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(52) U.S. Cl. ........................................................ 100/269.01 

(57) ABSTRACT 

The invention concerns an impact machine for forming a 
body with desired shape of a formable working material 
through impact action in a forming operation, Said impact 
machine comprising a machine Stand (6), an upper unit 
which comprises either a lower impact unit (3), which 
comprises a counter-impact device, or a Stationary anvil, and 
a central unit between the upper and the lower units. The 
central unit (4) comprises one or more carriers (30), each of 
which containing and carrying one or a plurality of identi 
cally equal tool units (32), each of which comprising a die 
(34) with a mould cavity (46) for the working material (90) 
intended to be formed, Said carriers including at least one 
carrier which is stationary during the forming operation and 
which contains at least one Such tool unit, and that motion 
devices (7) are provided for indexing the carrier or carriers 
in a horizontal plane for positioning the tool units in different 
function stations (I-V), comprising a forming station (II) and 
at least one more Station. 
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IMPACT MACHINE AND A METHOD OF 
FORMING ABODY 

TECHNICAL FIELD 

0001. The invention concerns an impact machine for 
forming a body with desired shape of a formable working 
material through impact action in a forming operation, Said 
impact machine comprising a machine Stand, an upper unit 
which comprises an upper impact unit with an upper ram and 
an upper punch, a lower unit which comprises either a 
counter-impact device or a Stationary anvil, and a central 
unit between the upper and the lower unit. The invention 
also concerns a method of forming a body of formable 
working material of Such a machine. 

STATE OF THE ART 

0002 Impact machines for working by the employment 
of high kinetic energy are machines for working in the first 
place metal, Such as cutting, punching, and plastic forming 
of powder components, powder compaction, and Similar 
operations, in which the Speed of a ram, which may consist 
of a press piston, may be essentially higher than in conven 
tional presses. Also polymeric and ceramic working mate 
rials can be conceived, as well as various composites of 
metals, polymers and ceramic materials. The working prin 
ciple is based on the development of a very high kinetic 
energy of Short duration instead of a high Static press force 
of long duration. The dynamic forces of Short duration 
which are generated at the ram impact and which in impact 
machines of prior art are conveyed around in the System via 
Stand and foundation may be Several thousand times larger 
than in conventional presses and imply that considerable 
amounts of energy are lost in Stands and foundations instead 
of being used for effective work in an optimal way. In order 
to be able to absorb large force pulses, impact machines of 
prior art are equipped with very Strong and heavy Stands and 
foundations according to principles which are common in 
connection with conventional presses. Nevertheless the 
dynamic, Shock type force pulses that are developed in 
impact machines are not damped in Such heavy, conven 
tional Systems. The StreSS on all joints therefore become very 
large, as well as on Sensitive components, e.g. electronic 
components for controlling those hydraulic valves which 
usually form parts of impact machines, which may cause a 
great risk of failure. Large, unwieldy Stands also give rise to 
problems in connection with Service, change of tool unit or 
of tool insets in the tool unit, changing the height of the 
impact unit above the tool unit, etc. 
0003) Another problem with known impact machines of 
the Said type is that they have a comparatively Small 
production capacity. This basically is due to the clumsineSS 
of the machines, which makes it difficult to provide the 
machine with devices which would make a rational produc 
tion possible. 

DISCLOSURE OF THE INVENTION 

0004. It is a first purpose of the invention to address and 
to Solve the last mentioned problem, i.e. to provide a 
machine which allows a rational manufacturing of bodies 
with desired shape from a formable working material. 
0005. This and other objectives can be achieved therein 
that the central unit comprises one or more carriers, which 
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contain and carry one or a plurality of identically equal, tool 
units, each one of which comprises a die having a mould 
cavity for the working material that shall be moulded, Said 
carriers including at least one carrier which is Stationary 
during the forming operation and which contains at least one 
Such tool unit; that motion devices are provided for indexing 
the carrier or carriers in a horizontal plane for positioning the 
tool units in different function Stations, that Said function 
Stations comprise a forming Station in which the die is 
coaxial with the upper punch, and at least one more Station 
which is either a station for filling a mould cavity in the die 
with working material which shall be formed to said body 
with desired shape in the forming Station, or a Station for 
ejection of the formed body out from the die; that the 
counter-action device or Said anvil is provided under the 
carrier in the region of the forming Station; that the kinetic 
energies of the movable masses during the forming opera 
tion, which comprise a single Stroke of the upper ram, are 
essentially transferred to the working material in the mould 
cavity and are So large that the working material is plasti 
cised and flows out to fill all parts of the mould cavity when 
the punches are maximally brought together, to form Said 
body with desired shape; and that the counter-action device 
of the lower unit or said stationary anvil is provided in the 
region of the forming Station, under the carrier, which is 
Stationary during the forming operation. The working mate 
rial may consist of e.g. a powder or one or more completely 
or not completely Solid or porous agents of in the first place 
metal or possibly polymeric or ceramic material or of 
various composites of metallic, polymeric, or ceramic mate 
rials. 

