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Claim 1. A self-contained apparatus for forming sheet metal and
adapted for operation within a double action press having a base, outer
and inner vertically reciprocating slides, the apparatus comprising,
for mounting in the press, tooling including upper and lower dies
movable between open and closed positions, amd a basic die comprising
an upper shoe for mounting to the outer slide to receive the upper die
and means connectable te said lower die to be mechanically actuatable
by said inner slide for operating said tooling;

said upper die being replaceably mounted to said upper shoe and
having a downwardly facing die mating surface including a part print
cavity, and said lower die being replaceably mountable atop the press
base and having an upwardly facing bind surface aligned below the die
mating surface, said upper and lower dies being adapted to receive and
clamp a sheet metal blank between the die mating and bind surfaces
thereof,

wherein hydraulic means are provided connectable to the lower
die, and mechanically operated by the jnner slide for providing
pressurised fluid for said tooling; and

said lower die includes first passageway means transmitting
pressurised fluid from said hydraulic means to said bind surface to
stretch form the sheet metal blank against said part print cavity
without drawing the blank.
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(57) Abstract

Apparatus for forming sheet metal blanks (80) within a
press (10) having base and outer (11) and inner (12) slides and
including a basic die (15, 16, 17, 18) mountable to the press and
tooling (25, 51) mountable to the basic die. The basic die in-
cludes an upper shoe (15) mountable to the outer slide (11),
and hydraulic cylinder assemblies (17, 18) mounted on the base
and actuatable by the inner slide for providing pressurized
fluid to the tooling. The tooling includes upper and lower dies
(51, 25) connected to the upper shoe (15) and base. A blank
(80) is positioned upon the lower die (25) the upper die (51) is
moved to a closed position by the outer slide (11), the blank (8)
is clamped by gripper steels (75) located in the upper die (51).
The outer slide (11) dwells while the tnner slide (12} moves
down, actuating the cylinder assemblies (17, 18), causing hy-
draulic fluid to be forced between the blank (80) and the lower
die (25) to 100 % stretch form the blank into the upper die (51).

-
(54) Title: APPARATUS AND METHOD FOR HYDROFORMING SHEET METAL
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REFERENCE TO RELATED APPLICATIONS

The present application i1s a continuation-in-part of United
States patent application Serial No. 443,112, filed on November

29, 1989.

FIELD OF THE INVENTION

The present invention relates to the field of sheet metal
forming, and in particular to an apparatus and method for
hydroforming sheet metal into parts such as automobile fenders,

doors, hoods .and the like.

BACKGROUND OF THE INVENTION

In the high-production cookware, appliance and automotive
industries, as well as the low- and medium-production aircraft,
aerospace, and job-shop industries, metallic sheet may be

formed by a variety of different dies, the type and size of the
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die being dictated by the shape and intended use of the
particular part. One process which is used to form a wide
variety of these parts is the conventional drawing process. In
a draw die, the blank is drawn across a binder surface allowing
metal to flow from the bind surface and onto the part.
Unfortunately, variable and non-uniform stresses are thereby
developed throughout the part which results in localized
stretching. This creates severe springback and shape retention
problems which makes it nearly impossible to predict,
especially with large parts, the amount of springback that will
occur. The common practice to overcome this springback or
shape retention problem is to overcrown (deform beyond the
desired shape) the part. Finding the appropriate degree of
overcrown requires a number of costly trial and error
procedures. There is also a significant amount of material
waste in the drawing process because the blank is oversized to
compensate for the metal flowing across the binder surface and
to account for varying part strength resulting from non-uniform
work hardening. .

In my U.S. Patent No. 4,576,030, I describe a process
wherein sheet metal .can be one hundred percent stretch formed
between co-acting male and female die halves. This is
accomplished by providing a pair of opposed gripper steels, at
least one of which is provided with a number of spaced apart

beads adapted to bite into the sheet metal, around the
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periphery thereof, when the gripper steels are closed. This permits

the sheet metal to be homogeneously, one hundred percent stretch

formed, thus resulting in a higher quality of shape retention, a

reduction in the number of shock lines and stretch lines, less waste,
5 and increased overall part strength.

US-A-4,576,030 discioses an apparatus and method for stretch
forming sheet metal without drawing the sheet metal. The die used
comprises complementary male and female die halves moveable between
open and closed positions, and a blank holder member moveable between

10 open and closed positions relative to the female die half. A pair of
grippers having mutually facing surfaces is carried by the female die
half and the blank holder member. One of the group of surfaces defines
exactly two rectangular sheet beads which extend entirely around the
circumference of the male and female die halves, while the other of the

15 gripper surfaces is flat. The beads are equally spaced apart along
their length and each includes a pair of relatively sharp edges for
biting into the sheet metal.

Another procedure which enhances the quality of the formed part
is that of fluid forming, that is, applying pressurized fluid against

20 one side of the blank in the forming process. The benefits include
increased versatility, a better finish on the final part, and reduced
tool maintenance costs.

While all these advancements have continued to improve the
guality of the part and to stretchr the limits of product design, the

25 dies and the supporting machinery and hardware have become larger, more
diverse and more expensive. Furthermore, the competitive market

Y dictates a continuous stream of operationally improved and
ceee aesthetically novel products. Each new product requires new parts

BFD/1228%
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which require new dies, supporting machines and hardware te produce

them.
design and testing of a new product, the time it takes to transform a

Aside from the obvious economic strains associated with repeated

part from concept to reality, often measured in years, has a
discouraging effect on potential innovation.

What is desired is a sheet forming apparatus that combines the
favorable aspects of fluid forming with the advantages of one hundred
percent stretch forming; that permits a more accurate approximation of
the desired part, reducing if not eliminating the prototype and testing
10 procedure; that can be retooied more easily and more cheapiy than
existing assemblies; and that is adaptable for operation in
conventional, standard sized presses.

SUMMARY OF THE INVENTION

There is disclosed herein a self-contained apparatus for forming
sheet metal and adapted for operation within a double action press
having a base, outer and inner vertically reciprocating slides, the

15

apparatus comprising, for mounting in the press, tooling including

upper and lower dies movable between open and closed positions, and a

basic die comprising an upper shoe for mounting to the outer slide to
20 receive the upper die and means connectable to said Tower die to be
mechanically actuatable by said inner slide for operating said tooling;

said upper die being replaceably mounted to said upper shoe and

having a downwardly facing die mating surface including a part print

cavity, and said lower die being replaceably mountable atop the press
25 base and having an upwardly facing bind surface aligned below the die
mating surface, said upper and lTower dies being adapted to receive and
clamp a sheet metal blank between the die mating and bind surfaces

thereof,

¢

BFD/1228t

e et BN m e e e m e e e



- T e T e vy

10

15

20

25

KR 30

Rl .

