(5Min)WQ t 925F(l2Hrs)AC 

108 

50 0X 

UTS, Ks i 167.4 
YS(O. 2%), Ksi 136. 2 
E l (lin) ,o/o 7.0 

Tran sve rs e M icrost ructur es of a Nominal I I 16 in. T E xtrusion 
of Ti--! Al- 3Mo - IV (B &W "24 3 ) As Extrude d and Straightened 

and also as H ea t Treated 

FIGURE 5 1 
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62-234D so ox 

so ox 

Transverse 

UTS, Ksi 
YS(0 . 2'l),Ksi 
EL(l/2in)l 

164.4 
143 . 7 

4.0 

Longitudinal 

UTS,Ksi 
YS(O. 2'1) , Ksi 
EL(l inch)'l 

169 . 7 
139 . 6 
11.0 

Microstructu r e s of an A s -Extru.ded 1/16 in. T of Ti-7Al - 4Mo (Battelle #55 ) 

FIGURE 52 
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62-285G 50 0X 

Transverse 

UTS, Ksi 
YS(0 . 2~)<Ksi 
EL(l/2in}, ~ 

179 . 5 
154.4 

3.0 

Longitudinal 

UTS,Ksi 
YS(O. 2~) < Ksi 
EL(linch}, ~ 

62-285H 50 0X 

l l 0 

Micros t ru c ture s o f a I I 16 in. T Extrusion (Battell e #55 ) of 
T i- 7Al-4Mo , Heat Trea ted l750° F (5 min. ) WQ + ll 50°F (4 hrs . )AC 

FIGU RE 5 3 

189.0 
167.1 
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1450F(l/2Hr)FC to lOOOF, AC 

50 0X 

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

50 0X 

UTS,Ksi 177.0 
YS(O. 2%). Ksi 157. 8 
El(l in), % 14. 0 

UTS, Ksi 196. 7 
YS(0 .2 %).Ksi 175.0 
El(lin), o/o 7.0 

Transve rs e Microstructu r es of a Nominal 1/ 16 i n . T of Ti -7 Al- 4Mo 
( B & W !! Z 30) , Annealed and also in the H e at Treated State 

FIGU RE 54 
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As Drawn to 0. 065in 

l 1 2 

50 0X 

175CF(:JMin)WQ + 1150F(4Hrs)AC 

so ox 

UTS, Ksi 184. 6 
YS(O. 2%), Ksi 164. 8 
El(1 in), o/o 9. 0 

UTS, Ksi 
YS(O. 2%), Ksi 
El{l in), % 

202 . 3 
182. 7 

4.0 

Tra nsver e e Microstructures of a Nominal 3 / 32 in. T of Ti-7Al - 4Mo 
( B&. W # 223 ) , As Warm Drawn to 1 I 16 in. and also 

in th e Heat Treated Condition 

FIGURE 55 
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Ti-6A1-4V 
Warm Drawn 

0.048in 

As - Hot 
(1550F) 
Stretched 

63-235B 500X 

63-Z3SC 500X 

Ti-4Al-3Mo-lV 
Warm Drawn 

0.053in 

As-Hot 
(1550F) 
Stretched 

Transverse Microstructure of Ti-6A1-4V and Ti-4Al-3Mo-lV Alloys 
Warm Drawn From a Nominal 1/16 in.   Thickness 

FIGUPE 56 
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UTS,Ksi 194.9 
YS(0.2%) 168.1 
EL(1in),% 6 . 0 Q 

63 -l OOA 

63-100B 

Longitudinal 

500X 

Transverse 

500X 

LongitudinaL and Transve rse Microstructu r es of a Nominal 
l/ 16 i n. T Extrusion of Ti-7Al-4Mo (B&W # 2 32 ) Warm Drawn 

to 0. 043 in. and Heat Treated 

FIGURE 5 7 
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TABLE 8 

ANNEALED* PROPERTIES OF 
PART IV EXTRUSIONS 

Drawn Wei:. UTS 
Alloy Thickness .. ln Ksi 

Tl-4Al- 3Mo-1 V 0 . 052 135. 5 

Ti-4Al-3Mo - 1V 0.052 136 . 7 

T:-7Al-4Mo 0.058 170 . 3 

Ti- 6Al-4 V 0 . 048 150.3 

Ti - 6Al-4V 0 . 052 154. 5 

Ti - 4Al - 3M o- 1 V 0 . 058 132.2 

Ti - 4Al-3Mo-1 V 0.052 132. 6 

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

YS(O. 2%) El(l in) 
Ks1 % 

121. 8 14. 0 

121. 3 13. 5 

156. 6 6. oQ 

110.9 13. oQ 

140.9 15.0 

114.0 14. 0 

117. 2 10. 5 
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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,.! 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 extrusions.    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,    During 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). 

J 
View Looking at Top of Die 

— direction of ceramic spray for stem land 

■^W desired direction of ceramic 
Will       "Vx   / spray for fillet radius 

I-  -direction 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 length! of IT'O" 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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The Arrows on Push # 266 Discard Show the Lamination L e ading 
up into the Shape. The Scalped Portion o f Push ~ 252 Discard is Missing . 

Butt Discards Showing Typical Bille t 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 64E15 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" 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). 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" I. 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 ^ and tne extrusion ratio was approx- 
imately 57 to 1. 

Peerless A tungsten steel dies heat treated to Re 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 fillout 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 bac)c - 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 

Die 

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 

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

Push No.  284 

Shape 

Die 

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

die surfaces good - part of ceramic still intact 
Die reusable 

Push No.  285 

Shape 

Die 

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 

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 
or wear on die 
Die reusable 

no wash 
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L 

1 Push No.  287 

Shape 

t. 
Die 

* ■ Push No.  288 

M 
Shape 

I 
Die 

Push No.  289 

Shape 

Die 

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 fillet 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 

Push No.  290 

Shape 

Die 

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 

Die 

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 

Push No.   292 

Shape light to medium scoring on back end of right flange 
tear starting in stem approximately 61 from front 
end of left flange - slight ripple in stem 51 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 

Die all surfaces good 
areas 
Die Reusable 

ceramic flaked off in several 

Push No.   293 

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

Die all surfaces good 
Die reusable 

some ceramic still intact 

Push No.   294 

Shape 

Die 

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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L 

? 
Push No.   295 

Shape 

Die 

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 

Push No.   296 

Shape 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 

Die all surfaces good 
Die reusable 

I Push No.   297 

Shape 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 

Die all surfaces good 
Die reusable 

s 

I 
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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 1 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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I 34 

2500 Ton Loewy Ext rusion Press U s e t.l fo r the Titanium 
Extrusion Program at th e Babc ock & Wilcox Company 

FfGURE 59 
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3 
8 

Granular Glass Ring Configuration 

60b) 

Convex Shaped Nose Billet Configuration 
Glass Ring and Billet Configurations Used During Final Extrusion Trial 

FIGURE 60 
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Modified Flat Face Die Design Used During Final Extrusion Trial 

FIGURE 61 
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Clos e up of Die 7C (Push #290) Afte r Extrusion 

F IG URE 65 

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

F IG UkE 66 
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Closeup of Di sca rd # 295 

F IGURE 6 8 

Sectioned View of Discard # 295 Showing Metal Fbw 

FIGURE 69 
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TABLE 10 

DIE ORIFICE DIMENSIONS* PRIOR TO EXTRUSION 

1 DIE NO. 

v: 

8E 

8H 

.-. 8K 

■J- 8RR 

« 8SS 
l-'i 

8TT 

i 8VV 

8ZZ 

V 7C 

1 
7DD 

7E 

n
a 7BB 

7EE 
Q 
-". 7FF 

•%. 7GG 
,'"- 7CC 

DIMENSIONS < [INCHES) 

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 

PUSH NO. 

(REFERENCE) 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

8 
^ 

t 

*   See "Evaluation" page 132    for ditcuasion of die dimenaiont. 
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FINAL EXTRUSION TRIAL DATA SHEET 

BILLET BILLET 
HTG TRANSFER 

PUSH TIME TIME DIE 
NO. (MIN) (SECS) NO. CTG 

EXTRUSION 
LENGTH REMARKS 

282 

2«3 

83 

86 

91 

54 

40 8H 

8K 

285 

286 

287 

289 

290 

291 

292 

293 

294 

29 S 

296 

297 

68 

73 

72 

72 

70 

84 

11 

97 

90 

90 

96 

91 

36 

36 

45 

36 

40 

36 

35 

42 

42 

40 

•TT 

8VV 

ZirconU 

Alumina 

Alumina 

Zirconia 

Alumina 

Alumina 

Alumina 

11< 9" 

25' 9" 

23' 3" 

21' 3" 

22' 10" 

(ZZ Alumina 

7C Zirconia 19' 3' 

7DD Alumina 22' 2 

7r 

TBB 

7IT 

TOO 

7CC 

Alumina 

Alumina 

Zirconia 

Alumina 

Alumina 

Alumina 

24' 4" 

19' I" 

23   S" 

23' 10" 

26' i" 

U' 1" 

COWSTAWT CONDITIOW1 

BUlat Tamp. - 1100* F 
BUlat L.nfth -   6 1/4" 
Billat Config.  - Canvas Face 
BUlat Ct|. •   «19 
0,0. OUta -   111  -   14 Maah 
Ola Claii   -   3KB   - 14 Math 
Ola Claai Con/l|.   -   Riga ♦ alaaa wood sadajthraa (') ll»»' 

pad! uaid unlaaa othaHHaa •paciflad. 

Containar Tamp,    -   900* F 
Ola Tamp.    -   MO' F 
Dummy Block Tamp.    -   400* F 
DU  •   PaarUaa A R   41-51 
Chroma Plated Llnar c 

Billat Htf  -  Elaetfie Furnace Argoa Atmoiphara 

Difficulty removing cover from billot can - ctg on billat 
looked good coming out of can (no dark apota) • ahapa waa dry 
in both fillet radii - balance had excellent glaaa coverage all ovei 
die ctg waa removed in fillet but land did not appear to be waehed 
ahape looked good. 

Billet looked good out of can - ahape again dry in both fillet 
radii - excellent glaee coverage all over except in fillet • die 
looked good - land and ctg held up well - ahapa looked good but 
had fine »coring in fillet where no glaaa coverage waa obtained - 
vertical leg of ahape had atep on extremity (may be due to ctg but 
on die - no lap» on diacard. 

Billet waa given two revolution» on glaaa table to try to cover a 
bad area in ctg - part of ctg aeemed to bo aeparated from the 
billet; however, no acale waa noted on billet - diacard had no lapi 
and good glaae coverage - the ehape had excellent glaaa coverage 
except in fillet where very light »core waa noted • no atep waa 
obeerved on leg extremitie» - die ctg held up well. 

Billet ctg looked good - billet waa given a double roll in glaaa - 
ahape looked excellent - left fillet radiua waa dry - right radiua h 
good glaa» coverage - one aectioo of ahape in the middle of the 
extruaion waa dry and appeared to be »cored very lightly • may 
have been due to a bad »pot in ctg that waa not aeen - difficulty 
getting die out of holder. 

Billet ctg looked good - ahape looked excellent - »light »tep on 
vertical extremity - diacard had no lapa. good glaa» coverage and 
flow - ceramic on die intact. 

Shape looked good - fillet radii dry - glaaa waa aparae in area 
from 3' to 9' from front end on bottom of horiaontal leg but then 
picked up - balance rf ahape had excellent glaa» coverage - »ome 
titanium pickup note« right fillet radiu» of die. 

Billet ctg looked good - die looked good (ctg Intact).   Excellent 
glaaa coverage over entire ahape. 

Reeult» similar to above. 

Re'ulta aimilar to above - Shorter length due to »horter billet 
length (balance of available atock). 

Good glaa» coverage except in radiu» • aome »coring in left 
radiu» - »hape had undercut in right radiua on back end - 
die had »ome Ti pickup on left radiua (corraaponding to 
undercut in ahapa) re at of die looked good. 

Glaa» coverage good for firat 14' and »potty for la»t 10' oa both 
aides of horiaontal lag. 

The granular glaaa ring waa reduced in thlcknees to 1/4" Instead 
of 5/16" and 1 extra glass wool pad was used (total of 4) to attempt 
to get mere glas» in the radiua • good glass coverage ever entire 
■hape - discard had good glaaa coverage lad flow, 

Five glass wool pads used - shape looked good • excellent glass 
coverage all ever - glass waa spotty la fillet». 

Shape similar to 29 J and ltd - dry la radii towards back and • 
heavy glass left oa die • die had no wash or wear - die ctg 
removed but land held up. 

Four glass wool pads used siaca five pads did not show aa im- 
provement ever four • shape had slight Mart la flange (probably 
due to glast clogging die tad restricting flow so that the malarial 
falls In tension) - heavy glatt left oa die. 

Three glatt wood padt used - 1/4" thick granular glatt ring In- 
advertently uttd with the (S) glatt wood padt Inttead of a >7li" 
thick ring -   Thlt coupled with the long length (due to a »mailer 
erUIca opening than the other die») produced a »hape with sparse 
glass covering. 
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TABLE     12 

CROSS SECTIONAL DIMENSIONS 

(AS EXTRUDED AND STRETCH STRAIGHTENED) 

Dimensions (inches) 

-     EXTRUSION 
NO. 

FT.  FROM 
FRONT END 

• 

A B c D E 
■ > 1 .091 .090 .095 1.706 .93« 

2 1.723 .95« 

282 3 

4 

5 

1.764 

1.796 

1.819 

.97f 

.99i 

1.01! 

Middle .096 .095 .096 1.819 1.02' 

Back end .097 .095 .097 1.826 lk04: 

1 .083 .084 .074 1.529 .86- 

2 .086 .089 .078 1.600 .89 

3 .087 .090 .079 1.636 .92' 

283 4 

5 

6 

7 

.088 .090 .080 1.676 

1.705 

1.734 

1.762 

.94 

.97 

.99 

1.00 

Middle .089 .092 .082 1.797 1.01 

Back end .091 .094 .082 1.806 1.02 

A - -. 

J^~C 

! -j 1 r ß 

I 

E 

D-JL n r i w    D. .^ 
View Looking From Front End 

Of Extrusion 
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TABLE 12 (continued) 

CROSS SECTIONAL DIMENSIONS 

(AS EXTRUDED AND STRETCH STRAIGHTENED) 

Dimensions (inches) 
(See sketch for dimension locations) 

EXTRUSION 
NO. 

FT. FROM 
FRONT END A B C D E 

1 .097 .097 .090 1.710 .980 

2 1.753 .992 

•84 3 1.760 .984 

4 .098 .098 •091 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 .093 .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 •068 .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) 

Dimensions (inches) 
(See sketch for dimension locations) 

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

1 • 089 • 087 • 091 1. 727 • 993 

2 1. 725 • 989 

3 I. 747 

288 4 I. 747 

5 1. 755 

Middle . 090 • 085 • 089 1. 761 . 980 

Back end • 092 . 088 • 092 I. 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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·: EXTRUSION 
. NO. 

; 291 

.' 
; 

·. 

I 

... 
292 

J 
' ·' 

I 

~ 
293 

-

~ 

J 
' .. -.. 

'• 

... 2 94 

7 
29 5 

. . -
0 
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TABLE 12 (continued) 

CROSS SECTIONAL DIMENSIONS 

(AS EXTRUDED AND STRETCH STRAIGHTENED) 

Dimensions (inches) 
(See sketch for dimension locati ons) 

FT. FROM 
FRONT END A B c D E 

1 • 059 . 067 • 071 l. 601 l. 527 

2 l. 655 l. 557 

3 1. 702 l. 599 

4 1. 'i 27 l. 625 

5 l. 730 1.611 

6 1. 788 1. 632 

Middle • 062 • 069 . 076 l. 798 l. 63b 

Back end • 065 . 071 • 077 1. 809 l. 643 .. _. ----... ... -·-- ·- -· - ·- --· --·-·- - -··---·---- - ---- -----··-.. -

See Table B-1 in Appe ndix B 

1 • 089 . 084 . 067 l. 752 l. 533 

2 1. 767 l. 540 

3 1. 777 l. 564 

4 l. 784 1. 578 

5 1. 587 

6 l. 610 

7 l. 636 

Middle • 089 • 085 • 068 l. 796 1. 6A2 

Back end • 089 . 085 . 081 . 067 1. 795 l. 646 

See Tabl e B - 1 in Appendi x 



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 l. 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 

1 51 



TABLE 13 

DIMENSIONAL VARIATION* OF DIE ORIFICE DIMENSIONS AFTER 
CERAMIC COATING 

DIE 

8E 

8H 

8K 

8RR 

8SS 

8TT 

8VV 

8ZZ 

7C 

7DD 

7E 

7BB 

7EE 

7FF 

7GG 

7CC 

*      See Table 10 
**    Inadvertently machined oversize     See Table 10 for dimensions. 

MAXIMUM 
AVERAGE DIMENSIONAL VARIATION 
DIMENSION RANGE OF NOMINAL FROM NOM. 
OF 3 LEGS 3 LEGS DIMENSION ON ALL LEC 

. 100 .096 - . 106 .098 +.008 
-.000 

.094 .093 -.095 .098 +.000 
-.005 

.098 .096 - . 101 .098 +.003 
-.002 

.098 . 097 - . 099 .098 +.001 
-. 001 

. 101 .095 - . 109 .098 +. 011 
-.003 

.099 . 097 - . 100 .098 +.002 
-.001 

.096 . 095 - . 097 .098 +. 000 
-.003 

.099 . 097 - . 100 .098 +. 002 
-.001 

.074 . 072 - . 077 .072 + .005 
-.000 

.075 .071 - .077 .072 +.005 
-.001 

.074 .070 - .077 .072 +. 005 
-.002 

** - - - 

.073 .070 - .075 .072 +. 003 
-.002 

.073 .068 - .076 .072 +. 004 
-.004 

.064 .062 - .065 .063 +.002 
-. 001 

.063 . 062 - . 065 .063 +. 002 
-. 001 
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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 IBOO'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 lbs.  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 point 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 64E 15 

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 H2SO4 bath at about 
120'Fy rinsing, flash pickling in a 15 HNO3-I-I/2HF bath at RT, rinsing 
and then conversion coating in Amchem Granodraw "T" (3 ox/gallon) and 
drying.    The extrusions were all to 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 lOOO^F and manually inserted into the electric holding furnace 
set at lOBO^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 
grippe r 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 il, approximately 10-12 percent of the total draw force merely 
represents power required to move the draw chain. 