0006 Among further aspects of the invention, it may be 
mentioned that the invention aims at achieving also one or 
more of the following advantages: 

0007 to essentially isolate the carrier of the central 
unit, which is Stationary during the forming opera 
tion, from impact forces at the forming operation and 
from Shock waves from the impact, wherein the 
carrier may be designed to be light and need not 
require any great mechanical Strength, 

0008 to counteract shock waves from the impact via 
the machine Stand, which in turn makes it possible to 
use a light carrier in the central unit, and to eliminate 
heavy bases, which according to prior art have had 
the purpose of absorbing shock waves, 

0009 to reduce the total mass of the machine in 
comparison with known comparable impact 
machines, including reducing the sizes of the impact 
unit or impact units, at the same time as lower 
Striking Velocities can be employed for the achieve 
ment of desired working and a high production 
capacity can be achieved, 

0010 to provide that the kinetic energy of rams can 
be used essentially for effective work in connection 
with the working of a working material instead of 
being lost in tools and auxiliary equipment, Such as 
in the carrier of the central unit and in Stand and 
foundation, which in turn can create improved pos 
Sibilities to work and/or to form materials which 
previously have not been possible to be worked 
and/or formed to a desired degree, 

0011 to make it possible to compact metal powders 
or other formable powder, Such as ceramic powders 
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or composite powders consisting mainly of metal, 
ceramic and/or polymeric powders, to a higher and 
more even density than what has been possible by 
means of prior art because of losses of energy in 
tools and auxiliary equipment, 

0012 to enable an easy and quick adjustment of the 
distance of the impact unit or impact units, respec 
tively, above and under the central unit, respectively, 

0013 to make it possible to design the impact units, 
or the impact unit and the counter-impact device, 
respectively, Such that Shock waves are Superposed, 
which enhances the effect of the movable units upon 
the working material, and 

0014 to make it possible to manufacture compacted 
bodies in the machine with desired shape from metal 
powder, essentially without communicating pores 
and with Such a great Strength that they can be 
pushed out from their mould cavity without being 
damaged and be moved to a furnace in order, in a 
Subsequent treatment, to be heated to Sintering tem 
perature, wherein the powder grains, which were 
Softened and changed as to their shape in the 
machine, will be welded together (sinter, coalesce) 
for the achievement of a very dense body with high 
Strength. 

0.015 According to a first embodiment, the impact 
machine comprises an upper impact unit with an upper ram, 
a lower impact unit with a lower ram and a lower punch, 
which together with the upper punch and the die, which has 
a through hole, define the mould cavity for the working 
material. It is a characteristic feature of the mode of opera 
tion of the machine according to this first embodiment that 
the upper ram and the lower ram are caused to perform a 
Single Stroke with Such a Velocity against an upper impact 
body, which is integrated with or is pressed against the upper 
punch, and against a lower impact body, respectively, Said 
lower impact body being integrated with or pressed against 
the lower punch, that those masses which move downwards, 
including the upper punch, will achieve a downwards 
directed Velocity V, and those masses which move upwards, 
including the lower punch, will achieve an upwards directed 
Velocity V, Said movable members having Such masses and 
Said Velocities being So high that the impulses of the 
downwards movable masses and of the upwards movable 
masses will be essentially equal, i.e. Such that the following 
condition applies: 

mXVain-XV 

0016 where m is the total mass of the masses 
moving downwards, and m is the total mass of the 
masses moving upwards at the impact; 

0017 that the kinetic energies of the movable 
masses, i.e. 