~5-

wherein hydraulic means are provided connectable to the lower
die, and mechanically operated by the inner slide for providing
pressurised fluid for said tooling; and

said Tower die includes first passageway means transmitting
pressurised fluid from said hydraulic means to said bind surface to
stretch form the sheet metal blank against said part print cavity
without drawing the blank.

There is further disciosed herein a method for forming sheet
metal utilising a press having a base, outer and inner vertically
reciprocating slides and basic die, said basic die including a lower
shoe mounted atop said base with an upper die having a part print
cavity mounted to said upper shoe and a lTower shoe mounted atop the
base with a lower die having an upwardly facing bind surface mounted to
the lower shoe, the method comprising the steps of:

i) positioning metal sheet between said upper and lower dies;
and

i1)

moves downwardly toward said lower die and against the sheet until the

actuating said outer slide downwardly whereby said upper die

sheet is firmly clamped between said upper and lower dies preventing
drawing of the sheet and stretch forming the sheet between the dies;
wherein

pressurised hydraulic fluid is transmitted to said bind surface
forcing fluid into the region between said lower die and the sheet to
stretch form the sheet against the part print cavity in the upper die
without drawing the blank.

In use sheet metal as a blank or coil fed, is positioned upon the
lower die and held thereat by biank locators, is wrapped around the
bind surface of the lower die as the first slide, and thereby the upper
die, is moved down to a closed position. the blank being clamped
between the upper and Tower

BFD/1228t
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dies whereby the periphery of the blank is securely gripped by
an aligned pair of gripper steels mounted in the upper and
lower dies. The outer slide then dwells while the inner slide
moves down, engaging and actuating upwardly extending rods of
the cylinder assemblies, causing hydraulic fluid to be forced
through passageways in the lower shoe and lower die and into a
region between the claﬁped blank and the lower die, the blank
being 100% stretch formed into the part print cavity of the
upper die. .

At the end of the forming operation, both inner and outer
slides are raised, the piston rods of the cylinder assemblies
being raised by their own internal gas springs. As the outer
slide moves upward, lifting the upper die therewith, the
pressurized fluid trapped between the formed part and the lower
die spills out all around the outer die and is channeled into
upwardly opening cavities in the combination lower shoe and
fluid reservoir, the reservoir being the sump for the hydraulic
cylinder assemblies. The apparatus is thus self-contained and
fluid recirculating.

When it is desired to form a different part with the
apparatus of the present invention, the specific tooling, that
is, the upper and lower dies, are replaced with the desired
specific tooling having the particular bind surface shape and
part print cavity. The remainder of the apparatus remains in

place and is intended to be used for many years with different

e e T T
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specific tooling to form a variety of different sheet metal
parts.

In another embodiment of the present invention, the
combination lower shoe and fluid reservoir and the lower die
are replaced by a fluid reservoir pan mounted atop the press
base and a lower die which sits within the pan. The lower die
defines passageways for providing fluid communication between
the hydraulic cylinder assemblies and the upper surface of the
lower die. Each hydraulic cylinder assembly includes a pair of
separate hydraulic cylinder units and a pair of vertically
stacked gas springs between each pair of hydraulic cylinder
units. The pair of cylinder units and the gas gbringé.are
mounted to reciprocate vertically as a unit by a common head
block adapted for cooperation with the inner slide of the press.

It is an object of the present invention to provide an
improved apparatus for forming sheet metal.

It is another object of the present invention to provide an
apparatus for forming sheet metal which affords greater
versatility in forming a variety of different parts where the
cost and time for retooling are minimized.

It is a further object of the present invention to provide
an apparatus for hydroforming sheet metal which is
substantially self-contained.

Further objects and advantages of the present invention
will become apparent from the following description of the

preferred embodiment.

— = ————
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DRAWINGS

FIG. 1 is a side elevational view, partially in section, of

the apparatus for hydroforming sheet metal in accordance with

the preferred embodiment of the present

invention, and adapted

for operation with a conventional double-action press.

FIG. 2 is a front elevational view,

of the apparatus for hydroforming sheet

partially in section,

metal of FIG. 1.

FIG. 3 is a plan view of the lower half of the apparatus

for hydroforming sheet metal of FIG. 1 and including the lower

shoe 16, hydrau;ic cylinder assemblies 17 and 18 and lower die

25,

FIG. 4 is a side view, partially in

section, of one of the

hydraulic cylinder assemblies of the apparatus of FIG. 1.

FIG. 5 is a cross-sectional view of
dies 51 and 25 of the apparatus of FIG.
5--5 and viewed in the direction of the
showing the upper and lower dies in the

FIG. 6 is a cross-segtional view of
dies 51 and 25 of the apparatus of FIG.
6--6 and viewed in the direction of the
showing the upper and lower dies in the

FIG. 7 is a perspective view of one

blank locators 66.

the upper and lower

2, taken along the line
arrows of FIG. 3, and
closed position.

the upper and lower

2 taken along the lines
arrows in FIG. 3, and
closed position.

of the short radius




— - e e T

WO 91/08065 PCT/US90/06932

FI1G. 8 is a fragmentary section view, enlarged from FIG. 6,
showing end locator 68.

FIG. 9 is a fragmentary section view of one of the side
lifters 67 of the apparatus of FIG. 3, taken along the line
9--9 and viewed in the direction of the arrows.

FIG. 10 is an enlarged, fragmentary section view of the
gripper and backup steels 75 and 61 of the apparatus of FIG. 2.

FIG. 11 is a fragmentary section view, enlarged from FIG.
10, showing certain features of the construction of the gripper
beads.

FIG. 12 is a front elevational view, partially in section,
of the apparatus for hydroforming sheet metal in accordance
with another embodiment of the present invention and adapted
for operation with a conventional double-action press.

FIG. 13 is a side view, partially in section, of one ocf the

hydraulic cylinder assemblies of the apparatus of FIG. 12.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

For the purposes of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiment illustrated in the drawings and specific language
will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is
thereby intended, such alterations and further modifications in
the illustrated device, and such further applications of the
principles of the invention as illustrated therein being
contemplated as would normally occur to one skilled in the art
to which the invention relates.

