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SECTION I

INTRODUCTION

Recent interest in improved production efficiency has resulted in consider-
ation of computer—aided techniques for both design and manufacturing pro-
cesses. In metalworking operations, a considerable portion of this interest
is directed at sheet metal forming operations . The wide scale usage of sheet
metal products in common items such as automobiles, stoves, furnaces, air
conditioners, etc. attest to the large number of manufacturing organizations
involved with this metalworking operation. The large majority of these
applications is almost exclusively concerned with the ability to produce style
effects without gross fracture and without aesthetically non—pleasing deform-
ation effects such as non—uniform thinning , orange peeling, gathering or
buckling . The material for the majority of these sheet metal forming pro-
cesses is low alloy steels or low alloy aluminums, and the fabrication is
almost exclusively conducted at room temperature.

This technology for the forming processes in these common usage items is
mostly based on trial and error experiences of the individual sheet metal
forming shops (l). Because of this, the ability to transfer experience from
one material to another within the same shop or from one shop to another for
the same material often results in only limited success. The limited 

*
ability to transfer skill capability is the most serious deficiency with this
“experience based” technology . The development of a sound scientific or
engineering “knowledge base” for this technology is required to alleviate
this deficiency.

Development of an engineering “knowledge base” for sheet forming pro—
cesses is especially desirable for aerospace applications. In aerospace
applications, component weight considerations frequently require the sheet
product to have load transfer characteristics. Thus, reproducibility of
service properties is critically important. The development of an
engineer ing “knowledge base ” fo r tuese forming processes is also an essential
prerequisite to the establishment of a computer—aided and computer—controlled
design and manufacturing process for sheet metal forming.

__________________________ ______________________
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SECTION II

BAcKGROLJND AND APPROACH

One of the critical factors limiting the development of a “knowledge
base” for sheet forming is the interface condition. The importance of the
interface condition in sh9e~ forming operations is well recognized(2

5) and
has been shown by Goodwin”5~ to be a factor which can influence the pro-
duction of sound or fractured product (see Figure 1). However, despite
its importance, the most generally accepted view of the effects of interface
friction in these processes is that it can only be determined by trial and
error techniques(6).

The use of btrtch—type evaluations of lubricants has generally been con-
sidered to be of on .v marginal usefuluess(6) . It was only very recently
that any success ha3 been reported in quantifying the effects of friction
in sheet forming operations. This initial effort by Ghosh(4) was directed
primarily at materials and lubricants for use during room temperature stamp-
ing for automotive industry applications. The applicability of this initial
effort to computer—aided processing is yet to be determined , but it is
significant in that an attempt to quantify the role and effects of the inter-
face condition is now underway.

The use of the ring compression test for eva1uatin~ friction under bulk
forming operation is well documented in the literature(1 9). This test has
been shown to allow the simultaneous determination of friction stresses (7)
of lubricants and the flow stress—deformation strain relationships(8) of
materials under bulk def~rmation operations. Even though specific application
of the ring test to sheet forming operations has been shown by Pope, Robins,
and Berry (lO) , some question exists as to the validity of results from a
bulk deformation operation when applied to sheet forming processes where
lower tooling pressures frequently occur. Some of the concern of the var-
ious friction test methods is related to test techniques. Other concern
is related to basic considerations of friction itself.

The basic aspect of evaluation of friction characteristics of lubri-
cants on which this study is based is that quantitative characterization of
the lubricant should be independent of the process system in which it is
utilized . This idea of characterizing lubricants by their intrinsic shear
resistance or shear strength is also argued by Schey(ll) in comparison of
friction results from ring compression testing and from twist compression
testing. In this study , Schey points out that several lubricants are
not only seflsitive to pressure, but some are sensitive to the velocity
at which shearing is accomplished. Schey suggests that at lower pressures,
those at or below the compressive flow strength of the material, the shear
restraint of the interface substance can be represented by an Amonton’s Law
relationship. This is represented by the following relation,

(1)

2
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where t is the shear restraint of the interface substance , u is the assumed
constant friction coefficient and P is the pressure applied normal to the
surface. This concept of friction implies that the shear resistance of the
interface substance is directly related to the applied pressure.

At higher pressure , those above the compressive flow strength of the
material , the use of the interface shear factor concept has been argued to
be a more realistic characterization of friction both by Schey (l1~

) and also
by Male and DePierreO~

2). The ir$~erface shear factor concept of friction
implies that the only meaningful values of frictional shear resistance are
those in the range from zero frictional restraint up to the values of the
shear strength of the workpiece material. Interface substances which have
shear restraint greater than the shear strength of the workpiece material
will not allow metal flow at the interface , rather sub—surface shearing of
the worlcpiece occurs . This concept is illustrated by the following relation.

(2)

where t is the shear restraint of the interface substance c/ ,f3 is the von
Mises shear s t rength  of the material and m [s the interface shear factor .
The value of m can vary from 0 for  a fr ict ionless case to a value of 1 for
the maximum meaningful  f r ic t ion case.

When f lu id—l ike  lubricants are employed in thickness suf f ic ien t  to
create a hydrodynamic f i lm , theX are sometimes considered as Newtonian
fluids as suggested by Vdovin (li) . The f r ic t ional  shear resistance of the
fi lm would then be related as shown below:

t~v1 f l  ‘i’ ” (3)

where r is the frictional shear resistance of the interface film, r~ is the
viscosity of the interface fi lm , t~v is the velocity gradient within the
film and t is the f i lm thickness. The treatment of lubricants by this
method gives an indication of the e f f ec t s  of pressure and temperature on
the film shear strength through its direct relation to viscosity effect.
For most materials, viscosity increases with increasing pressure and with
decreasing temperature .

Consideration of these three views of f r ic t ion illustrates some of the
concern of lubricant evaluation and the applicability of the evaluation
techniques to other conditions. The effort of this study will give atten-
tion to the application of the different views. The approach of this
study was to examine the applicability of the interface shear approach to
quantifying the interface condition in comparison with the coefficient
of friction approach used by Ghosh(4). The approach proposed for this task
is to utilize the results from the ring compression test in combination with
the results from a variabl*~ die—pressure strip—draw test.

3
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SECTION III

EXPERIMENTAL PROGRAM

Mate rial

Two sheet materials were investigated in this study , 70/5 Al and Ti—
6A.L—4V . Both were procured in the form of 100 mil sheet. The chemical
composition of these materials is given in Table 1.

Lubricants

The lubricants used in this evaluation were a combination of experi-
mental and commercially available types. Since almost no information on
quantitative evaluation of lubricants for sheet forming is available in the
literature, the lubricants selected were deemed to be appropriate for the
first round evaluation. Information from this first round evaluation would
be used as the basis for classifying the lubricants and making the second
round selection and evaluation. No attempt was made to select representative
lubricants from the number of manufacturers, nor was any attempt made to
evaluate the lubricants in their manufacturer ’s recommended use condition.
Those lubricants used in this evaluation are given in Table 2.

Sheet Friction Test Equipment and Evaluation Procedures

The sliding friction resistance of the lubricants was evaluated through
use of a specially constructed variable—die—pressure strip—drawing apparatus
shown pictorially in Figure 2 and schematically in Figure 3.

The apparatus incorporates two particular features which allow data to
be assimilated easily. The first of these features is the use of an air
cylinder which together with bottled nitrogen gas and regulator can allow
quick setting or quick change of the die hold—down pressures between 0 psi
and 200 psi. The second feature is the dove—tailed die locking arrar’gement
which allows quick interchange of the dies. The dies were made of H-12
tool steel and are shown in Figure 4 together with a sheet specimen used
during testing. Two die surface conditions were used in the evaluation.
One condition was as—ground with a roughness of approximately 32 RMS and
the other was a lapped condition with a finish smoother than 1.0 micro—inch .

The sheet draw specimens, Figure 4, were produced with a strip area
of width 1.0 inch and a length of 6.0 inches. The thickness surfaces of
the specimen is the as—rolled thickness of the sheet. The lubricants were
applied to the sheet specimens by either dipping or spraying, whichever
was found to be more convenient. The lubricant was applied to attain a
film thickness of approximately 0.005 inches. The lubricants were tested
in two different conditions. One condition was the “just applied” condi-
tion where the test was performed within 30 seconds of application . The
second condition was the dry condition where the lubricants were allowed
to dry from 24 to 48 hours prior to testing.

4
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Actual testing was accomplished with the strip—drawing apparatus fixed
to a Tinius Olsen Testing Machine , Figure 5. Two cross—head speeds were
utilized in the testing 1.5 ips and 15 ips. The tensile drawing load was
monitored and recorded for each set of test conditions.