mi vi m2 v3 
5-, and - -, 

0.018 respectively, are essentially transferred to the 
working material in the mould cavity and are So great that 
the working material is plasticised and flows out to fill all 
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parts of the mould cavity, when the punches are maximally 
brought together, for the formation of said body with desired 
shape, and that the die is essentially Stationary during Said 
Stroke. Further aspects on this performance are disclosed in 
the Swedish patent application No. 0002030-5, the content 
of which is here with included in the present patent applica 
tion by reference. 
0019. According to a second, conceivable embodiment, 
the lower unit comprises a counter-action device in the form 
of an anvil assembly, Said assembly including an anvil and 
a tool unit with tool and object to be worked, members being 
provided for moving the anvil assembly upwards towards 
the ram which is included in the upper unit and moves 
downwards during the forming operation, to meet the ram as 
the anvil assembly is being moved, simultaneously with the 
ram being moved downwards. 
0020. According to a third embodiment, which can be 
combined with said first or said second embodiment, or with 
a Stationary anvil under the central unit in the region of the 
first forming Station, the upper impact unit and the lower 
impact unit, or the upper impact unit, respectively, in the 
case when a movable or Stationary anvil is provided under 
the central unit, are/is Suspended via Shock absorbers, in 
addition to which lifting devices are provided in order to 
adjustably raise and lower the impact units or the impact 
unit, respectively. 
0021 Further characteristic features and aspects of the 
invention will be apparent from the appending patent claims, 
the detailed description of the invention, and from what is 
disclosed in the above mentioned Swedish patent applica 
tions, which have been included in the present patent appli 
cation by reference. 

BRIEF DESCRIPTION OF DRAWINGS 

0022. In the following detailed description of the inven 
tion, two preferred embodiments will be described with 
reference to the accompanying drawings, in which 
0023 FIG. 1 is a perspective view of an impact machine 
according to Said first embodiment, a forming Station facing 
the viewer; 
0024 FIG. 2 shows the same impact machine in a 
perspective view from the opposite direction; 
0025 FIG. 3 is a perspective view in the same direction 
as FIG. 1, illustrating the impact units and the central unit 
of the impact machine with its various function Stations with 
auxiliary equipment and motion members of Said units, 
0026 FIG. 4 shows said units, equipment components, 
and motion members according to FIG. 3 in a perspective 
View in the opposite direction; 
0027 FIG. 5 is a view in about the same direction as in 
FIG. 1, showing a machine stand which is included in the 
machine; 
0028 FIG. 6 is a perspective view showing five tool 
units, which are carried by the central unit in the machine; 
0029 FIG. 7 shows a tool unit in cross section in a view 
along the line VII-VII in FIG. 6; 
0030 FIGS. 8A and 8B show parts of an upper and a 
lower impact unit, and a portion of a tool unit in the forming 
Station at two different moments before the forming opera 
tion; 
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0.031 FIG. 9 shows a tool unit in cross-section in another 
one of the forming Stations, 
0032 FIG. 10 shows the central unit with the carrier and 

its auxiliary equipment in a view from above, 
0.033 FIG. 11 shows the tool unit in cross-section in still 
another one of function Stations, 
0034 FIG. 12 and FIG. 13 show a lay-out of an impact 
machine according to a Second embodiment in two different 
perspective views, which impact machine comprises an 
upper ram above Said central unit and a counter-impact 
member in the form of a movable anvil under the central 
unit, 
0035 FIG. 14 shows the machine according to FIG. 12 
and FIG. 13 in cross-section and a hydraulic circuit for 
lifting the anvil; 
0036 FIG. 15 is a view along the line XV-XV in FIG. 
14; and 
0037 FIG. 16 is a view along the line XVI-XVI in FIG. 
15 at a larger Scale. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0038 Embodiment According to FIG. 1-FIG. 11 
0039. With reference first to FIGS. 1 and 2, an impact 
machine is generally designated 1. Its main parts, FIGS. 3 
and 4, consist of an upper impact unit 2, a lower impact unit 
3, a central unit 4, comprising a turntable 30 which can be 
rotated in a horizontal plane, motion members 7 for the 
turntable 30, and a stand, FIG. 5. 
0040. The stand 6 consists of a strong steel plate 100 
having four legs 101, which are anchored to a foundation 5, 
two pairs of columns 102a, 102b; and 103a, 103b, which 
extend upwards from the plate 100, four vertical rods 
guides—which proceed vertically upwards from the col 
umns 102, 103, a block 105 on the plate 100, and a tubular 
column 106 on the block 105. 

0041) The turntable 30, which is concentric with the 
column 106, rests on the column 106 via not shown thrust 
bearings and can be rotated via a rotational shaft 108 about 
a vertical centre of rotation by means of Said motion 
members 7 under the plate 100, which shaft rotatably 
extends through the plate 100, the block 105, and the tubular 
column 106. The turntable 30 is also supported laterally by 
a rectangular, horizontal plate 109, which is stationarily 
mounted between the columns 102a and 103a, on one side, 
and between the columns 102b and 103b, on the other side. 
The turntable 30 thus can be said to be radially journalled in 
the plate 109. A suitable material for the turntable 30 is 
aluminium or any other light metal or light metal alloy, or 
any other light material, e.g. a polymer, or a composite 
material which makes the table of light construction. 
0042. The turntable 30 contains and carries a number of 
identical tool units 32, which are evenly distributed at equal 
distance from the centre of rotation 107 of the table, i.e. with 
an indexing of 72. The tool units 32 can, by stepwise 
turning-indexing-of the turntable 30 clockwise with ref 
erence to FIG. 1, adopt desired, indexed positions in five 
function Stations, which according to a preferred embodi 
ment consist of the following Stations: 
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0043) 
0044) 
0045 
0046) 
0047) 