Referring to FIGS. 1, 2 and 3, there is shown an apparatus
10 for hydroforming metal sheet in accordance with the
preferred embodiment of the present invention. Apparatus 10 is
adapted to operate in and with a conventional double action
press. Such presses generally include an outer slide 11
(commonly called an cuter blank holder) which has a rectangular
tube shape and is mounted for vertical reciprocal movement.‘ A
similarly shaped inner slide 12 is likewise mounted for
vertical reciprocal movement, telescopically within outer slide
12. Slides 11 and 12 are moved up and down independently by
separate linkages thereabove (not shown).

Apparatus 10 of the present embodiment comprises a "basic

die" and “"specific tooling." The basic die comprises a portion
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of the user's "capital equipment.™ That is, the basic die
inciudes those elements of the apparatus which are intended to
be used for a very long time to make a variety of different
parts. The specific tooling, on the other hand, comprises the
interchangeable attachments which actually form the'part. The
specific tooling is made up of ¢omponents which are mounted
within and operated by the basic die and are changed each time
a different part is to be formed.

"Blank" as used refers to a portion of sheet metal which is
positioned between upper and lower dies 51 and 25 and is to be
formed in accordance with present invention. The blank may be
a single piece of sheet metal (80 in FIGS. 1 and 3) or it may

be portion of toil of sheet metal as in a progressive die.

Basic Die

The basic die is secured to a standard double action press
and generally includes upper shoe 15, lower shoe and fluid
reservoir 16, and hydraulic c¢ylinder assemblies 17 and 18.
Upper shoe 15 is fixedly mounted to outer slide 11 to move as a
unit therewith. Upper shoe 15 is narrow enough to vertically
reciprocate between cylinder assemblies 17 and 18 (FIG. 2) and
is long enough to enable mating connection to the opposing end
walls 14 of outer slide 11 (FIG. 1). Lower shoe 16 sits upon a
sub-plate 19 which is clamped to the base or bolster of the

press. Lower shoe 16 defimes a bed 24 and a number of upwardly

s n o a L kte e e aatme aee me Ew s em = e o L L —— e O © mm PO oo
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opening cavities 20 which surround bed 24. Bed 24 is adapted
for receiving thereatop the lower die 25 of the specific
tooling. All of the cavities 20 are interconnected by various
channels 21 and internal passageways to provide complete fluid
communication among the cavities. Cavities 20 thus act as a
single fluid reservoir or sump for cylinder assemblies 17 and
18. Appropriate drain ports (not shown) are provided to
service the f£luid held in cavities 20. The fluid used in the
present embodiment is 95% water. The remaining 5% consists of
additives to prevent rust and corrosion and to aid in
lubrication. This‘fluid is commercially available and is
called high water~based fluid.

Referring to FIGS. 1-4, hydraulic cylinder assemblies 17
and 18 are identical and the following descriptionvgf cylinder
assembly 18 will apply egually to both assemblies 17 and 18.
Cylinder assembly 18 generally includes lower head 26, cylinder
27, tubular piston rod 28 aml extension 29. Assembly 18 rests
atop sub-plate 19 and is firmly bolted to lower shoe 16 through
the ears 32 of lower head 26. A filter assembly 30 is
connected to and is in fluid communicatiesn with Iower head 26.
A supply/return hose 31 leads from filter azsembly 30 up, over
and down into adjacent cavity 20. Upon the downstroke of
piston 38, pressurized fluid is directed out e¢f c¢cylinder 27,
through outlet port 33a, through connecting horizontal

passageway 34 and vertical passageway 35, both defined in lower
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shoe 16, and to opening 36 in bed 24. When lower die 25 is
properly positioned atop bed 24, a vertical passageway 57 in
upper die 25 is aligned for communicating engagement with
opening 36 to direct pressurized fluid out through upper
surface 62 of die 25. An appropriate fluid control valve (not
shown) in port 33a governs the fluid flow between cylinder 27
and passageway 34. Cylinder 27 is also in communication with
cavities 20 via supply/return port 33b, filter assembly 30 and
supply/return hose 31. Appropriate fluid control valves (not
shown) in port 33b govern fluid flow between cylinder 27 and
cavities 20.

Referring to FIG. 4, cylinder assembly 18 of the present
embodiment is adapted for a 12-inch stroke, 5.875 gallon

capacity, although these parameters will vary with the size and

capacity of the overall apparatus 10. Tubular piston rod 28 is

rigidly connected at its lower end to piston 38 and extends
upwardly from cylinder 27, through a hole 37a in cap 37. A
passageway 37b in cap 37 is in communication at one end with
hole 37a and at its other end with fluid line 37c. Line 37c¢c is
in communication with outlet port 33a, thus providing a small
amount of fluid lubrication between rod 28 and hole 37a. A
pair of gas springs 39 and 40 are serially arranged to keep
piston 38 biased in the upward position. The seals of gas
springs 39 and 40 are designed to prevent the escape of fluid

therefrom; they are generally not designed to prevent the
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inward seepage of high pressure, external fluid. Springs 39
and 40 are therefore isolated from the high pressure fluid
developed within cylinder 27 by mounting and sealing them
within hollow piston rod 28. A bushing 41 is tightly and
rigidly mounted inside the end of rod 28. A pin 42 rests on
the bottom of cylinder 27 and extends upwardly through bushing
41 and into hollow piston rod 28. Springs 39 and 40 and a
bronze spacer 44 are serially and coaxially stacked between pin
42 and cap 43 of piston rod 28, cap 43 being tightly secured to
the top of rod 28. Spacer 44, telescopically slidable within
rod 28, defines a pair of opposing recesses 45 which receive
and hold the ends of springs 39 and 40 in axial alignment. The
sizing of springs 39 and 40, spacer 44, and pin 42 is such that
these components will stay slightly compressed when piston 38
is at its upper limit. Springs 39 and 40 are commercially
available gas springs and each have a siz-inch stroke. An
appropriate seal 46 between bushing 41 and pin 42, along with
rod 28, cap 43, bushing 41 and pin 42, create a sealed chamber
which isolates springs 39 and 40 from the high pressure f£1luid
within cylinder 27, while piston 38, rod 28 and bushing 41
reciprocate vertically and telescopically along pin 42.
Extension 29 extends upwardly from atop cap 43. Extension
29 is secured to cap 43 by a screw 47 which is accessible
through a central passageway 48. As shown in FIGS. 1 and 2,

assemblies 17 and 18, and particularly their extensions 29, are

SV
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aligned with the corresponding, opposing side walls 49 of inner
slide 12. When inner slide 12 rams down, side walls 49 contact
and depress extensions 29 which activates cylinder assemblies
17 and 18. When the valving in lower head 26 is appropriately
switched, activation of assemblies 17 and 18 by the downward
movement of inner slide 12 will force fluid from cylinder 27,
through passageways 34 and 35, and up through corresponding

passageways 57, as described below.