Ring Test Equipment and Evaluation Procedure

The ring compression test evaluation used in this program was performed
on the 500 Ton Hydraulic Forge Press located at the Air Force Materials
Laboratory. The basic characteristics of this test equipment and procedure
has been described in the literature (7 9). For these tests, an inter-
changeable die system was utilized which allowed the test series for each
lubricant to be performed on dies which were free of cuntamination from
previous lubricants. Each set of dies was lappi.,~ with 3 micron diamond
polish prior to use in the ring forging evaluations.

The ring test specimens used were machined from the 100 mu sheet.
Rings of 24:8:1 geometry (0. D., I. D., Thickness) were used where the ring
thickness was the as—rolled sheet thickness. All machining and testing was
done at room temperature in the as—received condition. The lubricants were
applied to the rings by either spraying or dipping, whichever technique was
found to be more convenient. An approximate lubricant thickness of 0.005
inches was applied to the rings and these coated rings were held at room
temperature for 24 hours prior to testing for the cured condition but tested
within 30 seconds of application for the “just applied” condition. Ring
compression tests were performed at 10, 20 and 30 percent reduction in height.
Analysis of the ring compression tests were accomplished as described in an
earlier publication(9).

5



SECTION IV

RESULTS

The results from the variable-die-pressure drawing tests are presented
in Table 3 and 4. The frictional restraint of each lubricant film is pre-
sented in terms of the friction ratio. This term is calculated as the ratio
of the drawing stress to the clamping or hold—down stress. Both the initial
and maximum value of this ratio were recorded. Trends in the values of the
friction ratio are plotted in Figures 6—9 . The results from the plastic

• ring compression test are presented in Table 5 with the results shown
graphically in Figure 10.

Effects of Lubricant Curing Times

Results from lubricants which are tested within 30 seconds of appli-
cation are shown in Figure 6 for the Al—7075 workpieces. Also shown on this
figure in bold lines are three theoretical constant interface friction
curves. The fit of the maximum friction ratios from the C—300 and DGF lubri-
cants to the theoretical curve is seen to be almost exact over the range of
hold—down pressures. The results from G—23l and G—203A indicate a somewhat

* 
close fit with the theoretical curves at hold—down pressures of 305 psi and
610 psi, but show significant deviation when the hold—down pressures is
increased to 915 psi.

When the time period between application and testing of the lubricants
is extended to 24 hours with all other parameters identical, the friction
ratio results are significantly different. These results are shown in
Figure 7. A relation yielding a constant value of friction ratio with in-
creasing hold—down pressure indicates that the frictional restraint in-
creases almost in proportion to the load normal to the lubricant film, i.e.
a constant coefficient of friction. However, results from some of the lubri-
cants show that the friction ratio increases with increasing hold—down
pressure, indicating that the anti—friction characteristics of the lubricant
itself are adversely affected by pressure.

The principal difference between the lubricants in the “just applied”
condition and the dry condition is that a significant amount of the lubri-
cant carrier is retained in the “just applied” condition. Almost none of
this carrier remains after the coating has dried for 24 hours. For the
majority of tests, the effect of this retained carrier was to reduce the
friction condition. However, in one of the lubricants (Hydro), this
retained carrier resulted in an increase in friction when tested on both
aluminum and titanium workpiece material, Table 3.

6  
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E f f e c t s  of High Hold—Down Pressures

The testing of three of the lubricants was continued to high hold—down
• pressures. Two of these lubricants were app lied to the workpiece 24 hours

prior to testing and one was applied just prior to testing . Results from
these tests are given in Figure 8. The trends from the two lubricants which
were allowed to cure bef .re testing showed almost constant coefficient—of—
friction type response for hold—down pressures as high as 2135 psi. The

• lack of significant variation between the initial and maximum values at any
value of hold—down pressure indicates a very consistent response of the
lubricants.

The results from the lubricant which was applied to the workpiece just
prior to testing indicate that the low initial friction ratio is maintained
up to the highest hold—down pressures tested , 2135 psi. A significant in-
crease in the maximum value of the friction ratio begins to occur after
hold—down pressures of 1220 psi indicating the breakdown of the favorable
anti—friction characteristics as the drawing process continues. Galling
between the aluminum workpiece and the tool steel die is associated with
this breakdown.

Effect of Die Surface Finish

The effects of die finish were investigated for several lubricants app-
lied to the Al—7075 workpieces. One die finish was 32 micro—inch RMS and the
other was lapped smoother than 1 micro—inch . Except for the DGF lubricant,
no significant differences in the two die finishes were noted . In the case
of the DGF lubricant, the lapped finish resulted in significantly higher
friction ratios, Table 3.

Effect of Drawing Speed

Drawing speed variations were investigated for three test series using
lubricants applied to aluminum specimens only. Two draw speeds, 15 ips and
1.5 ips were investigated but no significant variations in friction resulted.

Effect of Workpiece Material

When tests were performed with lubricants in the dried condition, no
effects of material were observed. When the “just applied” lubricants condi-
tion is compared , the results are less consistent, but generally slightly
higher friction ratios resulted from tests on titanium specimens.

Comparison of Test Variables on Lubricant Response

• A comparison of the effects of test variables is shown in Figure 9 for
• the DGF lubricant applied to 7075 Al. The results show an amount of scatter,

with most variables but a clear effect of the retained carrier in reducing
the sliding friction as the hold—down pressures are increased

.7



Interface Friction Factors from the Ring Compression Test

Since the initial testing of sheet forming lubricants were to be investi-
gated for room temperature properties only, the ring forging tests were
limited to the 7075 Al workpiece material. The higher flow stress of the

* Ti—6Al—4V and the thin ring specimens required forging loads which were too
high to allow significant results to be obtained . The ring tests are pre—

• sented in Table 5 and shown in Figure 10. These results show that the
• friction factors fall in a range between 0.10 and 0.22 for the majority of

the lubricants tested for the cured condition. Results from the 3—Wax and
the MS—122 lubricants show definite trends with low values of friction
factors.

8



SECTION V

DISCUSSION

The results of this study tend to show that none of three methods of
characterizing lubricants outlined by the equations in Section II is com-
pletely suitable for evaluating frictional characteristics of lubricants for
sheet drawing operations . Results from the variable die friction strip—draw
test presented in Figure 6 show that a constant interface friction analysis
is somewhat realistic if the lubricant contains some fluid components; this is
particularly so for hold—down pressures between 300 psi and 600 psi. However ,
if testing is performed after these same lubricants have been cured to re-
move the fluids, then the constant coefficient of friction approach appears
more realistic as can be seen in Figure 7. Considerable variation can occur
for any lubricant depending on the conditions of the test as shown in Figure
9 for dry film graphite. The essential consideration of lubricants which is
brought out by the data of Figures 6—9 , is that the intrinsic properties of
the lubricants are not completely characterized by the three bas~[c equations
discussed earlier. The frictional restraint offered by the lubricants must
include a careful documentation of the manner of testing and the assumption
included in the analysis.

When lubricant evaluation is performed for a specific process, certain
simplifying assumptions are frequently made in the analysis. Generalization
of the results based on those assumptions can cause significant difficulties
when the same lubricants are used in different processes. An example of this
condition can be made with the analysis of punch stretching by Gosh(4) in
which it is carefully stated that a pressure depenlence of friction co-
efficient generally occurs. In his analysis, however, Gosh reasons that the
pressure changes experienced in punch stretching are small and that simplifi-
cation of the analysis could be achieved if the friction coefficient were

• assumed constant and that Amonton ’s Law holds , Equation 1. Examination of the
data presented in Figure 6 of this report shows that significant errors would
result when Gosh’s data or equations, based on no pressure effect , are used
to predict friction when large pressure variations occur.

Further consideration must be given to the film breakdown condition
which most frequently occurs when the lubricant is used at significantly
higher deformation pressures or when it is used in sliding conditions where
no replinishment is possible. The film breakdown condition is shown in
Figure 6 to occur for the variable—die—pressure strip draw test with the
lubricant in the “just applied” condition as the hold—down pressure is in-
creased from 600 to 900 psi. A part of this effect is associated with the
lubricant depletion as the sliding process occurs . It is interesting to

• note , however , that no film breakdown occurred when the “just applied” condi-
tion of these lubricants was evaluated by the ring forging test , even
though significantly higher normal pressure were experienced , Figure 10 and
Table 5. The reason for this effect is not readily apparent and perhaps
should be investigated more thoroughly by testing at intermediate pressure
conditions.