After each draw pass, the extrusions were cleaned by multiple 
immersions in KOH and H2SO4 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 
6l6l 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/l600*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 H2SO4 immersions and then 
reinspected. 

The cleaned extrusions, after the first draw pass and anneal, were 
then recoated,  reheated,  redrawn and re straightened 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 HOOF 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,  thirk "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. 
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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:HN03-HF Mag: 500X 

^v^S 

Etch: HN03-HF 
Extruded (0. 095) & STA 

T6428-B 

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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TABLE    15 

Tensile Property Survey of 64E15 Extrusions 
of Ti-6A1-4V (64E15) Warm Drawn 2 cycles (15, 8% Reduction) 

to 0. 080 in. and Plant Heat Treated 

UTS YS(0.2%) EL(1 in) 
Ext,  No, Ksi Ksi % 

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

282 193,2 174,7                         6,0 
284 177.3 159.7 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) + lOOO'F (4 hrsjAC in Laboratory 

282 
284 
285 
286 
288 
289 

188,8 172,5 8,0 
191.3 176.4 6.0 
189.9 174.3 7,0 
187.9 172.9 7,0 
186.6 172.4 7,0 
187.9 174.6 6.0 

(C)      -1725'F (2 min)WQ -I- Hot Stretch 1000/1025'F AC 

254 198.2 182.1 6.0 
263 194,2 182,1 6.0 

(D) -(C) + lOOO'F (4 hr8)AC in Laboratory 

254 194.2 179.4 6.0 
263 192. 1 178. 1 8. 0 
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TABLE    16 

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

Test        UTS YS(0.2%)      El (1 in) 
Condition         Temp      Ksi Ksi % 

(A) 1725#F (2 min) WQ RT 171.7 129.3 12.0 

(B) (A) + 425^ (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 
(425T (AC) 

(Simulating 425^ stretcher     425,F - 99.9 1.5 
straightening) 

(D) (C) + 425,F (l/2hr) 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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Ext. Web 
No. Thickness 

284 0.095 

284 0.095 

286 0.095 

286 0.095 

286 0.095 

TABLE    17 

Heat Treat Response of As-Extruded 
64E15 Extrusions 

UTS Ys(0.2%)      El(l in) 
Heat Treatment Ksi Ksi % 

1725,F(2min)WQ + 1000#F(4hr8)AC 180.2 161.4 8.0 

" + " 185.0 166.3 

+                  " 181.4 164.2 8.0 

"                  +                  " 181.1 162.7 7.0 

1725,F(2min)WQ 165.9 119.4 13.0 
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c)     Drawing Shape 64E12 (modified) 

Material 

Eight extrutions were selected for application to thig phase of the 
warm draw program.    These were nominal 1/16 in.  thick "T" extrusions 
to be warm drawn to supply finished extrusions to print 64E12 depicted in 
Figure 5, 

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 material loss in actual warm 
drawing. 

Procedures 

The general processing outline for this five stage warm drawing was 
as follows, in all cases utilizing end free drawing; 

1. Inspect incoming extrusions 

2. Machine 1/16 in.  fillet radii for 9 in.  point length 

3. Point, chemically, to 0. 050 in.  web thickness 4- 0. 000, 
-0. 010 in, 

4. Clean, pickle in KOH, H2S04 and HNO3-HF baths 

5. Conversion coat, lime coa^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 

167 



12. Clean, pickel as in Step 4 

13. Inspect 

14. Repeat Step 5 

15. Repeat Step 6 

16. Repeat Step 7 

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

18. Repeat Step 4 

19. Inspect 

20. Repeat Step 11(  stretcher annealing 

21. Repeat Step 4 

22. Inspect 

23. Repoint to 0. 040 + 0. 000,  -0, 010 

24. Repeat Steps 5,  6 and 7 

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

26. Repeat Step 4 

27. Inspect 

28. Repeat Step 11 stretcher annealing at i550/l600*F 

29. Repeat Step 4 

30. Inspect 

31. Repeat Steps 5,  6 and 7 

32. Warm draw fourth pass of 0. 047 in drawing at 24 fpm 

33. Repeat Step 4 

34. Inspect 

35. Repeat Step 11 stretcher annealing at 1550/1600^ 

36. Repeat Step 4 
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37. Inspect 
i 

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 

41. 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 
re straightening was performed.    Five lengths were solution treated 1725*F 
(15 seconds) WQ.    The extrusions were again descaled by KOH, H-SO. and 
HN03-HF immersions and either stretched at 400/450*F or lOOO/TOZ^F 
as required and then again descaled as above.    Two lengths were of 
sufficient stock to warrant edge machining to 1. 600 in.  + 0. 005 in. x 1.750 in. 
t 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 
ope ration. 

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 7^). 

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 293, as physical 
separation of the vertical leg from the horizontal occurred.    The failure 
typified in extrusion 295 is shown in Figure 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 repoint 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 general, 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-ll. 

Straightness and overall view of the completed 64Elr 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 treatc ' 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 
re straightening is noted in Figure 85.    It was necessary to stretch more 
than 11/2 percent in about every case to restore straightness. 

The tensile property survey of the tie 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 i 0. 005 in x 1. 750 in 
± 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 
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Necking and Strain-Induced Porosity 
Noted in Areas Adjacent to Failures in Figure 77 

FIGURE 7 8 
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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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Thre e Longest Lengths of 64E 12 Extrusions Afte r 
Restraightening Following Solution Treatment 

FIGURE 85 
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As-Extruded 
0.065in 
Plus STA 

64-28-F ?00X 

Warn Draw 
0.040in (5 passes) 
Plus STA 

64-28-H 500X 
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Marked Alteration and Refinement in Transverse 
Microstructure Typical of 64EI2 Extrusions 

FIGURE 86 
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TABLE   23 

Tensil le  Property Sutve> f of     64E12 Extrusions 
of '. ri-6Al-4V  (64E12) Wann Drawn 5 Cvcles to 

0.043in and ?U int Heat Treated - 

(A) 1725F(15sec)WQ + Hot Stretch lOOOF(AC) 

ExL.   No • 

UTS 
Ksi 

175.3 

YS(0.2%) 
Ksi 

EL(lln) 
% 

261 165.3 5.5 

290 176.2 158.5 5.5 

294 178.1 158.6 8.0 

(B) -(A) + 1000F(4hr8 )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. 
No. 

Web 
Thickness 

261 0.065 

261 0.065 

290 0.065 

290 0.065 

294 0.065 

294 0.065 

294 0.065 

Heat Treatment 
UTS  Ys(0.27.) El(lin) 
Ksi 

1725F(15Sec)WQ + 1000F(4hr8)AC 186.2 

+ 

+ 

+ 

+ 

+ 

Ksi 

1725F(15Sec)WQ 

: 186.2 167.8 10.0 

187.7 171.4 10.0 

186.0 170.2 9.0 

181.8 164.7 7.0 

181.7 165.4 8.0 

186.4 163.7 7.5 

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 seen 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 c 
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 exceeded 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 @ 950oF,)     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 (1000oF/4 hours) aging, while Figure97e shows the effects of solution 
treatment (1750oF/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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g 
c« 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 
p, #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. 

K 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 99a,  b and c illustrate the microstructures 

C-' 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 
•V only slightly, indicative of the first stretch straightening operation (3% @ 
f" HOO'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 ISOO'F with a 51:1 ratio, no 
contamination was noted. 

|| Examination 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. 

r- 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 
£j stabilized alpha phase noted in the flange (Figure lOOd)showed no hardness 
K differences between this surface and the core.    This is due to the fact that 

a rather high composition of alpha stabilizing inters tltials must be present 
rv 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.    Figure 10 la through f illustrate photomicro- 

graphs of the front and rear ends of extrusion #272. 

t 
:■■ 

I 

The microstructure seen in Figure 101a, c and e indicate that the 
material has just exceeded the beta transus.    As indicated by the flow ob- 
served in Figure 101a, only partial recrystallization has occurred in the 
front of the extrusion. 
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The photomicrographs shown in Figure 101b, 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 (Figure 10 le 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 submitted 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 (6A1-4V) 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; N2 by 
the Kjeldahl method; and Hz 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 shearing of one of the specimen holding pins.    The minimum ultimate 
strergth 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 64EI2 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 
LB0170-147 stipulates that surface finish should be equivalent to RMS/100 
or better. 
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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 lo5 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" i . 005" and 0. 043" t . 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 
64EI5 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 h 0. 005". 
The alternative of warm drawing the edges was not attempted as"work in 
Part IV repealed 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 64E12 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. 

198 



i 
(3)    Uneven web thicknesses which resulted in pickle pointing 

m problems.    In pickling the thickest leg to pass through a die 
■I opening, the thinner legs are under-pickled and too weak to 

sustain a draw load. 
•. 

gj The above difficulties were in part due to an attempt to utilize ceramic 
B* coated extrusion dies without a finish machining operation; the intent being to 

develop a process as economical as possible within the tolerance requirements 
55 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 

K ceramic coated extrusion dies is mandatory. 

V 

':■', Processing difficulties related to the actual warm draw operation 
generally centered on the following: 

V- (1)    Failure to point to the proper web thickness,  machining 
g 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 

jv 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. i 

H (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. 

V 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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TABLE 25 

Surface Fini8h of 64E15 Extrusions 

Nominal 0u0951n 

As-Extruded 

RMS 

Horizontal 
(H) 

Leg Vertical 
(V) 

Leg 

Ext. No. Mln. Max. Mln. 

50 

- 
Max. 

282 140 370 350 

284 110 220 80 210 

285 100 260 90 180 

286 120 230 70 220 

288 100 180 70 120 

289 110 220 60 130 
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TABLE 26 

In-Process Variation in Surface Finish 

of Warm Drawn 64E15 Extrusions (*) 

B 

3 

D 

Ext. 
No. 

263 
263 
263 

253 
253 
253 

Stage of 
Processing 

As-Extruded 
1st draw 0.090 
2nd draw 0.080 

As Extruded 
1st draw 0.090 
2nd draw 0.080 

RMS 
Horizontal Leg(A-A) Vertical Leg(B-B) 

Hiri. Max. 

130 

Hin. 

60 

Max. 

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 HN03-5HF bath prl->r 
to profHometer measurements. 
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TABLE 27 

Surface Finish of As-Extruded 64E12 Extrusions, 

Nominal 0. 065in. _ 

h 

B 

h A — ^ -\ 

RMS 

Horizontal Leg (A-A) Vertical Leg (B-B) 

Ext. No. Mln. Max. Mln. 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 60 250 
295 80 270 70 240 

All pickled approximately 1 mil in 35 HNO3-5HF bath prior to 
profilometer measurements. 
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TABLE 28 

Surface Finish of Finishod Warm Drawn 
64Elii Extrusions Nominal 0. 043in. 

r-\ 

C 

B 

ft 

-A 

RMS 

Horizontal Leg (A-A) Vertical Leg (B-B) 

Ext. No. Min. Max. Min. Max 

260 60 100 40 80 
261 70 100 60 100 
264 40 80 40 70 
266 70 100 60 80 
290 70 150 60 170 
294 50 100 60 90 
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As Ext. 0. 090 Pass 0. 080 Pass 

Alt<'r atior~ and ~mprove mPnt in Surface Quality of Ext r usion # 253 
P.\· \\" " t·m Ora wing 

.· .. _.. ... .. . -



·. 
·. 

As Ext. 0. oqo Pas s 0 . 080 Pass 

II~I~'!CI~~I~IIllllliii,II~I!C'!~I!ll:' . 
1 ·~ 

111~ lil l iilili l ! ll l i lilil·,,, t II I I 
Alte ration and Improve m e nt i n Surface Quality of Extrus ion # 263 

by Warm Drawi!!g 

FIGURE 90 

2 0 5 
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1263 

Plan View of Horizontal Flange of Finished 64E 15 Extrusions 254 , 
263 , 282 , 284 

FIGURE 9 1 
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Plan View of Horizontal Flange of Finished 64E15 Extrusions 286, 
285,   288 and 289 

FIGURE 92 
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Starting a nd Finished Surface Quality of 64E 12 Extrusions # 260 and 261 

FIGURE 93 
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·. 
·, 

. · .. 

Starting and Finished Su rface Quality of 64E 12 Extrusions #264 and 266 

FIGURE 94 

209 

.. 



Starting and Finished Surface Quality of 6-!E 12 Extrusions :J290 anrl 2Q..J 

FIGURE 95 
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RMS 
SHAPe-EXJ**    FRONT MIPOLE BACK 

1        1 
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Surface Finish Measurements of Five (5) Heat Treated Finished Extrusions 

FIGURE 96 
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EXTRUSION #270 

0. 2% % e 
Fty ( in 
(ksi)   1") 

a 156.2 136.4 13.0 
b 155.6 135.7 13.0 
c 155. 3    131.6  14.0 

Fig: 98 a MR 3-11-6A 
Extruded & Stretch Straightened 
Etch: Krolls      Mag: 500X 

Ftu 
(ksi) 

^5 a   149. 8 
W   b  160. 3 

c  160.4 

Fig:    98 b MR 4-1-H2 
Extruded & Stretch Straightened 

8t Aged 
Etch: Krolls        Mag: 500X 

Ftu 
(ksi) 

a 182.3 
b 178.9 
c 181. 5 

% e 
Fty ( in 
(kai)    1") 

138.9 22.0 
152.9 14.0 
150.5  15.0 

Fty 
(ksi) 

% e 
(in 
1") 

169. 3 6.0 
166.7 6. 0 
169.9  8.0 

Photomicrographs of 
titanium alloy   6A1-4V 
extrusion (#270) 3/32" thick 
extruded at 1800* F, at a 51:1 
ratio and stretch straightened 
3% at UCO'F.    Figures 98 a 
and 98b show the coarse 
Widmanstatten (basket weave) 
structure.    It should be noted 
that this material has reached 
temperatures beyond the beta 
transus during extrusion. 
Figure 98c shows structure 
obtained after a 1750°F 
solution treatment (water 
quench) followed by a 1000,F 
(4 hr.) age.   Absence of alpha 
prime (Martensite) expected 
after this heat treatment is 
due to an inadvertent delay 
during quenching.    This delay 
resulted in cr-ling below Ms 
before quencning thus producing 
a coarse basketweave alpha- 
beta matrix with primary 
alpha beginning to grow from 
the grain boundaries. 

Fig:      98 c MR  4-1-1-G 
Extruded & Stretch Straightened k STA 
Etch:   Krolls Mag: 500X 

Photomicrographs of Extrusion # 270 

FIGURE 98 217 
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EXTRUSION #271 

Fig:  99 a MR 3-11-6E 
As Extruded 

Etch: Krolls      Mag: 500X 

Fig:    99 b MR 4-1-1E 
As Extruded & Aged 

Etch: Krolls      Mag: 500X 

> ••• ^-i-' 

s7'0K.-^' Ate*"- '>vj. .*" 

0. 2% % e 
Ftu     Fty     (in 
(ksi)   (ksi)   1") 

a 158.6 129.9 12.0 
b 158.0 132.5 12.0 
c 156.7 129. 1    12.0 

0. 2% % e 
Ftu     Fty     (in 
(ksi)   (ksi)   1") 

a 162.8 150. 3 13.0 
bl60. 2 146.4 13.0 
c 161.3 151. 3    15.0 

0.2% 
Ftu     Fty 
(ksi)   (ksi) 

7o e 
(in 
1") 

a 173.2 158.5 10.0 
b 176.6 164. 8 10.0 
c 177.7 169. 5    10.0 

Photomicrographs of 
titanium alloy 6A1-4V 
extrusion (#271) 3/32" thick 
extruded at 1800^, at a 51:1 
ratio.    Figure 99 a   and 99b 
show a COAtne Widmanstatten 
(basket weave) structure.    It 
should be noted that this 
material has reached 
temperatures beyond the 
beta transus during extrusion. 
Figure   99c  shows the 
structure obtained after a 
1750* F solution treatment 
(water quench) followed by a 
lOOO'F (4hr. ) age.    The 
absence of alpha prime 
(martensite) expected after 
this heat treatment is due to 
an inadvertent delay during 
quenching.    This delay 
resulted in cooling below the 
Ms before quenching thus 
producing a coarse basketweave 
alpha-beta matrix with primary 
alpha beginning to show 
Widmanstatten growth from the 
grain boundaries. 

Fig:   99 c MR 4-1-1F9 
As Extruded & STA 

Etch: Krolls      Mag: 500X 
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Photomicrographs of Extrusion # 27 1 

FIGURE 99 
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EXTRUSION #277 

0. 2% % e 
Fty ( In 
(ksi)    2") 

a 148. 5 125. 3 9. 5 
b 152.7 119.4 8.5 
c 150.5    126.3   11.5 

,/3RJ 
Jtä 

0. 0008" 

0^- 

Fig: 100 a MR 3-9-2-2A 
As Extruded - Center 

Etch:   Krolls      Mag: 500X 

Fig:   100 b MR 3-9-221 
As Extruded - Edge 

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. 

