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A method and die for drawing a complex elongated 
structural member formed with at least one extending 
?n which consists of drawing said member through a 
die of substantial complimentary ori?ce con?guration 
disposed to effect a predetermined gage reduction of 
said ?n, the metal working surface of said die disposed 
to effect a gage reduction of said ?n being inclined in 
the drawing direction so that said ?n is gradually and 
sequentially engaged by said working surfaces from its 
innermost surface to an unrestrained edge. The orifice 
portion of the die corresponding to said ?n extends 
laterally from the direction of drawing a distance 
greater than the lateral growth of the fin to avoid any 
lateral restraint. Also, where said member has a cross 
bar which does not terminate on a free edge said 
working surfaces are optionally inclined in the draw 
ing direction to an intermediary position between the 
ends of the cross-bar where there is provided in the 
die ori?ce or the cross-bar a local relief of restraint to 
receive metal flow. 

13 Claims, 13 Drawing Figures 
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METAL DRAWING DIE 
This application is a continuation in part of US. Pat. 

application Ser. No. 17,648, ?led Mar. 3, 1970, enti 
tled “Metal Drawing Die," now abandoned which was 
a continuation in part of US. Pat. application Ser. No. 
686,064, ?led Nov. 28, 1967, entitled “Metal Drawing 
Die,” now abandoned. 
This invention relates to a novel design for a die such 

as might be used on a drawbench to reduce the cross 
sectional dimensions or area and to improve the sur 
face ?nish of extruded or otherwise pre~formed blanks 
or billets of materials such as steel and alloys of alumi 
num, titanium and beryllium, the superalloys and the 
refractory metals. The invention is more particularly 
related to a draw die to be employed in the dimensional 
and surface ?nishing of blanks such as metallic extru 
sions characterized by complex cross-sectional con?g 
urations such as T’s, H's, Z’s, l’s, and so forth. 
Such blanks or extrusions have been popularly em 

ployed in the art as structural members and this ‘has 
been particularly so in the case of the construction of 
aircraft and aerospace vehicles and equipment where 
weight is almost always a critical factor because of the 
fact that the complex cross-sectional con?gurations 
contribute to the greatest structural strength per unit of 
weight. To gain the maximum structural ef?ciency, it 
is ‘essential ‘to obtain desired surface ?nishes and toler 
ances which are critical factors in aircraft and aero 
space vehicles from the standpoint of the elimination of 
stress risers of such surfaces, and to reduce excess 
weight in a particular construction or design. It has 
been the practice to subject the blanks which ‘have 
been ‘formed ‘by extrusion, rolling, or the like, to one or 
more machining operation. Thus, for example, smooth 
surfaces are required to eliminate notch sensitivity and 
possible ‘fatigue failure. The maximum allowed varia 
tion in thickness ‘of the webs, ?anges, or extensions of 
‘the complex cross-section for aircraft or aerospace ve 
hicle construction is on the order of i'0s002 inch 
throughout a 20 foot'length and thesurface ?nish is re 
quired to ‘be I‘OOiRMS or better. To me'et‘these speci? 
cations it has been necessary to subject complex 
shaped blanks ‘to a series of very costly and ‘time 
consuming ‘machining operations. The more complex 
the cross-sectional shape of the component, the more 
costly and timeconsumingare the required surface?n 
‘is'hing ‘operations. Although the very precise ?nishes 
and tolerances required in ‘the aerospace industry are 
an outstanding‘exampleof the problem, in most if :not 
all‘of the‘construction ‘and assembly industries it‘is fre 
quently vnot possible to employ an extrusion or other 
s‘tringeras'it comes from ‘the press orrolling mill-and 
‘expensive machining and‘other ?nishing operations are 
required. 

=ln an effort to eliminate some or all'of thesei?nishing 
operations, the ‘prior art ‘has resorted ‘in a ‘limited ‘way 
to the-fuse of drawing dies on‘drawbenchesnhe desired 
effect'of which is to achieve a uniform reduction'in the 
‘cross-sectional‘dimensions and area ofthe part andto 
impart a smoother surface to it. This‘is achieved'by‘the 
Ifor‘cedtpulling or “drawing” of‘the'length'of the mate 
rial as ‘originallytextruded or rolled throug'hthe opening 
in the draw die which‘has‘been made nominally smaller 
than the cross—s‘e,ction of thepart to be drawn. Asthe 
‘part ispulled through therdie,‘the effect ofrthe die‘face 
is‘to cause a'?ow‘of‘the excess metalina directionop~ 
posite to‘the movement of thepart‘throug‘h'the die with 
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2 
the displaced volume of metal being reflected in an in 
creased length of the drawn or ?nished part. ' 
The success of this apparently desirable and suffi 

cient means for obtaining desired dimensional and sur~ 
face characteristic control of a preformed component 
has been substantially impaired by the fact that it is ec 
onomically impractical if not impossible for the extrud 
ing and rolling mills to produce the blanks in the ?rst 
instance which have a reasonable uniformity in the 
cross-sectional dimensions or the surface characteris 
tics of the part which ultimately is to be passed through 
the draw die. Since this is particularly so with regard to 
members of complex cross-sectional configurations, 
the problems encountered in the drawing operation as 
a result of the nonuniformities in the part being drawn 
are even greater in the case of the more complex 
shapes; and the result of this has been that, even though 
such shapes are in all other respects more desirable, 
particularly in the aircraft and aerospace industries, 
their use has been substantially hindered by economic 
considerations which necessarily arise where the intri 
cate and time-consuming machine operations remain 
as the only known satisfactory means for ?nishing such 
parts. ' 