9
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The condition of f i lm breakdown occurrence because of continued slid-

ing without lubricant replinishment is found to occur in a lubricant when
very high hold—down pressures are used Figure 8. While the hold—down pressures
used in these data are considerably in excess of those normally encountered
in practical sheet forming operations, the results illustrate the greater
stability and more consistent response when the lubricants are cured prior
to use.

A direct comparison of the quantitative results from the two lubricant
evaluation techniques cannot be made because of the large difference in the
normal load each imposes on the lubricant film. Normal pressures from the
strip drawing apparatus were in general varied between 305 psi and 915 psi.
The normal pressures resultant from ring forging generally range between
40 ksi and 100 ksi. It is possible that the interface shear stress of the
lubricant film is pressure dependent and the wide differences found in these
tests are attributable to this effect. Because of the lack of data at
intermediate pressures, when such a correlation was found it could no t be
established whether it was real or coincidental. Attempts to establish this
pressure dependence with the results of these tests were abandoned because
of this lack of intermediate pressure data.

Further comparison of the results of the two test techniques must
consider the differences in the mode of testing. In the strip draw test ,
a new section of the coated workpiece is continuously drawn in between the
dies as the test proceeds. If the lubricant is poorly adhered to the work—
piece, the effect of the dies would be to scrapeoff the lubricant coating
and thereby cause large increases in the friction as the test proceeds . If
the lubricant is tightly adhered to the workpiece, then consistent friction
results should be obtained as the test proceeds. It would also be possible
that the initial portion of the drawing operations conditions the die to
allow an effective reduction in the friction as the test proceeds.

For the ring test , the only newly coated workpiece material that can be
• brought in between the dies would result from the fold over of the axial

surface of the ring. This new surface is more probably offset by exposure
• of new uncoated surface from the plastic deformation process. In addition

to this difference, the high deformation pressures associated with the ring
test can either cause squeezing out of more fluidish lubricants or cause
dishing of the ring surface which effectively entraps the lubricant. When a
comparison is made of lubricants evaluated in the “just applied” condition
versus the cured condition, Table 4 and 5, it can be seen that both tests
indicate the friction stresses of cured lubricants are about twice the
value of the “just applied” condition. Some variation is evident, however.

The results from either test in the evaluation of dry graphite films
do not show significant variations. For two of the non—graphite type
lubricants , J—Wax and MS—l22, results from the ring test showed definite
lower values of friction. The exact explanation of this effect is not known,
but is probably attributable to these lubricants being entrapped as the
ring surfaces become dished .

10
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SECTION VI

CONCLUSIONS

The results of this study allow the following conclusion
to be made :

1. The anti—friction characteristics of lubricants for sheet
forming operations are strongly dependent upon the amount
of fluid carrier substance remaining in the lubricant at
time of test.

2. Fluid containing lub~~cants show constant interface shear
response in lightly k’aded applications. The frictional
shear resistance st.,resses are almost constant and the
ratio of the frictional restraint to the normal applied
pressure decreases with increasing normal pressure.

3. Lubricants without retained fluids show a constant coefficient
of friction response in lightly loaded test conditions.
The frictional restraint stress increases with increasing
normal applied stress.

4. Lubricants evaluated in the cured or dried conditions gave
a more consistent response in testing, but in general
indicated higher frictional shear resistance.

5. Drawing speed variations evaluated at 15 ips and 1.5 ips
did not indicate a significant effect on frictional response
of the lubricant.

6. Die surface finish as measured by peak to valley roughness
did not cause a significant effect on the frictional response
of the lubricant between roughness values of 1.0 micro—inch
and 32 micro—inches.

7. The results from the ring compression test indicated approxi—
mately the same trend in lubricant response as did the results
from the variable—die—pressure strip draw test. The effect of
the large pressure differences between these two tests could
not be correlated with the resultant frictional shear of the
film because of the lack of intermediate pressure data.

11

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _



REFE RENCES

1. Eary, D. F. and E. A. Read , Techniques of Pressworking Sheet Metal,
2nd Ed . ,  Prentice Hall , Englewood Cliffs, N. 3., 1974.

• 2. Keeler, S. P., “Understanding Sheet Metal Formability”, A series of
• 6 articles, Sheet Met., Ind., 48, Nos. 5—lO,(l97l).

3. Hecker, S. S., “Formability of HSLA Steel Sheets”, Metal Engineering
Quarterly , 13, (3), August 1973, pp. 42—8.

4. Ghosh, A., “A Method for Determining the Coefficient of Friction in
Punch Stretching of Sheet Metals”, General Motors Research Laboratories
Research Publication, GMR—23ll , December 1976.

5. Goodwin, G. H., “Application of Strain Analysis to Sheet Metal Forming
Problems in the Press Shop”, SAE Paper 680093, pp. 1—12 (Reference
cited by Keeler in Reference 2).

6. Keeler, S. P., (Part V of Reference 2, “Die Design and Lubrication”).

7. Male, A. T. and V. DePierre, “The Validity of Mathematical Solutions
for Determining Friction from the Ring Compression Test”, TRAN S ASME ,
Journal of Lubrication Technology, 1970, pp. 389—397.

8. Saul, G., A. T. Male, and V. DePierre, “A New Method for the Determi-
nation of Material Flow Stress Values Under Metalworking Conditions”,
Metal Forming: Interrelation Between Theory and Practice, Ed., A. L.
Hoffmanner, 1971, Plenum Press.

9. DePierre, V. and F. Gurney , “A Method for Determination of Constant
and Varying Friction Factors During Ring Compression Testing”, Journal
of Lubrication Technology, TRANS ASME , 1974, 96, Series F, (3), p. 482.

10. Pope, M. H., L. Robins, and J. T. Barry, “Lubrication Aspects of the
Deep Drawing of Stainless Steel, Titanium and Nickel—Base Alloys at
Elevated Temperatures”, ASLE Paper No. 69LC—l.

11. Schey , J. A., “The Validity of Various Friction Concepts in Deformation
Processing”, Proceedings NAIIRC—IV Fourth North American Metalworking
Research Conference, May 1976 , p. 108.

12. Male, A. T., and V. DePierre, “The Relative Validity of the Concepts
of Coefficient of Friction and Interface Friction Shear Factor for
Use in Metal Deformation Studies”, ASLE Transactions, 16, (3), p. 177.

13. Vdovin , V. F., “Technological Properties of Glass—Base Lubricants
Used in Extrusion”, pp. 220—222 from Dnepropetrovsk , Scientific Trans-
actions No. 53, 1967 , English Translation by Foreign Technology
Division, USAF , FTD—MT—24—3l8—69, 31 December 1969.

12 

-—— --. •~~~~•



--~ -.—~
-

~
- ~~~~~~- .-~~~~~~-~~~~~~--~~~~~~~~~~~~~ -- - -~~~~~~~~ •~~~~ - • --

‘-I
-4 Is
.
~ ~~

01
5) 0

01
-4 0

• H

-4

-4
‘.45) 4.4 -.t

U 0
Is

S
0)
H
‘44 r-.
o o ~ • U 111

-4 U ,-I
‘-I ~ 1.1 • 0

o
r~.i ~.4,.~ 1-P 0

0.
S 5

3
5 wo ~~ C., ~0

~ o
-4
to

• U
-4

0’ 01

04

C —I

Cs .-I

5) UI

Cs 0
H

13



• —•- — —

TABLE 2

Lubricants used in the Evaluation*

C—300 A spray mixture of graphite and 
~~~~ 

with a
carrier

• DGF A graphite spray with a carrier

MS—l22 A fluorocarbon spray in a carrier

F—33 A silicon spray in a carrier

3—WAX A commercial paste wax polish

IC—665 A commercial sheet forming lubricant

G—203A A commercial sheet forming lubricant composed
of graphite dispersed in water , oils or solvents

G—23l A commercial sheet forming lubricant composed
of graphite dispersed in water oils or solvents

HYDRO A commercial sheet forming lubricant composed
of graphite dispersed in water oils or solvents

Ii

• *The lubricants listed on this table were applied and tested in a manner
to obtain significant test variations. No attempt was made to utilize
these lubricants in the manner recommended by the manufacturer. Results
from the evaluation are not meant to refute nor to endorse the character-
istics of the particular lubricant.
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TABLE 3
Friction Ratios of Sheet Forming Lubricants in Elastic

Drawing at Low to Moderate Hold Down Pressures

Draw Initial/Maximum Friction Ratio At
Indicated Hold Down PressureCondition Speed 

_____________ ____________ _____________

Material Lube Lube ~ Die (1pm) 305 psi 610 psi j 915 psi

7075 A]. C—300 J.A. A.C. 15 .086/.182 .0701.075 .059/.066
DRY A.G. 15 .191/.200 .229/.231 .254/.264
DRY L.P.  • 15 .1651.175 .248/ .26 1 .269/.281
DRY A.G. 1.5 .214 / .214 .268 1.244 .2 69 1.276