\ 

; *\\i.X"v., 
EXTRUSION #273 

O^X '• * N' "i^'AX . \>^7 0. 2% 
-      '..^^   ^\y-vC.'        Ftu       Fty 

0. 2%   % e 
Ftu Fty      ( in 
(ksi) (ksi)    2") 

a 151.8 128.1 8.0 
b 152.5 119. 1 10.0 
c 154. 1    131.8    8.5 

Fig:   100 c MR 3-9-22D 
As Extruded & Stretch Straightened 

Center 
Etch:   Krolls        Mag: 500X 

Fig:   100 d MR 3.2-22H 
As Extruded 8c Stretch 
Straightened  -   Edge 
Etch:   Krolls Mag: 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 
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Fig.101 a 
As Ext ruded 

Etch:   Krolls      Mag:  100X 

FigJlOl c       MR 3-11-6D7 
As Extruded 

Etch:   Krolls        Mag:   500X 

Front 
of 

Extrusion 

**    J ;5 PK **■£*! v '^-^     0. 0012" 
.^ •"..•?y> .J, S ■'•. k w; ■. ^...  } o<. 

Photomicrograpl 
#272 (1/16" thicl 
micros true tur es 
the material has 
As indicated by t 
complete recrys 
the front of the e 
which appear not 
The microstructi 
f,  illustrate the i 
rear of the same 
platelets and lacl 
of the extrusion, 
temperatures obt 
extrusion as a re 
alpha phase seen 
(rear and front), 
differences with I 
below shows the 1 
graphs were take 

c 

•--IN   ■ 

Fig. 101 e       MR 3-11-6E4 
As Extruded 

Etch:   Krolls Mag: 500X 

^3 
Photomic 



Photomicrograph of titanium alloy 6A1-4V extrusion 
#272 (1/16" thick) extruded at a 57:1 ratio.    The 
microstructures seen in Figures a,  c, 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. 

C   D E     F 

^ .3 

v. 

Photomicrographs of Extrusion # 272 

FIGURE  101 
oP  Sf<l 



iAl-4V extrusion 
I ratio.    The 
c, and e show 

»eta transus. 
i Figure a, 
iccurred in 
are some areas 
e beta transus. 
res b,   d,  and 
tained from the 
le larger 
i in this area 
of the higher 

;ar of the 
riction.     The 
he extrusion 
rdness 
le schematic 
Jtomicro- 

2    F 

«PI» 

ig. 101 b       MR3-1I-6D-10 
As Extruded 

Etch:   Krolls        Mag:    100X 

W^.-/.. 

Fig. lOl d        MR 3-11-6D-S 
As Extruded 

Etch:   Krolls        Mag:   500X 

Fig. 101 f        MR 3-11-6D8 
As Extruded 

Etch:   Krolls Mag: 500X 

sion § 272 

Sf lL n •^1 



TABLE 31 

ROOM TEMPERATURE TENSILE RESULTS 
OF EXTRUSIONS EVAL'CATED AT NAA 

: EXTRUSION YS, KSI ELONGATION, % 
NO. SPECIMEN UTS, KSI 0. 2 % OFFSET 2INCHES 

290 A 188. 8 17 5. 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 Te nsile Properties 160. 0 (Minimum) 150. 0 (Minimum) 6. 0 (Minimum) 

.-

.· .· .· 
.· 
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TABLE 32 

ELEVATED TEMPERATURE TENSILE RESULTS (700 - 10F) 

EXTRUSION 
NUMBER UTS,  KSI 

YS,  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 (Minu 

*    Tensile stress on specimen was 123. 6 KSI when holding 
pin failed. 
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TAB: 

DIMENSIONAL MEASUREMENTS 

Extrusion No. Thickness Radius 

Required    (o. 043 + 0. 005")m      (0  125 1 0. 005") 
290 ^Unsatrsfactory (1)      Satisfactory 

294 
(2) unsatisfactory x Satisfactory 

Height 

(1. 600 t 0.005' 
Satisfactory 

Satisfactory 

DIMENSIONAL MEASUREM 

Extrusion No. 

289 

Thickness Radius 

Required (0. 080 t 0. 005")       (0. 125 t 0. 005") 

^Unsatisfactory'   '   Satisfactory 

Height 

(I. 000 i 0. 005" 

Satisfactory 

285 (5) ^Unsatisfactory^   '  Satisfactory Satisfactory 

282 (7) ;';Un satis factoryx   '   Satisfactory Satisfactory 

*   See Summary page  197 
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TABLE  33 

^.SUREMENTS OF 64E12 (MODIFIED) EXTRUSIONS 

eight 

. 600 t o. 005") 
itisfactory 

itisfactory 

Width Straightness 

(1.750 10.005") (0.010" per ft) 
Satisfactory Satisfactory 

(3) Unsatisfactory^  ' Satisfactory 

Twist Angle 

(1/2° per ft, max.   3°)     (t 1/2°) 
Satisfactory Satisfactory 

Satisfactory Satisfactory 

MEASUREMENTS OF 64E15 EXTRUSIONS 

. 000 i 0. 005") 

tisfactory 

Width Straightness Twist Angle 

(1.750 t o. 005")   (0. 010" per ft)       (1/20 per ft, max.   3°)     (-1/2°) 

Satisfactory Satisfactory Satisfactory Satisfactory 

tisfactory Satisfactory Unsatisfactory^      Satisfactory Satisfactory 

tisfactory Satisfactory Satisfactory Satisfactory Satisfactory 

^   ^ -^ 



•IFIED) EXTRUSIONS 

Straightness 

05")   (0. 010" per ft) 
Satisfactory 

(3) ryv  '  Satisfactory 

EXTRUSIONS 

Twist Angle 

(1/2° per ft,max.   3°)     (± 1/2°) 
Satisfactory Satisfactory 

Satisfactory Satisfactory 

Remarks 

(1) 

(2) 

Variation in thickness 
(0.042" to 0.037") 

Variation in thickness 
(0.040" to 0.037") 

(3) 'First 3' undersize 
balance of 8' 
satisfactory 

Straightness Twist Angle 

05")   (0.010" per ft)       (1/2° per ft,max.   3°)     (i 1/2°) 

Satisfactory Satisfactory Satisfactory 

Unsatisfactory       Satisfactory 

Satisfactory Satisfactory 

Satisfactory 

Satisfactory 

Remarks 

(4) 
Variation in 

thickness (0. 077" to 
0. 073") 

(5) 
Variation in 

thickness (0. 079" to 
0. 073") 

^   '0. 020" kink 

(7) x   'Variation in 
thickness (0. 076" 
to 0. 069") 

S<f 
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IV.   RECOMMENDED OPERATIONAL PROCEDURE 

EXTRUSION 

Procedure 

1, 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 purge 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 runoat 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 

1, 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, R    - 48-52 

6, Die coating - ceramic 
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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° - 
HOOT, 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--9ss (while the extrusion is still warm - over 300° F). 
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C.       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 1st 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"^,  rinsing; immersion in a 15% H-SO. 
bath at about 120° F,   rinsing; flash pickling in a 15 HNO- - 11/2 HF 
bath at room temperature and rinsing.    Conversion coat 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 
cycle. 

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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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. 

Push Numbers 
Total 

Each Extruder 
Total 

Each Part 

Part I   - Survey (no 
pushes) 

Part II 

Babcock & Wilcox 1-20, 24-66. 69-82 77 

U.S. Steel 1-74 74 

H.M. Harper 1-55 55 
206 

Partm 
Babcock & Wilcox 83-131,  133-138, 

140-141,  144-155, 
160-175 85 

Cefilac 1-62 62 
147 

rtIV 

Babcock & Wilcox 176-245 

Battelle 1-66 

70 

66 
136 

Part V 
Babcock & Wilcox 251 -256,258-297 46 

46 

Total Number of Pushes 535 
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PART II   EXTRUSION TRIAL 

DATA SHEETS 

BABCOCK AND WILCOX COMPANY 
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uiwom 15 it 

ww4a.n.A^iT 

»II 
•nm 

•11 
•amm. 

•II 

7-' 
on 

■p«At-Htl 
KUH 

MAX 
nc« 

UA« 

MKiJ 
ivomi 

inmiiM 

"io »Xl 1^10 118 - ■SK6 "Prt lU2So 5«>o l» *.Z F*k Lo%».«T.W aeo 1VV. 

3 1 feil 2 3 Wiu 121 - ■Svtt TV» ■^L^■bo SSo 2o^ 1.1. ^1<.IM.»*» nno 1VU 

'in 

•^ ^ i^-io 1^0 
F.MI   IM - TH.U ft^MHiT«   PAT» 

■H.X\<a 55o i'^ 4-.* Vo\.i. LiJMt.l(ATi«M ^0 Vft«V» 

■^ 

"5^ «ll .^ v^o « 118 
■Potato - Zl-ilo Rt»A-*B 550 2A.1, 42 ^(.A|.#«.% fc&o qi 

+ 

um  •um«. iiTWMi wmci 
«* flNItH 

i«nii»i on sictiBii  »iimiii aat. 
•CM«»!.     I)«T» 

"bo 
l»i 

«^1 

^1 821 

12 
^4 
*2l 

31 
WA 

>2i 

I« iTO.1 * 6»«.- ^««> 
t»»*S  - o<. 144/ 14-'- n^. n t» 

-i.n. V. 131. 

t)it*l, -     OK. !7<» »/nS   L 
' Si kr. i?» 

n;2 k: ZK 

tii.k5 -*•»«* ^S 
UIAV.V*     OH    »OC 

^ 2ft 
' lo. aal y. 1(.l 

1-A4T      MA\.»      O*      «Oo»j* 
WA»    Toap   '^K'buV 

4oo> 
rbi»*^- VIll^Mtk 

T.4 1 .^ ns ISO 16 / 

%lkl* - 1   Till! IT Uli 4 
ma .1 io v: TiL 

OTIOW ; ^«.AM««. ^**.v.y^* 
NOMIHAl 
DUKMum- 

■n^o 

CIIOM   WCTldlT 
vic« 

PHtS   CABUCITY   ITOW^        IQUO 

^TIU   OIAHITC« 
CVTHUtlOII     HATin 
OONUMfll   ««MfTI» Zä SS. 

L A-7 



34 Atta. 

«jf 

>^*0 
iM III fHl 

_ilL 

TEST DATA   OF   EXTRUSION    TRIALS       AF 33(600) 34096 

1*4 
"Wow» 

TbM 

aoo 

I»««. 
Loftft\CMMT 

"»Kl'P*» ^l.3«^<^ B^ll^^Ol^VV., 

»r 
z* 

E»T*.UttOM 

'VaA€.T\Cl. 

Sc»»U>»4» 

S 
1040 

musu. 

au 
10 

^ 
g^44At 440 

91/. 

35 14T.0 Uft 55o 3K"ftT^ "2.1.^44 22« 24 \040 1ZS 
lO qo'/r 

Tew» 
§mk 

81 
30 

C\-b5 \4^0 U3 
-^r 

^50 "SWVm,* Zl.344 540 »A 2A ScnuPiM» \0\0 SI 

tO'B,, COHTl »    WITH   *ft^   9ftlT ^ 
U) TtM< 1.4* TOM.   » FT«.ft. t UM4 ns 

«""" 8»   »ICTIWI   Dl» 
MWaw.   MT« 

34 
tf5T iMi>T>»  'book BTWT  

.415 MO .on 102 iWlWu .cwi \o2 .4«. 44o .«n 

a« <W4 «4 !V.S %4 tfn .044 41.2. SI»?«» «m 

8w 4W 044 .041. 

35 ^A««». 

«wifnj OWL 041. ,415 S>Ä B»1 0« 

: Tätt»^»»«. 20 »451 
;"B».*to<.i«. VVO«.t.w«» 

art sm .061, .OSO flu. 914 P46P^2S4n 354 065 pea 
TMd   UAWT 

,820 4i» pis pH HOI 450 e«i fl45 5U> «12 on 

m 451. .085 .04V .6« 451. 06» Pftl !H6PV cni 

3(. Cess 
acaaute am. 

■ET^— 
Lofl flu .040 I.««! 41«. »42 .««5 Si/l 412 P«. 

.448 48* «42 em S5i. «a PV> C44 S^o 412 S«l P42 

flifa i.<»! pen .C4> 445 UM 0MPb4 4« an .OM o*n 

.o^♦ 

.MV 

Vlf« 

rwn uMcnr «TOIIO 

«rut DiMcra« 
gkTMtlO«    ■4TIO 
■mini« nuiKTtn £, 

Llttft 

y 
X,/27/s7      TEST DATA   OF   EXTRUSION    TRIALS       AF 33(6001 34098 

CO 

Wi>fc 

T^t 
"Di* 

\_0»«.«.««T 

Hfc44-4t 

,r 
an WP ^ 

■«MUM 

as? 
3i Soo 3Kt "Pftt) au-S44 445 •2.W. 1.6 "Oco-X-HMfc ^■»s U3 

\oiYt 
J) A3 

TfT- 
3a \45ü »Z6 \ooo 

Ifi 

~r- 

•2l.V^4 520 24.1. 2!»- I0IO 51. 

sz'/; 
UO 

'S*- 

54 621 
V l4^o K5 45o ^^44 535 2S2 I.« ^60 \3l 

*»% 

CO tW-UTT»    COKT«,« WITM   *6?   PdlT. 
■ .r.^0.   ICC».   0.04« 

r.tnit» 
4JUL 

Manu.  MT* 

•51 62i 
««it*«  - froe^ tcJ^T  

442 .Mwon 46»4»1 f*n .OM. Wl »"« 
961 mi on P« 412 41* .04 > M4 46i SiÄ .Oil m 
721 41.1 PM (*» TO* 4w. PM.OH. n4o 41+ .on .on 

36 OVbS "Poo««. 
'S»««» «c.a*ir<.M«* 

■D«*4--b.K»n 

i'Dt.ti^o»«. 70,149T 

L0C*TI»»:'B»*.M««.  VtHA.*,^*. 
|«—»—]        »aiiiiijit 

I.0U UM L014 P^» U5 l.0\2 116 .04» 
Mo   ««.Nt.o«T..a 

414 \cm 106 1.01» 1.014 .101 ion .in. IV. a1: 

441 416 441. 041, ,16^ 1.00« LOtl 114 ,106 

cmM ««eiiolc 
vii« 

t     1 
* • i.oo. 
|> . I.SM* 
e- .01»" 
• - .oi* 

34 62 V Too«. 
I)i«»10-T», 

461 4M PI* toi« ua» in .108 1.051 .V4n »So OHU« TWO   AMbc«* 
■*««<> ti.totrvm.t ■*»■»>-■» 

4U4>b P45 Oll, .KW 481 oerv .0*1 .4111, .101 t>>-r<W»«.-» 

rum MMan ITO«*> _XL!lfl_  
«TM   WMtTt« » '/u. 
■«Tmtie«  ««no ^2-. I 

±3» 

A-8 



40 
IP 

v 
\^o 

I» 

TEST DATA   OF   EXTRUSION    TRIALS       AP 38(0001 34098 

HS 
1^6 

■HUT 
■Mail 

OS Tfekt 

<\50 

Du. 

MM*»! nun ZUW Sift 24A 2.4 

EHTVMIMM 

&tl>l.»>l»» 

s 
tlftO »AT 

J 

CSS iQ tB5 CTSSStS 
41 S2J. i«o n2 1^0««. »ooo 2u-bSS suo 2iu 2.4- Scn\.ri»4» koto »WA'A 

o)"e *«-•> Lm> «x   l .»««.< gut* e i.wv »oi LUM.« 

A »>     Rt N>ki M*    »•»    *»•»«.    *W1 

ViTSC« tt«T 1«M   T»   » -w >   COKT' »*.   Ofct.'fc. 

■Di«"ll- Tw« 

""«"»»" "c"»«' "■ 

^0 
CtbS 

.._ Li i.m«\.i>4 ^s* UM IBä .no nt QtV»   OM« MkUI ««IIUOK'k 
Jk%«««.> %**-> 

11>m.««M*M, 20, «Tl 

L«C*TI<» j'WlW» rAM.»,"V*. 

4-1 
Nl4 

•111 .^15 .«^i tnt •iWllall .»6 \Z\ \aa UM 191 ONM aM «AM« CKTiwMrk 

CMM MCtie« 

?   a • ■ I.OM' 

trn WMwrt« 
nnHwim   MTHI 

_A^ 
iiii  

A-9 



Tt VT  G i So 5 

W 
HMrw« 

com tie» 

TEST DATA   OF   EXTRUSION    TRIALS       AF 33(600> 34098 

MI« 

(••Ml 
Tfi» 

■Oil. 
7-' 

<1|£1 

HA« 
Am 

lUMMM 

JMUUA. 

11 11.1.0 ^«t 960 tt't T» •2u«\S ^x\ &CAU»t>t 

0 

TT 
B^^-** A3 l"ll.O ftuo ■Sv« T>« 2US\« 5A-0 2b« ^>C»\.9>. 

Ctt*W tu 

TZ" 
**, -^ 

\6\o ni S60 T».« 'Sift "P«> "Zu^vS %^o TAX io St«V.«>»Jfc v i-i Vj. 

"fts 
■ »1ST 'St. 

10 Vx 

(»TiuSiOl» tcti«  omiiii tit 
UMIMl UHUPW tunfwc 

riNttH 
M   ctNorrnM PNONT rE^IIll I D MM*««» MDillM.    0»T* 

* I ( 9 A I | 0 1 { 1 

AV /* IAO 

■On» I 
?a-rv<.».ta »«'■         : I5m«.«~.%««. 2T issn 

SMWMI   :'%ai»u«.i ■VMtfc*«« c* 

kOC»T(»ll; ln«^»«.   Fkü» TV 

CRBM  MCIIOn 
kiln 

4', 6ti 
■Di.*T 

ST>«.«.I,«. 

45 
Cv'iS 

ft OOT) .TU2 sn .W5 .10Z 100& .«ill OT-J ow 1.0*1 isz Oil pnft 
Ok««   -^«t   »«AT    PLOW^Vb 

«5 VT*4     &WAb^ -    Ov4l->    TUJO 

Pllf»^   CAPACITY    |Tf»W«l      _löUfi  

«(«»   OiAUtTC«                          A-  V>i 

  Ätf\ ?K 061 01* .Wo •Hi OftS S^l ^1 W 0*1 o CTl 
*.«»».«» e«"'"«.o»»-k CKTRUflOM     **Tin                     3tt.; 1_ 

COMTAMCR   OIAMCTCII                        ^  1/   ' 

»«oo©    Nio ^b   - 

81UII 
ÜIH 

TEST DATA    OF   EXTRUSION TRIALS AF 33(600) 34098 
■<IM 
Nt 

M«miAt B.tltT r .«•TIMC, 
CC«*TI0K 

Mir, 
TWI 
flNt 

hilUT 
iiaaicMi 

COMUMX 
-Oi«. 

on Olt 
■MIBIM. 