s i fic Tooli
The basic die is the holder and input transformer of the

present invention while the specific tooling comprises the
interchangeable attachments to.form the desired part. 1In the
present embodiment, the specific tooling comprises lower wrap
die 25 and upper die 51. Lower die 25 rests atop bed 24 and is
located in a desired horizontal alignment thereon by {
appropriate cross-keys 52. Upper die 51 is secured to the :
bottom of upper shoe 15 in a conventional manner and, like j
lower die 25, upper die 51 is appropriately cross-keyed in

several places (50) to shoe 15. Dies 51 and 25 are thereby

 m——

assured to be in perfect horizontal alignment each time outer
slide 11 and upper shoe 15 ram down, bringing upper die 51 down
upon lower die 25. A pair of heel blocks 53 are secured at
each corner of upper die 51 to aid and assure perfect alignment

upon closing of die 51 upon die 25. Each heel block 53 is
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provided with a bronze wear plate 54 at its lower, interiorly
facing portion, the wear plates coming in contact with and
heeling along the outer side surface of lower die 25.

Each of the four corners of lower die 25 defines a recess
55 (FIGS. 1 and 3). A stop block 56 is positioned within each
recess 55. Each stop block 56 is sized and mounted so as to
prevent upper steels 75 and lower steels 61 from making contact
by an amount approximately egqual to one-half the metal
thickness of the blank to be formed. Thus, when upper die 51
is rammed down with a blank positioned between dies 25 and 51,
stop blocks 56 will not contact the corresponding, downwardly
facing surfaée df upper die 51. But, if die 51 is raﬁmed dows
and there is no blank positioned between dies 51 and 25, the
downwardly facing surface of upper die 51 will contact stop
blocks 56, precluding dies 51 and 25 from contacting, and more
importantly, precluding the beads 133, 134 and 135 of gripper
steels 75 (FIG. 10) from contacting backup steels 61.

Lower die 25 defines a pair of vertically extending
passageways 57 which are aligned and in communication with
openings 36 when lower die 25 is properly aligned via
cross-keys 52 atop bed 24. Passageways 57 open upwardly
through upper bind surface 62 of lower die 25. As shown in
FIG. 3, lower die 25 further includes a pair of long radius
blank locators 65, an opposing pair of short radius blank
locators 66, a pair of opposing, spring loaded side lifters 67,

and a spring-loaded end locator 68.

[
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Referring now to FIGS. 3, 5 and 6, the cross-section of
bind surface 62 in planes perpendicular to longitudinal
centerline 70, all along line 70, is substantially constant.
This cross-section of bind surface 62, shown in FIGS, 2 and 5,
includes outer, horizontally planar surfaces 63 on the outsides
of centrally inclining, planar surfaces 64 which meet at peak
ridge 82. Backup steels 61 are secured to lower die 25 within
correspondingly-shaped grooves 72, and are arranged in plan
view (FIG. 3) in the shape of a rectangle, which shape
corresponds to the plan view shape of the finally formed sheet
metal part. Steels 61 surround and define a mold cavity lower
surface 73. |

Upper die 51 has a downwardly-facing, die mating surface 74
(FIGS. 2 and 5) which mates with bind surface 62. A number of
gripper steels 75 are arranged secured to upper die 51 within
complementary-shaped grooves 76. Gripper steels 75 and backup
steels 61 are vertically aligned and have mutually facing
surfaces that serve to clamp the sheet metal blank therebetween

in a manner fully described in my U.S. Patent 4,576,030, which

is hereby incorporated by reference. Defined into upper die 51

and within surrounding gripper steels 75 is a recess or cavity
78 which defines the desired part print.

To load a sheet metal blank into apparatus 10, upper die 51
and heel blocks 53 are in the raised, open position, roughly

twé to four feet above lower die 25. This enables a sheet

S P SYEE U PV
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metal blank 80 to be slid horizontally from the front (from the
left in FIGS. 1 and_s) onto lower die 25. Blank 80 is guided
to and held in the loaded position (shown in phantom in FIGS. 3
and 5) by long and short radius blank locators 65 and 66,
respectively. Long radius locators 65 are each comprised of an
elongate, circular cross-sectioned rod with an upper portion
milled away to form an arcuate guide surface 81. When locators
65 are mounted to lower die 25, their guide surfaces are
substantially everywhere perpendicularly equidistant from peak
ridge 82. Circulat bores 83 in lower die 25 and aligned,
arcuate cutouts 84 in backup steéls 61 define
complementary-shaped cavities for snugly receiving the lower
portion of each long radius locator 65. Locators 65 are each
held firmly in position by a locator keeper 85 which is
positioned in aligned notches 86 and 87 of die 25 and locator
65, respectively. Keeper 85 is then secured to die 25 by an
appropriate screw 88. A circular bore 91 in upper die 51 and a
corresponding arcuate cutout 92 in gripper steel 75 together
define an upwardly extending cavity into which extends the
upper portion of the corresponding long radius locator 65 when
upper die 51 closes onto lower die 25.

Referring to FIGS. 5 and 7, the two short radius locators
66 are each comprised of an elongate circular cross-sectioned
rod which, like each long radius locator 65, is mounted at its

lower portion in a complementary-shaped bore in lower die 25
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and held thereat by a locator keeper 93. A portion of the
upper section of locator 66 is milled away, forming a planar,
inwardly facing guide surface 94. Locater 66 also defines a
downwardly extending, central slot 95 which is milled
perpendicular to surface 94. A toggle or drop leaf 96 is
pivotally mounted within slot 95 by a pin 97 which extends
through locator 66. Leaf 96 has a slanted nose portion 98, a
hold-down surface 99, and a stop surface 101. As shown in FIG.
5, leaf 96 is at rest and in a locking position whereby stop
surface 101 is in contact with the bottom 102 of slot 95, thus
precluding clockwise rotation of leaf 96 from that position.
Rotation of leaf 96 counterclockwise from the position shown in
FIG. 5 is possible by exerting a downward force against that
portion of nose 98 which extends outwardly from guide surface
94. Such a force would be exerted by lowering the right-hangd
edge 103 of blank 80 down against nose 98 which would rotate
leaf 96 counterclockwise about pin 97 and allow edge 103 to
descend past nose 98. When edge 103 clears nose 98 and
hold-down surface 99, leaf 96 will rotate clockwise back to its
locking position because the center of mass of leaf 96 is
located to the right of pin 97 as shown in FIG. 5. Once edge
103 of blank 80 is thus located below hold-down surface 99 of
leaf 96, edge 103 is precluded from rising and blank 80 is

precluded from rotating counterclockwise about ridge 82.