It is the nonuniformity of the starting materials which 
cause the failure of the part being drawn, deterioration 
of the drawing die and/or breakdown of the lubricant 
that is conventionally employed in either cold or warm 
drawing operations. It has been discovered that, as a 
workpiece is pulled through the conventional drawing 
dies of the prior art, the excess metal resulting from the 
nominal reduction in cross-sectional area accumulates 
at the face of the die in a nonuniform manner which re 
sults in the presence of nonuniform stresses across the 
working edges of the die. As this metal continues to pile 
up, the greater reduction in the cross-sectional area of 
the part at such point further increasesthe stress in the 
‘metal, in many instances to the point at which the stress 
exceeds the ultimate strength of the metal being 
worked and the part breaks or separates while it is 
‘being drawn. in other cases, even though the ultimate 
strength‘of the metal being worked is not exceeded, the 
continuous application, particularly in a noncontrolla 
ble, nonuniform fashion‘results in excessive stress con 
centrations at certainzpoints on the die at which the lu 
bricant breaks down and severe galling of both the part 
and the die occur to render both unusable.'Beyond this, 
regardless of whether or not the excessive stresses re 
sult in the breakage of the part or in the deterioration 
of its surface or‘of'the die, in almost all cases the nonu 
niform‘buildup of the metal in front of the drawing face 
of the die results in a bending of the part as it emerges 
from the die. Tests have demonstrated that some 20 
foot parts so drawnhave been bowed by as'much as 3 
feet from the theoretical longitudinal axis of the part; 
and this substantially detracts from the structural capa 
bility of the part and renders it unusable. 
it is evident from the foregoing that as long as the 

process for ?nishing such parts must accommodate 
those with unequal volumes of metal in their various 
segments and such accommodation results in the un 
equalapplication of the drawing force throughout the 
cross-section of thepart, satisfactory products are not 
‘likely-to be achieved. Indeed it might be said that the 
correction of the above-enumerated problems with 
prior art apparatuses and processes will have'to violate 
"basic‘principles of geometry and mechanics. 
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It is accordingly an object of the present invention to 
provide an improved metal drawing die. A more spe 
ci?c object of the invention is to provide such a die 
which is capable of accomplishing substantial reduc 
tions in the cross-sectional dimensions of metal compo 
nents, especially those of complex cross-sectional con 
figurations having angularly disposed legs, webs, and/or 
?anges which are not at the outset of uniform dimen 
sion or surface characteristics. 
Another object of the invention is to provide such a 

die which is capable of accomplishing the dimensional 
changes in a continuous and uniform manner and of si 
multaneously improving the surface characteristics of 
the drawn part thereby eliminating the need for ma 
chining or any other ?nishing operations thereon. 

Still another object of the invention is to provide such 
a die which can accomplish the above objects without 
being subject to premature deterioration in themselves 
or will not lead to premature damage or deterioration 
of the part being drawn or the lubricants employed in 
connection therewith. 
The most signi?cant object, of course, is to provide 

a new and unique draw die capable of accepting nonu 
niform blanks and of reducing them to parts of satisfac 
tory and usable quality without complicated ?nishing 
operations. 

INVENTION 

To achieve these and other objects and advantages of 
the invention which will appear from a reading of the 
following disclosure, the present invention teaches a 
die which is capable of eliminating the excessive build~ 
ing up ofthe metal in front of the die face. More specif 
ically the present invention teaches a die which, by sim 
ple variations in its basic design, can be so constructed 
that the excess metal resulting from the reduction in 
the cross-sectional area of the part being drawn will be 
caused to move laterally as well as longitudinally of the 
direction of the movement of the part through the die. 
At the same time, the lateral dimensions of the die 
opening are, according to the teachings of this inven 
tion, enlarged to accommodate the lateral movement 
of the metal in such a manner that it will continue to 
pass through the die without any excessive metal 
buildup in front of it. Although the length of the legs or 
projections will vary somewhat as the metal is laterally 
displaced within the die opening, the lengths of such 
legs or projections may be easily corrected and made 
uniform by a relatively simple edge machining or 
broaching operation which involves neither the cost 
nor the time of the type of complete surface machining 
that has heretofore been required. 
To accomplish the beneficial lateral movement of the 

metal, the present invention teaches a drawing die 
wherein the forward or working surfaces of the die 
opening, i.e., those surfaces adjacent the die opening 
which are first contacted by the metal blank moving 
through the die, are divergent or sloped rearwardly or 
in the direction of the movement of the piece through 
the die. In certain modi?cations of the invention, this 
divergence of the working surfaces may be accom 
plished by simply sloping the forward face of the die 
which the die opening intersects to form the working 
surfaces. 

In other modifications, the working surfaces of the 
die at which the metal is actually reduced in lateral di 
mensions are recessed or positioned interiorly of the 
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4 
die; and communication of the metal blank with such 
edges is provided by suitable passages through the die 
forwardly of the edges. These particular modi?cations 
are especially adaptable for use where, as in the case of 
the reduction of a T-section, for example, substantial 
working forces are present at certain points of the die. 
The provision of additional die body at such points, as 
opposed to their mere location upon the surface of the 
die, serves to reinforce the die and to accommodate the 
larger stresses without subjecting the die to premature 
breakage or to variations in the opening which would 
result in dimensional variations in the ?nished part. 
The angular disposition of the working surfaces of 

