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STRETCH WRAPPING FIXTURE AND COMBINA-

g%%‘sfs THEREOF WITH DRAWING DIES AND
Robert A, Mackenzie, Chagrin Falls, Ohio, assignor to

The Cyril Bath Company, Cleveland, Ohio, a corpora-

tion of Ohio

Filed June 14, 1967, Ser. No. 646,084
Int. CLB21d 11/02,11/04,41/02

U.S. Cl. 72—296 12 Claims

ABSTRACT OF THE DISCLOSURE

The improvement herein resides in a supplemental
stretch means cooperable with sheet stretching heads which
are arranged for gripping two opposite margins of a sheet
of metal for stretching it in one dimension while wrap-
ping it onto a male die forming face which is convex
transversely of the stretching dimension and wherein the
gripping jaws of the heads are lineal transversely of the
die face, so as to readily receive and grip two opposite
planar margins of a sheet of metal to be stretched wrapped.

Due to the divergence of the convex die face cross
section at the end of the face adjacent the jaws of a head
from the lineal jaws, the sheet normally would be elon-
gated to a greater degree at its lateral midportion than at
its lateral margins during the stretch wrapping operation.

The supplemental stretch means cooperate with their
associated head to impart to the sheet an elongation in
addition to that imparted by the head alone during stretch-
ing and wrapping, particularly at the lateral margins of
the sheet and to a progressively decrescent degree inward-
ly from the margins toward the lateral midportion of the
sheet, so that elongation throughout the width of the sheet
becomes equalized or approaches equalization to the de-
gree to assure proper forming,

————————

This invention relates to a stretch wrapping fixture
and combination thereof with a drawing die press for per-
forming stretch drawing operations, and is an improve-
ment on the invention disclosed in U.S. Letters Patent No.
3,314,269, of Robert A. Mackenzie, issued Apr. 18, 1967,
and in an application of Robert A. Mackenzie, Ser. No.
608,667, filed Jan. 11, 1967, now abandoned, and entitled
Stretch Draw Unit with Ghost Line Eliminator.

In the above-entitled patent and application there is dis-
closed a conventional draw press employing complemen-
tary drawing dies combined with stock gripping stretch
heads which are operable by suitable power means to ten-
sion the sheet unidimensionally while wrapping it over a
male die preparatory to, or during, the drawing of the
stock between the complementary drawing dies. Gener-
ally, the gripping jaws are lineal endwise of the head and
laterally of the sheet. The drawing face of the male die,
however, is generally convex both in the tensioning di-
mension and transversely thereof. When the sheet under
tension is stretch wrapped about the die, the portion at the
lateral midportion of the sheet must be wrapped down-
wardly toward the base of the male die whereas the mar-
ginal portions of the sheet are not so wrapped. As a result,
the midportion of the sheet must be elongated to extend
along a greater length of the die face than the lateral
margins of the sheet. Generally, the greater length is
decrescent from the midportion toward the lateral mar-
gins. Consequently, in drawing and wrapping, if the sheet
is elongated sufficiently so as to extend along the longer
surface of the forming face at the lateral midportion of
the face, those portions at the lateral margins of the face
tend to be laid along the face with much less, if any,
stretching. As a result, the lateral margins tend to draw
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in laterally of the sheet and not only fail to thin out ap-
preciably but, in fact, to thicken.

In many instances the margins tend to curl up even
though under some tension above the elastic limit,

Heretofore it was thought that this “draw in” could be
pulled back out entirely by the female die upon closure
of the dies, but it was found that even though pulled out,
the resultant panel lacked stiffness and had weak or flat
spots.

In attempting to overcome this defect, the sheet was
stretched by the lineal jaws to a degree to assure that the
margins were stretched beyond the elastic limit and
thinned down. This, however, caused overstretching of
the sheet at the midportion and weakening or breaking
of the sheet. The difference in elongation of the sheet
from the midportion and to the margins appeared to be
generally progressively decrescent, the degree of decres-
cence depending upon the convexity of the die face in
transverse section, and also in greater convexity in lon-
gitudinal section as the midportion is approached. To
provide the high quality product, it is desirable that the
difference in elongation of the sheet from the margins to
the midportion be maintained within a rather limited
range, the optimum being equal elongation of the sheet
throughout its entire width.