0048 Hydraulic devices in the different units of the 
impact machine 1, including hydraulic devices in the five 
function Stations, are Supplied with pressure fluid from the 
block 105, which is a hydraulic centre for distributing 
hydraulic fluid. In the block 105 there is a main distribution 
channel 150 from pump and a main channel 151 which is 
connected to tank or to accumulator. Main conduits to and 
from the main channels 150 and 151 for the upper and lower 
impact units 2 and 3, and to the central unit 4 are shown 
schematically in the form of the conduits 152, 153,154, and 
155, which lead to the columns 103a and 103b and via the 
columns further on to the various units. The mandrel driving 
down station III is supplied via the conduits 156 and 157, the 
ejection station via the conduits 158 and 159, the re-setting 
station V via the conduits 160,161, and the filling station via 
the conduits 162 and 163. The motion members 7 are 
supplied via the conduits 164-167. 
0049. In order that the tool units 32 shall be indexed with 
a very great accuracy in the function Stations, which is 
particularly important as far as the forming Station II is 
concerned, there are provided five recesses 115, FIG. 10, 
which are wedge-shaped in a horizontal Section, in the 
region of the edge of the turntable 30; one recess in front of 
each tool unit 32. In the region of the forming station II there 
is provided a wedge shaped device 116 in the plate 109. The 
device 116 can be moved into the wedge shaped recess 115 
by means of a schematically shown motion device 117, 
which may consist of e.g. a hydraulic piston. Further, Second 
recesses 118 are provided adjacent to each of the wedge 
shaped recesses 115, for receiving a locking bolt 119, which 
in the ejection Station IV can be brought into Said Second 
recesses 118 from a resting position in the plate 109 by 
means of a Second motion device, e.g. a hydraulic piston 
120. Further, there is a third recess 121 provided between the 
wedge shaped recesses 115 and the second recesses 118. 
These third recesses are designed So as to be able to receive 
a locking bolt 122 in the region between said fifth and first 
forming Stations. In a way corresponding to the provisions 
for the fixation members 115 and 119, a third motion device 
123 is provided in the plate 109 for the bolt-shaped locking 
member 122. As the turntable 30 performs its indexing 
movements about the rotational centre 107 of the table, all 
fixation and locking devices 116, 119, and 122 are with 
drawn to their resting positions in the plate 109. 

I a filling Station 
II a forming Station 
III a mandrel driving down station 
IV an ejection Station, and 
V a re-setting Station. 

0050. The motion members 7 for the rotation of turntable 
30 are provided under the plate 100. The motion members 7 
according to the embodiment are of a kind which is known 
per Se and comprise a pair of hydraulic cylinderS 130 
attached to the bottom side of the plate 100, said hydraulic 
cylinders having piston rods 131, which are provided to be 
able to rotate an outer sleeve 133 about 72 about the centre 
of rotation 107 of the turntable via pivoted links 132 at each 
stroke which the piston rods 131 perform by means of the 
hydraulic cylinders 130. The outer sleeve 133 in a known 
manner is provided with Splines with a gap between the 
Splines. An intermediate sleeve, which is not shown, can be 
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manouevered vertically in order to bring the Splined outer 
sleeve into and out of engagement with Splines of the 
rotational shaft 108 in the lower end thereof in the region of 
said motion members 7. By means of motion members 7 of 
this kind, large turning forces can be generated, which are 
required for the indexing of the turntable 30. The upper 
impact unit 2, FIGS. 3 and 4, comprises a yoke 10, which 
via a pair of piston rods 8 can be raised and lowered by 
means of a pair of upper, hydraulic lifting cylinders 12, 
which are provided between and reliably attached to the 
columns 102a and 103a; and 102b and 103b, respectively. 
The yoke 10, in the ends thereof, has a pair of side arms 11, 
which are angled in two opposite directions and have 
through, vertical borings, which match the guides 104 which 
extend upwards from the four columns 102a-103b. The 
guides 104 guide the yoke 10 and thus the entire upper 
impact unit 2. For the achievement of a good lateral Stability 
of the impact unit, however, also the columns 102a-103b, 
which Secure the upper hydraulic cylinders 12, have great 
importance. 