7075 DGF J.A. A.G. 15 .140/.186 .077/ . 093 .0381.062
DRY A.G 15 .204/ .259 .175 / .235 .176/ . 223
DRY L.P.  15 .2 67/ .309 .3501.380 .263 1.239
DRY A.G. 1.5 .172/.214 .198/.257 .199/.315

7075 J—WAX J.A. A.G. 15 .089/.125 .079/.135 .053/.160
DRY A.G. 15 N. D .  N. D .  N .D.
DRY L.P. 15 .140/.151 .159/.163 .180/.186
DRY A.G. 1.5 .092/. 092 .150/.151 .159/ .159

7075 HYDRO J.A. A .G. 15 .229/lost .l94/1o~ c .276/lost
DRY A .G. 15 .138/.136 .128/ .143 .125/ .135
DRY L.P. 15 .118/ . 128 .132/.151 .135/.158

7075 C—23 1 J .A. A.G. 15 .289/.289 .168/.168 .161/.161
DRY A.G . 15 .153/.162 .165/.175 .181, .207
DRY L.P. 15 .149 /.149 .172/.182 .195/.196

7075 G—203A J.A. A.G. 15 .051/ .099 .05 1/ .095 .041/ .053
DRY A.G. 15 .149/.153 .168/.185 .163/.173
DRY L.P. 15 lost lost lost

7075 Ic—66 5 J .A.  A .G.  15 .049/ . 058 .045/ .067  .038/ .049
DRY A .G , 15 .157/.159 .168/.177 .171/.191

• DRY L .P. 15 lost lost lost

Ti—6—4 HYDRO DRY A.G. 15 .147/.176 .134/.139 .115/.126
• J.A. A.G. 15 .121/.’ 1 .258/.271 .233/.254

Ti—6A]. G—23 1 DRY A.G. 15 .147/.176 .163/.205 .106/.113
J.A. A .G. 15 .153/.191 .242/ .29 1 .23 7/ .257

Ti—6A1 IC—665 DRY A. G. 15 N.D.  .156/.165 .174/ .176
J.A. A.G. 15 .051/.091 .051/.070 .129/ .161

Ti— 6A1 G—203A DRY A .G. 15 N .D . .163/.174 .149/.164
J.A. k G .  15 .051/.058 .032/.04 1 .05 1/ .077

Ti—6A1 DGF J.A. A.G. 15 .172/.181 .2 10/.217 .22 1/ .226

Ti—6A1 3—WAX J .A.  A.C . 1.5 .191/.212 .2671.274 .289/ .30 1

L. P.  — La pped smoother than 1 micro—inch finish; *A. G. — As ground approx imately
32 micro—inch finish ; fJ .  A. — Just—app lied within 30 secs. of testing ;
tDRY — Applied at least 24 hours prior to testing; N. D. — Not Determined ;
Lost — Data lost because of test situations.

15
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TABLE 5

• lnterf ace Friction of Lubricants During Ri ng Forg ing of Sheet

• Forge Lube t~ID t~H C

Number Type (%) Condition 
m (ksi)

• 4691 C—300 14.5 11 Cured .19 3.06

4693 C—300 22 .2  15 Cured .22 3.50

4692 C—300 34.9 26 Cured .10 2 .72

4694 DGF 19.6 16 Cured .12 2.47

4695 DGF 26.8 18 Cured .18 4.22

4696 DGF 38.3 23 Cured .19 3.82

4698 3—WAX 9.6 11 Cured .07 1.34

4697 3—WAX 13.4 18 Cured .05 1.09

4699 3—WAX 23.1 28 Cured .05 1.28

5033 3—WAX 2.1 14 3—APP .02 .48

5034 .1—WAX 13.8 31 3—AP P .03 .89

5035 J—WAX 21.0 33 J—APP .03 1.02

5036 3—WAX 7.1 12 Cured .05 1.02

5037 .1—WAX 21.4 26 Cured .05 1.31
• • 

5038 .1—WAX 30.7 36 Cured .04 1.63

4701 MS—l22 1.4 10 Cured .19 3.08

4700 MS—l22 5.2 17 Cured .14 2.17

4702 MS—l22 10.3 22 Cured .14 3.26

4703 tC—665 4.3 4 Cured .14 2.17

4704 IC—665 16.2 12 Cured .19 3.08

4705 IC—665 42.2 26 Cured .14 3.26

5025 IC—665 23.0 18 Cured .12 2.85

5021 IC—665 1.6 5 3—APP .03 .48

5022 IC—665 4.1 15 .1—APP .03 .65

5023 IC—665 14.2 25 3—APP .04 1.26 

~~~~~~~~~ --•- -.- - — -, - •
~~~~~

.--~~~~~~~
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TABLE 5 ( CON ’T)

Interface Friction of Lubricants During Ring Forging of Sheet

Forge Lube tiD L~H c
Number Type Condition 

in (ksi)

4706 HYDRO 10.4 8 Cured .21 2.99

4707 HYDRO 20.5 16 Cured .14 2.57

4708 HYDRO 36.0 23 Cured .16 3.36

5027 HYDRO 1.5 3 3—APP .04 .62

5028 HYDRO 5.1 13 J—AP P .03 .67

5029 HYDRO 22.9 32 3—APP .05 1.62

5030 HYDRO 7.8 9 Cured .08 1.76

5031 HYDRO 23.2 20 Cured .10 2.54

5032 HYDRO 38.9 26 Cured .12 3.77

5008 G—231 0.0 5 3—APP .02 .35

5009 G—23l 1.9 25 .1—APP .01 .22

5010 G—23l 4.8 38 3—APP .02 .56

5011 G—231 2.4 4 Cured .05 .92

5012 G—23l 9.1 7 Cured .22 3.40

5013 G—23l 29.1 23 Cured .10 2.69

4713 G—203A 28.9 19 Cured .18 3.56

4714 G—203A 53.2 27 Cured .23 4.37

5014 G—203A —1.5 14 3—APP .02 .36

5016 G—203A 0.0 19 3—APP .02 .48

5015 G—203A 2.4 20 3—APP .02 .49

5017 G—203A 12.0 34 3—APP .02 .47

5019 G—203A 30.8 24 Cured .10 2.56

5020 G—203A 53.3 36 Cured .08 3.18

4715 F—33 9.3 10 Cured .09 1.81

4716 F—33 15.3 13 Cured .12 3.42

4717 F—33 19.9 20 Cured .07 3.16

18
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Figure 6. Effect of hold—down pressure on friction ratio dur—
ing strip—drawing where the lubricant was applied
just before testing.
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Figure 7. Effect of hold—down pressure on friction ratio
during strip—drawing where lubricant was cured be—
f,re testing.
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APPENDIX

APPLIED METAL PROCESSING

TITAN I UM BASE

Extrusion Temp . Red. Billet Die 
~t 

Vex
Number Ag~ency Alloy °F Ratio Lube Ang le (ksi) (ips) Surface

6754 AFML/LLS Ti—8V—4Cr— 1500 5.3:1 8871 60° 97 1.8 Good
2Mo—2Fe--
3A1

6755 AFML/LLS Ti—8V—4Cr— 1500 5.3:1 8871 60° 108 1.8 Good
2Fe—3A1

6756 AFML/LLS Ti—15V—3Cr— 1500 5.3:1 8871 600 111 1.8 Good
3Al —3Sn

6757 AFML/LLS Ti—15V—3Cr— 1500 5.3:1 8871 60° 109 1.8 Good
3A1—3Sn

6764 Pratt & Ti—32.SA1— 2550 6:1 7740 60° 120 1.4 Good
Whitney 4.6Nb — .5W

6765 Pratt & Ti—32.5A1— 2550 6:1 7740 60° 140 1.4 Good
Whitney 4.6Nb — .5W

6766 Pratt & Ti—32.5A1— 2550 6:1 7740 600 120 1.4 Good
Whitney 4.6Nb— .5W

6767 Pratt & Ti—32.5Al— 2550 6:1 7740 60° 120 1.4 Good
Whitney 4.6Nb— .5W

6768 AFML/LLS Ti—5A1—5Sn 1600 6:1 0010 60° 157 2.1 Good
—2Zr—2Mo—
.25Si

6769 AFML/LLS Ti—5A1.—5Sn 1900 6:1 0010 60° 59 2.6 Excellent
2Zr—2Mo —
.25S1

6770 AFML/LLS Ti—5A1—5Sn 1900 6:1 0010 600 68 2.6 Excellent
—2Zr—2Mo—
- 25Si

6788 AFML/LLM—1 Ti—36.3A1 2575 10:1 7740 90°R 51 1.3 Good
Powder

6790 AFML/LLM—1 Ti—28.6A1 2575 —— — — 7740 90°R 42 1.5 Good
Powder

29
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APPLIED METAL PROCESSING

TITANIUM BASE

Extrusion Temp . Red . Billet Die ~~ 
Vex

Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6791 AFML/LLM—l Ti—30.5A1 2575 —— —— 7740 90°R 40 1.5 Good