the die is such or, by calculation or experiment is ad 
justed to be such, relative to the particular size, shape, 
and composition of the blank being drawn, that the 
flow of the metal laterally of the direction of travel of 
the blank through the die will cause a predetermined 
amount of the excess metal tending to build up in front 
of the die to move to the edges of the part. Considered 
from a slightly different point of view, it can be ob 
served that in the prior art constructions wherein the 
working surfaces of the die have been substantially at 
right angles to the movement of the part, all of the 
metal being moved or caused to flow in the drawing re 
duction is translated into the elongation of the part. 
Since all of this displacement occurs forwardly of the 
die, there has heretofore been no apparent means 
whereby the displaced metal could be shifted laterally 
from one location on the part which is oversize to some 
other location thereon which is undersize. In the case 
of the present invention where the working surfaces are 
angularly disposed, a portion of the displaced metal, 
depending upon the degree of the angular disposition, 
will, because of its lateral movement, result in an in 
crease in the lateral dimensions of the drawn part. 
Since this degree of lateral displacement is substantially 
directly proportional to the angle of inclination of the 
working surfaces; i.e., that angle which they form with 
a plane at right angles to the direction of the movement 
of the part, an inclination angle of say 18° may result 
in the lateral movement or flow of approximately 20 
percent of the metal being displaced to increase the lat 
eral dimensions. On the other hand, approximately 
eighty percent of the displaced metal would still be 
caused to ?ow longitudinally to result in an increase in 
the length of the part. While the speci?c result as to any 
part will depend as well upon the physical characteris 
tics such as the hardness, ductility, malleability, coef? 
cient of friction, plasticity, etc., of the material of 
which the part is formed and of the lubricants and other 
process parameters, the preferred angle as to any par 
ticular part composed of any particular material can be 
quickly arrived at by nominal empirical adjustments. 
As previously indicated, the preferred disposition of 
the working surfaces should be such that the lateral 
flow of the metal can absorb, adjust for, or otherwise 
accommodate such nonuniformities as existed in the 
original blank prior to drawing. On the other hand, 
since, as will be hereinafter more fully explained, the 
lateral metal ?ow results in a growth in lateral dimen 
sion, the nonuniformities of which will be ultimately 
corrected by edge trimming or broac'hing operations, it 
is also preferred that the lateral metal ?ow be no 
greater than is absolutely necessary to cover all nonuni 
formities that are reasonable to be anticipated. Hence 
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the angle of inclination of the working surfaces should 
be no greater than is necessary. 
An important ‘feature of the die of the present inven 

tion is that, to accommodate such lateral growth of the 
part as is necessary, the die surfaces which form the lat 
eral extremities of the reduced part extend beyond the 
anticipated length of the particular legs or ?anges to 
provide an extended opening or clearance that will ac 
commodate the laterally displaced metal and allow it to 
move freely through the die without any interference. 
Because this lateral flow will vary according to minor 
variations in the drawing forces applied and the unifor 
mity of the composition of the metal being worked 
upon, the precise degree of the lateral ?ow and the 
growth of the extremeties of the legs or flanges cannot 
‘be controlled. Consequently, it is in many cases neces 
sary, after the part has been thus drawn, to machine or 
otherwise to trim the edgemost portions of the flanges 
or webs to their desired dimensions. ‘In such cases,'even 
though a machining operation is thus required, it can 
be appreciated that this is a very basic and inexpensive 
machine shop operation which is entirely distinguish 
able from the machining that would be required to 
bring the entire cross section into proper tolerances in 
sofar as size and surface characteristics are concerned. 

If the material application is such that only the edges 
of the ?nished .part are to be machined, in particular 
cross sections such as channels or U's, H’s, F’s, and vl's 
wherein certain of the webs or ?anges are interior and 
do not terminate in exposed edges, the die opening 
forming such interior webs or ?anges in such cases 
need not be angularly disposed relative to the move 
ment of the part. Only those surfaces of the die which 
are to form those legs or flanges which do terminate in 
exposed edges will have angularly disposed working 
surfacesand the working surfaces of‘the portions of the 
die to form the interior webs may be at right angles to 
the direction of the drawing movement of the part or 
have a zero angle of inclination. Thus, in the case of a 
die to reduce a length of a channel having a U-shaped 
cross section for example, the base web of the channel 
from each edge‘of whichprojects a ?ange is formed by 
working surfaces which are disposed at right angles to 
the movement of the part through the die whereas 
those ?anges which do project upwardly from the base 
are formed by working surfaces which are rearwardly 
sloped from the‘front die face or have an angle of'incli 
nation. As a result of thisparticular disposition of the 
various working surfaces, all of the lateral displacement 
of the metal is re?ected at the upper edges of extremi 
tiesof each of the ?anges projecting from the base, and 
it is only these ‘edges which ultimately have to be 
trimmed where closer tolerances than those which‘re 
sult from a natural displacement of the metal are re 
quired. 
However, if the interior webs or ?anges are to be sub 

stantially reduced in section, it is possible to induce lat 
eral ?ow in the interior section by the angular deposi 
tion of the working surfaces in the direction of drawing 
thereby inducing lateral metal flow toward an interme 
diary part of the section where a local relief in the die 
allows unrestrained-metal ?ow. Therefore, in the case 
of a die to reduce a length of channel having a ‘U 
shaped cross section, for example, the base‘web of the 
channel from each edge of which projects a ?ange is 
formed by working surfaces which are disposed at a 
rearward angle from‘the juncture of the base web and 
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6 
the vertical ?anges to induce lateral metal flow toward 
an intermediary position of the base web (preferably 
the center) where a relief in the die allows unrestrained 
metal ?ow. The ?ns that project upwardly from the 
base may be formed by working surfaces which are 
rearwardly sloped from the front of the die face at some 
angle of inclination. As a result of this disposition of the 
various working surfaces, all lateral metal ?ow is di 
rected toward a portion of the die where local metal 
?ow is unrestrained and it is only these locations which 
ultimately have to be machined where closer tolerances 
are required. 
Another embodiment of the subject invention allow 

ing unrestrained metal flow in interior webs or cross 
bars would have lateral metal ?ow induced by the an 
gular disposition of the die working faces with no local 
relief in the die at anintermediaryposition. The work 
piece itself would ‘have a continuous depression or re 
lief at the intermediary position where lateral metal 
flow induced into this intermediary position would ?ow 
unrestrained into the relief provided in the workpiece 
itself. 
The invention thus generally described may be more 

clearly understood by reference to the following de 
tailed description of certain speci?c andvpreferred em 
bodiments and examples thereof in connection with 
which reference may be made to the appended draw 
ings wherein: 
‘FIG. I is a front elevational view of a drawing die 

constructed in accordance with the present invention 
and designed to accommodate a T-shapedpart; 
FIG. 1A is a fragmented cross-sectional view of the 

orifice of ‘the die of (FIG. 1 as seen along the line 
lA-lA thereof; 
FIG. 2 is a perspective view of the die illustrated in 