- —yyv—— < - = e oo St e e e e e e T e e g Cwm g v © e A v e sy v ——— <

e e e b X 4 o L e e e o e oo o o aa L

WO 91/08065 PCT/US90/06932

-20~

Referring to FIGS. 3, 6 and 8, lower die 25 defines at its
back end a vertically extending bore 106 which slidably
receives vertically reciprocating end locator 68. End locator
68 generally comprises an elongate, circular cross-sectioned
rod with an upper portion milled away to form a planar, blank
engaging surface 110 and a ledge 112. Bore 106 is located in
die 25 directly below a backup steel 61 and below peak ridge
82. A notch 111 is milled into backup steel 61 and defines a
planar guide surface 113. Notch 111 is aligned with bore 106
and guide surface 113 is adapted for sliding engagement with
surface 110 o6f locator 68. With backup steel 61 not mounted in
its corresponding groove 72, a coil spring 114 is first dropped
into bore 106 followed by locator 68. Backup steel 61 is then
secured in its groove 72 with notch 111 aligned with bore 106
and with surface 113 adjacent surface 110. Locator 68 may be
depressed into bore 106 against the bias of spring 114.

Locator 68 may travel upwardly within bore 106 with surface 110 -
sliding along guide surface 113, until ledge 112 meets the
bottom at 115 of backup steel 61. This is the upper limit of
travel of locator 68, at which point the top 116 of locator 68
extends roughly 1.25 inches above peak ridge 82. 1In operation,
when upper die 51 is raised above lower die 25, locator 68 is

in its extended position as shown in FIG. 1. When upper die 51
closes upon lower die 25, gripper steel 75 contacts top 116 of

locator 68 and simply pushes locator 68 down into its storage
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position in bore 106. From its storage position to its fully

extended position, locator 106 has a stroke S1 of approximately

1.25 inches.

Referring to FIGS. 3, 6 and 9, lower die 25 defines,

each side lifter 67 a vertically extending

bore 119 for

slidably receiving a vertically reciprocating lifter 67,

for

the

bores being located approximately two-thirds of the way toward

the rear of lower die 25. The diameter of the lower portion

120 of lifter 67 is approximately equal to the diameter of bore

119 and is greater than the diameter of the upper portion 121

of lifter 67, thereby creating annular stop ledge 122.

The

corresponding backup steel 61 defines an arcuate cutout 123

which is vertically aligned with bore 119 and which has a

radius of curvature approximately equal to the radius of upper

portion 121 of lifter 67. A spring 124 is disposed between

lifter 67 and the bottom 125 of bore 119 to constantly urge

lifter 67 upward. Bore 119 and cutout 123

die 25 and backup steel 61 such that, once

are defined in lower

gripped between

steels 61 and 75 as described below, blank 80 will overlap a

portion 127 of the top 126 of lifter 67 as

The stroke S2 of side lifter 67 is defined

shown in FIG.

9.

between the storage

position shown in FIG. 9 when top 126 is even with outer,

horizontally planar surface 63 and the extended position. (not

shown) when upper die 51 is raised from lower die 25, and

lifter 67 is urged upwardly by spr.ng 124 until ledge 122

contacts the bottom 128 of backup steel 61.
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As shéwn in FIG. 10, three similarly-shaped, parallel and
elongate protrusions or beads 133, 134 and 135 are provided on
gripper steel 75 and extend vertically downwardly therefrom.

Beads 133, 134 and 135 are shaped and formed so as to allow
them to pierce or bite into the sheet metal of blank 80 in such
manner that some metal will be forced or coined into the space
between the beads, thus increasing the thickness of the metal
in the area between the beads. When this occurs, nearly the
entire force exerted by steels 61 and 75 is concentrated into

the area between the beads, with the result that blank 80 may

be held without slippage while the part is being stretch formed.

FIG. 11 shows the construction of two adjacent beads 134
and 135 in more detail. Each of the beads has a generally
rectangular shaped cross-section and defines a pair of
relatively sharp edge surfaces which provide the biting action
as the sheet metal 1s clamped between steels 61 and 75. While
it should be understood that the size, shape and spacing of the
beads may vary somewhat depending upon such factors as the size
of the die and the materials used to form the beads and the
sheet metal blank, the following dimensiodonal requirements are
significant. The beads preferably have a height E which is
approximately one-fourth the thickness B of the sheet metal
blank 80 and a width C which is approximately one to two times
the height of the bead. The beads are spaced apart along their

entire lengths at distance D which is approximately 0.1875 to
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0.375 inches. Also, the height E of the beads between adjacent
beads is less than the height A outside of the inner and outer
beads 133 and 135, respectively, by two to three percent. 1In
the preferred embodiment, height E is 0.002 inches less than
height A. I have discovered that this difference in the height
of the surface 138 between adjacent beads significantly
enhances the ability of the beads to grip the sheet metal
blank. This causes an increased localized impact or
compression of the material trapped between the beads.

In the embodiment shown, the apparatus 10 for forming sheet
metal members is adapted for stretch hydroforming a
conventional style automobile dcor from a 0.030 inch thick
sheet metal blank 80. Gripper steels 75 and their beads are
formed of AISI D2 tool steel having a hardness of RC 60-62, a
height A of 0.0077 inches, a height E of 0.0075 inches, a width
C of 0.010 inches, and are spaced apart a distance D of 0.250
inches. Also, the base portion of each of the beads are
rounded off to a radius R of between approximately E and E/2.
Backup steels 61 are formed of AISI D2 tool steel having a
hardness of RC 58-60.

As shown in FIG. 3, backup steels 61 completely surround
and define mold cavity lower surface 73. Gripper steels 75,
aligned directly above backup steels 61, completely surround
the part print cavity 78, the outline of which is indicated at

136. With a blank 80 clamped tightly between uppet die 51 and
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its gripper steels 75 and lower die 25 and its backup steels
61, a substantially sealed cavity is created by blank 80 and
mold cavity lower surface 73 of lower die 25, the cavity being
bounded by backup steels 61.