6792 AFML/LLM—l Ti—32 .5Al 2575 —— — — 7740 90°R 44 1.5 Good

6793 AFML/LLM—l Ti—34.25A 1 2575 ——— — 7740 90°R 43 1.4 Good

6821 Pratt & Ti—32.5A1— 2550 6:1 7740 60° 38 1.5 Good
Whitney 4.6Nb—5W

6822 Pra t t  & Ti—32 .5A1— 2550 6:1 7740 60° 39 1.5 Good
Whitney 4 .6Nb—5W

6823 Ptatt & Ti—32.5A1— 2550 6:1 7740 60° 38 1.4 Good
Whitney 4.6Nb—5W

6833 AFML/LLM Ti—b y— 1150 5.8:1 8871 900 185 .3 ————
2Fe—3Al

6837 AFML/LLM Ti—b y— 1150 5.9:1 8871 60° 178 0.5 Good
2Fe—3A l

6859 AFML/LLM Ti—b y— 1150 5.8:1 8871 600 173 1.2 Good
2Fe—3Al

6860 AFML/LLM—1 Ti—32.5Al — 2550 15.92 7740 60° 55 1.5 Good
4.6Nb—SW :1

6861 AFML/LLM—l T1—28.6A1 2550 26:1 7740 600 62 1.5

6862 AFML/LLM—l Ti—l4.6A.~— 2200 26:1 0010 60° 65 1.4
lONb-4W

6872 AFML/LLS Ti—3l%Al 2550 20:1 7740 90°R 43 1.5 Good

6874 AFML/LLM—1 Ti—512A1 2575 26:1 7740 600 76 ———— Good

6912 AFML/LLM—1 Ti—27%Al 2200 26:1 0010 600 54 1.6 Good

6913 AFML/LLM— 1 Ti—27XA 1 2200 26:1 0010 600 57 1.6 Good

6914 AFML/LLM— 1 Ti—24%A1 — 2200 26: 1 0010 60° 54 1.6 Good
ll%Nb
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TITANIUM BASE

Extrusion Temp . Red . Billet Die ~~ 
Vex

Number Agency Alloy OF Ratio Lube Angle (ksi) (ips) Surface

6915 AFML/LLM—l Ti—24%Ab— 2200 26: 1 0010 60° 54 1.6 Good
ll%Nb

6923 AFML/LLM— b Ti—25%A 1— 2575 26:1 7740 60° 81 1.6 Good
8%Nb

6924 AFML/LLM—l Ti—25%Al— 2575 26:1 7740 60° 70 1.6 Good
8%Nb—5%W

6926 AFNL/LLM—l Ti—26.5W / o 2575 26:1 7810 60° 70 1.6 Good
-Al

6927 AFML/LLM—l Ti—34.3W/ o 2575 26:1 7810 60° 97 1.5 Good
-Al

6928 AFML/LLM—1 Ti—34W/o— 2575 26:1 7810 60° 127 1.5 Good
A1-4 . 5W/o-W

6929 AFML/LLM—b Ti—36W/o—Al 2575 26: 1 7810 60° 89 1.6 Good

6930 AFML/LLM—1 Ti—32W/o—A1 2575 26:1 7810 60° 81 1.6 Good
-9W/o-W

6931 AFML/LLM—1 Ti— .33 bW / o— 2575 6:1 7810 60°
A1— 14W/ o—C

6932 GE Ti—6A 1—4 V 1800 44:1 0010 120° 105 2.8  Good

6933 GE Ti—6A1—4V 1800 44:1 0010 120° 108 2 . 7  Good

6934 GE Ti—6A1—4V 1800 44:1 0010 120° 105 2.8 Good

6935 GE Ti—6A1—4V 1800 44:1 0010 120° 105 2 .7  Good

6936 GE Ti--6A1—4V 1800 44:1 0010 120°

6937 GE Ti—6A 1—4V 1800 44: 1 0010 1200 Good

7052 AFML/LLM 2Ti—1OV— 1150 10:1 8871 60° 192 1.1 Good
2Fe—3A1
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APPLIED METAL PROCESSING

TITANIUM BASE

Extrusion Temp. Red. Billet Die ~t ~ex

Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

7053 AYML/LLM Ti— bO V— 1150 10:1 8871 60° 193 1.1 Good
2Fe—3A1

7068 AFML/LLS Ti—SAl— 1600 6:1 0010 60° 135 2.7 Good
5Sn—2Zr—
2Mo—0 . 25Si

7069 AFML/LLS Ti—5A1—5Sn 1900 6:1 0010 60° 43 3.1 Good
2Zr—2Mo—0.25Si
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APPLIED METAL PROCESSING

NICKEL B C SE

Extrusion Temp . Red. Billet Die ~~ Vex
Number 4gency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6761 Stellite Ni—l6Cr— 1900 ~6: 1 Po ly 90° 140 1.8 Good
4Al— Y203

6762 Stellite Ni— l6 Cr — 1900 16:1 Poly 90° 134 2.0 Good
4A1-Y203

6763 Stellite Ni—lbCr— 1900 16:1 Poly 900 138 2 . 0  Good
4A1—Y 203

6772  Stellite Ni —l 6Cr— 1900 16.3:1 P~~1v 90° i30 2 .0  Good
4Al—Y203

6773 Stellite Ni— l6Cr— 1900 16.3:1 Poly 9J 130 2 . 0  • -od
4A1—Y 203

6774 Stellite Ni—l6Cr— 1900 20.5:1 Poly °J° 140 i.c Goc
4A1—Y 203

6775 Stellite Ni—l6Cr— 1900 20.5:1 Poly 90° 140 ~. 7 Go-~d
4A1—Y 203

6776 •Stellite Ni—l6Cr— 1900 20.5:1 Pol y 90° 153 6.0 Good
4A1—Y203

6777 Stellite Ni—l6Cr— 1900 20.5:1 Poly 90° 154 5.2 Good
4A1—Y203

6778 Stellite Ni—l6Cr— 1900 16:1 Poly 90° 130 2.0 Good
4A1—Y 203

6779 Stellite Ni—l6Cr— 1900 16:1 Poly 90° 134 2.1 Good
4A1—Y20 3

6780 Stellite Ni—l6Cr— 1900 20:1 Poly 90° 159 5.5 Good
4A1—Y203

6781 Stellite Ni—l6Cr— 1900 20: 1 Poly 90° 161 6.0 Good
4Al—Y203

6782 Prat t  & IN— 100 1950 8:1 0010 60° 135 1.2 Good
Whitney

33



_ _ _ _

APPLIED METAL PROCESSING

NICKEL BASE

Extrusion Temp. Red. Billet Die ~t 
Vex

Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6783 Pratt & IN—lOO 2000 8:1 0010 60° 147 1.2 Good
Whitney

6784 Pratt & IN—100 1950 2:1 0010 600 70 1.5 Good
Whitney

6785 Pratt & IN—lOO 1900 2:1 0010 60° 81 1.1 Good
Whitney

6786 Pratt & IN—l00 1850 2:1 0010 60° 100 1.1 Good
Whitney

67~~7 Prat t  & IN—l00 1800 2:1 0010 60° 124 .9 Good
Whitney

6794 Ba ttelle 718 1900 Blank Poly 90° 200 1.0 Good

6795 Battelle 718 1900 Blank Poly 90° 200 1.0 Good

6796 Battel le 718 1900 Blank Poly 90° 200 1.0 Good

6797 Battelle 718 1900 Blank Poly 90° 194 1.0 Good

6798 Battelle 718 1900 Blank Poly 90
0 197 1.0 Good

6799 Battelle 718 1900 Blank Poly 90° 192 1.0 Good

6800 Battelle 718 1900 Blank Poly 900 194 1.0 Good

6801 Bat telle 718 1900 Blank Poly 90° 200 1.0 Good

6802 Battelle 718 1900 Blank Poly 90° 194 1.0 Good

6803 Battelle 718 1900 Blank Poly 90° 197 1.0 Good

6804 Battelle 718 1900 Blank Poly 900 194 1.0 Good

6805 Battelle 718 1900 Blank Poly 90° 194 1.0 Good

6806 Battelle 718 1900 10:1 0010 90° 184 .5 Good

6807 Battelle 718 2000 10:1 0010 90° 178 .5 Good
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APPLIED METAL PROCESSING