FIG. 3 is a perspective view of the die illustrated in 
FIGS. ‘1 and 2 with a workpiece ‘being drawn there 
‘through; 

FIG. 4 is a front elevational view of a drawing die ac 
cording to the present invention adapted for the draw 
ing reduction and ?nishing of a U-shaped part with no 
lateral ?ow induced by the dies in the interior web of 
the part; 
FIG. 5 is a perspective view of the draw die illustrated 

in FIG. 4; 
FIG. 6 is a perspective view of the draw die illustrated 

in FIGS. 4 and 5 with a U-shaped workpiece being 
drawn therethrough; 
FIG. 7 is a perspective view of a modi?ed version of 

a drawing die according to the present invention 
wherein the working surfaces of the die opening are po 
sitioned within the die body; 
FIG. 8 is an elevational view in cross section of the 

die of FIG. 7 as seen along the lines 8-8 thereof; and 
FIG.‘ 9 is a graph showing dimensional changes expe-v 

rienced by utilizing the dies of the present invention 
and conventional dies in drawing T sections; 
FIG. 10 is a front view of the draw die used to reduce 

and ?nish a U-shaped part where the die surfaces in 
duce lateral metal ?ow in the interior section as well as 
the upright ?ns; 
FIG. 11 is a perspective view of the die illustrated in 

FIG. 10; 
FIG. v12 is a perspective view of the drawing die illus 

trated in FIGS. 10 and 11 with a U-shaped workpiece 
‘being drawn therethrough. 
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Referring now to the FIGS. 1, 1A, 2, and 3, a typical 
drawing die 10 according to the present invention is 
shown to consist of a cylindrical main body portion 11 
and a face portion 12 formed with a die ori?ce 13 
which, in the case of the illustrated embodiment, is T 
shaped in cross section having a base (13a and 13b) 
and an upwardly projecting stem 13c. As is best illus 
trated in FIGS. 2 and 3, the face 12 of die 10 protrudes 
being, in this particular instance, of a generally conical 
con?guration having its apex at 14. The intersection of 
the base and stem of the T-shaped ori?ce 13 coincides 
with the apex 14 of the protruding die face 12 so that 
each leg 13a and 13b of the base and the stem 13c 
slants rearwardly or in the direction of movement of 
workpiece 16. The metal working surfaces 15 of legs 
13a and 13b of the base and the stem 13c parallel the 
leg and stem openings. 
As shown by FIG. 3, a T-shaped metal extrusion 16 

may be drawn through the T-shaped ori?ce 13 of die 
10 in the direction of the arrow. As is the practice in 
the case of conventional drawing dies, the width of the 
individual passages de?ned by the respective working 
surfaces 15 of the die openings is nominally less than 
the width or thickness of the ?anges 17 and 18 of the 
workpiece 16 to be drawn by the die. It is, of course, 
in response to this reduced dimension that the work 
piece is drawn as it passes through the die to the ulti 
mately desired dimensions which are those established 
by the spacing between said working surfaces. As previ 
ously stated, however, in the case of the present inven 
tion, the in?uence of the divergent character of the die 
working surfaces is such that the displacement of all of 
the metal involved in the reduction in the cross 
sectional dimensions of the part is no longer translated 
exclusively along the axis of the movement of the part 
through the die but is rather in part at least translated 
into some lateral movement and lateral expansion of 
the part as it passes through and emerges from the die. 
To accommodate this lateral ?ow of metal and the lat 
eral metal expansion, legs 13a and 13b and stem 13c of 
die ori?ce 13 extend laterally from the intersection 14 
farther than normally regarded to be necessary solely 
to accommodate the lateral expansion of the various 
webs such as 17 and 18 of the part. 
Thus, it will be observed that the lateral limiting sur 

faces 19, 20, and 21 of the die opening are spaced from 
the edges of the workpiece passing therethrough to 
provide ample clearance. The distance between the 
edge of the workpiece and the surfaces 19, 20, and 21 
of the die opening at these points should be sufficient 
to accommodate whatever lateral ?ow of metal results 
as the particular part of a particular composition is 
drawn through a particular die having a particular 
angle of divergence of its working surfaces. 
Although some nominal contact between the trans 

versely expanding edges of the workpiece and the lat 
eral limiting surfaces 19, 20, and 21 of the die opening 
was thought permissible even to the extent that a nomi 
nal amount of metal might build up in front of the die 
even at the surfaces 19, 20, and 21, it is most important 
that this build-up might be such that it exerts no sub 
stantial pressure upon the part or resistance to the 
movement thereof through the die. However, it has 
been determined that such nominal contact is impracti 
cal and not possible in ordinary commercial practice. 
Consequently, it may be stated that to avoid metal 
build-up in back of the die lateral ?ow of fins or webs 
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8 
17 and 18 must be completely uninhibited. In other 
words, lateral limiting surfaces 19, 20, and 21 must not 
contact the workpiece or distortion and warping of the 
workpiece will result. 
As previously explained, as the part 16 enters the die 