0051. The yoke 10 carries an upper, hydraulic impact 
cylinder 13, which is united with the yoke, said impact 
cylinder containing an upper ram in the form of an impact 
piston 14. An upper impact body designated 15 is movable 
in an upper impact body cylinder 16. An upper punch 17 is 
replaceably united with the impact body 15. The upper 
impact body cylinder 16 is Secured to the upper impact 
cylinder 13. 

0.052 The lower impact unit 3 comprises a lower yoke 
20, which is suspended in a pair of piston rods 9, which can 
be raised and lowered by means of a pair of lower, hydraulic 
lifting cylinderS 22, which in the Same way as the upper 
lifting cylinderS 12 are provided between the Stand columns 
102a and 103a, and between the columns 102b and 103b, 
respectively, and reliably united with Said columns. The 
yoke 20 contacts the inner sides of the columns 102a and 
103a; and the columns 102b and 103b, respectively, and can 
Slide against Said Sides, which contributes to a desired lateral 
stability of also the lower impact unit 3. The yoke 20 carries 
a lower, hydraulic impact cylinder 23, which is united with 
the yoke, Said impact cylinder 23 containing a lower ram in 
the form of an impact piston 24. A lower impact body 
designated 25 is movable in a lower impact body cylinder 26 
which is secured to the impact cylinder 23. 

0053 As has already been mentioned the turntable 30 
contains and carries five identical tool units 32. One Such 
unit according to a first preferred embodiment is shown in 
detail in FIGS. 6, 7, 9, and 11. FIG. 7 shows the tool unit 
as appearing in the re-setting Station V after re-setting and in 
the Station I prior to Supplying the working material accord 
ing to a mode of operating the machine 1. In FIG. 9 the tool 
unit is shown in the mandrel driving down Station III, and 
FIG. 11 shows the tool unit in the ejection station IV after 
ejection of a formed body. 

0.054 The main parts of the tool units 32 comprise a 
lower, tubular punch 27, a die 34, a lower punch holder 36, 
which is slidably movable in a punch holder guide 37, and 
a mandrel 35. Due to the fact that the lower punch 27 is 
tubular, like the upper punch 17, and due to the fact that the 
tool unit comprises a mandrel 35, it is possible to manufac 
ture products having a through hole, Such as gears, in the 
impact machine 1. 
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0055. The lower punch holder 36, FIG. 6 and FIG. 7, 
consists of two identical halves 36a and 36b, which are 
pressed to nearly abut one another along a vertical parting 
plane, in the region of the upper part of the punch holder 
extending almost half the length of the punch holder, and in 
a lower part having a short vertical extension. Between these 
upper and lower parts, the two halves of the punch holder are 
milled to form a vertical, through groove 39 having a 
Substantial extension in the vertical direction. There is also 
a vertical, central groove in each punch holder half 36a and 
36b, Such as the groove 4.0a in the punch holder half 36a. 
The opposite groove 40b in the punch holder half 36b is not 
shown in any drawing. In the bottom of the grooves 40a/40b 
there is an abutment Surface 44, which has the shape of a 
shelf In combination, the grooves 39 and 40a/40b allow the 
punch holder 36 to move in a vertical direction relative to the 
mandrel 35. In its upper part, each punch holder half 36a and 
36b has an outwardly directed flange 41 and a central recess 
42, which widens in its bottom part in order to accommodate 
a head 43 in the lower end of the lower punch 27, which head 
is correspondingly shaped. Together, the two punch holder 
halves 36a and 36b retain the lower punch 27. 
0056. The illustrated example concerns, as mentioned, 
the manufacturing of products having a through hole, Such 
as gears. Therefore, the lower punch 27 is tubular, and the 
mandrel 35 extends through the lower punch. In the die 34 
there is a through, cylindrical hole 45, the walls of which 
correspond to the Outer shape of the desired product, e.g. a 
gear. The shape of the hole 45 also corresponds to the outer 
shape of the lower punch 27 above the head 43 and of the 
upper punch 17, which like the lower punch 27 has the shape 
of a tubular sleeve. 