NI CKEL BASE

Extrusion Temp. Red. Billet Die Pt Vex
Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6808 Eattelle 718 2000 10:1 0010 90° 178 1.4 Good

6809 Battelle 718 2000 10:1 0010 90° 167 2.0 Good

6810 Eattelle 718 2000 10:1 0010 90° 173 2.0 Good

6811 Battelle 718 2000 10:1 0010 90° 170 2.1 Good

6812 Battelle 718 2000 10:1 0010 90° 167 2.1 Good

6813 Battelle 718 2000 10:1 0010 90° 173 1.9 Good

6814 Battelle 718 2000 10:1 0010 90° 173 2.0 Good

6815 Battelle 718 2000 10:1 0010 900 170 2.0 Good

6816 Battelle 718 2000 10:1 0010 90° 173 2.0 Good

6817 Battelle 718 2000 10:1 0010 90° 170 1.9 Good

6819 Polymet ——— 2000 9:1 Poly 60° 178 .7 Bad

6824 Sherritt Ni—Base 1800 9.6:1 Poly 90°R 116 1.2 Good

- 
• Gordon

6825 Sherritt- Ni— Base 1800 10:1 Poly 90°R 113 1.1 Good
Gordon

6826 Sherritt— Ni—Base 1800 10:1 Poly 90°R 116 1.1 Good
Gordon

6827 Sherritt— Ni—Base 1900 10:1 Poly 90°R 113 1.1 Good
Gordon

6828 Sherritt— Ni—Base 1900 10:1 Poly 90°R 119 1.0 Good
Gordon

6829 Sherr i t t— Ni—Base 1900 10:1 Poly 90°R 111 1.0 Good
Gordon

6830 Sherritt— Ni—Base 2000 10:1 Poly 90°R 97 1.2 Good
Gordon
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Extrusion Temp . Red . Billet Die Pt Vex
Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6831 Sherritt— Ni—Ease 2000 10:1 Poly 90°R 103 1.2 Good
Gordon

— 6832 Sherritt— Ni— Base 2000 10:1 Poly 90°R 104 1.1 Good
Gordon

6840 Pratt & IN—lao 1750 2:1 0010 600 126 1.5
Whitney

6841 Pratt & IN—lOO 1700 2:1 0010 60° 135 .8
Whitney

6847 Stellite Ni—l6Cr— 1900 16.3:1 Poly 90° 132 2.2 Good
4A1—Y203

6848 Stellite Ni—lóCr— 1900 16.3:1 Poly 90° 138 1.9 Good
4A1—Y203

6849 Stellite Ni—l6Cr— 1900 16.3:1 Poly 90° 138 1.9 Good
4A1—Y203

6850 Stellite Ni—l6Cr— 1900 20.5:1 Poly 900 154 4.5 Good
4Al—Y203

6851 Stellite Ni—l6Cr— 1900 20.5:1 Poly 900 156 4.5 Good
4Al—Y203

6852 Stellite Ni—l6Cr— 1900 20.5:1 Poly 900 156 4.5 Good
4A1—Y203

6853 Pratt & IN—lOO Mod. 2050 8:1 0010 60° 117 1.1 Good
Whitney

6854 Pratt & MARN—200 2050 8:1 0010 600 123 1.0 Good
Whitney

6855 Pratt & MARM—200 2150 20:1 0010 60° 119 1.2 Good
Whitney

6856 Pratt & Ni—Mo—Al 2150 20:1 0010 60° 135 1.0 Good
Whitney
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NICKEL BASE

Extrusion Temp . Red . Billet Die ~ t ~ex
Number Agency Alloy OF Ratio Lub e Angle (ksi) (ips) Surface

6857 Pratt & B—1950 2100 8:1 0010 60° 105 1.2 Good
Whitney

— 
6858 Pratt & Monoboy 2100 8:1 0010 60° 122 1.1 Good

Whitney

6864 Polymet Ni—Base 1700 12.5:1 Poly 900 122 2.0 Good

6866 Pratt  & MABM—200 2150 43:1 7052 1200 152 .9 Good
Whitney Mod.

6867 Pratt  & MARN—200 2150 43:1 7052 120° 159 .7 Good
Whi tney

6868 Pratt & Ni—Mo—Al 2200 43:1 7052 1200 167 
* 
.8 Good

Whitney

6875 Pratt & IN—100 1600 2:1 0010 60° 154 0.7 Fair
Whitney

6876 Pratt  & IN—l00 1650 2:1 0010 60° 154 0.7 Fair
Whitney

6778 Stellite Ni—l6Cr— 1900 16:1 Poly 90° 130 2.0 Good
4Al—Y203

6879 Pratt & Ni—Mo—Al 2200 43:1 7052 120° 155 0.5 Good
Whitney

6880 Pratt & Ni—Mo—Al 2200 43:1 7052 1200 165 —— — Good
Whi tney

6881 Pratt & Ni—Mo—Al 2200 43:1 7052 120° 147 0.5 Good
Whitney

6882 Pratt & MARH—200 2200 43:1 7052 120° 148 0.5 Good
Whitney Mod.

6883 Pratt & Ni—Cr—Al— 2200 43:1 7052 120° 139 0.5 Good
Whitney N—y

6884 Pratt & Ni—Cr—Al— 2200 43:1 7052 120° 140 0.5 Good
Whitney Ni— y
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APPLIED METAL PROCESSING
NICKEL BASE

Extrusion Temp . Red . Billet Die ‘e~
Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6886 Pratt & Ni—Cr—Al— 2200 43:1 7052 1200 ———— .7 Good
Whitney y4-WC

6887 Pratt & Ni—Cr—Al— 2200 43:1 7052 120° 157 1.0 Good
Whitney y+WC

6888 Pratt & Ni—Cr—Al—y 2200 43:1 7052 1200 159 1.0 Good
Whitney TiC+W

6889 Pratt & Ni—Cr—Al— 2200 43:1 7052 1200 154 1.0 Good
Whitney y—T i—B

6890 Pratt & Ni—Cr—Al— 2200 43:1 7052 120° 147 1.1 Good
Whitney y+Ti—C2

6891 Pratt & Ni—Cr—Al— 2200 43:]. 7052 120° 157 .9 Good
Whitney y+Cb—C

6892 Pratt & Ni—Cr—Al— 2200 43:1 7052 120° 165 .9 Good
Whitney y+Ti-C—Cb

6893 Pratt & Ni—Mo—Al 2200 43:1 7052 120° 178 .8 Good
• Whitney

6894 Pratt & Ni—Mo—Al 2200 43:1 7052 120° 177 1.0 Good
Whitney

6895 Pratt & Ri—C Mod. 2200 43:1 7052 120° 140 1.1 Good
Whitney AF2—1DA

6896 Pratt & C. Mod. 2200 43:1 7052 120° 132 1.3 Good
Whitney AF2—lDA

6897 Pratt & C+B Mod. 2200 43:1 7052 1200 135 1.2 Good
Whitney AF2—bDA

6898 Pratt & B. Mod. 2200 43:1 7052 120° 146 1.0 Good
Whitney MARM—200

6916 Pratt  & MARN—200 2200 44.6:1 0010 120° 146 1.0 Good
Whitney
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~~ 

Vex
Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6917 Pratt & MARM—20 0 2250 44.6:1 7052 120° 130 1.2 Excellent
Whitney

6918 Pratt & Monoloy— 2250 44.6:1 7052 120° 154 1.0 Excellent
Whitney 555

6919 Pr att & MARN—200 2300 44.6:1 7052 120° 151 1.2 Good
Whitney

6920 Pratt  & Ni—l5Mo— 2300 44.6:1 7052 120° 140 1.0 Good

F 
Whitney 8Al

6921 Pratt & Ni—l8Mo— 2300 44.6:1 7052 120° 146 1.0 Good
Whitney 8A].

6944 Pratt & MARM—247 2250 44:1 0010 120° 146 1.1 Good
Whitney

6945 Pratt & MARM—247 2250 44:1 0010 120° 146 1.1 Good
Whitney

F 6946 AiResear ch MARM— 247 2200 43:1 0010 120° 155 1.0 Good
Arizona

6947 AiResearch MARN—247 2200 43:1 0010 1200 151 1.1 Good
Arizona

6948 Pratt & Ni—72.76Cr 1850 Blank Poly 1200 192 1.0 Excellent
Whitney —2.4—(+)

6949 Pratt & Ni—72.76Cr 1850 Blank Poly 120° 190 1.0 Excellent
Whitney —12.4—(+)

6950 Pratt & Ni—63.7— 1850 Blank Poly 120° 193 1.0 Excellent
Whitney 12.4Cr—(+)

6951 Pratt & Ni—63.76Cr 1850 Blank Poly 120° 189 1.0 Excellent
Whitney —l2.4— (+)

6952 Pratt & Ni—50.2Cr— 1850 Blank Poly 1200 192 1.0 Excellent
Whitney 12.4Co—

22.5—(+)
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NICKEL BASE

Extrusion Temp. Red. Billet Die P~ 
Vex

Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6953 Pratt & Ni—50.26Cr 1850 Blank Poly 120° 192 1.0 Excellent
Whitney —l2.4Co—