under the in?uence of a drawing force applied by con 
ventional clamping means (not shown) and moves 
through the die in the direction of the arrow, the re 
strictive in?uence of the relatively smaller die opening 
causes a ?ow of the metal of the part which results in 
the part’s being reduced in its cross-sectional dimen 
sions, at least insofar as the width of the webs and 
?anges such as 17 and 18 are concerned. The metal 
that is necessarily displaced in this reduction in volume 
per unit length of the part as it passes through and 
emerges from the rear of the die is moved by the die 
face or more particularly the working surfaces of the 
die opening in a direction generally opposed to the di 
rection of the movement of the part. Whereas in the 
prior art dies, this movement was almost entirely longi 
tudinal in the direction of such movement, the angular 
disposition of the working surfaces of the die of this in 
vention is such that a controllable portion, depending 
upon the degree of the angular disposition, of the dis 
placed metal will ?ow laterally to the direction of 
movement of the part and tend to ?ll the clearance 
spaces between the workpiece and limiting surfaces 19, 
20, and 21. 
While in some cases, the relative uniformity of the 

dimensions of the part before it is drawn will be such 
that the degree of lateral ?ow of the metal (as in?u 
enced by the angular disposition of the working edges, 
the characteristics of the metal itself, etc., as set forth 
above) may be controlled so that the lateral expansion 
of the part only nominally exceeds the distance pro 
vided by the enlarged spacing of the limiting surfaces 
19, 20, and 21 so that the part emerging from the die 
will be in the exact cross-sectional dimensions desired, 
not only with regard to the width of the ?anges but also 
as to their length. In most cases, however, and particu 
larly in those where the die of the present invention is 
to ?nd its greatest utility and advantage, the nonuni 
formities in the original workpiece will be such that the 
lateral growth of the part (wherein the bulk of the non 
uniformities are absorbed or accounted for) will be too 
erratic or variable to have the legs 13a and 13b and 
stem 13c completely ?lled to limiting surfaces 19, 20, 
and 21 without one or more oflegs 13a and 13b or stem 
13c being excessively ?lled to the point that an exces 
sive build-up of metal occurs during at least one part of 
the drawing operation to create the problems that have 
heretofore been experienced in conventional draw 
dies. Consequently, the limiting surfaces 19, 20, and 21 
should always be spaced a somwhat greater distance 
from intersection 14 than the ultimately predicted 
lengths of the webs of the ?nished part. In these cases 
it is then necessary to ?nish the part after it has passed 
through the draw die by a machining operation to bring 
the webs or ?anges to their desired length; but it is 
again to be pointed out that this edge trimming or 
broaching operation is a fast and economical operation 
that does not represent a substantial distraction from 
the great bene?ts achieved by the use of the die. 
The draw die 22 illustrated in FIGS. 4, 5, and 6, like 

that above described, is shown to comprise the body 
portion 23 and the rearwardly divergent or conical 
working face 24. In this particular modi?cation the die 
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orifice 25 is designed for the drawing of a U-shaped 
channel member. Ori?ce 25 is provided with a base 26 
and side legs 27 and 28 which extend upwardly from 
either side of base 26. The front die face 24 is frustro 
conically shaped, terminating at its forwardmost end in 
a ?at surface 29. The effect of this particular con?gura 
tion of the front die face is that the U-shaped passage 
through the die intersects the front face in such a man 
ner that the working surfaces which parallel the base 26 
and which ultimately draw the cross web 31 of work 
piece 30 (FIG. 6) extend transversely to the direction 
of movement of the part 30 through the die, whereas 
the working surfaces which parallel legs 27 and 28 are 
angularly disposed to the plane normal to the move 
ment of the part and slope rearwardly therefrom to pro 
vide for lateral ?ow or the metal of which the webs 32 
and 33 are composed as the part is drawn through the 
die. 
The lateral distance between ?anges 32 and 33 of the 

workpiece 30 must remain ?xed so that outward lateral 
metal ?ow in web 31 is not desirable since there is no 
unrestrained edge to allow lateral expansion. In this 
particular application the method of the invention is 
not used on the center portion 31 of the workpiece 30. 
However, the metal tending to build up in front of the 
die at the legs 27 and 28 of ori?ce 25 may be relieved 
by lateral ?ow. Thus, as the part 30 is drawn through 
the die in the direction of the arrow, the base or trough 
web 31 will be reduced in thickness and receive the de 
sired surface characteristics although no lateral metal 
?ow takes place. At the. same time, however, ?anges 32 
and 33 will expand laterally (vertically in the case of 
the position of the part as shown in the drawings). To 
accommodate this lateral ?ow, space is provided be 
tween the limiting surfaces 34 and 35 of legs 27 and 28 
in which the expansion of the side ?anges may occur 
without an incidence of excessive build-up of the metal 
that might cause breakage of the part, damage to the 
die or other disrupting in?uences in the drawing opera 
tion. 

In passing, reference is made to FIG. 5 wherein the 
face 29, being normal to the direction of the movement 
of the part through the die can be used as a reference 
plane for the de?nition of the angle of inclination 37 
which is the angle of intersection between the rear 
wardly'sloped working surfaces of the die opening such 
as those paralleling legs 27 and 28 with the surface 29 
which is merely representative of a plane normal to the 
movement of the part. 
Referring now to FIGS. 7 and 8, the die 37 is shown 

to be basically cylindrical in its overall shape having a 
flat front face 38 parallel to the ?at rear face 39 both 
of which are intersected by a drawing passage 40 de 
signed to receive a member of T~shaped cross-section 
with the transverse or base opening 41 and the stem 
opening 42 extending vertically therefrom. In this case, 
however, it is important to observe that the working 
edges of the die do not parallel the base and stem open 
ings, but are rather positioned interiorly of the die at 
44. These working surfaces may be likened to the 
working surfaces that parallel base legs 13a and 13b 
and stem 13c of the die of FIG. 1 and are identi?ed as 
base legs 44a and 44b and stem leg 44c. As will be ob 
served, these working surfaces are angularly disposed 
to the plane normal to the movement of the part 
through the die; and, because of their angular dispo 