Curvilinear jaws conforming roughly to the cross sec-
tion of the male die forming face near the ends thereof
are impractical for high speed production, due to the
difficulties of loading and unloading, and substantially
lineal jaws between which the end margins of the sheet
may be fed endwise of the gripping heads are dictated by
these and other practical necessities.

The present invention has to do with a supplemental
stretching means which initially cooperate with the lineal
jaws and engage the sheet prior to, or at the initiation of
the stretch wrapping of the sheet about the male die, so
as to impose on the sheet, at least at its lateral margins, a
movement and elongation of the metal of the sheet end-
wise of the sheet in addition to the elongation imposed
by the lineal stretch heads themselves or by them and the
die face. This is accomplished generally by arranging the
supplemental stretch means to move with the head in a
first or tensioning direction and concurrently move rela-
tive to the head flatwise of the sheet in a second direction
of movement of the heads for wrapping the sheet onto the
die. The supplemental stretch means has surface areas
which engage the sheet close to the gripping jaw throat
so that the additional movement of these surfaces relative
to the head is imparted to the sheet and causes a part of
the sheet near the jaws to be pushed in the second direc-
tion relative to the jaws to stretch or elongate the sheet
a least near the lateral margins, and preferably from these
margins at a progressively decrescent degree toward the
midportion. This elongation is in addition to the stretch-
ing imparted by the heads themselves in the tensioning
dimension.

Various specific objects and advantages of the invention
will become apparent from the description wherein ref-
erence is made to the drawings, in which:

FIG. 1 is a front elevation of one type of conventional
power driven drawing die press with the improved stretch
wrapping fixture of the present invention combined there-
with;

FIG. 2 is an enlarged fragmentary right side elevation,
partly in section, of the fixture and part of the press
shown in FIG. 1, as viewed from line 2—2 in FIG. 1;

FIG. 3 is an enlarged, somewhat diagrammatic, front
elevation of the wrapping fixture and operating parts,
showing their relation to the drawing dies, in the loading
position of the dies and fixtures;

FIG. 4 is a fragmentary top plan view of one of the
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stretch heads and supplemental stretching means as indi-
cated in line 4—4 in FIG. 3;

FIG. 5 is a fragmentary right-hand elevation, partly in
section, of the supplemental stretching means of one of
the fixtures as taken on line 5—5 in FIG. 3;

FIG. 6 is an enlarged fragmentary sectional view of
the supplemental stretch means taken on the line 6—6
in FIG. 4;

FIG. 7 is a view similar to FIG. 3 showing the relation
of the dies and stretching fixtures during the initial part
of the forming operation;

FIG. 8 is a view similar to FIG. 3 and showing the
dies and fixtures toward the end of the forming operation;

FIG. 9 is a similar view showing the dies and fixtures
at the completion of the forming operation;

FIG. 10 is a similar view showing the position of the
dies and stretch fixtures in the unloading position;

FIG. 11 is a diagrammatic illustration showing the
hydraulic circnitry which may be used for the operation
of the stretch heads, supplemental stretch means, and
press.

Referring to the drawings, the invention is shown in
connection with a hydraulic press 1 having a bed 2 with
upright corner guide members 3 arranged for guiding a
power driven ram 4 for vertical reciprocation. A male
die 5 having a forming face which is convex upwardly
both lengthwise and transversely is supported on the bed
2, and a companion female die 6 is mounted on the ram
4. Conventional hold-down rings or devices are not em-
ployed, the stock being left free to draw in transversely
of the tensioning dimension.

The invention is particularly desirable for combined
stretching and die drawing of sheet metal automotive
body stock and the like into asymmetrical shapes over a
male die which is asymmetrical about an upright median
plane extending transversely of the male die and of the
tensioning dimension. The ram 4 is driven on its forming
and return strokes by means of hydraulic piston and
cylinder assemblages 7, including cylinders 8 with pistons
9 having rods 10 connected to the ram.

The stretch wrapping fixture generally includes two
units 11 arranged on the bed 2 at the sides of the male
die which are opposite each other in the tensioning di-
mension. Regardless of whether the tensioning dimension
is the longer or shorter dimension of the work piece or
die, it is considered the endwise dimension.