9.0— (+)

6954 Pratt & Ni—55.OOCr 1850 Blank Poly 1200 194 1.0 Excellent
Whitney —12 .4Co—18—(+)

6955 Pratt & Ni—55..OOCr 1850 Blank Poly 120° 192 1.0 Excellent
Whitney —12.4Co—

l8— (+)

6956 Pratt & Ni—64.09— 1850 Blank Poly 1200 192 1.0 Excellent
Whitney 12.4Cr—

22.5Co(+)

6957 Pratt & Ni—64.O9Cr 1850 Blank Poly 1200 190 1.0 Excellent
Whitney —12.4—9. OCo (+)

6958 Pratt & Ni—53.34— 1850 Blank Poly 120° 192 1.0 Excellent
Whitney 12.4Cr—22.5Co(+)

6959 Pratt & Ni—53.34— 1850 Blank Poly 120° 194 1.0 Excellent
Whitney 12.4Cr—

18.OCo(+)

6960 Pratt & Ni—60.62— 1850 Blank Poly 1200 196 1.0 Excellent
Whitney 12.4Cr—

9.O Co—(+)

6961 Pratt & Ni—60.09— 1850 Blank Poly 1200 196 1.0 Excellent
Whitney 12.4Cr—

9.OCo—(+)

6962 Pratt & Ni—62.34— 1850 Blank Poly 120° 194 1.0 Excellent
Whitney 12.4Cr—

9.OCo—(+) 3
6963 Pratt & Ni 62.34 1850 Blank Poly 120° 194 1.0 Excellent

Whitney 12.4Cr—
9 .OCo—(+)
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Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6964 P?att & Ni—57.99Cr 1850 Blank Poly 120° 194 1.0 Excellent
Whitney —l2.l5Co—

l3.9— (+)

6965 Pratt & Ni—58.O5Cr 1850 Blank Poly 120° 192 1.0 Excellent
Whitney —l2.l6Co—

13.9— (+)

6966 Pratt & Ni—58.5Cr— 1850 Blank Poly 120° 194 1.0 Excellent
Whitney 12.l6Co—

13.9— (+)

6967 Pratt & Ni—58.53Cr 1850 Blank Poly 120° 194 1.0 Excellent
Whitney —12.l6Co—

13.9—(+)

6968 Pratt & Ni—58.34Cr 1850 Blank Poly 120° 196 1.0 Excellent
Whitney —l2.l7Co—

6969 Pratt & Ni—58.34Cr 1850 Blank Poly 120° 197 1.0 Excellent
Whitney —l2.l7Co—

13.9—(+)

6970 Pratt & Ni—58.2Cr 1850 Blank Poly 120° 194 1.0 Excellent
Whitney —l2.l4Co—

l3 .90—(+)
— 6971 Pratt & Ni—57.99Cr 1850 Blank Poly 120° 194 1.0 Excellent

Whitney —12.lOCo—
13.85—(+)

6972 Pratt & Ni—72.76Cr 2000 6:1 0010 600 97 1.5 Good
Whitney —l 2.4—(+)

6973 Pratt & Ni—72.76Cr 2000 6:1 0010 60° 100 1.4 Good
Whitney —l 2.4— (+ )

6974 Prat t & Ni—63 .76Cr 2000 6:1 0010 60° 97 1.4 Good
Whitney l2.4Co—

9.0—(+)
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NICKEL BASE

Extrusion Temp . Red . Billet Die ~t Vex
Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6975 Pratt  & N 1—63.76Cr 2000 6:1 0010 60° 96 1.4 Good
Whitney l2.4Co—

9.0—(+)

6976 Pratt & Ni—50.26Cr 2000 6:1 0010 60° 97 1.4 Good
Whitney —l2.4Co—

22.5— (+)

6977 Pratt & Ni—50.26Cr 2000 6:1 0010 60° 81 1.5 Good
Whitney —l2.4Co—

22.5—(+)

6978 Pratt & Ni—55.OOCr 2000 6:1 0010 60° 92 1.4 Good
Whitney —l2.4Co—

18.0—(+)

6979 Pratt & Ni—55.OOCr 2000 6:1 0010 600 92 1.4 Good
Whitney —l2.4Co—

18.0— (+)

6980 Pratt & Ni—64.O9Cr 2000 6:1 0010 60° 97 1.4 Good
Whitney — l2.4Co—

9.O—(+)

6981 Pratt  & Ni—64 .O9Cr 2000 6:1 0010 60° 100 1.4 Good
Whitney —l2.4Co—

9.0—(+)

6982 Prat t & Ni—53.34Cr 2000 6:1 0010 60° 86 1.4 Good
Whitney —1 2.4Co—

18.0—(+)

6983. Prat t & Ni—53 .34Cr 2000 6:1 0010 60° 86 1.5 Good
Whitney l2.4Co— —

- l8.0—(+)

6984 Pratt & Ni—60.62Cr 2000 6:1 0010 60° 92 1.3 Good
Whitney —l2 .4Co—

9.0—(+)
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NICKEL BASE

Extrusion Temp. Red. Billet Die P~ VexNumber Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6985 Pratt & Ni—60.62Cr 2000 6:1 0010 60° 96 1.3 Good
Whitney 12 .4Co—

9.0— (+)

6986 Pratt & Ni—62.34Cr 2000 6:1 0010 60° 92 1.4 Good
Whitney —12.4Co—

9.0—(+)

6987 Pratt & Ni—62.34Cr 2000 6:1 0010 60° 97 1.3 Good
Whitney —12.4Co—

9.0— (+)

6988 Pratt & Ni—57.99Cr 2000 6:1 0010 60° 108 1.2 Good
Whitney l2.l5Co—

l3.90—(+)

6989 Pratt & Ni—58. O5Cr 2000 6:1 0010 60° 103 1.2 Good
Whitney —12.l6Co—

13.92—(+)

6990 Pratt & Ni—58.53Cr— 2000 6:1 0010 600 97 1.2 Good
Whitney l2.l6Co—

l3.92— (+)

I • 6991 Pratt & Ni—58.53Cr 2000 6:1 0010 60° 107 1.1 Good
Whitney —l2.l6Co—

13.92—(+)

6992 Pratt & Ni—58.34Cr 2000 6:1 0010 600 92 1.3 Good
Whitney 12. l7Co—

13.93—(+)

6993 Pratt & Ni—58.34Cr 2000 6:1 0010 60° 92 1.3 Good
Whitney — 12. l7Co—

13.93—(+)

6994 Pratt & Ni—58.2Cr— 2000 6:1 0010 600 89 1.2 Good
Whitney l2.l4Co—

13. 90—(+)
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Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6995 Pratt & Ni—57.99Cr 2000 6:1 0010 600 86 1.3 Good
Whitney —12.lOCo—

13.85—(+)

6998 Pratt  & MARM—200 2150 43:1 7052 1200 162 .5 Good
Whitney

6999 Pratt & AF2—1DA 2150 43:1 7052 120° 165 .5 Good
Whitney

7000 Pratt & MARN—247 2200 43:1 7052 120° 140 .5 Good
Whitney

7001 Pratt & Monoloy 2250 43:1 7052 120° 151 .6 Good
Whitney 444

7002 Pratt & MARN—20 0 2250 20:1 7052 60° 124 1.4 Good
Whitney

7003 Pratt & AF2—1DA 2250 43:1 7052 1200 154 1.3 Good
Whitney

7004 Prat t  & Ni—l8Mo—8Al 2300 43:1 7052 1200 140 1.4 Good
Whitney

7005 Prat t  & Ni-2lMo-8A1 2300 43: 1 7052 120° 138 1.3 Good
Whitney

7006 Pratt & Ni-9Cr-8Al- 2300 43:1 7052 120° 136 1.4 Good
Whitney 9W— . 2C

7007 Sherritt— Ni—l6Cr— 1832 10:1 Poly 90°R 116 1.3 Good
Gordon 4.5Al—

0.5Y2O3

7008 Sherritt— Ni—l6Cr— 1832 10:1 Poly 90°R 117 1.3 Good
Gordon 4.5Al—

0.5Y2O3
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7009 Sherritt— Ni—l6Cr— 1832 12.5:i Poly 90°R 140 1.1 Good
Gordon 4.5/U—