‘ sition and because they are the working surfaces which 
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actually result in the drawing or reduction of the part, 
they have the same influence upon the lateral move 
ment of metal and lateral expansion of the part as do 
the similarly disposed working surfaces of the dies pre 
viously illustrated and described. 
Thus, the entrance portion of die ori?ce 40 is of 

greater dimensions that the undrawn T-shaped work 
piece and the opening diminishes in size from opening 
40 to work surfaces 44 and then expands to opening 50. 
A gage reduction of the base and stem ?ns of the work 
piece does not occur until the lateral dimensions along 
any given transverse plane reaches the working sur 
faces 44. Upon reaching the surfaces 44 the drawing 
phenomenon is substantially identical with what occurs 
at the working surfaces that parallel the face 12 of the 
die of FIG. 1. Since the base surfaces 44a and 44b and 
stem 44c are all inclined at an angle in the direction of 
drawing from a centrally positioned apex 45, metal 
?ow will tend to be lateral and if the limiting surfaces 
46, 47, and 48 of legs 44a and 44b and stem 440 are 
spaced a suf?cient distance from apex 45 to permit ad 
equate lateral ?ow, such ?ow will occur to prevent 
metal build-up and alleviate the problems associated 
therewith. The exit ori?ce 50 may be larger than work 
surfaces 44 though smaller than opening 40. 

In FIG. 8, a T-shaped extrusion 16' (side elevation) 
is shown as being drawn through die 37 in the direction 
of the arrow. In this embodiment web 18’ corresponds 
to web 18 of the embodiment of FIG. 3. Limiting sur 
face 48 corresponds to limiting surface 20 of the em 
bodiment of FIG. 3 and accordingly is spaced from the 
end of web 18' so that lateral flow of web 18' will not 
bring the web into actual contact therewith. Web 17’ 
corresponding to web 17 of FIG. 3 is likewise spaced 
from limiting surface 47 (FIG. 7) of the ori?ce of die 
37 so as to avoid inhibition of lateral growth of web 17’ 
during the redrawing. 
The drawing die in FIGS. 10, 1 1, and 12 comprise the 

body portion 63 of a die that induces lateral metal flow 
in all components of a complex workpiece having an 
interior web 71 with no unrestrained edges as well as 
?anges 72 and 73 that can expand unrestrained at their 
extremities. This die has two conical work faces 69 and 
64 with the die ori?ce 65 designed for the drawing of 
U-shaped channel members provided with a central re 
lief 63 of the die restraint to allow local metal ?ow in 
duced by the disposed die face 69. Ori?ce 65 is pro 
vided with a base 66 and side legs 67 and 68 which ex~ 
tend upwardly from either side of base 66. The rear 
wardly diverging front die face 64 is frusto-conical 
shaped terminating at its forward end on the intersec 
tion of the rearwardly convergent front die face 69. 
The effect of this particular con?guration of the front 
die face is that the U-shaped passage through the die 
intersects the front faces in such a manner that the 
working surfaces which parallel the base 66 and which 
ultimately draw the cross web 71 of workpiece 70 
(FIG. 12) are angularly disposed rearwardly in the di-' 
rection of drawing the part 70 through the die just as 
the working surfaces which parallel legs 67 and 68 are 
angularly disposed to the plane normal to the move 
ment of the part and slope rearwardly therefrom to pro 
vide for lateral ?ow or displacement of the metal in the 
entire part 70 as it is drawn through the die. 
The lateral distance between ?anges 72 and 73 of the 

workpiece 70 must remain ?xed so that lateral metal 
?ow must be directed toward the center where the re 
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lief 63 provided in the die ori?ce 76 allows local unre 
strained metal ?ow and expansion. The working face 
69 is a rearwardly converging conical surface whose 
working surfaces 66 induce lateral metal ?ow toward 
the center of the web 71 of workpiece 70 into relief 63 
in an unrestrained manner. At the same time ?anges 72 
and 73 will expand laterally (vertically in the case of 
the position of the part shown in FIG. 12). To accom 
modate this lateral ?ow, space is provided between the 
limiting surfaces 74 and 75 of legs 67 and 68 in which 
the expansion of the side ?anges may occur without an 
incidence of excessive buildup of the metal. 
The intersection of faces 69 and 64 define a plane 

normal to the direction of the movement of the work 
piece through the die and the intersection can be used 
as a reference plane for the definition of the angle of 
inclination 77 of the two rearwardly sloping working 
faces 69 and 64. 

It will be appreciated that the term “working sur 
faces” as used in the above descriptions relate to that 
portion of the die ori?ce surface that contacts the 
metal surface of the workpiece as it is drawn through 
the die and is the area of pressure wherein metal ?ow 
is caused to occur to effect a dimensional reduction of 
the workpiece. Such working surfaces are not necessar 
ily ?at as represented by working surfaces 44 of the die 
of FIG. 7, but more likely include a portion of the 
?ared die opening (see FIG. 1A). 

It will be further understood that the drawings are not 
dimensionally accurate since such accuracy is an engi 
neering detail well within the skill of the art. The exact 
shape ofa die opening such as that depicted by FIG. 1A 
may vary widely depending on variables such as the 
metal of the workpiece, the complexity of its construc 
tion, etc. 

It will be noted that in many instances complex struc 
tural members may be drawn through the dies of the 
present invention in a manner to provide lateral metal 
?ow for every metal component. This is possible where 
every component is ?n shaped and extends (cross sec 
tionally) laterally from the workpiece. Examples of 
such members are T’s, L's, V5, and X-shaped mem 
bers. Although the dies and method of the present in 
vention are particularly advantageous for drawing such 
members as set forth above, it is obvious that the pres 
ent invention is equally applicable to the drawing of 
any elongated member having at least one extending ?n 
that makes it possible to reduce metal buildup on at 
least a portion of the member. Such members include: 
I, U, Z, H, and many of the complex shapes now used 
by the air frame industry. Where it is desirable to re 
duce the complete member including the internal com 
ponents ofl’s, Us, and Z’s, and H’s utilizing lateral ?ow 
the method of inducing metal ?ow toward a local die 
relief makes it possible to reduce metal buildup in the 
entire member. 
The angle at which the working surfaces of the die of 

the present invention are inclined is not critical in that 
any angle will have some beneficial effect in causing 
lateral ?ow during drawing. However, angles of 85° and 
less (from the drawing direction) are preferred and an 
gles of less than 5° are impractical. 
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12 
The method of the present invention has been dem 

onstrated by drawing T sections through straightening 
dies constructed in conformity with the above teach 
ings. 