Each unit 11 comprises a stretch head 12 having a
pair of pivoted jaws 13 rockable about pivots 14 by suit-
able piston and cylinder assemblages 15 so as to grip
the associated margin of the sheet of stock for applying
tension thereto during movement of the head in one di-
rection along the tensioning dimension. Each head 12 is
mounted on a cartier 16 which, if desired, may be in the
form of a plate rigid with the main casting or body of the
head 12, or may be an integral part thereof. For raising
and lowering the head 12, a plurality of hydraulic piston
and cylinder assemblages 18 are provided. Fach assem-
blage comprises a cylinder 19 with the usual piston having
its rod pivotally connected to a suitable bracket on the
carrier 16, and its cylinder pivotally connected to a bracket
in fixed position relative to the bed 2 of the press.

With the structure thus far described, it is apparent
that the stretch heads 12 can be moved endwise toward
and away from each other generally horizontally for ten-
sioning a sheet of stock S endwise and concurrently can
be moved vertically or flatwise of the sheet by the as-
semblages 18 to wrap the sheet on the male die.

To apply the proper stretching movements to the heads
in the tensioning dimension and for moving the sheet
flatwise in the wrapping direction, each head is mounted
preferably in fixed position on a pair of link arms 260.
The link arms are pivotally mounted at their inner ends
on pivots 21 which are secured in fixed position relative
to the male die 5. This may be accomplished by mounting
the pivots directly on the male die, or on supports along-
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side the male die, and arranging the link arms one at the
front and one at the rear of the dies. The axes of the
pivots 21 of the two heads at opposite ends of the dies
are parallel to each other and are in fixed relation to the
heads and to the male die.

As fully disclosed in the above identified application
and patent, it is apparent that upon movement of the
heads downwardly by their piston and cylinder assem-
blages 18, they are caused to swing concurrently relatively
apart from each other or in the outboard direction away
from the adjacent end of the die. The specific paths of
the heads may be determined by the length of the link
arms 20 and position of their pivots 21.

In the form illustrated, the heads 12 are arranged so
that in the loading position, the blank must be arched
upwardly slightly to be slid in place edgewise from the
front of the press. This upward arching provides tem-
porary rigidity for preventing the blank from sagging
down against the face of the male die during loading.

In general, the structure hereinbefore described is con-
ventional except possibly the mounting of the stretch
heads 12 in a fixed non-rocking position on the outer ends
of their link arms 20, However, if desired, such a rock-
ing position could be provided.

The forming face of the male die 5 is curvilinear and
convex, both in longitudinal and in transverse section.
1t is apparent that with a die of this character, the mid-
portion of the wrapped sheet must extend upwardly from
the left-hand end of the die over a crest near the right-
hand end and then downwardly.

On the other hand, the margins of the wrapped sheet
extend more nearly in a straight line from one end of the
die to the other end. Since the jaws of the heads are lineal
so that the sheet can readily be loaded edgewise, the
amount of metal between the heads throughout their
length fore and aft of the press is the same at all incre-
ments of width of the sheet. Since this is inherent in the
lineally gripping jaws, necessarily, in the absence of addi-
tional stretch means, upon stretching the sheet by the
heads and wrapping it on the die, the midportion of the
sheet will have to be elongated to a much greater degree
than the lateral margins, due to the greater length of die
face at different increments of width of the die face.

In order to impose, at least at the margins of the sheet,
and preferably progressively decrescently from the mar-
gins to the midportion, elongation of the sheet in a ten-
sioning direction in addition to that imposed by the heads
alone, so as to tend to approach, or reach equalization
of the stretching and elongation of the sheet throughout
its width, supplemental stretching means of the present
invention are provided. Each supplemental stretching
means is movable with its head in the direction of move-
ment of the head for tensioning and is movable relative to
its head in the wrapping direction.

In the form illustrated, the additional stretch means
comprise a rigid bridge 30 which is mounted on the head
12 for movement therewith and for movement relative
thereto. The bridge 30 has arms 31 at its front and rear
ends, respectively, which are pivotally connected by pivots
32 to the head 12. The bridge 30 can swing upwardly out
of alignment with the jaws 13 for loading and then down-
wardly toward and past the throat of the jaws about the
axis of the pivot 32. The bridge 30 has an underface 33
having areas which are shaped to engage the sheet closely
adjacent the jaws as the bridge 30 swings downwardly
and to move, and move the engaged portion of the sheet,
relative to the head downwardly. Thus the face 33 of the
bridge 30 engages the sheet and pushes it downwardly
relative to the head and thereby increases the tension and
elongation of the sheet over what it would be were the
bridge 30 omitted.