M 

on 

7-' Ma 
IMCI 

DTD 
na 
IKCI ■OHM 

MAK 
men 

«mi 

MA* 
■act 

llflMlCM 

<V5 /» \boo ion 
T*-» 
&».<l ^3o lift "p.-» Z>*5\5 940 ais t-ft StA,\.».M4 - 

>o 

4^ 
» 

\6öO ^ ÖTO 
ft««»» 

"ZVASiS 
•».». 

6^0 21» 10 StA.VlllM* - ^? 

IP »■B5 
CoA-rt*A« St 

X un 
Al an 

' J \^oo An*.- M-o» ■Sfco 4-viii 920 
&AIA»« 

2W5>S 
-6* 

915 i^.i 50 ^«.Al.»,^^ - uu 

^f •8* nt 
5\ 

45 

imiMnM tuNfACC 

KTIimiON   StrilOW   DIMtM« SSL 
«CMfilAL     0«T* 

^1 
■ß.»* >■* 

"ärrvtv«.««. 

*u A^^o ^R.O^T G-o =118 IM io5 ?6-| 

ÖAU'*.  -LtKÜlTWb- k* TA« Iv.      \ 

'^JA..   &(-a.A^t_MV& Confc.-01w.A%v.-( 

Vtl OftL  ,.   P 'iUp *%S1.»*TATINJ1. 

=l=l-i ,10ft ■w^ 108 m 

AT 8l\ SoacAti fto« 
Tl.«*!« 
31 ttl^a Mlal n ■Wv i.nüi o&6 

tKA»A.^^X\oO .^80 3vi psr VI ^61 10ft 

"6.1       IVvA,**«. 
flns i on »^ 

0«H : "T>«<.«~.%«a "Jn, «5T 

cMmiit    ."BAütov.« * NAJ>V.I.M« CO. 

"   — 0**-» NOMtHAt 

* . t.ooo' 
(I - l.OOO* 
c -   o^** 
o -   o^V 

L     6     'J 
coon «ciio« 
Vl(> 

PHKSS   CAPACITY    |T0*K)  

^Tt»   OlAMtTt«  

iKTRUllOn     IIATin tX' \ 

OWTMHCN   OuuaTffR 

is>kv *•/. 

A v.; 

A-10 



"T»t>T  &aoop  t^o 5 

MUH 

TEST DATA    OF   EXTRUSION TRIALS AF 33(600) 34098 

ai 
umui ^ HCATIHG 

cocinof* TWi 
h-Bi 

■ HUT cnjuiMi» 
TXt. 

on 
MM« 

on 
utwm. 

■e 

Oil 

7-' 
■Ufl 
•MM 3 

an mn MAI <   NUkl 
ilOTGi 

UIMioa 

Aft fl iftoo 
tm. Cufc.fcj 

IWI» «IBO ^ift-?»» ■lusis ^no ZA-0 A.I Sc^uPirttr - «0 

J 
n 1* 

J U6 

AS 
y 

\Soo 
Cut«. Ponw 

AOS Soo ■5V6 ■?*> ZU^lS a. 44-A« 925 Zu. Si St^„rtt
t0 - nz 

—r— 
*65 i\T) 

- 

SO \ ^600 
Eti». F-"i" 

»I 1015 H 8 "PA* S,.4*.*6 "Vio 2n. 4.0 ScfccP^i. - -15 

^r «8S ns 

5iL 

■Aim«, orraumi WIMCC 
riHtiH 

OK  cwonoN 
CKTIUItON   SICTIOW   DIMmi 

rtttri* 
UL. 

I.O'DOIA^   ^.OUH   TO»   V*oT -     IT   ».OVMftMM.«^ 
M«    %CKw'iMfc    A*,T*»ia    To««.    PUU.« 

«miiiu  O«IA 

A8 
Ci*I Tu« * \U 

TA«^   T >  "^ .«. Hu'< _ ftM*T ! ■oftl'   9' iPlttv.>.-r..TiNJU 
"" 

&DI«.l     C>it«-0^ 
%U Ml «2. P^ 'Ibft lui ."« 

CgKWHT      :'6*en.ov^*VJ>v<J,, Co. 

■«»e "^u ÄT5 .0^6 fn^ 

 Uli; "&««<««. rAu».»,"?* 
T- 0«4'« MOUINAL 

»C OlMIHflOH 

A? azi 
Owe    Kwfcu« ^aRM 1»« *14- -   o^c 

CA'ftL.V 

OM1.    OodT    o«   ■»«!.    >#*K\ 

OHUT    Tvoo    4M&.t.U     Wlft.« 

A ■ 1.000 
f - 1 MO' 
C. - 0«»' 
0- O^*' 

50 Aw.o ^^agAt.«. y*.tH_ ^01 8»6 Oil. SiA HSi OIS W* SM- »H, 
PaotjT «»*% \JJAS 

 «2iLk>i  

OMt    PORT   PUMbtJ 
?120 aii <*1A IM. fl« Ä» o^ Ml 

*-T   tm>*Ti.^, TO   roiiv. 
Pomvr   Ton i-oM>n-«-r .«^ 

w    B   -J 
CROM KCTION 
VIC« 

m» cAMcit» im«« LQiSi.- 
'.TIH   DIAMCr»  A VlU 

tXTRUIION    RATIO 1,1: \ 

(SMTAmCR   DIAMCTM 4*AÜ 

n\ "Al S«i .<w* Si*. P"« I« 

T' G«c 

iiu.n 

TEST DATA    OF   EXTRUSION TRIALS AF 33(600) 3409B 
•'AH 
Hi 

UVOIAL tjf HEATING 
CCNOITIO« 

HIS 

TIM 
IviN) 

■ILLCT 
LiaacaiiT 

CDKl/UM.« 
UaHICAMI 

en 
onm 

01 c 
■AlfKAl. 

■C 

DIC MJIT 
WMF 
IM 

1MC1 

on 
TH 
IMC E*<THO*10v. 

"Pd^T.ll. 

MM 

HUM 

MA. MA« 

■SS 
(Hnnio* 

IM«.»«! 

5\ ^ ^OO 
Et.1.^.   ^oQk« 

A^ 
"PO«JT> 

qso "!>ia "Pk-t, i^A' a^o 1^0 io ^t-AA.!*!»^ - lOft 

0 w/. 
* « 

51 
cii!r 
A.W,0 

IP \&oo 
tu«, r.^ 

•SS5 
"PowH 

1000 ■b\6 "PAT, "iu^is 
T,A 

RvA^-4« 10OO ^04- 56 ^V-\- V_VJB^^t.A■Tltt 
- U5 

1   J 
»4o-r ^<LAur«X WA 

t UTL 

«TMuSiON   < ICTIO»    OIMUS fit 
MM ■Aimu. ttmmtm fUMCi 

imWN 
M   «NOmON HÖHT CSMTIH 1 10 •IMA»«« icmaAL   OATA 

A ■ t J A I g 

51 B^l "Poo 8. 
■Di«» ^o 

OK 

FOo All 

It»), 

IA<ftJ 
ÄS» ^8^ .108 .lo<L 1.0« - .100 - OP«<.\AI. -tu«-ati^mt !>"'         :T>«t«»n««. V\ «81 

%«kt.«. «Ml&l   "TOQ.O 
.8?«. .814 .044 IDZ "\Z5 .Bn« Olu .ioi ■■«I .•115 cez. .105 

AT     ClM-TtQ.   TO    »041» 

P0<.K«T     »OH    i.U»«JlA>JT 

fOKP^HJ.     i'^Afcn,,  ^ Mg„ ,^    f,, 

LOCATIO» ;-g,tAM«.ll.    FA^I.»   "PA 

.wn 6V. 0^» .<w> - flau .101 .101 ^«41-«   HOT   C\UVJI^     00T- 

I 
1 

n*- 004 '■                                   NOWMAL 
T.C                                        OHKHMM- 

52 "P6.^ 
■D..»ift MT 

in.« 

it l-.T 

Mt "Dl»     ^«OK.t t-1*?           J:':Si 
"ftkt-tc %Mrha TOUJ 

**  -aOT« PttA.«» 

TO   "6«t-    HO 
flan fliu .0« oat «41 10» <*1 .Oil WS ion pm lOO 

■ / .    ^                               n-    ».-• 

«0«   «CTIOM 
VIC« OO   th«.     V^A^C. 

1.01« IBiS 045 .161 I.6H1 um an .104 vpw IJBS4 .««x .1« 

rm» CAMCIIV uomi       \01.O 

«nil OMMCica                  A-V^' 

ct 

CD 

nutisii   »ATIO             7L1 1 
UTAMA   nAHCTU                           A V.L.' 

A-ll 



"Tkvr   G«oo»   No.(j TEST DATA   Of ■   EXTRUSION TRIALS AF 33(60« 34098 

T mm* ■un *•• r mgm HI* 

S5 
•auf 

UMMWI 
twuma 

TIM» Lo*«>CÄ«T 

»II •it 

«e 

Ml mtfi 

3 
nm a CwrnuhtoM 

"P«*.tTltt 

«M   1   MU at» lummm 
JSSL 
'«UUL*. 

» AH« 4"« 5" n^o En«. Rjb> »OT ItfÄ A00 Tw»»"S>6TV» ■21.5 »5 B.^£J850 ei.o i.i - 15 
%•.,» ne 

8e 
5^ C\-">5 

AHIO *Vul4 n<io Ev-tt Cä»» 
V65 

"Poun 
AOO TMI»3>6'VA'6 2U5I5 650 mw ZA Sc*.l,»IN» - 8A 

%OV.ll 8A 
68 

55 A340 4«5 ?250 S*\.T'B«H a? TV teo-soo TM.« GV)&"P*D 2(<.5i5 ^4*Ae 
*oo- 
5oo 150 3.0 Fvn.v.ljjftS.vosrx^ — n't 

&..,« 
— 1*0 

—      16 

OK 

tumitoi« ym| Bjmm DO. 
•tamtt,   o«»« 

55 X«faiDt  -GrouH k%ci,      ' CK» r   - 'O ^^ ..fc.' 

OOTS.-»«. ROOM act .MR !«• MS P^ 9«. I0U 

^•J^  ScQjNTCHV» ■Wi ^M on "«M H» 

54 AJSQ. OK 

a«*. m •tM. /m 

ms mn oen w» S14 1W.Dn "V, %5 aSi \« 

AW*    O^Jtb.tt. Lois "»ei. \0f\ VOM .«s "H«ci .«.   '»O'^Of   T»J«»TO 

lOtttAtlv K.I>«T<.«1   , 

55 AM0 G-OOD 

SSV %jujBn i^5 36^ ?'» ^6 «l <«a 

»!^.^£L2^±!ZL-!L±CtL 

VWMNM 

:*&««« COCK ♦VJii.to» 
tir«Ti«n "B«O.MI.«. TAtufc,"^ 

eiw«»\ieiÄ>i 
VII« 

« • l.ooo, 
* - \.ooo' 
c - . o^* 
• •  .0^ 

rHM »mniT HOHO lÄWQ,.,. 
<na WMcTca  A Vm  
iirmtio«  ii4'in       ^^ I     

 A_Zk  

TES. 

at 
-»A •UCI nu/i • ICATIHC 

ce»no> 
Mil 

ln«l 

• ILUT 
ummami 

CWJIM» 
"Du 

»II 
■nw 

•it 

•e 

DU ■mi a» 
CtLTtOtltM 
•V«At-n«.l 

•w 
S8 !§ 

MJI »••HUM 

ÄS? 

51. A^A-O Ax»," Z25C SkCT"B*,T^ VZ-D TV 4oo-Soo Tu.^Svui"?«.-» •2^^^ R.A*-** 
4oo- 
Bao 5(..0 \.B — 

„>. 
■boLii 

HI 

ai'/, 

„ . 

|«T»1IJ oi UCTIU mum* ,:!1 
M>1»M. 

nmm 
« ooamoH t      .  '"••'. ei»n« • ß «■><•■•                        1          tiiaatL   O«T« 

t 1 c 4 Q 

5(0 AM0 QrOoT) 
ti.t*fe 

OK Mo M (k% <•« »AVl i-r4 r »^ L 
»«'■          . JAMOA«-« 2, 1136 

l-IC»Ti»»    "BtAVIO   WmTV. 
•4 

T 
k 

1 

amtmmm 
J, . l.ooo" 
» . I.OOO" 

^ ■ > yv-*             »- «v 

CMM «cum 
vn» 

not «nan IIOM> V-Ol»^— 
ina •MMTt«                 A Vu. 
it t*MIM   ..no                1^j\      . 

ana«« luian«               ^ 3/' 

• 

A-12 



Tbvr GROUP Mol 

ray 

WU/T r 
„,,. Ek.»«. Fu»<4 
feQO ...-. *.„. 

Tfc.ST DATA   OF   EXTRUSION    TRIALS       AF ^3(600) 3409B 
Ml« 

Ttmt 

m 
■c 

>NC»«t 

51 A«5 
iov..-» 65 

5S 
Tovi» 

4-00 •5\ft-P'A> -ZUS > 5 qoo SOU 1.1 lÖC».L>l»> J1J_ 

Hi 

ELI«, rvi*» 
iaü 

§a Cil5 AvVj; >6oo 
Se^ii 

A"!, 4-00 "SNa-p^-B 2lo5i5 
. fSHyi 

qoo ZIJ. 2* 9>C«.>-P    m-tv* 
RM« iovct 

n4 
nz 

51 
0^5 

K*A%| I BOO 
Sov-.t 

15 
*65 

A-^SL. 4oo ■5\&"V*.T) 
P»»»m   60..^ 

"21.515 900 2SÄ B.o Sc>.\.»   »JSXW 
Rvv»4   frOt-BC 

UA 

83 
18 
83 

SLaaa 

of ctaiomgH 
Bgiiiija ttsimt mmt SSL 

•(«••i.   e*'« 

57 
CVV5 

^ool> 'fen RU. LOUIOU vtfS ^5 ens \ai 

V«, ^b» 101   oil t ou tyn tno W*, 

5& Cil-S 
SoRC» 

TO m m^ ATI ^"^ («* WA ens I0i 

^Tl 911 £«0 S\i 165 O'M. Wy °i*. 

Scu*T<.«rtSu^ ^o*1 p^'«■-u,, Ml, 9SV loz. \06 loss Mu looSlOol .Ul 

5=1 cms 
Goo"& 

<*! «Si .Oflt WA- .<Hl sia «*n ^w .loz 

«"1 ! SJAMOK«.-«    5,   ^5* 

i2«iiü>l:'B«AN«.« PAUL»,"^*. 

-IK» 

1? 

MOM iceito«1 

<. I.ooo, 
»- I.OOO 
c - ,MV 
0-.o^V 

.n« C«6 0W low TV* ICBOBSI 

^Ea-i    \-.\&v4x 
To "Bl«. 

iota »IB Mi O^» «5 Cftw lOOJIOZA- wii cm 
PkBT v*,i.i.-<   r»\.\.T»  OoT 

bL<J.^-n.w«4 sa 11* on MI» .&*« »no D^j,c«6 BftT ?n2t«3 .«l 

mmt unorr IT»« )Q.U£^ - 
<tl»   WMCTtl  Ä..Zh._ 
CVUHNIM   ««no Mi |    _ 

_Ai£L 

TEST &H.00P l^o,7 TEST DATA   OF   EXTRUSION    TRIALS       AF 33(600) 34098 
Hfft 
IMC 

b-MI 

COMUMM 

Tin,» 

F. 

•it 

ae. r^ 

•M-C »W» 

iirMH 

loO ci'ss 
ANvr. 4U]| i8oo 

Soi-ili 

114 

• 65 
A-00 SkSlS 150 LZl.<V 2.+ SOLP   UJITM 

tioiTJ»    Rtvi« 
.PJL 
n4 
is 

Cv-SS 
AtAO 4«1% Ev.tc. f OR>4 

ggg^wAt^ Af\ 
"POUT 

AGO TmcK^naTAD •au5i5 1050 K.2 5.4 OCACP    Wl-TW 31 
SOLI'S »ft5 Fmt  &«>▼ bofOt   fti«» 

"SO 

Tour» —mr 
21.515 

TAT 
^-«iB w AMO K<«5% 1600 96 U50 ■S>\B"PA-». leo 214 5.1. i 0.\.P    >-J 1TH ie>( 

SOL iv *66 R*fcu\J>.«.&ft>T iuiTje    SlWfr 
IM 

CO Xv»t( .CAbe» 1»J\.ET buc Pt 15«» 

CHI««»»'.   Met.»«   DWHrtO«. 

K»*C  

l\«    fAtA!s\)«»t   "fetPoftt    obi 

MB MIHMt «««•I    6»TA 

(oO 
ClSS 
ANvO ^tft*      i'jft'il^S «8 W* loi'" van on SM »n <«^ A a "BA^O«   Tkovvr»-» 

ScJlÄTe«l.-B sn IBl» PIS LOU VOM tm Oil 

(.1 AlAO pROM-r t^-ft 

'*'( IOI.I.PAS ."m ^16 ,>öbW6 .C"T 

JAMVJA«,-«' 3,1198 

QEtmg;'&»A^«0 VVuufcTPA, 

TP 
640 Bui tm av> Snu ,0^* WS "PMI-HM.  ST^ 

BoubM- («xrb 9.5 &.! fns 365 Wl WA &F=i 

,. 1000 
• • i.ooo' 
e- .OA* 
• -  o^V 

A»Tia. «■ 

L2 C\S5 
As-^fi. w^ 9*0 0^5 av. SWS S^b lö» u«s .I-5S «5 

UttNY   fcCaKTcW li Ml 

.an 

"»An oen cm (Wl 

Sol Oil \to 

«61 

OM |.t>a 

.ISA ,106 

.VW) 

mm war» HMKI     >B1-p. 
«raa •uaim 
ntiwtiM DtTia iSk 

L 
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TEST  üftooi»  No! TEST DATA OF FXTRUSl'iN TRIALS AF ^^(600) 34098 
■auiat Mi.(1 r IIMtIM 

CSWflM 
urn 

Tim 
(•in» 

mini 
LNMCMI 

011*11*« 

UoaavCAMT 

Sll OlC 
mtmu. 