In one series of tests, aluminum alloy (AA 7075) ex 
truded T sections were’ dra—wn thrOugLhTa idiei?con 
structed in conformity with the present invention and 
for comparision similar sections were drawn through 
conventionally shaped dies having comparable dimen 
sions. 

The die constructed in conformity with the present 
invention was of the type shown by FIGS. 7 and 8. The 
included angle of the working face for this die was 90° 
(45° from the drawing direction), the approach angle 
(on either side) was 6°, and the land width was 0.188 
inches. Shims were provided for reductions as low as 5 
percent per pass, covering a range of section thickness 
of from 0.097 inches to 0.040 inches. The width and 
height dimensions far exceeded the width and height of 
any of the extruded sections. 
The dimensions of the extruded T sections both be 

fore and after drawing are set forth in Tables I to ill be 
low. These dimensions include width (designated W; 
see FIG. 3), height (designated H), and gage or thick 
ness (T). The gage measurements were taken in three 
positions identified by T1, T2, and T3 in FIG. 3. 

Tables I-Ill 

The data of Tables H" was utilized in preparing the 
graph of FIG. 9. In the graph curve 60 represents plots 
of the dimensional changes (increases) of the T-shaped 
sections drawn through conventional dies while curve 
61 represents comparative dimensional changes of sim 
ilar T sections drawn through the die of FIG. 7. Curves 
62 and 63 represent height and width changes of the 
conventional draw versus drawing with a die in accor 
dance with the present invention respectively. Curves 
64 and 65 represent gage or thickness reductions in the 
conventional draw as compared to the use of the pres 
ent invention respectively. 

It is readily discernable from the data of Tables I-lll 
and the graph of FIG. 9 that the included workface 
angle (90°) is effective in producing marked growth of 
height and width dimensions. The conventional die re 
duced these dimensions by about 1 percent but the 
workface angled die increased these dimensions by 
about 3 percent at small (2.7 to 5.2 percent) thickness 
reductions and by about 11.7 percent at large (14.3v 
percent) thickness or gage reductions. 
The graph of FIG. 9 clearly demonstrates that, for the 

conventional die the thickness or gage reduction goes 
almost entirely to length whereas for the 90° workface 
angle die the gage reduction goes largely into a height 
and width increase and the increase in length is minor. 
The ratio of width to length increase will be depen-' 

dent upon the workface angle. 
The increase in draw force required for a given re~ 

duction with the workface angled die is expected since 
the draw force is largely converted to sidewise thrust. 
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T shape No. 1 die, normal straight land force, 1,750 average, 2,000 maximum 

Before After Before After Before After Before After Before After 
T1 T1 T2 T2 T3 T3 II l[ W W 

. 063 . 055 . 065 . 058 . 063 . 047 

. 063 . 053 . 065 . 056 . 063 . 052 

. 063 . 057 . 065 . 056 . 063 . 040 

. 063 . 056 . 065 . 056 . 063 . 047 

. 063 . 053 . 066 . 056 . 063 . 052 

. 063 . 057 . 065 . 050 . 003 . 074 

. 063 . 056 . 065 . 055 . 003 . 047 

. 063 .054 .065 . 055 .063 .048 

.063 .055 . 065 . 056 . 063 .040 
.... -. —.088 ___.._-__. -—.000 ______..._ —-.000 

Percent change _______________________ . . ~12. 7 ________ _ _ — l3. 8 ________ . . —. 04 

TABLE II 

T shape No. 2 die, new design (plow effect) force, 2,250 average, 2,300 maximum 

Before After Before After Before After B efore After Before After 
T1 T1 T2 T2 T3 T3 11 H W W 

Distance along length: 
1" .063 .062 .065 .061 . 063 .060 .747 .081 

. .061 .065 . 062 . 063 . 061 .747 . 982 

. 061 . 065 . 061 . 063 . 062 . 747 . 083 

. 061 .065 . 062 . 063 . 062 .747 .088 

. 062 . 065 . 062 . 063 . 061 . 747 . 080 

. 061 .065 . 062 . 063 . 062 .747 . 001 

. 062 .065 . 061 . 063 . 061 .747 . 094 

. 062 . 065 . 062 . 063 0. 60 .747 . 005 

. 0615 .065 . 0616 . 063 .061 747 . 987 
—.0015 ________ __ ——.0034 ........ ._ —.002 ________ __ +.020 

—2.38 ........ .. —-5.' ________ ._ —3.2 ........ .. +3.03 

TABLE III 

T shape No. 3 die, normal straight land force, 2,300 average, 2,400 maximum 

B efore After Before After Before After B efore After Before After 
T1 T1 T2 T2 T3 T3 H H W W 

Distance along length: 
1" ______________________ ._ .063 .053 . 065 . 054 . 063 . 055 . 747 . 740 .955 . 951 

2" . _ ........ _ . . 063 . 053 .065 . 054 . 063 .055 .747 .741 to .950 

3” _ . ______ _ _ . 063 .053 .065 .054 . 063 .054 .747 . 741 .060 .050 

4". _ .063 . 053 .065 .054 . 063 . 054 .747 .741 ________ __ .952 
5" . - .063 . 053 .065 . 054 . 063 .053 .747 . 741 ________ ._ .951 