The bridge 30 is shaped so that surface areas 33a
nears its ends, and consequently at the lateral margins of
the sheet, in the direction of downward movement of the
bridge, lead relative to other areas of the face 33, such as
the area 33b at the midportion. Consequently, the bridge
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first engages the lateral margins of the sheet and pushes
these margins downwardly at a location closely adjacent
the jaws, whereas the area 33h may not be engaged, or
only lightly engaged with the sheet. The bridge continues
downwardly relative to the jaws so that it first engages at
the lateral margins of the sheet and then engages the
sheet progressively inwardly from the lateral margins to-
ward the midportion, though the movement of the mid-
portion of the sheet relative to the jaws by the bridge may
be negligible. Preferably the contour of the face 33 is
essentially the same as the contour of the end portion of
the female die, or of the convex cross section of the face
of the male dies adjacent the end of the die so that, in
effect, the transverse contour imparted to the sheet by the
bridge approaches more nearly the transverse section of
the die—a contour such as might be obtained by curvi-
linear jaws. However, there is an additional advantage
over curvilinear jaws in that the sheet has been stretched
to more nearly the same degree throughout its width.

The bridge 30 has an upper face 34 so shaped, as best
iltustrated in FIG. 9, that the face of the bridge can ap-
proach very closely to the end of the male die when the
female die is in the fully closed position. The bridge 30
is swung about the axes of the pivots 32 relative to the
jaws 13 by reversible hydraulic piston and cylinder as-
semblages 35, one at each end of the bridge. Each assem-
blage includes a cylinder 36 pivotally connected to the
link arm 20 and a piston 37 having a rod 38 pivotally
connected to the adjacent arm 31 of the bridge 30. In
order to operate the apparatus in the desired sequence,
the hydraulic circuitry illustrated in FIG. 11 is employed.
As therein illustrated, hydraulic fluid under pressure is
supplied by a pump P driven by a motor M. The jaw
opening and closing reversible piston and cylinder as-
semblages 15 are supplied from the pump P through a
solenoid operated stop and reversing valve 40.

The reversible assemblages 35 for the bridge 30 are
connected to the pump through a solenoid operated stop
and reversing valve 41.

The reversible assemblages 18 for rocking the link arm
20 are connected to the pump P through a solenoid oper-
ated stop and reversing valve 42,

It is to be noted that each of the assemblages 18 and
35 of the right hand unit 11 is controllable independently
of its counterpart in the left hand unit 11.

The ram piston and cylinder assemblages 7 are con-
nected to the pump through a solenoid operated stop and
reversing valve 43.

If automatic control of the operating cycle is desired,
such can be obtained by conventional limit switches con-
nected to the solenoids of the valves.

The cycling employed depends to some degree on the
shape of the part to be formed. For example, the part
illustrated is an automobile engine compartment hood
which has less convexity at the left end portion than at
the right end portion and which has a relatively abrupt
bend at the right end portion which is the forward portion
of the hood. The drawing dies 5 and 6 are correspond-
ingly shaped.

In such a case, the following procedure, for example, is
effective:

The left hand assemblage 18 is first operated so as to
render the sheet taut and cause it to engage the crest of
the die near the right end of the die and then approach
the relatively flat portion of the die to the left of the
crest. Only about a 10% elongation is obtained during
the initial part of this operation, and the sheet may be
below or only slightly exceeding the elastic limit. The
right hand assemblage 35 is then operated as the left hand
head continues lowering, so that the bridge 30 at the
right moves from starting to final position relative to its
associated head and jaws. This action of the right hand
bridge 30 folds the lateral margins of the sheet more
nearly to the cross section of the die. At the same time
it tensions the stock endwise at the lateral margins and
to a progressively lesser degree from the margins to the
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lateral midportion. The tension and stretch is substantially
equalized throughout the width of the sheet, whether
near or above the elastic limit. The right hand assem-
blage 18 then starts to pull down the arm 20 and thus
the right hand head 12 in cooperation with the left hand
head 12 stretch the sheet into the yield range and wrap
it onto the male die which is so stretched.