0057 The mandrel 35 has an elongated, cylindrical upper 
part, which extends through the lower punch and up into the 
mould cavity 46, which is defined by the hole 45 in the die 
34 between the two punches 17 and 27. In its lower part, the 
mandrel has a thicker portion, here denominated grip portion 
47, which has a circumferential concavity 48. 
0058. The punch holder guide 37 consists of an upper 
part 37a and a lower part 37b. The two parts 37a and 37b 
have inner Surfaces which are cylindrical. The upper part 
37a has a larger diameter than the lower part 37b. The parts 
37a and 37b function as guides for the flange portion 41 and 
for the main portion, respectively, of the lower punch holder 
36, Said portions having a correspondingly cylindrical outer 
shape. The lower part 37b in combination with the flange 
portion 41 of the lower punch holder also function as a 
retainer of the lower punch holder. The two parts 37a and 
37b are connected to one another by boltings 55. 
0059. In the lower portion of the lower part 37b of the 
punch holder guide there are two opposite recesses for a pair 
of opposite wedges 49, which are pressed into the concavity 
48 of the grip portion 47 of the mandrel 35. The press force 
is obtained by means of a locking ring 50 and a bushing ring 
51 of polyurethane or any other material having a certain 
flexibility. The wedges 49 allow some resilience because of 
friction forces which can be exerted upon the mandrel 35 
during the working Strokes of the machine in the forming 
station II. 

0060. The main parts of the impact units 2 and 3 have 
already been described above. Further details of these 
impact units, which in the forming Station II are provided at 
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the side of the rotational shaft 108 of the turntable 30, under 
and over the turntable 30, and which units and details are 
included in the other function stations will now be 
explained. At the same time it will also be explained which 
functions that are performed in the various Stations and how 
these functions can be carried out. Alternative and/or modi 
fied modes of performing the various functions, as well as 
conceivable modifications of the function Station as Such, 
will be explained at the end of the description of how the 
impact machine 1 is equipped and how it can operate. 

0061 I-The Filling Station 
0.062. In the illustrated example it is supposed that the 
working material consists of metal powder or other powder 
material; See the preamble of the description. In its simplest 
embodiment, the filling device can consist of a filling bucket 
140 having the shape of a tube, which can be vertical and be 
open in its two ends. The lower edge of the filling bucket 
rests against the die 34 in the tool unit 32 in the filling station 
I and slides against the upper surface of the turntable 30 
during the indexing movements. The filling bucket 140 is 
mounted on an arm, which extends out from the column 
102b, FIG. 1 and FIG. 2. The filling bucket 140 contains a 
Sufficient amount of powder for a major number of forming 
operations and can periodically be re-filled batch-wise or be 
re-filled continuously by means of not shown re-filling 
members. The arm with the filling bucket 140 can be turned 
aside to and from the tool unit by turning in a hinge by 
means of motion devices represented by an arrow. The lower 
punch 27 is in its lower position and the mandrel 35 is in its 
upper postion, FIG. 6, on a level with the flat upper surfaces 
of the die 34 and of the turntable 30, which makes it possible 
for the filling bucket 140 to function in the intended way. 
The space 46 in the die hole 45 is filled with powder around 
the mandrel 35. The filling bucket 140 is turned away by 
means of Said motion devices, and thereafter a not shown lid 
is placed over the die covering the powder in the Space 46, 
e.g. by means of a not shown robot, in order that no powder 
shall Splash out of the die during the transportation of the 
filled die to the forming station II. 

0063) 
0064. In the forming station the powder, which in station 

I has been filled into the forming cavity, is formed to a 
consolidated, i.e. united body, having a high density, in a 
Single, counter-directed Stroke of the two impact units 2 and 
3, the parts of which have been described above, and which 
are provided at the side of the centre of rotation 107 of the 
turntable 30. 

0065. The impact units 2 and 3 will now be described 
more in detail and also how they work in co-operation with 
the tool unit 32. 

0066. The upper impact body 15, FIG. 8A, consists of a 
through, cylindrical piston rod 60 having a fixed ring 61. The 
piston rod 60 is Sealingly slidable in an opening in an upper 
end wall 62 of the upper impact body cylinder 16. In a lower 
end wall 63 there is a wider opening 64, through which the 
cylindrical piston rod 60 of the impact body 15 can be 
moved without any Sealing. The fixed ring 61 has a diameter 
which is slightly smaller than the inner diameter of the 
impact body cylinder 16, i.e. the fixed ring 61 does not 
Sealingly contact the inside of the cylinder. Above the fixed 
ring 61, on the other hand, there is a movable ring 65, which 