Kf 

an ■U/I 

«a 
•MC) 

an a EHTQ>J«)\O*4 

-PHAlTltt 

•£L Mi MA 

IHIUI 
com 

IlKvuea 

T^»*,p *• 
M 

Ub 4.'.^ iöoo SA 400 TdBT*-» 2(<.5\5 S20 JW.J^.? Sl.A\.P   UJ.TM 

  _.■**._ 

75 

%oi.i-B •6? PiNl     GRIT Rliii Sui'Ot- 
5l.6>J  SPEtt 

— 

5*5 \tA 4.A'< l&OO 
ELI«. f"o»m 

161 A-OO    THIO'S^&'PA-» Z^t 
'TA 

R,AA^6 lO'SO ZRftllA StAvV»    M ITH 

L.OV..D Glbov.»* Ga.T R\v*fc   (iuitl 
74- 

ii5 =1? 
_5±_ 

1 1 1 

114- 

US W20 
Ptf c. Foa» 

214 1*00 ■5»<B"P>.B 2U! 0 268 1.8 StAuP    wiTM — 
65 Rt^ouo.i\ GA if 

 — - -- — — 
RlKili    i\jlT)t 

100   j 

urtLi ;•• ■,trii9»  D'l,^^r.^•l: (.0 "Dlt   I^EA^oRtt  'SlFoHl.   Ob»   {. O^l ̂ OTq.o-d) 

urn Humu. lanutn« «am» 
• INItN 

M caanSN moiit f.tllllB c ^ MMMI «(«Ml    »••« 

r» 1 r, t > J r f « r (1 

Ub b»wT 'btaxTt.ui» 86= .815 6^1 ^«5 ■»w 105 .066 

AC* 

wn 1S2 Oil oil Ü21_          JAMUAO.X   "5, '^'ft 

O»,""« "RBAMID. PAWV^JTA. HBC "WS .OM 0»«. \0M .16* m. 1Q0U \oo 10^ 

IDOl ?60 MiO o>-\ ^S 1000 A Ob O^S 100* tOM too (Ol 

A 

1 

f- C                                            «'HI'IAI 
1                              miictino»^ 

< . i.ooo" 
'   ^—.»« 0                      »■   1 Olio* M G oo"0 OK W looo .101 \üi IÜOO \BOl \oi io^ ^1 10« 101 ICK. 

GbAb»   PAftTlALUY   PLUfa&CO 

lUB SBI WZ cfll »VI Isoz wg ,wu Wo «ns cm 100 
0» AMfcL*    6»L1T  AO-» 
NOT   Cow,»l.»T»i.v 

? "'  /   T\ J                       1.        »*^ 

CMM HCtlOM 
Vl(« 

I.OoT «m Mi. 067 
p\Ul-Ct    OuX 

IcS 
MS 

Kcoo, reoui- esits   SPLIT 
PMM nMcni no*ri_ J0U.a  
• tin »MKirt«            _^ '^ 

^M^    Ato%.uV(       MO"P 

1 p\l_\_ it OUT; 

E ^V   GROOP   NO 1 

un 

0=1 

iii 
J-: 

*&5 
_     -   -  L. C-SKT^I, 

4»lo4 

4^1^ 

Aul 

(.0 

:    ':y   f^Tr.; ; rifu     [RiaL^        aF ^3(«i.OO) M03e 

iq?c) 

►.Mil ■     ;-owl»,;^K 
«t i.-uew-A*) 

t ÄII, i»XR rw 

iftoo 

"Du 
TtN,» 

i iTTKie  GO..T      t 

i-T- —  f- 

■enr*" 

-t-- 
-N.!! JkiJa i A.siAi^ve,\-e  ..  _ 

,_ _!____        I 
Eusc ^««IJ-TTO^ 
to^^j^ ^ri i «»^ i«i« ^B-P^ 

«85 
C0ATl»i(^ 

....    i_i J_J 
(.0 "bfTii-Ktn. Frao~\ "Pus" * Ul 

R«&Ol.^«- Ga>T 

 L. 

S^o t5,2 

I —I  

mci 

fITh 
tm 

2A 

"iUS 

1. 

EnTRuilOh» 
"P«AtTltl 

'ÖCAV.P WlTV^ 

RiMfr  &uit)S 

StALO 
BiMIl   äuit>E 

« *■' xn.! i Wem 

..i L__i__... 

it 

Ul< 

U1 

riNltM 

fez i ^A. O.-  WtAMY OK 

facnxT«.*»» 

"011*24" 

Sca*rr<.wis 

L. 

in^i -V%.t_tbfci.x "To   POANS   PocKl-r  Von.  Lyaft.\i_Afc*T 

M 
.&*. 

.ir-jj..^: 
-I-1l^: 

id 

PAH». - WEAMX y^ftaw^ntiA-PL.-, 

5?. 
.8tn 

»T^ [3 -pitjiti: 

jnj; 
.Ml.l?1o;!K6ioSl 

lB61 I'M lo m 061. 5^6 

8A6|oB5 
r 

<*n oii 

^Iwrr 

nsz 

flyvj 

C*5 CHS 

■^tPj) 

?8* 

^11 

urn 

0^1 

(Sv. 

loo* PHI 

,101 

oe* 

?ni 

i^io 

«155 ,164 

*H 

.'•o^Uo* ?i8T 

IIZ 

-£_  £ 

?8i 'o^o 

t_ / k\n« T-\ois C >ap 

061 

,uS 

.cm 

AOl 

.O^O 

066 

•«*»*•-    ?*' 

i-t 

OW 

rJi_.. 

.. J AMUAR-N 'S, 1^56 
"ÄAdLOCW. 

"fctASJl.O. 

vVvlvLtoy 

PAUU^TA 

A 
/   " 

•ton 

*  -  '  o'J0., 
i ■ t oeo 

■■      -OS*" 

r 

VI 

-    6- 
MM «tc 
I« 

- .o^V 

cms* r*nirfTv l»oirt1„ .I0UD . 
♦ Tiü DiAHCTtf»  *r Vul    
ITAHfiON   m'm _   M.'JL, 
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TEST  GROOP   NO 8 
■'»■. 

UST  DATA    Of   EXTBDM'iN     TRIALS        flF ^^(^00) i^O^P 

12. J5L_.a. 

11 A»*. 

JÜillt 

Ci^ 
ig Ä^r. ***z 

tiUI l 

■21)00 

\ftoo 

I» «UN« 

«vie ^vftM 

>i^ 

-0P 
Tow-» 

500 
TuM   Ovjft "P»» 
Itli MMUw  

"D.i. 

F'm WIIHH  

on 
MM« 

'i0 5(.l nio 

IQOO 

^50 

am 

CITK 

IMCI 

ZA.O 

Ä.O 

SO 

1.8 

FW».L. Lo%Ato«r.ft 

tmu 

.._.! 

IM»    t »»•L*#e« 

wc_atj_ 

lO.S 

»o^o 

I0O 

pobo     %  I 

^0 

witw. i ummm MMWI 

\&-9!     &oot) 

ft'»  Ooufc«* 

—|- 
__(   _...„ 

lit!      " VEOY    OOO^ 

M cwomoM 

^.>*«T 

tuoi. 

61.7 

Wt 

ll-i 

^t 

*M 

S(*."V* 

S16 

^5 

sn 

wi 

lOT 

IM 

I« 

<vn 

i06 

l.OO» ^T> 

V0i6 

=«1 

516 

95Z 

SWS 

11XS1 

«l 

?56 

AZ» 

»2S 

in iioe 

■nsn 

Wi 

8a 

SIS 

911, 

114 

USSJO. 

Oil V3ti 

U. 

Wi, 

^■b 

111> 

HZ 

AC* 

•IMIMI.    »•'< 

fcjitejui 'WITH a^ft>> 
TV»©   A.^ftLt»     NffT    »\l-\.l^ 

«.0 
*  ■    I.OUQ 

VIC« 

PAtM   f»PMff*    llClh*)      . VO^Q 

«mi »iMCica . ._^-yv. 
«TMtlSN   »in« ..%*•' 

TEST  Goooe   MO   6 TEST  u ATfl    Ot EXTRUSI'iN TRIMS AF »(WO) woge 
-«•»•.-. "■u*i mttf i IKfeflHG 

C~OTi3« •Mt 
('•Ml 

F-iLLFT 
I.IIWHLM1 

0.1) 

fMIAtUM 
KOiMI» "Du. 

OIC on 
■•mat. 

M 

on Mi/1 
IMW "<« 
•M(l 

IMCI 
E».Tav>fc,0« 
"Pa~.T,n. 

MlUf 
IMH 

<!.     k«l<     IC« 
/OKA ' iJ-MtN 

1IBU 'Aäu- 

-73 4.5'/>. iftoo Ev-tc fo«u 15* 50O 
-TW* •%}% "Ptfr luSwi. 

LtT-i. 
fit^l-^ \2oo tift l.( VOSO 

Va6o 

10b 

\ou *6« • 5 

—   
n-v Au^. • " \01 • " " \2oo a.* - • ,a I 

"T>«.l-»AT»fc «IS 

>a6o 

zs 1 
— —1 

15 ! 
T5   'V'tvo - B* ■' ■• 

Tuvt« 3,16 "*«■> 

R^4  N»1,»u 
" ■1 U-bO ■5VO - " —      i 

■P«.t«l«,Ttl. ♦ v*. 

  

Ti 

14 

15 

AJAa 

iimcni wncc 

ClKfTM.-   G-oo1> 

TiS -  Poo«. 

To     -Bi«. 

cinmo- -.tcti». DI«I»;H»IS 

Sus 

BHl 

X....t, 

m. 

All 

NOT 

Dl 

\0>T 

a« \BIO HZ 

1.02/   - AU6 

•OST 

rA,8,Ti»>.  Srit 

"b-r. 

Ct*IC«4L    0«*« 

A.   I.C 
P -    IU 

CHOM wrno" 
vtc« 

pnee« r»p»cn?  noil*! 

«rm OMMCTCC 

CtTIIWSIOM    ft «Tin 
own««* m«Micii 

!. 
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Tt%r Gftauv  N»  6 

2Si ^WS1^ >toe I ■MfcVfcAW 

TEST OftTA    OF   EXTRUSION    TRIALS       AF 33(600) 34096 

A5 
^i. T^K» 

Boo 

*»>•. 

BI> mil ZbSUl 
•«» 

LW-l 
■e 

9oo 

•s-a 
s^z 

MM* I  I 
■«■•■>> 

yr S3 
I06O 

inamiM 

IMCMI4 

n 4.4% UB 4oo loo 3ie> it toiS 4S 
• t 3^ 

16 ^»114 n 6oo Sso 30« \0M 

*3 

maaaa ,-'c"*1 HI 

i_ JL 
«twut   ■>••» 

% AN>o ^ <■*%<■ 

Tl FAIR.   ftoT 1« «11.1 105 «Vlu Wv. .m I.OIO .116 

fto*Kftw«w«r Roo4t' W4 WT. 3V) flau 31* IM MU 

&Ufa.«     MW     <Vl.4.^>      OOT" 

na ST\<.i<.e». 

TP 

N« Mcndii 
«IM 

nan cwwm imMI 

a t'ui 
l(  IM 

..J<i»a  

T«i-r &aoup No. 8 

79 Mfti. 4-»8\ «Boo «A, Foi 

HCATM« 
CWbliW 

• e» 

TEST  QATA    r^   F.XTRUSION    TRIALS        AF 33(6001 340qp 

ao 
o»_ ~T«>»» 

OSO 

■»it 
• IC 

MM« 

ZU^bl 
*z. 

LtT-l 

^r 
150 ■5S.U 2.4- . Vjjaatucn« 

SÄ* 
MI  I »»Miea 

q\o 

IUI 

ao 4.,6»/, 1650 \0MO loo 3UI. 
&CAv.#m%  WITH 

S6o Z\5 '- 
♦ u l^S 

8l «V»^ 1650 50 ^oo Mttbt'icb 
P>A^   fijtfV Soo Sv.Zl-o 
♦a 

\060 

_I4-T 

19 

80 

61 

Cl-JS 
Al*» 

E-'Ol«!   »001». 

■■oo«. 

XltCAA.*   VTUC«. 
IM    "Pi«  

Hanau »":?i»* MI 

<vw 

«et 

0(tt»«\ 

6V 

15Z ioi 

r\vS 

ast 

106 

.\06 

hlj .\\6 

AC* 

S16 

WW 

W1 

»» 

lOl fl»l 

ion 

6SL 

^151 

95o 

iOS 

115 

loft 

105 

OUT 

»oiÄiowa ><o 

lou 

6M 

9S* 

O. .x 

3S lov. 

I.C6! .vvu 

BU 

I.6U. M+ 

111 I7U 

•t>t««i   »••• 

-£.»1 

tatdis. &•*•»«. P*«i%^* 

MCMO« 

nmt untm I1WK) i06ft,^_ 
«ft» tMnni« 4-Xi. 
itiMiiOM  11 in«        i5_\l  
eMMw« BaHtnii '^.»/J "" 
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TivT &•** No». TEST DATA   OF   EXTRUSION TRIALS AF 35160« 94090 
«•  C tMt 

T mm* MUT ■UfT r «um* 
camntm 

HI« 

at 
»KUT 

Tk«.. 

•1« jwt Mi 

3 a ExTAo&ilM 
■ti 

* ■ •Kot» 

8& ^.6^ \<\oo 
Cute Ftjka AT &Ui6 «^OO 

XTU»i'»l»TVw 
Zl.91.2. «too _ &C«.\.»«>   MITM \oto AVZ/v 
it 

?V«>V 
uu 

J! »v* 

T •WM. 
mHM "   '^"■ ■»   . «•.«»fi» i a mitt»** Mautt ••'• 

A 1 ■ 1 f I 

AM. Too«. IM     -Uli. N« r iu in Ou r T%»t»%Kf>».%   T»0 JOL.     ■■ N^ru« ■»«, H»k tu 
■ftstJu,   To«.»» U>»H\ 

*   , 

'c               ssst 
-                      •■I.DO»' 

1  ■■ 'S-^-i-i-            •• .c*4- 
l^l —J ■ 

Kit« 

ran oman tmtt) \QtQ,... 
•IM MUTia                     ^-.'/ik.... 
ItllNMIO«   nun               Mii      . 
•""■" •««■"           4>A: 

. 
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PART II   EXTRUSION TRIAL 

DATA SHEETS 

UNITED STATES STEEL CORPORATION 
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HU Mw » wmm mat mmn urn 

'IM» 
HO 

nnait IIUII 
■UK. 

■ IUI> mtum 
CMITIOH 

in«. 
UK 

lulu.) 

• nut 
UWICMT 

onnim 
LWICMI 

•11 
•ma 

ill 
innmu 

•c 

•il • lUil 
nwar 
1« 

(MCI 

un. 
tin 
CUCI 

•an 
mm 

1 
1015 
StMl 12" 2130 Muffl* Tea. 180 lo. 65 

Olui Wt 
Row »it 

ContMl » 200     1 300 35 II - 350 20   1 

! " B-iA 2080 
H 

60 " u OHt 
rutwe. " " 75 5 - wo 18 

3 •■ " 2100 
Muffle Fc.. 
5 eft Argon 35 " m 

Conical •• " 35 - - 500 

500 
—: - 

U " " 2130 
Mufflt fM. 
15 eft Arioo 65 Itorbnl 

lt>.85 CS^ ' " " " " U - 
5 - •• 2200 60 " - " " - N - - MO IT   | 

«IS» 
NO, «TMIM I1TWII0N SUIIFICE 

IINISM • If OMOITION 

iinmiai «CUM •IHKIM 

«l«U nan enm IM ■■•AL «TA * • c e A • c 0 A 1 ( D 

1 1015 
StMl 

Tteari *nd 
Vfcyy Edges ttfonMd BfccLy .925 l.OTD .920 i Dlaeaslona of orois- 

Hctlon ver« poor MIL     ■   Auguit 16, 1957                   1 

ffmwt t   lletlonel Tube Uvlelan 

LOCAIiai.    Oerjr,  Isdlu« 

WIIMl.               1 

2 *«v> Ridge» " Hot Dtta ■In« 1 Only «bout ludf of 
Section Bctruded 

3 " - OK 10 Ktru ion SSpiitJiJ aowd 
li " - Ufonad Very 

n»dlv 
Ho ictru ion 

CM fl«a«e did not 
fetrud« - m« aoeod 1 

A 

1 1 4 
T     tiitmim 

6.    «- 0.875» 

5 » COOd »artly Deforn* lot Ikta ■In« 1 

1—• — 
«in 

•im eiAivifi 

tinwiai «no 
awAM« •Mum  . 

2.782"                i 

27                        ' 

  
2-15/16"            | 

  

1181 DAT» » HWUtlO niAII   AmlMOl lOU 

rot* mTIRlAL • ILUT 
Din. 

nur «AIII« 
COWITIOH 

m«. 
Ill« 

IHK.I 

ilUIT 
uiwicur 

ennmn 
UWICMI 

•11 
Ktl« 

•li 
mTEIIAL 

■c 
DIE HU.11 

TMMT 
in 

(KCI 

un. 
11« 
(KCI 

«A. 

ssr 
nu. 
mn 
«•UI 
(fin 

nu. 
FOKI 
»im 
(TM) 

•aar 
miTi 

b 
1015 
Steel 

B-i/V 2000 Muffle Tee. 
6 cTh Argon 60 Powdered 

N0.85 Otm 
Flak 
I601 

Oast 
rut Ikee 

t-Di Steel 
R 20C 300 35 - - - 500 - 

1 " 2300 Muffle Fee. 
10 cfh Argon 35 " ■ « " Il - - 300 16 

1 " 2150 ti »ItBi lb. 85 
GlaBS ;o Molten 

lti£5CJl»a None Oaat 
Bat Jto " » UO " - - WO 10    1 

9 " 2350 Muffle Fee. 
10 cfh Argon 60 

Powdered 
No.85(2«" 

Gait 
Conical " - " " - - 300 111   j 

1C " " 2130 
In Molten 
II0.85 Olnss 30 

Holten 
lo* (UB1 " " " •• " - - 500 -    1 

11 

12 

» 2160 " US 
Molten 
».85 »BB 

llalcomb 
Hat Face 

"218" 
R UOC 

■• " - - - 250 111 

" 2100 Muffle Fee. 
10 cfh Argon 30 

Powdered 
IbffiOlM " " ■■ •• 6 - - 500 0'-8"   | 

U Ti 155« " 2120 37 
Powdere 

3KB Glase " " " - - - 500 -   ! 
U " " 2100 

In Molten 
31CB GlesB 30 

Molten 
3KB Oles " " " - - - 500 - 

I! 
1015 
Steel 2150 Muffle Fee. 