The operation of apparatus 10 may be described as follows:

In the open position shown in FIG. 1, inner slide 12 is in
the up position, away from extension 29, and extension 29 is in
the up position by virtue of internal gas springs 39 and 40.
Also, outer slide 11, shoe 15 and upper die 51 are all in the
up position, several feet above and away from lower die 25
(upper die 51 being farther above lower die 25 than shown in
FIG. 1). A rectangular, sheet metal blank 80 is positioned on
top of lower die 25, specifically, resting on ridge 82, between
locators 65 and 66, and maneuvered thereat until the right-hand
edge 103 (FIG. 5) is positioned below hold-down surface 99 of
leaf 96. With upper die 51 positioned away from lower die 25,
end locator 68 and side lifters 67 extend upwardly from their
cavities by virtue of their respective springs. Blank 80 is
positioned toward the rear of lower die 25 until the leading
edge 139 of blank B0 contacts the flat surface 110 of end
locator 68. Side lifters 67, though now fully, upwardly
extended, do not extend high enough beyond outer, horizontally
planar surfaces 63 to contact the bottom of originally flat
blank 80. The position of blank 80, now appropriately loaded
atop lower die 25, is shown in FIG. 1 and in phantom in FIGS. 3

and S.
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With blank 80 now properly loaded, outer slide 11 moves
down which brings upper die 51 toward and against blank 80 and
lower die 25. The lower side 140 (FIG. 2) of upper die 51
first contacts blank 80. Because the opposite side of blank 80
is precluded from rising via hold-down surface 99 of leaf 96,
blank 80 is caused to wrap around lower die 25 at ridge B2.
OQuter slide 11 and thus upper die 51 continue downwardly,
contacting and wrapping the remainder of blank 80 around die 25
until gripper steels 75 and backup steels 51 clamp the
periphery of blank 80 therebetween. As die 51 is forced down
against lower die 25, beads' 133, 134 and 135 pierce into blank
80, displacing an amount of metal into the space between the
beads, and tightly gripping blank 80 around its periphery.
Finally, outer slide 11 dwells and inner slide 12 moves down,
its sidewalls 49 contacting and depressing extensions 29 of
cylinder assemblies 17 and 18. Valves in lower head 26
hydraulically connect cylinder 27 with passageway 34 and close
off the passage to supply/return line 31. Hydraulic fluid 1is
thereby forced from cylinders 27, through passageways 34, 35
and 57 and into the region between clamped blank 80 and the
mold cavity lower surface 73. Blank 80 is clamped sufficiently
tightly between gripper steels 70 and backup steels 61, that
fluid is substantially prevented from escaping between blank 80
and backup steels 61 and the pressurized fluid stretch-forms

blank 80 into the part print cavity 78 of upper die 51. Excess
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fluid volume is vented through hose 31 into cavities 20 via
preset pressure relief valves (not shown) in supply/return port
33b.

The hydraulic pressure required to completely form blank 80
into part print cavity 78 depends upon the properties and
thickness of blank 80 and the smallest radius of curvature of
the various portions of cavity 78. The required hydraulic
pressure will therefore vary each time the specific tooling is
changed or the parameters of blank 80 are changed. Pressure
relief valves in lower head 26 are therefore adjusted as
necessary for each different. forming operation.

After completion of the hydroforming operation, inner slide
12 moves up and away from cylinder assemblies 17 and 18. The
internal gas springs 39 and 40 of c¢ylinder assemblies 17 and 18
then extend their piston reds 28 to the up position. Valving
in lower head 26 blocks off passageways 34 and hydraulically
connects cylinders 27 with their supply/teturn hoses 31. The
upstroke of piston rods 28 by gas springs 39 and 40 thus
syphons a new charge cof gluid from cavities 20 into cylinders
27 for the next hydroform operation.

While inner slide 12 is raised, outer slide 11 is also
raised, lifting upper die 51 away from formed blank 80 and
lower die 25. Side lifters 67 and end locator 68 pop up by
virtue of their corresponding springs. Side lifters 67, being

located to the right of lateral centerline 141 (FIG. 3), lift
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the back or leading end of the now-formed blank 142 (FIG. 5)
away from lower die 25 and higher than upwardly extending end
locator 68. The formed blank 142 may now be removed from the
back of apparatus 10 either manually or with a mechanical
device.

Apparatus 10 is provided with automatically recirculating
hydraulics. As upper die 51 is lifted away from lower die 25,
the hydraulic fluid will spill out all around lower die 25.
Splash guards 143 are provided on both sides of lower die 25 to
channel the spilling fluid to the ends of shoe 16, back into
cavities 20. Upwardly extending, U-shaped shields 144 and 145
are mounted at opposing ends; on top of lower shoes 16 to
further contain and guide the spilling fluid into the
respective cavities 20.

When it is desired to form a different part with apparatus
10, instead of replacing the entire complement of die
components within the press frame as in prior art
devices-~-huge, multi-part components often weighing more than
100,000 pounds~-, all that needs to be replaced in the present
invention is the specific tooling--die halves 51 and 25. The
two dies 51 and 25 of the present invention are comparatively
smaller and weigh together about 10,000 pounds. This
represents a significant economic and logistic improvement over

the prior art.
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While the present embodiment is intended to receive a
single piece of sheet metal B0 at a time, the invention also
contemplates forming sheet metal in a coil fed arrangement (a
progressive die). Such an apparatus would provide a cutting
device at the back or exit side which would cut off the formed
part on the down stroke. Also, the sheet material would be fed
in a direction perpendicular to peak ridge 82. Cylinder
assemblies would then be positioned at the left and right ends
(as apparatus 10 appears in FIG. 1). The shape of lower shoe
16 with its cavities would also be appropriately altered to
provide the recirculating fluid operation.

- Referring to FIG. 12, there is shown an apparatus 210 for
hydroforming metal sheet in accordance with an alternative

embodiment of the present invention.

Basi .
In the preferred form of apparatus 210, shown in FIG. 12
and described herein, the basic die is still secured to a
standard double action press, but here generally includes wupper
shoe 215, fluid reservoir pan 216, and hydraulic cylinder
assemblies 217 and 218. Upper shoe 215 is fixedly mounted to
outer slide 211 to vertically reciprocate therewith between
cylinder assemblies 217 and 218. Reservoir pan 216 sits upon a
sub-plate 219 which is clamped to the base or bolster of the

press. Pan 216 defines a central plate 224 which extends
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outwardly.and transitions into upstanding sidewalls 222, thus

¥ allowing pan 216 to act as a fluid reservoir or sump for
cylinder assemblies 217 and 218. Bed 224 is adapted for
receiving thereatop the lower die 225 of the specific tooling.