II- The Forming Station 

Sep. 11, 2003 

can move relative to the piston rod 60, and which is sealed 
against the inner Surface of the impact body cylinder 16, 
either directly or via one or more Sealing rings. Also the 
inner Surface of the movable ring 65 is Sealed against the 
piston rod 60, either through a directly Sealing contact or via 
any not shown Sealing ring. 
0067. Above the movable ring 65 there is a hydraulic 
chamber 66, which can be connected to Said pressure Source 
of hydraulic fluid via any of conduits 152 and 154 and 
connection conduits, e.g. via any of the piston rods 8 and the 
yoke 10, to a hydraulic conduit 67, in which there is a 
non-return valve 68 and a pressure reducing, not shown 
Valve, and to tank or accumulator via a hydraulic conduit 69, 
in which there is a not shown pressure restricting valve, and 
connection conduits, e.g. through the yoke and any of the 
piston rods 8 back to any of the conduits 153 and 154. 
0068 The lower impact body 25 and its impact body 
cylinder 26 are designed in identically the same way as the 
upper impact body 15 and the impact body cylinder 16, 
respectively, with the exception of the lower punch 27 which 
is not directly fastened to the impact body, as is the case with 
the upper punch 17 in the upper impact body 15. In FIGS. 
8A and 8B the various details of the impact body 25 and the 
impact body cylinder 26 have the same reference numerals 
as the details of the upper impact body 15 and the impact 
body cylinder 16, with the addition of the sign'. Any further 
description of these details will not be made here, but instead 
is referred to the above description of the upper impact body 
15 and its impact body cylinder 16. As far as the terminology 
is concerned, it shall, however, be mentioned that the end 
walls 62 and 63' of the lower impact cylinder 26 shall be 
denominated lower end wall and upper end wall, respec 
tively. The Supply and drainage of hydraulic fluid can be 
performed in a manner which is analogous with that which 
has been mentioned in connection with the upper impact 
unit. 

0069. The equipment also includes control and operating 
devices for the described, movable units, including position 
sensors 80, 80" for the impact cylinders 13 and 23, respec 
tively, and thus also for the rams 14 and 24, respectively, and 
position sensors 81 and 81' for the impact bodies 15 and 25, 
respectively. Said Sensors are connected to and transmit 
information about the position of Said units to a central 
control unit, which comprises computers and auxiliary 
devices, which are not described here. 
0070 The described equipment works in the following 
way. In the forming station I the space 46 in the die hole 45, 
FIG. 7, has been filled with working material 90 around the 
mandrel 35 and has been covered by a lid. The working 
material 90 may consist of for example a ring of metal, a 
polymeric material or a composite material, which can 
include a ceramic or any other formable material, but in the 
example it is presumed that the working material consists of 
a metal powder, or possibly a combination of metal and 
ceramic powders. 

0.071) When the turntable 30 has been turned about 72, 
so that a tool unit 32 with its space 46 filled with powder has 
been Stepped forward-been indexed-from the filling Sta 
tion I to the forming station II, the wedge 116, FIG. 10, is 
moved into the wedge shaped recess 115 in the turntable 30, 
wherein the tool unit 32 is positioned with very great 
accuracy concentrically with the upper punch 17 and with 
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the lower punch 27. At the same time and/or immediately 
thereafter, the lower yoke 20 is moved upwards by means of 
the lower lifting cylinders 22 and the piston rods 9, trans 
porting the lower impact body cylinder 23 and its impact 
body 25, until the impact body 25 has been brought to 
contact the bottom surface of the lower punch holder 36, 
FIG. 8A. At the latest at this moment, the lid on top of the 
powder in the mould cavity is removed, which can be carried 
out by means of the same robot that has put on the lid in the 
foregoing Station. Then the upper yoke 10 by means of the 
upper lifting cylinderS 12 and the piston rods 8, bringing 
with them the upper impact body cylinder 16 and its impact 
body 15 so far that the upper, tubular punch 17 is brought 
down to contact the metal powder 90 in the mould cavity 46 
and begins to compress the powder until the pressure in the 
hydraulic chamber 66 reaches a certain, predetermined 
value. The movement then is stopped and the position is 
maintained. The lower punch 27 at this stage is in the 
position shown in FIG. 8A, positioned by the lower impact 
unit 3, and provides the holding-up force. 
0.072 The yoke 20 now starts moving upwards by means 
of the lifting cylinders 22, wherein the lower punch is 
pressed upwards against the powder 90. The movement 
continues until the pressure in the hydraulic chamber 66' has 
reached a certain, predetermined value. This pressure then 
has also been transmitted to the hydraulic chamber 66 of the 
upper impact unit via the powder 90. The powder therein has 
been pre-compacted and centred in the mould cavity 46 in 
the die 34. The impact bodies 15/25, the hydraulic cylinders 
16/26 and the punches 17/27 now are in the positions shown 
in FIG. 8A. 