10 cfh Argon ■O 
Powdered 

ir.85 OeoB " " n " - - - 500 -   1 

MSB 
NO. 

b 

miEHHL 
EIIWSION SIMnCE 

FINISH DIE CMIIlin 

fimsioi acn« DIUNSIMS 

KmMS PMNT OHIR im «NCWL MI» 
A | c D A • c D A ■ c 1 

1015 
Steel - Defonned 

Slightly No Sxtn Blon Jilt      1   August 16, 1957                       | 

caWWV 1   National Tube  Division          1 

ififiMfOfb   tiary,   Indiana                           | 

NWIML 

7 " Good OK .900 l.02( .898 M 
8 " Che Flange 

Wavy and Torn OK No DBt rain :d 

9 Good OK .912 1.012 .886 i T|    J —f         DIKNSIIM          j 

-L    j:§:i   I 10 - Deforned 
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«in                                                \ 

51» 
Ridges;  Badly 
torn edcai 

OK-UM on the 
next puah 883 10U0 900 095 

111» 680 1037 892 100 
U7 900 1040 900 UO 

120 
Butt-foUlBii flov 
not ao good a» #53 

55 " 75* torn edge« Dlaeard on di% 
Die ramovad 885 10U0 903 0Ö0 

120 900 101(0 905 100 
U5 

900 lOltl 903 
llfl 
115 

Butt fold»; altifct 
•hear: dropped taap. 

56 natbared 
«d«i. Ridge» OK 905 1050 895 093 

110 910 1032 900 100 uo 910 10W. 888 115 
120 Butt folding. 

r ' " Uad - fair. OK 895 1035 888 090 
115 910 lOUO 895 103 u3 915 10»3 907 

Hi 
117 

Loat locating Pin; 
Butt-good flov. 

•t. bead - Oood, 
Bal-rld«e«,taan 

Pick-up and 
nahout. 2nd 895 1050 915 072 907 1035 910 100I 

105 
9X5 lObO 905 10« Butt - evidence of 

»hear cone. 

'9 " Ltad - fair, 
Bal.-rldaaa 

Washout - 
removed.  2nd 892 101*0 695 105 892 1038 898 2? 903 1017 900 Butt-d»v.  ahaar; 

See. ahaarad off. 

10 " Light ridge« 
throughout 

ate.  »tuck in 
Dia.    lit. 905 990 915 

100 
900 1030 910 fi 908 101.5 915 

11 
120 

Butt - «hew» good 
flov. imiiiMTii                2.782" 

61 ■• 
Ridges through Qantar aec. 

out 925 1080 938 ffi 9U 1059 905 s 912 1061 902 112 
H5 

Äitt-good flov, lac- 
tloo ahaared off. tmutiai MTia               27 

CMniMI DIMTTF»                2-15/16" 

TUT MT« if umaim niu.t umttm sun 

MSB 
NO. 

1« u mm •IUIT 
• IK. 

IIUEI W«1IM 
COWIHM 

NT«. 
TIM 

Win.) 

• HUT 
LUMICMT 

cnui«« 
lUMIOWI 

a» 
Lubricant 

• 11 
Mil« 

•11 
MTIHIAl 

K 

Oil 

T 
• IU.IT 
IMMF 
T« 

IHM 

im. 
TIM 
l«M 

MS. 
mm« 
MMIM 

Ml. 
Mt« 
■ •LI 
(Ml 

MI. 
tma 

MM. T 
inau mtTi 

62 T1-155A 3-1/1»" 1650 Salt Bath; 
Argon 10 cfh ue ■Gait Ira 

(Ha»« 
n»k & »aphlt« Conical cast 11- 

TUngstan 550 15 2 3550 3550 W 12'J."   | 

63 " 3-3/8" "       " ki »0 Pad Do »aphlte " " 550 18 2 3300 3300 1«! U'-10"| 

a " B-3/8" " .       „ w. " »      " - N 600 20 2 2900 2900 U06 lJ'-2"  1 
65 3-3/8" " .       „ 31 " .,      , rut 

fkoa " . ■ Sticker 3300 3300 U62 j 
66 " i-1/8" " „       „ 33 " flak on tde " - - - sticker 3300 3300 1^2 -       j 
67 " 8-3/8" " „       ,. 31 

575 Ola« 
Pad " "   " " " - - Sticker 3W» 3M« U76 j 

66 
C135A)« 7" " "       " 31 " Orephlte on 

me Jkca • - - - Sticker 3«» 3UO0 1176 j 
69 •1 7-1/16" 1700 "       " 31« " "      " " " 600 23 15 «In. at 

1650 bal.lTOO 3100 3100 1.3"» 10'-10" 

70 " 7-5/8" " ,       . 30 
3KB Pad 
da«« 

n „      „ • » 600 23 2T50 2750 365 12'.2"  1 

HATH 
atgg 

PUSH 
NO. MIWIM IIIMSIOH MSHCE 

FINIIH Dlf COMIIIOH 

HIWtIM »tCtl« •IMMia« 
•IMMl ««Ml Ml«                              | nan «»11« 1. i « • 0 A • c • A 1 C 1 

62 

63 

T1-155A Ridges Discard stuck 
In die - out 920 IO63 923 

m 
109 925 1061 921 115 

116 915 1055 920 
120 
123 Mil    1   Ikbruur 26, 1958 

tanm .   national «A* mvlaloo 

iBaiiau   dary,  mdiana 

MBMAl 
• IMMIOM 

am «cti«                                           | 
•in 

" Light ridges 
throughout Slight washout 896 1058 925 091 

119 
900 IO63 932 

ll8 
12? 915 1060 931 

121 
12? 

Lubr. cant, onlyi 
Butt - a»ar cone. 

61. " Ridgea 1/3 
way to and. 

g-di... 893 1051 905 g? 915 1061. 916 063 
i1? 925 106; 915 

100 Butt ■ aora than if63 
Ihr. cont. only 

65 " - - - - - - - - - - Btiiker «rtr. 1" 

66 " - - - - - - - - - - - - - - Btlckar «rtr. 1-1/2" 

67 " - - - - - - " - - - - - - - Sticker «rtr. 1-1/2" 

66 C135AMO - - - - - - - - - - - - - - Btickar Brtr. I" 

69 " Slas» all 
along Ridges 

OK-no nahout 
did use 916 1035 916 

110 880 1032 921 113 
115 m 1039 915 

uo 
U5 

Butt - fair flow 
pattarn smaiiMm                     2.782"              1 

70 " rair OK-no waahout 
let UM 

880 L035 872 ll6 
?. 20 895 L033 695 ft 905 LOW 905 105 

no 
Butt - fair flowi 

cammnMm            2-i;/l£"        | 

A-2 5 



HIT Mit » BIM "!«"   «"""«' ""■ 

NO. «ntiM HUII 
01». 

•ILlll 
"-    

wtimt 
CMiiioa 

«n. 
tut 

mm.) 
nun 

IIMIOWI 
coauiw« 
LÜKIICUI 

Dia 
Lubricant 

tu 
Mil» 

Hl 
nnmu 

K 

DU unit 
nwar 
IN 

IHCI 

im. 
im 
IHCI ""'"1''»" T<,0|•, 

UIMMIM 
ilMla 
min 

fl CIS'iAMO 7-3/U" 1700 
Salt Bath 
Argor. 10 cfh 

30 3KB OMI Flak  A 
15* 01. Oraphlta Conical Caat tu 

Tungiten 600 17 3 2600 2600 361. 9,-ll" | 

7S " M/8" » 30 " » " " ■■ «00 17 3 3300 3300 U62 UW" 

M HJlfi" •• „        „ 
31 

Sol 11 Al 
mac " •• nat 

race ■■ 600 20 - Sticker 3lt00 jUOO 1.76 -      j 
/'■ " >.3/e" " 30 3KB Qlw 

PAD 
" » " " 600 22 3 3300 3300 1.62 15'-1"  | 

.  

HUMCH 

rront 

frOBt 

FUSH 

NO. KIHIM «iniiioa su«f«ci 
FIHIIN DIE caniTiea 

iinuiioa acn« OIKKIOM 

«mints tlMML D«H mm min m « D c 0 l 1 c 0 * « ? t 
,'1 C135AHO Mr «urfaca OK - «lightly 

washed 925 1065 911. 
m 
121 931 1060 910 105 

130 930 1065 912 
1» 
129 

Butt - fair flovi 
sheared off Mil     i   fthruary 26, 1956 

atrun .   National Tube Division 

igCUlOb   Oary,  Indiana 

MXIWl 
«IIMIIM 

l: :i 
cacn uciica 
>in                                                   1 

ra ■■ Hiigca 
Plck-upi  Dia 
removed.    . nd 9ie 1095 930 s? 906 1100 905 

073 
095 

900 1095 895 
100 
10^ 

Fklr flau;  sheared 
off.Inaccurate dlnen 

73 ■ - - - - - - - - - - - bccauee of rldga«. 
Stlctar fttr. 1-1/2" 

,'14 Rldgaa OK B95 101U 692 095 
110 905 1030 903 

HO 
118 910 1039 905 

liö 
115 

Mr floviCannot ulk 
accurately - Rldga«. 

»nDilMlu                   2.762"                  1 

muiNn OIMTFN           2-15/16" 
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TEST DATA   OF   EXTRUSION TRIALS AF 33(600) 34098 
im-t-mm 

-ll« i -1T.L MUT V «•TIM 
eaafM« 

Mr» 

as 
jain 'SSS »i« •if Mi ■MT 

3 
am a Mur 

TIMI 
RS.1 wrwrpi 

»fWMM 

ar •• 

1 4liO ^Jf.4 2260( 
AO CYCLI IIOO S\1Z*Z 30öl« 7.a ?! 

2 4140 bit 4 2290 M Lu3 »1 5H2*2 ttaoM 40O r» 40 11 

5 4140 i}*4 2200 >• «MIN 
i5Mt " » 5112/1 

Mi 
veto-st »30 ?o wicctr 

4 4I40 >■ E240 " IM« •• " 3\M*Z SSO IS 6.6 20 

5 4140 " 2250 
«MIN 
DIM " 511?/1 ees*J* SSO li a.4 26 

& 4I40 « 22i0 
«N 
03« .' " 5lfZ/? 

MZ 
rej4M 

»00 fO STie«! 

7 Tl-15J* " I850 
IHUM 
MM 3KB *-373 3112/1 

M2 
400 *o STicirer tooo ?OOOi«f»C w<s 

<3 TI-ISS» |i 2060 " iMIK 
MM 3<e, i<bk 5I1ZX? 400 19 5Tl£ttP zoao zo»: sw« fiJ 

1 ll-lib» 
|i 

»200 irt> iKtK SlIZ/Z 400 «O STlClftP ?\oo ZIOO i40M »45 

la* 
at 

wnniL t'lMUlin MMCS 
nNiM 

H cootie» 
o. umg gam 

, emtt« , 
tu. 

■ 0 UKim» ■OUM.   MT* 

4 c * B 

1 4I40 rwr EEODED   MfONQ 
KutE ,010 ,550 I i .116 MO I i 

4 .1*9 i.70 I K I - »MS TIVIST Ht|         ,   IO-10-57 

IOC.TI». . MorTON ÖBOI'E ILL. 2 4I40 poor ■• .Ö1Q .^10 I I 111 ,540 I I ,IS7 <45< X i 5-out Lta DID NOT Fiu. ret 
»It  flV     I-BKD TWIST 

4140 STItCFP 
MWiM. 

i I   mmmm 

s-a    I      .-04«t006 

^-^-11   e.:7ÄJ2!2 
4 *I40 FAvir 

tEODCD   6EWND e« .573 I I 105 410 I I Ml 640 1 i 1 ■ B/kD   TIVIST 

4140 «OOD 
BtUiE 

,010 Aot ,760 IÖ0 >IO 7«> i .os 645 7T0 
i 
4 i 

«0« KCTION           C-JK 
Vll« £ 4140 STICie-E? 

7 fl-IJi* srifierr .•ni cMtm iimn     1030 

«mi •UMCT«             -3:'*/^ 

a TI-UJH STiCK-ce' nniniM   MTIO         102 TO 1 
amtmn tmm»         4 IN£H 

,:d Tl-ISJA 
r 

3TICCEB' 

TEST DATA    OF   EXTRUSION TRIALS AF 33(600) 34098 
uanuL •Mil 

ow. •^T MUTHM 
COMITIM 

•HUT 
LHMMT 

cammi 
uamcMi 

on 
HM« 

•if 
■MIMM. « 

•If •UfT on cmor 
TM«« 
R3.I w 

tniMNlM 

10 Ti-i55A 3^4" ?3Ä IMDUCTlOM 
7WM 
l»M iceAP J/oo s\izy-i 

Ml 
4<30 70 6,0 1740 2040 141M) 933 2i 

11 il-l5JA " £"3^ It 
7M1N 
MM " SltZt-Z " -' " •• ZOiO 1660 IM^ 1« 2Z 

1   „ 

M«« ON   SICTIM    DINMl Mt 

«t 
MAHHM. •nWMM WMICI 

nm«» 
Of  coonoH moiiT CtNTfH f 1 D MUM» •t«ML    UT4 

1 | ( p • B B | t 

ir Tl-IS3k 
P00P 

B«0  DIE   LIN« 
EBOOED   Bt»N 
PEUSE   ceikärtD 

062 610 ,760 J ■ .OJi ,653 M7 li .107 .645 ÄW 
1 
4 

6-ONt LE6 DID NOT FILL   For 
FIVE   »EET. fH          :IO-IO-JJ7 

11 Tl-155*1 II 11 
f/4 .609 — f. 113 .its — 1 

4 Z»4 Mt — i BONE LC6 DID NOT FILL For 
il'FtfT   C-fcAD   TWIST 

mnu.  : H.M. Hkepir eo 
Loc«Ti»»;MoeTOM acovr ILL 

NOMMl 

*y 
1     aiWMIMS 

1     • -.61**001 
1            J  1   «-woioia 

T..ftH   <    . __ — ^^ 

PMM e 

STU   » 

•MCITY timwi   \aso 

«WTf ■             -3 '?&. 

ntMtioii  »»no        IOZ ro  1 
CMTWH a«Min          4 INCH 

A.-28 



14 

16 

16 

17 

14 

4140 3^4 

F 
72(30 

6o cyecc MMIM 
INQUtTIONboMl 

TEST DATA   OF   EXTRUSION   TRIALS       AF 33(eOO> 34098 

iilPW» s/itut 

Oil 
OTM 

W7 
testa* 

w 
io 

»rACTMt 
BCMTI 
THru 

1600 

CND 

UTRPMS 
?o4o no« us 15 

TIIS»» 1100 3fB JC-B 2/9f)tl too it toao mo W5M 140 72 

15ik 1100 SCB 3K-B i/ftri 400 ?3 i7;o 1400 I3I4M MS ia 

\\-\Uk, I« 70 
TMIN 
«TW MTB itTB 

■JTT 
ri«cc FI*KC 

J/V*t ioo zo HfO WOO 1440« ma »a 

Tl-lMIK «Mm 

Fisec 

2SK*I 400 ?3 STictee ?/00 JIOO IS}<M loo 

TI-ISS* ?050 
TMIN j/iexz sfSrT 

ri:'6i 400 1700 ?ioo 34«« 160 

srorr n-ii&ik IIJO 7MIN 
»M( 3^fl 3eB 9/ie*i 400 ^/ .J4 I60Ö 1740 127/w; 71S to 

(«nui ON  IICTIO »   UMU Jit 
MM 
1« 

wmu. 
rmitil 

M coNomOH .   '•••'   . , eiHTIK > |0 MM»««« ■nuM.  Mr* 
t.    \ i c g A ■ c • i ■ ■ 

U 4140 HM   CUE   LlNti 
CPobBB   6EWND 
«EUSE     CfMICED Oii 6<» 1 

r 
3 .100 .610 .«<» X 147 .015 I 5 Mil         ='«»•"•-"' 

T TWlftT 
BAO  DIE LINES .101 *M 623 4 J 7 .625 673 i 117 633 .7 S i 6-0»H LE4 DID NOT FILL Vt 

STAJCT   OF   IKTBUSION 

COIIFUT 

iMOPTOU «seovE ILL 11 
lectri«! 

" TWIST 
6*0   DIE  LINES " Oil .3 2 W 4 ,«W S« Ml 2 .132 601 — ! C' BAD   TWIST 14 

^/ 
1                        1     MWMXMS 

v           t 1    e-V/)»/]ia 
11 " TWIST 

DEEP DIE   LINES " ,0» .«: .711 
1 
i «JO 631 .731 

I 
i .130 33Ö «01 i 

16 " STlCKtP .     ''1 1   '     •-.IM*:OI« 

17 " VEEI B^D SuefKf 
WASHED NO DIM. COULD BE MEASUBEO 

DUE TO Viev BA,P   SURFACE 
-,«. —    L«> 

BVDLV     ' * 
" 6AD   5UeF«.B 

teoDED 
BEIONO   StyjE .071 .361 ,775 

1 

1 .103 sss 774 
■ 

J JIZ .7X .W i nun ui 
•TW   91« 

«an  limn       I030 
14» <CTI>                   JVli. 

nrainiSH  ««no        10? To 1 
cntu«« ewm»        4 |N«H 
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FCT  DflTfl  or   EXTRUSION   TR1ALS   Af 33 (600) MOqfl 

EXTRUSION 
fRACTlCt 

BUI 

»TAUT 

P.«, I. 
Äfift ittia 

TrISS* 1940 F £1 »o crcuB 
IHPUCTION fc.55 5KB 

THR0TTL1 VALVE 
»> t, on 

to Si 1X011 1,15 
TOT 

orew 
THRoVL! VALVi 

5l9t Ij I Zoof 17 9.oo 1880 «CO reooo 1100 1!L 
HftXI JM£ ULL 17 ^TICKEK ZtOO STICKn 115000 1100 

fil ?050F 7.15 m OTTLB VALV« 
OPRN 5192. X3 ». 54-5» isa 1840 2';(W I7Z00D ioeo HO 

z^ 20OOF 7.10 lb) 
THRoTTLt mm 
FULL OPEN 5192 XI 

■moke 
»RBIOI 5^40 I9W Z300 liiooo 1050 48 

21 
M58ZI tOOOF 7.Z6 jbL IMPACT 5192X3 kstal 14 STICKER 2400 «KKM rROOO 100 
Ti-I55A 

2200 F 10.04 ikL 5192X3 n 2.40 I5Z0 idoo 117000 735 \(o 

25 2140 P 9.80 ^KB 5192X3 
HI. 