The lowering of the bridge 30 relative to the right hand
head causes the sheet to stretch throughout its entire width
so that gathering of loose unstressed material at the mar-
gins is eliminated.

The degree of approach to equalization of permanent
elongation across the width of the sheet depends upon
the type of metal in the sheet. For ordinary cold rolled
sheet, which can be stretched 20%, the stretch may be as
much as 6% less at the edges than at the midportion.
With metals in which the yield point and ultimate strength
are relatively close together, the percent of variation be-
comes less.,

The optimum in all cases is equalized permanent stretch
throughout the width of the sheet. In any event, it should
not be permitted that part of the width of the sheet be
tensioned above the elastic limit while some other part of
the width is below the elastic limit or untensioned. The
sheet must not be permitted to gather and thicken above
its original thickness at any portion due to variation in
tension, but should be stretched across its entire width
concurrently at all times.

Since, contrary to earlier practice, the margins are initi-
ally being stretched and continue so to be so that they,
though free from laterally applied holding or tensioning
force, do not become slack, the midportion can be
stretched over the end of the die while well within its
permissible and safe stretching range. The midportion,
therefore, does not have to be overstretched in order to
obtain enough movement at the margins to pull out the
gather and stretch the margins to the proper degree.

With some dies, the bridge 30 of one or the other of the
heads may be left inoperative. With other dies, the bridge
30 of one head may have sheet engaging surfaces different
from those of the bridge 38 of the other head, due to
different cross sections of the die at its different ends.
Likewise, the bridges and heads may be operated in some
instances concurrently and in other instances at different
times, depending upon the timing of the engagement of
the die and sheet adjacent to the particular bridge.

During the stretch wrapping, the female die is moved
downwardly by the ram. The stretch wrapping is sub-
stantially completed and the sheet stretched throughout
its width before the sheet is engaged by the female die,
so that all the female die needs to do is to impart the
final and limited draw for forming character lines and
conforming the margins of the sheet to the male die,
This latter requires little movement of the margins by
the female die because of the prior tensioning and pre-
positioning of the margins by the bridge 30.

Since no part of the sheet need be stretched to an
excessive degree for assuring ample stretching at the mar-
gins, the sheet retains ample stretchability and draw-
ability so that it can be stretch drawn while remaining
well within the permissive range, and finally drawn to
final shape of the dies without danger of over or under-
stretching or of stretching one part of the width apprecia-
bly more than another part.

Again, it is to be noted that when the sheet is being
formed between the dies, normally the gripped margins
of the sheet would pull upwardly against the movable die
jaw, this tending to open the jaws and reducing the grip-
ping effect. Due to the equalizer, however, the sheet is
pulled downwardly against the lower of the die jaws.

The exact timing of the movement of the equalizer
and the die head depends to some extent upon the shape
of the dies and the particular metal being drawn. For
ordinarly steel, the equalizer bridge 30 completes about
three-fourths of its movement after the sheet has been
drawn against the crest of the male die and before an
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appreciable part has been laid onto the male die at the
end adjacent the head. Thus, the bridge may complete
about three-fourths of its movement when the associated
head has reached the point only slightly beyond that
necessary to pull the sheet tightly against the crest of
the die. The bridge completes its movement as the head
moves from past the initial contact position of the sheet
toward the final position of the head. Further, it has been
found that for many parts the equalization of tension
across the width of the sheet makes it unnecessary to
employ a female die, especially if sharp character lines
are not required, and even when such are required a
very rudimentary female die may be used capable of
engaging the sheet only adjacent the margins and at the
specific areas of the character lines.
Having thus described my invention, I claim:
1. A stretch head for a stretch draw unit;
substantially lineal companion gripping jaws carried
by the head and operable to receive therebetween
and to grip, a substantially planar margin of a sheet
of metal;
first power means connected o the head and operable
for moving the head endwise of the sheet in a first
direction for stretching the sheet endwise and in a
second direction transversely of the first direction for
wrapping the sheet facewise about a concavo-con-
vex male die forming face;
¢he improvement comprising:
supplemental stretch means;
means supporting the supplemental stretch means for
movement relative to the head and jaws predomi-
nantly in said second direction;
supplemental power means for moving the supple-
mental stretch means relative to the head and jaws
in said second direction to a predetermined posi-
tion; and
said supplemental stretch means having sheet engaging
surface areas near the jaws which, at least near
the opposite ends of the jaws, move in said sec-
ond direction past the gripping surfaces of the jaws
as the supplemental stretch means move to said pre-
determined position, for thereby imparting elonga-
tion to the sheet at its lateral margins in addition
to the elongation of the sheet imposed by the stretch
head.
2. The structure according to claim 1 wherein are
provided:
means for controlling the first power means SO as to
cause the head to move to an initial position for