O.5Y203

7010 Sherritt— Ni—l6Cr— 1832 12.5:1 Poly 90°R 146 1.1 Good
Gordon 4.5Al—

0.5Y203

7011 Sherritt— Ni—l6Cr— 1922 10:1 Poly 9O°R 116 1.3 Good
Gordon 4.5Al—

O.5Y203

7012 Sherritt— Ni—l6Cr— 1922 10:1 Poly 90°R 116 1.2 Good
Gordon 4. 5Al—

0.5Y203

7013 Sherritt— Ni—l6Cr— L?22 12.5:1 Poly 90°R 136 1.2 Good
Gordon 4.5A 1—

O.5Y203

7014 Sherritt— Ni—l6Cr— 1922 12.5:1 Poly 90°R 138 1.2 Good
Gordon 4.5/U—

0.5Y203

7015 Sherritt— Ni—l6Cr— 1922 12.5:1 Poly 90°R 132 1.3 Good
Gordon 4.5Al—

O.5Y203

7016 Sherritt— Ni—l6Cr— 1922 12.5:1 Poly 90°R 143 1.1 Good
Gordon 5Al—2Th02

7017 Sherritt— Ni—l6Cr— 2012 10:1 Poly 90°R 103 1.4 Good
Gordon 4.5Al—

0.5Y20 3

7018 Sherritt— Ni— l6Cr— 2012 10:1 Poly 90°R 108 1.3 Good
Gordon 4.5/U—

O.5Y203

7019 Sherritt— Ni—l6Cr— 2012 12.5:1 Poly 90°R 124 1.3 Good
Gordon 4.5/U—

O.5Y20 3
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Number Agency Alloy °F Ratio Lube Angle (ksi) (ipLs) Surface

7020 Sherritt— Ni—l6Cr— 2012 12.5:1 Poly 90°R 124 1.3 Good
Gordon 4.5Al—

0.5Y203

7054 Pratt & AF2—1DA 2250 43:1 .7052 1200 130 1.1 Good
Whitney Mod .

7055 Pratt & AF2—1DA 2250 43:1 7052 120° 130 1.2 Good
Whitney Mod.

7056 Pra tt & Ni—l8Mo— 2250 20:1 7052 120° 119 1.2 Good
Whitney 6Al

7057 Pratt & Ni—l6Cr— 2250 43:1 7052 120° 151 .7 Good
Whitney 4A1—l5Cb

7058 Pra tt & Ni—l4Mo— 2300 43:1 7052 120° 162 .8 Good
Whitney 6A1—6Ta

7059 Pratt 6, Nj—l5Mo— 2300 43:1 7052 120° 162 .7 Good
Whitney 7/U—3Ta

7060 Pratt &
Whitney Ni—l8Mo— 2300 43:1 7052 120° 151 .9 Good

7A1—3Ta

7061 Pratt & Ni—6Cr—2.5 2300 43:1 7052 120°
Whitney Al—2OCb

7062 Pratt & Ni—Cr— 2300 43:1 7052 120° 135 1.1 Good
Whitney A1+Tac

7063 Pratt & Ni—Tac— 2300 43:1 7052 120° 127 1.2 Good
Whitney Low—C

7064 Pratt & Ni—6Cr— 2300 43:1 7052 120° 108 1.2 Good
Whitney 6Al-lOCb

7065 Pratt & Ni—l3Cb— 2300 43:1 7052 120
0 119 1.1 Good

Whitney 8/U
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APPLIED METAL PROCESSING
NICKEL BASE

Extrusion Temp. Red. Billet Die ~t 
Vex

Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

7066 Pratt & Ni—l8Mo— 2300 43:1 7052 120° 140 1.0 Good
Whitney 8/U

7067 Pratt & Ni—l8Mo— 2360 43:1 7052 120° 130 1.2 Good
Whitney 8Al+Zr
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APPLIED METAL PROCESSING

F IRON BASE

Extrusion Temp. Red. Billet Die P~ Vex
Number Agency Al1oy~ 

0F Ratio Lube Angle (ksl) (ips) Surface

6938 Pratt & Mild Steel 1600 8:1 0010 120° 163 1.3 Good
Whitney

6939 Pratt & Mild Steel 1600 8:1 0010 120° 154 1.4 Good
Whitney -

6940 Pratt & Mild Steel 1600 8:1 0010 120° 161 1.4 Good
Whitney

6941 Pratt & Mild Steel 1600 8:1 0010 120° 155 1.4 Good
Whitney

6942 Pratt & Mild Steel 1600 8:1 0010 120° 154 1.4 Good
Whitney

6943 Pratt & Mild Steel 1600 8:1 0010 1200 157 1.4 Good
Whitney

6996 Pratt & Fe—9Ni—4Co— 1500 12:1 8871 60° 134 1.5 Good
Whitney 2C

6997 Pratt & Fe—9Ni—4Co— 1400 12:1 8871 600 144 1.3 Good
Whitney 2C F

7021 Pratt & Mild Steel 1600 8:1 0010 90° 153 1.4 Good
Whitney

7022 Pratt & Mild Steel 1600 7.8:1 0010 90° 167 1.4 Good
Whitney

7023 Pratt & Mild Steel 1600 7.8:1 0010 90° 157 1.4 Good
Whitney

7024 Pratt & Mild Steel 1600 7.8:1 0010 90° 165 1.4 Good
Whitney

7025 Pratt & Mild Steel 1600 7.8:1 0010 90° 170 1.4 Good
Whitney

7026 Pratt & Mild Steel 1600 7.8:1 0010 90° 171 1.4 Good
Whitney
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APPLIED METAL PROCESSING
COBALT BASE

Extrusion Temp. Red. Billet Die ~t 
Vex

Number Agency Alloy OF Ratio Lube Angle (ksi) (ips) Surface

6758 Polymet Co—l8Cr— 1750 16:1 Poly 90° 113 2.0 Good
5Mo—2B

6759 Polymet Co—20W— 2000 9:1 Poly 90° 100 2.0 Good
28Cr

6760 Polymet Co— 20W— 2000 9:1 Poly 900 103 2.0 Good
28Cr

6863 Polymet Co—Base 2000 16:1 Poly 90° 97 2.1 Good

6871 Polymet Co—Base 2000 9:1 Poly 900 73 2.5 Good

6877 Pratt & Co—Tac 741 2200 43.73 7052 120° 132 0.5 Good
Whitney :1

6878 Pratt & Co—Tac 741 2200 43:1 7052 1200 142 ———— Good
Whitney

5905 Polymet Co—3OCr— 2000 16.3:1 Poly 900 151 1.7 Good
W/o—20W

6906 Polymet Co—3OCr— 2000 8.9:1 Poly 90° 143 1.9 Good
• W/o—20W

6907 Polymet Co—3OCr— 2200 8.9:1 Poly 9Q0 143 2.0 Good
W/o—20W

6908 Polymet Co—3OCr— 2000 16.34 Poly 9~~0 167 2.0 Good
20W :1
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APPLIED METAL PROCESSING

ALUMINUM BASE

Extrusion Temp. Red. Billet Die ~t 
Vex

Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6789 AFML/LLM—l 17 Al 2575 —— — 7740 90° 43 1.5 Good
Powder

6835 AFML/LLM 7075—Al 900 10:1 Poly 90° 157 .8 Good

6865 Pratt & 7057—Al 850 Blank Poly 90° — ——— .5 Good
Whitney Alloy
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APPLIED METAL PROCESSING

COPPER BASE

Extrusion Temp. Red. Billet Die ~t Vex
Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6834 AFML/LLM Cu. 900 10:1 Poly 90° 146 1.0 Good

6869 AFML/LLM Cu. 900 10:1 Poly 90° 148 1.1 Good

6870 AFML/LLM Cu. 900 10:1 Poly 90° 159 1.1 Good
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APPLIED METAL PROCESSING

TANTALUM BASE

Extrusion Temp. Red. Billet Die P~ Vex
Number Agency Alloy °F Ratio Lube Angle (ksi) (ips) Surface

6771 University Ta—2OHf 3000 2.5:1 Bare 60° 97 4.5 Excellent
of Calif.
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