Sofctt l,to 1800 2400 175000, 1100 25 
Z(, 2150 F 9.«) 5192X1 1^ i»5t 1.20 1700 1600 124000 78o 16 

27 aodoF 7.^2 5|9tXI RcS4-i>t. i.Zo 172^3 1680 IZfcOool 790 

ttmmm  Mcrgi ammon 
vmMKm %mmct o« cmonon too H 

■öTANDARD PRACTICE 
150 To»K. UPOH COMTACT 

«   £ M A   »  K 

-RAM BROUSHT TO BILLET WITH 
BALAlJCE OF EXTRUSION PORCE   l* 

OWIIIM.  otu APPLIED 

19 TN55A 
ATTACKED 

SHEET FILLETS WASHED 

20 

ZZ 

Z4 

MS 821 

THIS* 

25 

26 

2:7 

iHROUD  CROCKED 
INSERT CRACKeD 

m 
12.000 

üLäC 
580 I' w «ft IM 

ITS 
'« 

5TICKER 

lJL-iO-57 

H.M. HARPER CO. 

FILUET WA5M6D ooi r 

INSERT   FILLET 
CHIPPED 

i 
EH ■SEF 
!   '-It t- 0» I 

•31 15 
«Ol «■* 

na 
MS r? 

^ I lij; «i^ 
DIE   CRACKED 
FILLETS WASHED 

ua 
.135 f^lOKLY tf HAD »U 3 LESS FILLIP 

VS^MORTO^ÖROVB^LU 

tTS-A   C   is^ni 

DIE" CRACKED 

FILLETS WASHED, 

1ÖT 
t'/t 

FILLETS  WASHED 

DIE   CRACKED 
FILLETS y/A^HED 
DIE   CRACKED 
FILLETS   W*$H&D 

r^; 1 so: K 
035 
i on 1 stz 

>«! pas «MjuraK ife 

fi 
K.i?? 

.786 * I. «' 

813 

■Bwr 
_ I« ' 
XJi 

,1M ns ü 
«•Ktiäf/te 

ii Fi ff 

i> 
im owmui 

1100 

t   INCri 
IQt TO  ( 

TEST DATA OF   EXTRUSION TRIALS AF 33(600) 34098 £..M 

(»•MIO» 
LBMIH 
«ft«! 

■•AM unm«. em.ei 
OIM. 

BIUIT r HEATIHG 
coainM 

Hra 
TIM 

BILLET 
LUWOWT 

CfMUHCR 
LUMCWr 

"^BcTiCE 

■tt OIC 
UTMM. 

NC 

01 f 

7-' 
■U£T 
«1« 

an 

ss, 
snmr 

Pii ■urn 

Ml MAI 

^2 <  Sft ?(»•* filfl 1 «< OjcT,-,) Ti^ 3KB 3IC6H lM^/4cr 5VWX/ 
AL^mi**."* 

¥00 /i* IM i^C llfO IVOOOO ?{0 *y 

ilfO Ift iliiBit J/Jd/Tj a' // no \m IMO '3l0tO ^»r /a. 

>i.i_J |{C0 fIJ sir* i^i 
MftLCftMfl 

? STiCtE» iSOC - Itlooo nyo 

J ( JiiO Tu Siim/ 
jÄi.li'S* 

i*M»r 1 V.cMt Sfcoo - IftDOO nio 

-> t ilfcO !.fb SiUiZ- 
t«»M t 
tnHiBJL II i>ü JJCO imo luogo io;o Jo 

«TBUJiOil   SICIKMI   DIMIIS ONI 
«M MAimu. M  cMCkTON . '"0"T CENTI» i 0 MHARKt •CNCBAL    DAT* 

• 1 c 0 A ■ c a Ä ■ c II 

^S Ti«, 
5lt«0OL>  C8ftt¥fO 
iKktuT »ntr •V« 11! 

TT 
'1» 

-ftr 
c £ C c c C C DATE             .  ixltelSl 

f.UETS   »f«#l »•OLV    l<..«fo   HI«IU1.J« 

CHtLk    MIT    ftlilBLt 

CO»M»T 

; HQRTOti GROM, ILL >=/ lOCATIOH 
PH     ct^CrfC 
<,UCT4 wovntp 

J4.#    P^AH   WiT»l  Oil t    t-i- •OMMAL 

it) 

^ 
T     A ,0MLtXX* 

jl 

SMRtop ttMKED 
IW4IIIT    %PL,r Sr/cX'ER 

' //»srirT    iPliT 
B^PL^    SteffD   0/wfi<».o« 

CHrtir   NoT     Pbmiie J^j ( rs^ri 

S-l   BiLLiTi :oftTe£>    w.TH 110 ? 5 Lft ^* Pf 101 i T J   ( FA r(N . 
VII>                                       h 

»IM cAnan ll<»«l      1050 

%nM SIAMTH              % V* ^j  Ci£  COflTfO w iTW   11 o o  (. L IfS * «0 &LH Si ft)0 Vif P 

^J DIWEN^IOMS WoT  MfftSuB IP LE M To ftoo <!»♦ Vf FTO 
«TmitiOfi   «Aiio         101 TO 1 
CUrAMA   OMMHA               If    |NCH 
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MfcAimG 
coanM 

to mut 

TEST DATA    OF   EXTRUSION    TRIALS       AF 33(600) 34098 

MI« 

»Ml P^^tT|Cft 
KTS— 

III 
7"' 

aui 
STiirr 

HL 

(wq 

M BIT MkU 
MMP IMII 

33 ^O S%-¥ sioo 5.f9 MttfUK f/fax/ Aw 11 71 aie aato ITiCM ms. Jio_ 
is. 14 Üi JifO Ceo f/WZ '¥ 10. i 1500 üiO 11.1 OOP IQtO 

Sf M aioo r.1« sium 
1   ■ U I 

'« to 1100 13^0 ITC00O 1070 *+ 
Si n HiD Slo SHi*/ n r,^ 3.000 aaao IkfOOC 1040 VO 

57 ■SliO to w y/U)f3 iS STictfe^atoo iVooo 1100 

30 *M i;«0 t.tf 1.1.00 f/taxi 
*i». 

/5- 4.t £os£ »no njoet i cio Al. 
;a) gjl LETS COMGO WfH   HOP GLASS XI   Dh M'Cm. J vA t uJU tAihim ia»*f 

CbiDi E COATED WITH 00Q1MS+W0 (SLASS PAD USED. 
X2 Or. ß*i/« 

4  oJi i ^«t 
(£]&JME>jtoiOS   HOT MCASURASLE t>Up Tb ROUQH jURPACg 

«faimti   MT* 

\220A7 
JSMEUU.   :H.M.HN?PEP CO. 
LOCttioii:MoeTON    C1POVE trfer . 

• •>0»J.?00(» 
• 4I«i3-001 
c -7f«f0l0 
B-IMioiS 

V'CW 

puts» CAWOTV iroiwi     I IQfl 
«TU   OUHiTli« S^U 
IHTIIUtlON    IHTH1 102  TO 
OMTMHCH nAMCren 4   INtf M 

Tf.|55A 

«TO 
TM 

MUtt 

uK-c-uor 

o7^ &J50Ü 

RAM 
SPEED 

START 
flitSSOtt 

END 

1M.1J 
—II "«"> 

39 

40 

11 
4Z 

CIHSIB 
BILLETS iooo SEE ELECTRIC 55 ft se 

ML 
IIOO 
atAta 5191X1 5oo 12. rH5K. mo ^Hoo wooo 1100 2.i 

SKETCH l9fo eetow 50 WITH ^000 5IW) 1)1000 mo 
BELOW 

1810 40 /&" ttto 3500 14400« l600 

1650 40 
sectiou 
THICKMe»v 5192 yz ZX) 35fco *»3fc0 147000 l«0 14 

M> Dih&JsioK'AL Qtecfo ros VBL » 

at 

Ü 
4Z 

7 
\ 

*URF»CB TORM 

gBL*TlW»WIK> 
FIRV »■ Ti • LA«T 

BIE CRACKED 

PEFORMED $LI6MTIY 

»tCTIOt« COMfLtniY 
CUP.   VtH- 
rtEUtki IM SOME 

»REAS i 

TITAHIUM ALLOY 
BILLET 

ITKL      BILL£T OVERHEATED 
TDK      

neneD om TO »OLD 
Bluer m PLAce 

f^ 
urn: l-'SI-BS 

U.M. HARPER 
MORTOM GROVE, ILL. 

"—« "TM IM 

il8       l i 
^ 

IC50 
S/a INCH" 
5 ^to INCH 

100   TO  I 
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TE«T PATft  OF   rxTPli^i^N TRIALS   AF 33 (600) y»09fl Eun. 
mm 
m 

•MMH. mitt 
mm 

■UfT mnu im 
na 
IMM 

HUIT zz BXTRUWON 

PBiCTIC» 

M Ml 

«e 

m SÄ. 
•8* 

turn 

«It 

IM« 

TORT 

Pil 
Ml. 

mmSSSo 
■ xnpraai 

PBtT 
fBR 

fl Ti IW* 1950 w 4o crtLS 
INDUCTION Z\ 3KB ^KBA WflL 5l9iXI 1000 w STICKER WOO (TWOO IIOO 

f5 ii 2.000 « II It II « THffoTTl-f 
Vz on» 

DIE UVElO  POR 
PU*H nw 1000 Z.0 8.0 low «00 mow I055 3F 4.37 

16 ii Z050 II II 19 n II 5)92X1 
ctmiii« 

1000 19 7.Z noo 2320 W000 ICfcO 38 5.28 

If7 II 2fl30 II II 2,1 
Sot iKB 

FRIT «o-loi 

II 

MIS» 5l9tXI fcM-n 900 ZI 8.1V 1060 2W nbooo I010 ^^. 2.^2 

I» n ZD50 II II 19 
4« *«» 
FRIT  JLOO 

II 
5I9Z.XI M^* I00O 19 6.6 IWO 2320 HWOO 1060 Z.C 3.03 

f9 II W50 II n 19 5KB II 
5IWK» 
WH««» ONLY Ki «154 H«o «L0 6.0 l%0 r&o «000 IQfcO II 1.83 

50 II t05o II n 19 II II 519JL)(3 
IMMRT V»T11KJI ßOO 19 STICKER 15if0 nonno 1010 

51 II aioo II II to n II 
Die   ÜSEfc FOR 
wwsol ßoo to STICK« Z380 11)000 1090 

5L II 1100 II " t\ II II II 5I9ZX» 
INSERT 

SILICON 
1300 u M wzo m,o «oooo 1130 9 2,71 

■1 
onutKW «l 

f\mm 
> « 0 » t 

i   I I   I t 

jtcn» 

fH- OWMM.    M» 

44 Ti ^5A 

ii 
^ 

47 

48 

49 

50 

5I_ 

52 BkDLY  SCORBO 
CUMNOT MS(k5uRE 

DBPORMBP 
CONilOBIHkBLY 

1« 
V» 
OOO 

wr 
180 ar So5 

OOO 
w 

OOO .155 

■sax 
.DSU 

.TJ5 
ST 
.WO TW 

??• 

3-7-5S 
li H.M. HARPER CO. 

MORTON SROVB, ILL. 

758 W 
.755 808 

.773 tu .7* 

T wcnri rar  
M»M^yB4Bue  DUE TO 

>T armmr BADLY 

BADLY KOI(eo,aHlN4lON 
CHECK   IMPOMISUE 
www mä MiwtB w 
floo F   WITH HAND TORCtl 
RRliT mot HWTBD fo 
rtOO*f   WITH  HMtD TORCH 
MS«>IT ONLV H^kju. TB- 

ftOO'F WITH HAND TORCH 

tRH   OUMtTM 

IIOO 
9'Vlfc 
^ INCH 
IQt TO I 

Mitc-;-uor 

MUT 
TBR 

TEST. PATA  OF  EXTRUSION  TRIALS   AF 33 (600) 54096 
EXTRUSION 

PRACTICE 
51WT 

f*l 

END 

Iran ■"«" 

FEET 
PER 

SEC 

43 Ti I55A 1950 Wl fcO CYCLE 
INDUCTION 2.4 3KB 3KBA ^TAMDARD 5156. 8oo 20 3.1 1320 1460 106000 670 2.54 

53 M58ZI Z100 3^8 Zl 3KB 
THROTTLE 

5156 Rc5Z-54 800 18 6/Z IZZO ZZZo 163000 loao Z.S 4,03 

1± 
55 

Zooo 19 
1   PADS 

3KB 5l5i, Re 5t"w 800 19 7^ 1540 2120 (»ooo 1020 Z4 3.24 

zooo 2.0 
J.PA0S 
3KB 5I6I 

M* 
S 5t54 800 to 3.(b 1400 1340 TOooo 1070 3.33 

DIMS. Fo» I MOM. 

AXSISfc 

HRSHT {d) 

WDTM  (C) 

■niiejywa) 

TTIHIWM> tfl 

_770 

1.631 
,111 

T^ 
125 

43 Ti I55A 

53 

54 

55 

MS8ZI 

TOL. ""^ISff^ H 

t.o?l 

FRONT jCENTER 
TI0 1 790^ 

1477   | NjZI 

END 

1.574. 

117 .118 
.118 
m. 
m 

.121 .126 

.121 .120 
.125 .125 

: .125 .125 

ntMtn    BIMIUlJBUt— 
__       T»6TS3<mm) 
FRONT 

.746 

1.583 
.121 

.TO. 

.118 
.125 

125      .171 

CENTER 

.609 

1.541 
.120 

.II«? 

.133 

,171 

END 

.837 
IN 89 

.117 

.136 
.133 

IZ5      .125 

If!    BIHIUflBUt 

FRONT 

.610 

1.546 
.126 
.119 

.123 

.125 
171       .125 

CEVtTER 

.835 
1.543 

130 
.124 
.120 
.156 

JND_ 

614   M 
489 
.126 
.ItO 
.137 
.125 

156      .171 
t.oio irf. 

H-.113  t«) o4a R. 

AX 5156, 

-vm 

DIM5. FOR 

AX 5161 
HEIWT (d) 
WIDTH  CO 
miciiM««UU 

lb'> 
m 

gSSi   is 
(ff'l 

(el 
m 

NOM.   TOL. || T»5T glBllil 

I.OID 

Z.5fcO 

.113 

.11? 

.11? 

126 

t.oio 
1.MI 

t.ou 
i.01l 

FRONT    CENT«     END 

104.8 

t.W 
.114 
.12+ 
lU 

.IZ5 

.12» 

.125 

.125 

1.057 
2661 

128 

124. 
.126 
125 

.125 
,125 
125 

.997 
tbSl 

.133 
.13*. 
.128 
.140 
156 

.187 

.125 
TBPr'e-. MARCH 7, IS 
cwirwr H,M. MARreB co. 
laUDHL NORTON GROVE, ILL. 

m 
noo 

:o2i 
|ol TO 

XI 
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TEST DATA OF EXTIIUSION TRIALS AF3! (6001 MO 2« 

Pu.h 
No. 

BlUi-l 
Mfttf-na 

Dlllcl 
Slit 

BUUt 
T.mp 

n.lift 
Coaling 

Heating 
Mathod 

Ht| 
Tim. 
(Mini 

Billat 
Lubricant 

Container 
Tamp. 

Dia 
Lubricant 

Dia 
Tamp 

Dir 

Nrakar 

Dla 
Malarial 

R C 

ftftl 
(V.c< 

BUlat 
Trana. 
Tlma 
(Sad 

E.tr 
Tlma 
(Sac 

Ma>. 
Praaaura 
Raadlni 

Praaaura 
on BUlat 

Mu.   In. 
forca Lith 

on Blllalkrt. 1 
(Toaal 1 ■ IMP« 

S 3 #3V0 ¥•6 2 40« 0-<* 3o SSS-I« VT 6£»V 
6is& &» t U» ^«1 702 IU,0«0 i*V 

84 «-« '■ ■■ is »M-14 •• •> .,  * 400 6 z* I0«0 I98.S0« 14'»" 

8s <nto ¥'•10 - .. .. ♦5 3SS- 14 •• K ■■ N 7 " .. a< MO •jy.i* 2I'8' 

86 16-B - •. •. 64 5tS-l4 - .. " . 8 .. 32 »40 i4fao* i(V 

9 7 7Mifk ♦"•<" IbOO 3i»» 
Cl.Jr*. 

Cl JIS I&' «—4 •• «318 ■. — er.,i»- 
Alto. •• 4« 7«0 ill, («a »' 

8B 7AI¥M, - •■ - - «2 3'« I// R...W ,. •• — •• 3* »•« 144,000 S" 

89 WtMc » •■ S8 31« /«•T « 9oo « -f-«.W 
•• 3« (OSO IM.toc STKM« 

9o Mif*. *'■#• (750 - ■■ 1(0 aie /•> ■■ 9 
«br.la.aA 
«cal-n •• M IOSO IM,«» " 

91 7/t •HHo ^•6 " ■• UO 31« >4-T " •• - 26' 
ara.k.^« 
■T- A«., - to «48 113,000 6' 

C«trmlon Stction Pim«n8iont 

Pu.h Catrualon Surfat. 
and ätraightne.« 

Dl« Condition Fr ?nt r.ri ar f.n^ »• »...J M  4%'l«<ta.Mr                               CaaaralDau 
No Altar Extruaion A B c D A B C T A B C D R«. .rka 

83 
»•mm -tear ml—) imtmr>m* 

mmrmmr. 
D*U:    Oruwk«- 14, it« 

84 
Oim<mmmr «■ ab«M. Company: OalrMcA «• ilA'fc«* 

LocaUon   QtBvar S*!,  1-        Nominal 
81 i~~.   ..    fJ 

il.,14   u.,.1, .+ ,.<»r'.' 