6”. _ .063 .053 .065 .054 . 063 .054 . 747 .742 ________ _ _ .052 

7"_ _ . 063 . 053 .065 . 054 . 063 .054 .747 . 742 ........ ._ .050 

8". _ .063 . 052 . 065 . 053 . 063 .054 . 747 .744 ________ ._ . 051 

Average. _ .063 .053 . 065 . 054 . 063 .054 .747 .7415 .058 .051 
Change . _ _ _ . _ _ _ _ _ . _ _ _ _ __ -—.010 ........ __ —.011 ________ ._ —.000 ________ _. —. 0055 ........ .. -.007 

Percent change ....................... _. —15.0 ________ __ —16.~9 ________ _. —14.3 ________ __ —.74 ........ __ —.73 

In addition to the above enumerated tests, aluminum 
(7075) Ts (commercial and 10l36-2002) were suc 
ccssfully drawn from an average thickness of 0.097 
inches to 0.040 inches using the convex face draw die 
of FIG. 7 with a 90° (45° from the draw direction) in 
cluded angle working surface. There was substantial 
metal movement transverse to the direction of drawing. 
There wasilittle distortion after drawing, showing that 
the lateral metal ?ow avoided the adverse effects of 
thickness viariations in the extrusion. 
The extrusions were drawn to 0.040 inch thickness in 

increments of 5 percent reductions. It was necessary to 
anneal after every third draw in thicknesses between 
0.068 inch and 0.052 inch and after every draw in 
thicknesses between 0.052. inch and 0.040 inch to 
avoid point breakage (the points‘ were chem milled for 
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threading through the dies). Actual dimension changes 
are shown by Table IV below: 

TABLE IV 

Drawing Aluminum Tees Using 90° Convex Face Draw 
Die 

Dimension Draw No. 
Average Starting 
(inches) Extrusion 1 4 9 14 
Thickness 0.097 0.097 0.080 0.059 0.040 
Stem Height 1.0 1.010 1.065 1.125 1.225 
Base Width 2.0 2.005 2.045 2.160 2.325 
Length of 
Original 
l-ft. Section 12.0 12.0 13.7 17.7 23.9 

775E355 _W' ' ' ' ' ' ' 

1. A drawing die comprising: 
a. a die body formed within an ori?ce having working 
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surfaces that define a cross-sectional configuration 
disposed to reduce cross-sectional dimensions of a 
pre-formed part drawn therethrough, said con?gu 
ration including at least one extending ?n; 

b. at least a portion of said working surfaces being in 
clined in the direction of movement of said part so 
as to urge lateral flow in a direction away from said 
direction of movement, for at least a portion of said 
pre-formed part during drawing, the inclined work 
ing surfaces including those disposed to reduce the 
thickness of said ?n; and 

c. a portion of said working surfaces de?ning said ?n 
extending laterally from the axis of said die a 
greater distance than the corresponding ?n of said 
pre-formed part so as to provide space for uninhib 
ited lateral metal ?ow during drawing. 

2. A drawing die is set forth by claim 1 wherein the 
inclined working surfaces of the die are substantially 
parallel with die face, said face protruding to provide 
the angle of the inclination. 

3. The die of claim 1 wherein said working surfaces 
de?ning said ?n extend laterally from the axis of the die 
a greater distance than said metal will ?ow laterally. 

4. The die of claim 1 wherein said working surfaces 
de?ning said ?n is inclined at an angle from the draw 
ing direction of from 5 to 85 degrees. 

5. The die of claim 1 wherein said cross-sectional 
con?guration is selected from the group consisting of 
T’s, H's, Z's, I’s, X’s, L’s, V5, and Us. 

6. A drawing die as set forth in claim 1 wherein the 
inclined working surfaces are substantially centrally 
positioned within said die body and the entrance and 
exit passageways taper inwardly and outwardly respec 
tively. 

7. A method for reducing the cross-sectional dimen 
sions of an elongated structural member formed with at 
least one extending ?n comprising: 

a. positioning opposing working surfaces about said 
member disposed to reduce said dimensions as said 
member is drawn therebetween; 

b. providing an inclination of said opposing working 
surfaces positioned to reduce the thickness of said 
?n in the direction of drawing so as to urge lateral 
metal ?ow in said ?n in a direction away from said 
direction of drawing; 
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c. providing space at the extremities of said working 
surfaces positioned to reduce the thickness of said 
?n with said space disposed to accommodate the 
induced lateral metal ?ow; and 

d. drawing said member through said working sur 
faces. 

8. The method of claim 7 wherein said working sur 
faces positioned to reduce the thickness of said ?n are 
inclined from the axis of said member in the direction 
of draw from 5 to 85 degrees. 

9. The method of claim 7 wherein said members have 
cross-sectional con?gurations selected from the group 
consisting of TS, H‘s, Z’s, l’s, X's, and Us 

10. A method for reducing the cross-sectional dimen 
sions of an elongated structural member formed with at 
least one element where lateral metal flow is inhibited 
by con?guration due to the lack of an unrestrained 
edge comprising: 

a. positioning opposing working surfaces about said 
member disposed to reduce said dimensions as said 
member is drawn therebetween; 

b. providing an inclination of said opposing working 
surfaces to reduce the thickness of said element in 
the direction of drawing so as to induce lateral 
metal ?ow in said element toward an intermediary 
position in said element; 

c. providing local relief of restraint at the intermedi 
ary position in said element allowing unrestrained 
metal flow into the space provided; and 

d. drawing said member through said working sur 
faces. 

11. The method of claim 10 wherein said working 
surfaces positioned to reduce the thickness of said ele 
ment induce lateral metal ?ow to a local relief where 
space is provided for unrestrained metal flow. 

12. The method of claim 10 wherein said working 
surfaces positioned to reduce the thickness of said ele 
ment are inclined from the axis of said member in the 
direction of the draw from 5 to 85 degrees. 

13. The method of claim 10 wherein said members 
have cross-sectional con?gurations selected from the 
group consisting of H‘s, Z‘s, I's, and U‘s. 