. Referring to FIGS. 13 and 14, hydraulic cylinder assemblies
217 and 218 are identical and the following description of
cylinder assembly 218 will apply equally to both assemblies 217
and 218. Cylinder assembly 218 generally includes two
hydraulic cylinder units 226 and 227 and a pair of serially
arranged gas springs 239 and 240. Cylinder units 226 and 227
each include a lower head 228, a cylinder 229, and a piston rod
230. Both cylinder units 226 and 227 are mounted atop bed 224
and to lower die 225. A filter assembly, fluid return and

valve assembly are provided as appropriate within and in

connection with lower head 228 to provide operation like that
described for cylinder sssemblies 17 and 18 of FIGS. 1-4.
Lower die 225 defines in this embodiment horizontal
passageways 334 and a connecting vertical passageways 235, the
latter of which open to upwardly facing surface 236 of lower
die 225. An appropriate conduit 237 extends from lower heads
228 to lower die 225 and provides fluid eommunication between

horizontal passageway 234 and its respective pair of hydraulic

‘\{u

cyiinder units 226 and 227.
Mounted in between cylinder units 226 and 227 are the pair

of vertically stacked gas springs 239 and 240. Lower spring

L ki s e ¢ 4 e
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239 is appropriately fixed at its base 242 to bed 224 via a
base block 241 which is mounted to bed 224 and provides
conventional means such as set screws for tightly securing
spring 239 thereto. The upper end of the piston rod 243 of
lower spring 239 and the base 244 of upper spring 240 are
likewise fixed together for movement as a unit via a spacer
block 245 which is provided with conventional means such as one
or more set screws for tightly securing piston rod 243 and base
244 thereto. A common head block 248 spans and rests atop
piston rods 230 and piston rod 249 of upper gas spring 240 and
is adapted to cooperated with the bottom 247 of inner slide
212. (FIG. 12) Head hlock 248 and piston rods 230 and 249 are
rigidly, mutually connected to move as a unit by appropriate
means such as screws 250 extending through passageways 251 in
head block 248 and into the top of piston rods 230 and 249. 1In
the present embodiment, only one screw 250 secures piston rod
249 to head block 248 while at least four screws 250 are
recommended to connect each piston 230 to head block 248.

In the present embodiment, upper shoe 215 is mounted to
bottom 254 of outer slide 211 and is roughly the same as upper
shoe 15 of FIG. 2, except that upper shoe 215 has a greater
vertical dimension. As shown in FIG. 1, upper shoe 15 spans
opposing walls 14 of outer slide 11 and is subjected at its
central portion to tremendous upward forces of resistance from

lower die 25 as outer slide 11 pushes downward. By providing
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an increased vertical dimension in upper shoe 215, its strength
and resistance to bending is increased, thereby permitting
greater forces to be applied through outer slide 211, and
thereby permitting larcer and more complicated parts to be

formed with apparatus 210.

specific Toolj

Upper die 252 is unchanged from upper die 51 of FIGS. 1
and 2 and is secured to the bottom of upper shoe 215. Lower
die 225 is mounted directly atop bed 224 and is located in the
desired horizontal alignment thereon by appropriate cross-keys
253. As described above, lower die 225 defines communicating
horizontal and vertical passageways 234 and 235 for providing,
with conduit 237, fluid communication between lower heads 228,
of hydraulic cylinder assemblies 217 and 218, and upwardly
facing surface 236 of lower die 225.

In operation, apparatus 210 performs essentially the same
as apparatus 10 of FIGS. 1 and 2 with outer slide moving
downwardly to clamp a positioned blank (not shown) between
upper die 252 and lower die 225. As outer slide 211 dwells,

inner slide 212 moves down and forces head blocks 248 and

o

- piston rods 230 and 249 down, thereby forcing hydraulic fluid
from cylinders 229, through the valving in lower heads 228,
through conduits 237, passageways 234 and 235, and into the

region between the clamped blank and the mold cavity (not

S mabe s e o
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shown) which is defined in the lower surface of 255 of upper
die 252. On the upstroke of inner slide 212, gas springs 239
and 240 push head block 248 upward, thereby lifting piston rods
230 upward and resetting hydraulic cylinder units 226 and 227.
Fluid released or escaping from between upper and lower dies
252 and 225 falls into fluid reservoir pan 216 and is drawn as
needed into lower heads 228 through appropriate valved ports
(not shown).

As with the embodiment shown in FIGS. 1 and 2, apparatus
210 of FIG, 12 can be used to form a wide variety of different
parts simply by replacing the upper and lower dies 252 and 225
and without making major structual modifications to the entire
press.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, the same is
to be considered as illustrative and not restrictive in
character, it being understood that only the preferred
embodiment has been shown and described and that all changes
and modifications that come within the spirit of the invention

are desired to be protected.
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The claims defining the invention are as follows:

1. A self-contained apparatus for stretch forming, without
draw%ng, sheet metal using fluid to act directly on the sheet metal, said
apparatus capable of being used within a double action conventional press
having a base and outer and inner vertically reciprocating slides, said
apparatus comprising:

a basic die mountable to the press and including an upper shoe
mountable to the outer slide, and hydraulic means connectable to a lower
die, mechanically actuatable by the inner slide and for providing
pressurized fluid to specific tooling;

specific tooling including upper and lower dies moveable between
open and closed positions, said upper die being replaceably mounted to
said upper shoe and having a downwardly facing, die mating surface which
defines a part print cavity, and said lower die being replaceably
mountable atop the base and having an upwardly facing bind surface
aligned below the die mating surface, said upper and lower dies being
adapted to receive and clamp a sheet metal blank between the die mating
surface and the bind surface, said lower die includ{ng first passageway
means for transmitting pressurized fluid from said hydraulic means to
said bind surface, so as to stretch form the sheet metal blank against
said die mating surface without drawing the blank.

RLF/0760E
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4. A self-contained apparatus for forming sheet metal as
claimed in claim 3, wherein said gripper steel comprises a number of
gripper steel members, each having the at least two beads, said gripper
steel members held by said upper die in end to end relation so that the
beads of said gripper steel members surround the part print cavity.

5. A self-contained apparatus for forming sheet metal as
claimed in claim 3 or claim 4, wherein said gripper steel is mounted in
said upper die and in that the apparatus further includes a back-up
steel mounted in said lTower die so as to be in alignment below said

gripper steel when said upper and lower dies are in the closed position.

6. A self-contained apparatus as claimed in any one of claims 3
to 5, wherein the height of the beads as measured between adjacent
beads is two to three percent lower than the height of the beads as
measured, with respect to the parf print cavity, outside the inner and
outer beads respectively.