causing initial tensioning of the sheet below its elastic :

limit and initial engagement of the sheet with the
die; and

means for controlling the second power means for

causing the supplemental strefch means to move to
its predetermined position prior to movement of the
head in said second direction beyond said initial
position.

3. The structure according to claim 1 wherein the
supplemental stretch means are connected to the head
for movement therewith in the said first direction, and
for movement relative thereto in said second direction.

4. The structure according to claim 3 wherein said
supplemental stretch means are pivotally mounted on the
head for rocking about an axis in fixed position relative to
the head and extending endwise of the lineal jaws and
are swingable downwardly about the pivotal axis for
movement in said second direction relative to the head.

5. The structure according to claim 1 wherein the sur-
faces of the supplemental stretch means are arranged so
that the additional elongation of the sheet in the ten-
sioning dimension caused by said surfaces is decrescent
from the lateral margins of the sheet at least partway
toward the midportion.

6. The structure according to claim § wherein the
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surfaces of the supplemental stretch means are arranged
so that the resultant elongation of the sheet imparted
by the combination of the head and supplemental stretch
means is approximately equalized throughout the width of
the sheet.

7. The structure according to claim 1 wherein the
surface areas of the supplemental stretch forming means
approximate in contour the transverse Cross section of
the adjacent end of the male die forming face aligned
therewith, respectively, in the tensioning dimension.

8. The structure according to claim 1 wherein the
surface areas of the supplemental stretch forming means
comprise a continuous surface approximating the trans-
verse contour of the male die forming face near the ad-
jacent end of the male die.

6. The structure according to claim 8 wherein a com-
panion female die is provided,

power means are provided for driving the female and
male dies into drawing relation;

the supplemental stretch forming means includes a
bridge member extending endwise of the jaws and
having a face with contour approximating the con-
tour, transversely of the dies, of the female die, and
having a surface exposed toward the female die in
the closing direction of the dies, shaped to substan-
tially fit a complementary surface on the female
die as the dies move to final drawing position.

10. The structure according to claim 1 further com-
prising a set of companion male and female power driven
drawing dies; an additional stretch head and an additional
first power means therefor; an additional supplemental
stretch means and an additional supplemental power
means therefor; the first mentioned stretch head and its
associated first power means, and the first mentioned
supplemental stretch means and its associated supple-
mental power means, being arranged at one end of the
dies, and the additional stretch head and its additional
first power means, and the additional supplemental
stretch means and its additional supplemental power
means, being arranged at opposite end of the dies; means
for operating the first mentioned first power means and
the additional first power means independently of each
other; and means for operating the first mentioned sup-
plemental power means and the additional supplemental
power means independently of each other.

11. A stretch head and drawing die combination com-
prising,

a male die having a forming face which is convex
in its endwise dimension and in its transverse di-
mension;

first and second pivot means;

means connecting the pivot means to the die with their
respective axes parallel to each other and extending
in the direction of one of said dimensions, and in
fixed relation to each other and to the die,

stretch heads at those limits of the forming face which
are opposite from each other in the direction of the
other of said dimensions;

rigid link means of fixed length connected to the pivot
means, respectively, each for swinging about the
axis of its associated pivot means;

stretch heads secured on the link means, respectively,
each head in spaced relation to the axis of the pivot
means of its associated link means;

power means for swinging the heads; each about the
axis of its associated link means;

a matching female die;

means for guiding the female die into drawing rela-
tion to the male die; ‘

characterized in that each head is connected in fixed
non-rotative position on its associated link means.

12. A method of forming a metal sheet to a pre-
determined shape by stretching the sheet unidimension-
ally into a range above its elastic limit and simultaneously
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