86 .I*i /—a   •«»■-- 

87 So-, W.« MT^i Vtty tl.^t J,t m,mJ> t**rj** &,*ttAiiv «MU B 
r. 

iu.. «  /7 immt at «J7 88 Croa. lactlo* Via» 

89 P,«   catL.rf   Vae.fw.,*, 
irft.KlM 

90   /V« e.frua,.« »r,c«« 
trtrualoo Ratio ÜHUeS.  

9/ 5-,f«, ft^ «vjl 3l.,tt   ft,  l^ai, «a, ..A • «< I   ^t 
bs J 
*-^a ^m>t-K  ***••** 

TEST DATA OP EXTRUSION TRIALS AFIWOO] !409« 

Pu.h 
No 

Blllrl 
Matrn. 

Billet 
Sia. 

Billet 
Temp 

•F 

Billet 
Coating 

Heating 
Method 

Htg 
Time 
(Mini 

Billet 
Lobricttit 

Container 
Ljbiicjnt 

Container 
Temp 

•r 

Dla 
Lubricant 

Die 
Temp 

•F 

Dla 
«Ma» 

N.iabar 

Die 
Material 

R C 

f.trv Billet 
Trana. 
Tlma 
(Sad 

Eatr 
Tlma 
(Sac. 

Mm. 
Praaaura 
Reading 

M-l" 
Praaaura 
oo BUlat 

Mu. 
Forca 

oaBUlal 

E>t. 
Lgth 
IFt.l 

92 7/1)4*1 9«f 1800 • •s tlmctt^.. 
50 

aadL*tm Vr too <^K6 900* 3 «CM« 5c(f 3* 948 Ißf.SOO 610- 

93 7/414*0 4"a4" i8oo »ts •• «O ■■ .. I» .. 4 ■ so 784 ISZ.ioC 7'S- 

94 7/1 ( 4*» ■»"•r l8oo #ts ■■ 80 •■ ■• t'>„ : IO .. - '8 »*» ist, too V 

11) " V «.«^ »h" rai -•'•'    V•,•  *"••'• »■<»»a,o. Jlmmtitn or. oo.a' 
d.a i aacaaa  ,/.» m I'fit ( fW*« o.«^ Exlru.ion Section Dlmanalona 

fn'oM aU »« 0 imtnmnJ 
O O   OmmmM »m  +* 

~,J  Itmmfmt*!    1m nmjmm* imltk i 

Pu.h Exlru.ion Surlaca 
and Straightne«. 

Die Condition 
Altar Extruaion 

n Can fn« Gaoaral Dau 
No. A c D A B C D A B c D Ramarka 

91 
»-.».^ *.;"r J-<    ,    . 
se«M «My u, kit a «aao Dla craUa^ 

Vary tl.ak+ Jla  »«air. ItTfc I.HIR it« .IM l.tTT im i« 
.«7 
.114 

Data;   0.i«».k«e (1, Hf» 

Company    O^bcocK «nJ U/'fco. 
Ooai'«-  Falla,  4. 93 

Die cra.ke^ 
3«». W„ «Mar HIS i.m >*e 

.21 
III» nn I*» 

.,•1 

An 

14 
Me waV'NOat. Mr, ,I.JW J^, „.a, 

l«i nti ,Mt 
Ilg 
Ml |1>I IM£ 117 

itr 
iio 

Location                                             Nominal 
J^LC           f                   Dlman.lon. 

0                •                 *  «•,,op e,<«.aa    5-*^*.   OK 

p   p             ,              BJJB  

i( / /        &                   pi" 
Croii Section View 
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TEST DATA OF EXTRUSION TRIALS AF33(«>00) MQ9a 

Puih 
No. 

Billet 
Mat  rial 

Billet 
Slaa 

Bllltt 
Tamp 

•F 

Billat 
Coating 

Heating 
Method 

Htg 
T me 
IMlnl 

Billat 
Lubricant 

Extrualon 
Practice 

Container 
Temp. 

•F 

Die 
Lubricant 

(2) 

Die 
Tamp, 

•F 

Dla 
Dealgn 

D a 
Material 

R C 
48-52 

Die 
No. 

Billet 
Trana. 
Tim» 
IS c.l 

Istr. 
T ma 
(Sac.l 

Max. 
Preaeura 
Reading 

Mm. 
Preaaure 
on Billet 

Mu.    IE«! 
Fore»   Lglh 

onBlllatKFI.I 
ITonal 1 

ti 4140 6" 2300 Salt Bath 35 335-14 Full Lub. 600 GWO-I" 400 T LCT-2 3 15 52 . 
b 4 340 10" 2300 Salt „ 40 335-14 H 600 „ 4 0 T LCT   2 3 30 64 

97 18-8 6" 2300 Salt M 43 335-14 „ 600 „ 400 T P.A. 21R .35 910 . 
98 18-8 10" 2300 Salt Ind. 60 335-14 ,i 600 GWG-1/2" 400 T P.A. 9 8 .40 635 

99 C   55» 4 3/* 1800 85 
Elect. 
Fee 120 GWG Scalp 600 3KB-I/2" 9 0 T P.A. 22 3 .15 935 6*9" 

100 . 4 3/4' 1800 85 „ 127 „ Scalp 600 3KB-1/2" 900 T P.A. 17 35 . 15 850 6-II" 

101 . 5' 1800 85 " 135 .. Scalp 600 
(11 

900 T LCT-2 12 40 .35 962 9'0" 

102 .. 5 1/» 1800 85 
*« 

60 .. Scalp 600 
„ 1  1 

900 T LCT   2 24 20 .30 988 I3>2" 

103 " 5 1/* 1800 85 
*• 

65 ,, Scalp 600 " 900 T P.A. 20 15 .55 1040 11.8" 

•Forged Extruiion lection dimensions {tee Table II) 

Puah 
No. 

Extruaion Surface 
and Straightneii 

Die Condition 
After Extrusion 
(See Table IV) 

95 . Moderate Die Wash 

96 - M 

97 " 
98 „ 
99 

Smooth surface 
Gooi straightness Very slight die wash 

100 
Smooth surface 

No Wear 

101 
Good surface 
Wav.' 

102 
Smooth surface 
Stralghmeis OK Slight die uash 

103 Smooth surface 
Fair straightneas 

Slight die wash 
one Inside corner only 

(I) Minus 40 mesh 

GENERAL COMMENTS 

Thinner (3/8 to 1/2") flat glass pads with 1/4" tee open- 
ings proved very effective in producing the finest con- 
tinuous film of clear glass ever observed at any of the 
previous trials.    On two pushes,   this effective glass 
lubrication resulted in die* without wear,  pickup,  de- 
formation or any evidence of prior use after a sand 
blast cleanup     On the eth«' three titanium alloy 
pushes,  wear was limited to light scratches,   or defor- 
mation at the radii of the tee.    The effectiveness of 
the glass lubrication is considered primarily due to 
the thinness of the pad although the Influence of die 
temp, (or pad temp) ha« not been determined.    The 1/4" 
tee openings in the glaas pat' eliminate any early clogg- 
ing of the die orifices which produces undersiae section 
dimensions in the first few feet of extruiion. 

Cast electric discharge machined dies were used.    A 
ne« die design proved successful in eliminating break- 
age during extruaion.    The dies were confined in a thin 
tapered    shell which permitted the restriction of the 
conical container opening to be transferred to the die. 

glass, others,   -14 mesh glass 
talned 1/4" tee orlflci 

(2) 1/2" pada used for pushes 98 thru 101 con- 
i In pad 

General Data 
Remarks on Butt Ends 

Front face not completely re- 
tarded in scalping.   Slight back 
urn UaaaMMa   -,  
Same as above. Severe 
back end seams. 
Same as above.   Very  severe 
back end seams. 
Square f ront butt face, Se vere 
back end Beam and «tick in. 

Same as above 

Oat«: January 16,   1959 

Company:     Babcock li Wllco» Company 
Beaver Falls,   Pa. 

Location Nominal 
Dimension« 

Cross Section View 

Press Capacity (Tons)   ,. 
Stem Diameter      ,.      4 I/!&.' 

.  2.000" 
.125" 

1.750" 
E .125" 
F . 125" 

Container Diameter    4 if]b" 
Extruaion Ratio 27!t 
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TUT DATA Or EXTRUSION TRIAL« AriSltOO) 34095 

Pillh 
No. 

BllUt 
Mil« rial 

Blll.l 
Si» 

BUI. 
Tamp. 

•r 

BUlat 
Coating 

Haatlna 
M.lhod 

Hti 
Tim. 
(MI«; 

BUlal 
Lubrlcaal 

Extrualoa 
Practlca 

Con tain, r 
Tamp 

•r 

Dla 
Lubricant 

Ola 
Tamp. 

Dla 
D..l|n 

Dl. 
Malarial 

IC 
41-52 

Di« 
No. 

Blll.t 
Tra«. 
Tim« 
(lac 1 

btr. 
Tim. 
(t«e.) 

Ma« 
Pr«aaur. 
■Uadln« 

Max 
Praavur« 
«■Bill«! 

Man      E«t. 
Far« L|lh 

onBUlallrt.) 
(Taull 

104 4340 *■' 2300 as [nductloi 335-14 roU Luk 600 GWO 400 T LCT-2 3 1100 . 
ISI ia-a t" 2300 •l a H ii .. .. . . P.A. 22 15 . aao . 
106 4 340 10i> 2300 as .. .. .. •• " " " P.A. 2111 15 .25 125 - 
107 

C-U! 
Foricd 6" 1100 as Fca 95 GWO Scalp .. 3KB I If 900 " P.A. 7 35 .25 935 1016" 

10« ■i 8" iaoo as ,, 143 „ .. H .. ,. .. P.A. 19 60 1.60 1100 2>7" 

109 
C-1H 
Call 4" iaoo as „ 149 H „ „ n „ „ LCT-2 14 25 .15 553 5>9" 

110 „ *" iaoo as . 96 .. .• .. ■ n » P.A. 16 30 . 150 1015« 

111 
C-U5 
ron.d 6" iaoo as 1, Induct 

10 4 
lad. „ „ „ „ „ a LCT-2 23 8 .30 935 P4" 

112 6" iaoo as » » " " " " " - P.A. 16 a - 1100 - 

Pu h 
No. 

Extrusion Surface 
and Strfti|htn«at 

Die Condition 
After Exlruiion 
(•ee Table IV) 

1  4 . . 
»05 

Deformed - but not «cored 
or waehtd 

106 Badly «aahad 

107 
Good lurface Light deformation 

No «ar 

1   8 
Fair lurfact 
and ■tral^htnei* 

Light deformation 
•om« wear and •coree 

1  9 
Surftee OK 
Good ■tralfhtnaia 

Severe ecorea and 
pickup 

1   0 
Good surtac« 
and atraithtncai 

No deformation 
Liiht wear 

1   1 
Surface OK 
Good •tralfhtnata 

No deformation 
Liiht »core» 

1   2 Sticker 
No deformation 
LltÜe wear 

Square front butt 

GENERAL COMMENTS 

A new replacement atem wae found to b« boat about 
1/16 after aeveral puehea.   Raveraia| the atom 110* 
overbent the «tarn in the direction in which it waa orig- 
laally bent.    The atom «a« again reveraed ISO* and the 
container waa offaat about 1/64 to correct for tha ten- 
dency of tha «tern to band.  Abo-it 8 «xtrualon trials 
were conducted after thla change and at tha and of the 
day*» trial«,  tha bant condition of tha atem had not 
aggravated further, 
Raaulte of thia day»a trlala ware again aa imprcaaive 
aa thoaa of January 9.  Although for reaaona not yet 
eatkbllehed,  tha glaaa films «are not aa clear,  heavy 
or continuoua aa on January 9, «xtrualon surface «as 
good. Dias may not hava boan as «all protected as 
during previous trial (1/16/59); but thla will ba deter-     ^ ---    - 
mined In future inspection slnca at the end of the day*a    BjUStTrw 
trial«,  four diaa «till had to be ramovad from tha butt« 
{Sectional dies ara being designed to overcoma this dif- 
ficulty). Slight di« «ear «hieb occurred across tha en- 
trance radius did not generally affect tha dla bearing 

Remark« on Butt End« 

square iront laca.Baek 
•uck in and slight back 

TaHT 
and 

Partial sticker 
ipm mn mr. fam 
ihaar con«. No back and 

lront,Uee. Compl«1a 
one.Sever« «earn« h 

iqvTr«7ronJ tac«. Blight ivek 

JSit o back and dafecti 

Data: January 23,   I9S9 

Company:        Babcock k WUcox Company 

Location Baavar Falls, Pa.   Nominal 

Cro«« 8«ction Via« 

Praaa Capacity <Ton«) 
Stain Dlamatar 
Contain«r Dlamatar 
Extrualoa Ratio ^_ prr 

TEST DATA OT CXTBUSION TMAL» Ar33(600l 34091 

Pu.h 
No. 

Blll.l 
Mat. rial 

Blll.t 
Sla. 

BUI. 
T.mp. 

•r 

Blll.l 
Co.tln, 

H.atini 
M.thod 

Htg 
Tim. 
(Mln) 

Extrualon 
Practlc. 

Contaio.r 
Lubricant 

Contain, r 
Tamp 

Dla 
Lubricant 

Dla 
Tamp. 

•r 

Di. 
D.al|n 

Dla 
Malarial 

■to 
48-52 

Dla 
No. 

BUlal 
Trana. 
Tim« 
(Sac  1 

Extr. 
Tlma 
(S«c.) 

Max 
Pr..«ur. 
R.adln, 

Max. 
Praaaur« 
aaBUlal 

Max. 
Fore. 

on BUlat 
(Tonal 

Ext. 
Llth 
rt.i 

fori.d In iaoo 85 13 GWO Scalp 600 3KB1/»' 900 T P.A. 19 11 .40 1045 15t4» 

6" iaoo as 73 318 Full Lab it H a T LCT-2 15 15 .40 990 1013" 

„ 6" 1800 85 „ 81 318 „ a ., a a LCT-2 14 30 .10 990 11«4" 

„ 6" 1800 as „ 16 318 a a . a a LCT-2 10 40 .1« 519 10«9" 

6" 1800 85 „ 45 318 (l H „ H „ LCT-2 1 40 .10 908 tlMa 

Extrusion Surface 
and Stralghtnee« 
Good surface 
aad Straightnaas 
Surface OK 
Fair «tralahtna«« 
Surfac« OK 
V"v Waw 
Rough «urfaca 
Good «traiehtnaas 

(See Tabl« IV) 
Di« Condition 

Aft«r Eat ru« ton 
Light deformatlt 
Some pickup k »cor«i 
Slight deformation 
Sliaht «ear 

Sam« a« Pu«h 109 
No deformation 
Lieht acor. Una 

GENERAL COMMENTS (Contd) 
surface or the extruded surface. Several die« wer* used 
twice during the day*« trial« and were r«u«able after the 
second push. Die« «hieb «era used for «tael extrusion 
could not ba considered reusable due to «light «ash or 
deformation at tha radii of tha te«.    It may alao b« de- 
sirable to r«-«lactric diacharga machine the orlflcea of 
the dies used for titanium extrusion to «liminat« alight 
constriction« (.001 or .002) «hieb occur (generally near 
the radii of the t«e). 

Remark« on Butt End« 
ire front face.Sliaht tuck 
No back and disTans.Ooofl 

RouiuUd front fac« «1th ll|h 

ROWMM front 

shear ot t 

   fac« wtth lln«« 
fron shear du« to partial 
■BiTgini ——  

General Data 

Data: January 23,  1999 

CWjlBI Babcock k Wilcox Company 

Location Baavar Falls,  Pa.  Nominal 
Dlmaqsloo« 

Croaa Section Via« 

Prasa Capacity (Ton«)    Utt 
Stem Dlamatar 4 LÜg 
CoaUtaar Dlamatar 4 FfUS 
Extrualoa Ratio älii  

B LMaa c JE 
D   l.V»' 

■ UÜ! 
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PART III   EXTRUSION TRIAL 

DATA SHEETS 

COMPTOIR INDUSTRIEL d'ETIRAGE 
el PROFILAGE de METAUX 
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DISTRIBUTION LIST 

One Copy except as noted 

Aerojet-General Corporation 
Manufacturing Division 
Attn:   Mr. Paul R. Holmes, Mgr. 
11711 South Woodruff Avenue 
Downey,  California 

Aeronca Manufacturing Corp. 
Municipal Airport 
Middletown,   Ohio 

Allegheny Ludlum Steel Corp. 
Attn:   Extrusion Plant 
Watervliet,  New York 

Allegheny Ludlum Steel Corp. 
Attn:   Mr.  R.   K.   Pitler 
Brackenridge,  Pennsylvania 

The Alpha-Molykote Corporation 
Attnf   Mr.  Arch Maclay 

Application Engineering 
65 Harvard Avenue 
Stamford,  Connecticut 

Aluminum Company of America 
Attn:   Mr.  R.   W.  Andrews 
ALCOA Building 
Pittsburgh,  Pennsylvania 

American Welding and 
Manufacturing Co. 

Attn:   Mr.   Frank J. Shanaberg, 
Manager of Seiles 

195 Dietz Road 
Warren,   Ohio 

Axelson Manufacturing Company 
Division of U. S.  Industries,  Inc. 
6160 South Boyle Avenue 
Los Angeles 68,  California 

Babcock and Wilcox Company 
Attn:   Mr.   James Barrett 
Beaver Falls,   Pennsylvania 
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