7. A self-contained apparatus as claimed in any one of claims 3
to 6, wherein the height of the beads as measured between adjacent
beads is 0.0508mm (0.002 inches) lower than height of the beads as
measured, with respect to the print cavity, outside the outer bead.

8. A self-contained apparatus as claimed in any one of claims 3
to 7, wherein said gripper steel has three outwardly extending beads.

9. A self-contained apparatus for forming sheet metal as
claimed in any one of claims 1 to 8, wherein said hydraulic means
inciudes at least one hydraulic cylinder assembiy having a
reciprocating piston rod adapted to be depressed by the downward stroke
of the inner slide.

10. A self-contained apparatus for forming sheet metal as
clajmed in claim 9, wherein said hydraulic means includes a fluid
reservoir pan mountable atop the base and adapted to collect fluid
spilling from said dies, said reservoir supplying fluid for said at
Jeast one cylinder assembly and characterised in that said lower die,
sits within sajd pan.

11. A self-contained apparatus for forming sheet metal as
claimed in claim 9 or claim 10 wherein there are two hydraulic cylinder
assemblies located on opposite sides of said lower shoe.

1228t
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12. A self-contained apparatus for forming sheet metal as
claimed in claim 11 wherein each of said two hydraulic cylinder
assemblies includes two hydraulic cylinder units and includes spring
means opposing downward movement of the inner slide and for 1ifting
piston rods of said cylinder units to a reset position.

13. A method for forming sheet metal utilising a press having a
base, outer and inner vertically reciprocating slides and basic die,
said basic die including a lower shoe mounted atop said base with an
upper die having a part print cavity mounted to said upper shoe and a
lower shoe mounted atop the base with a lower die having an upwardly
facing bind surface mounted to the lower shoe, the method comprising
the steps of:

D positioning metal sheet between said upper and lower dies;
and

1) actuating said outer slide downwardly whereby said upper die
moves downwardly toward said lTower die and against the sheet until the
sheet is firmly clamped between said upper and lower dies preventing
drawing of the sheet and stretch forming the sheet between the dies;
wherein

pressurised hydraulic fluid is transmitted to said bind surface
forcing fluid into the region between said lower die and the sheet to
stretch form the sheet against the part print cavity in the upper die
without drawing the blank.

4.  An apparatus for forming sheet metal substantially as
hereinbefore described with reference to Figures 1 to 11 or 12 and 13
of the drawings.

15. A method for forming sheet metal substantially as
hereinbefore described with reference to Figures 1 to 11 or 12 and 13
of the drawings.

DATED this FIFTEENTH day of FEBRUARY 1994 .
Graph-Tech, Inc. and Armco Steel Comgany, L.P.

Patent Attorneys for the Applicants
SN SPRUSON & FERGUSON
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.S, CL.- 72/56, 57: 29/421.1

. FIELDS SEARCHED

Minimum Documentation Seuarched ¢

Classification System | Classification Symbols

72/56,57,60,63,296,297,453.02,
453.03, 453.04; 29/421.1
U.s.

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched &

_1ll. DOCYMENTS CONSIDERED TO BE RELEVANT 1+

Category * ; Citation of Document, ' with indication, where appropnate, of the relevant passages 7 ] Relevant to Claim No. 's
X lm:, A 2,345,985 (WURTTEMERG), 20 March 1975, 1,2,9,15-19,
Y See figs. 1 and 2.

Y US,A, 4,576,030 (Roper), 18 March 1986, 3-5
See flg 2.
Y Js,A, 4,195,510 (Jurgens), 1 April 1980, i3, 4, 8

See Fig. 4.

Y SU,A, 1,263,392 (Correspondence Poly), 15 October 1986 | 3-7
See entire document.

|
|
)

* Special categorias of cited docurnents: 15 “T" fater dacument published atter the international filing date

upn P " I, or priotity date and not in conflict with the appiication but
A ;g::ir:::'ldd:giw%:::g&v;:‘;:::::c’:he art which 13 not cited to understand the principie or theory underiying the
0 invention

"E" eariier document but published on or after the internationa’ “X» document of particular relevance: the claimed invention
filng date ) . cannotl be considered novel or cannat be considersd to
“L® documsent which may throw doubts on priority claim(s) or invpive an inventive step
which is cited to establish the publication date of another “¥* gogumert of paricular relevance; the claimed invention

citation or other special reason (as specifisd) cannot be considered to involve An inventive step when the

»G" drscuinent referring to an oral disclosurs, use, exhibition or 'ddcument 13 combined with one or more other such docu-
other ineans Mesnts, such combination being obvious to a person skilied
“p" gocument published prior 1o the international filing date But in the art.
iater than the priority date claimed “4" -document member of the same patent family
Iv. CERTIFICATION ‘
Date of the Actual Completion of the international Search 3 Date of Mailing of this International Sgarch Report
ary 1991 28 FEBJS%
international Searching Authority Si nn{:n of Authorized O%; 0=
ISA/US ) vid B. Jones
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FURTHER INFORMATION CONTINUED FROM THE SECOMS SHEET

A us, A 4,833,903 (DeSmet) 1-29
30 MAY 1989 See Figs. 5 and 6

A Us, A 3,396,561 (Day) 1-29
13 AUGUST 1968 See Fig. 5

A SU, A 619,254  (Obonin) 1-29
25 AUGUST 1978

V,D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE!

This international search report has not been established 1n respect of certain claims under Article 17¢2) (a) for the foliowing reasons:

1,D Claim numbers . because they relate to subject matter ! not required to be searched by this Authonty, namely:

‘24D Claim numbers | , because they relate to parts of the international application that do not cernply with the prescribed require-
ments to such an extent that no meaningful international search can be carried out t, specifically:

3. [] Claim numbers, B} , because thay are dependent ciaims not drafted in accordance with the second and third sentences of
PCT Rule 6.4(a).

Vi.D OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING?

This Internaticnal Searching Authority found multiple inventions in thisg international application as tollows:

1.D As ali required additional search fees were timely paid by the applicant, this internationai search report covers aii searchable ciaims
of the international appiication.

2.[] As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the international application for which {ees were paid, specifically claims:

3.D No required additional search fees were timely paid by the applicant. Consequéntly, this international search repott is restricted to
the mveéntion first mentioned in the claims; it :8 covered by claim numbers:

4 D As ail searchableciaims could be searched without effort justifying an additional fee, tha International Searcting Authority did not
invite payment of any additional fee.

Remark on Protest
[ The additional search tees were hoanied by applicant's protest.

D No protest accompanied the payment of additional search fees,
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