0073. The next operation aims at setting the stroke 
lengths S1 and S2 of the rams 14 and 24, i.e. the distance 
between the upper ram 14 and the upper impact body 15, and 
between the lower ram 24 and the lower impact body 25, 
respectively, before the Striking operation. The Setting can 
be carried out Simultaneously for the upper 2 and the lower 
3 impact unit by pressing the yokes 10 and 20 further 
downwards and upwards, respectively, by means of the 
hydraulic cylinderS 12 and 22, respectively. The pre-com 
pacted powder 90 herein exerts a counter-preSSure on the 
punches 17 and 27, wherein the pressure in the hydraulic 
chambers 66 and 66" is increased further. The overpressure 
is relieved through the hydraulic conduits 69 and 69'. The 
punches 17 and 27 therefore will remain in their positions, 
while the impact pistons/rams 14 and 24 approach the 
impact bodies 15 and 25, until their correct stroke lengths S1 
and S2, FIG. 2B, are achieved, which is detected by the 
upper and lower position sensors 80, 81 and 80', 81', 
respectively. The pressure difference between the lower and 
upper hydraulic chambers 66" and 66 herein is provided to be 
So Small that it will not have any influence on the Stroke 
lengths to any non-negligible degree. 

0074) When the intended stroke lengths S1 and S2 thus 
have been achieved, the flange 61 and the ring 65 of the 
upper impact body 15 are in an upper position, and the flange 
61' and the ring 65" of the lower impact body 25 are in an 
upper position and a lower position in the hydraulic cylin 
ders 16 and 26, respectively, FIG. 8B. The impact machine 
is now ready to consolidate the powder 90 for forming the 
desired article through a single, Simultaneous Stroke by the 
two rams 14 and 24 in a direction towards one another. At 
the latest at this moment, the wedge 116 is withdrawn from 
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the wedge shaped recess 115 into the plate 109, and also the 
locking bolts 119 and 122, which have been engaged in their 
respective recesses 118 and 121, are withdrawn into their 
resting positions in the plate 109, before the rams perform 
their strokes in the forming Station II. 
0075) The distances S1 and S2 are the travels of accel 
eration of the rams/impact piston 14 and 24, and are chosen 
under consideration of in the first place the masses of the 
rams and the impact bodies Such that the total mass m of the 
upper ram 14, the upper impact body 15 and the upper punch 
17 will obtain a downwards directed velocity V when the 
ram 14 has hit the impact body 15, and the total mass m of 
the lower ram 14, the lower impact body 25, the lower punch 
27 and the lower punch holder 36 obtain an upwards directed 
Velocity V when the ram has hit the impact body, wherein 
the masses and the Velocities are So large that the momen 
tums (the quantities of motion) of the masses that move 
downwards and upwards, respectively, are essentially equal, 
i.e. So that the following condition applies: 

0076. The upper ram 14, which according to the embodi 
ment has a Substantially larger mass than the upper impact 
body 15, thus strikes the upper impact body 15 with a very 
high Velocity, at the same time as the lower ram 24, which 
according to the embodiment also has a much larger mass 
than the lower impact body 25, strikes with a very high 
velocity on the lower impact body 25. The kinetic energies 
of the moving masses, which are very high, are transferred 
via the upper punch 17 and the lower punch 27 to the powder 
90. The rams 14 and 24 perform only one stroke, but the 
kinetic energies which essentially are transferred to the 
metal powder 90 in the mould cavity 46 are so large that the 
powder is plasticised; wherein it will flow out and fill the 
mould cavity and in a millisecond or So form a consolidated 
body with desired shape. The pressure pulse that arises in the 
mould cavity because of the Single Stroke of the rams against 
the impact body has a duration which is shorter than 0.001 
Second but has a magnitude lying in the range 1-10 GPa, 
typically in the range 1.5-5 GPa. Because of the high 
preSSure and the plasticizing caused by the high pressure, 
probably also the friction between the working material/the 
powder and the walls of the mould cavity is reduced, as well 
as between the powder grains, which contributes to, or is a 
prerequisite for the ability of the material to flow out and to 
fill all parts of the mould cavity. At the impact the mandrel 
35 is essentially stationary relative to the die 34, as well as 
during the pre-compaction of the powder which is possible 
because the lower punch holder is movable relative to the 
mandrel, which is held by the wedges 49 in the slot 39 in the 
punch holder. 
0077. It should be observed that the impact bodies 15 and 
25 do not hit the turntable 30 in the central unit 4 at the 
forming operation, but Strike against the upper punch 17 and 
against the lower punch holder 36, respectively, and via the 
latter one against the lower punch 27. The upper punch 17 
and the lower punch 27 are movable in the die 34, and the 
lower punch holder 36 is movable in the punch holder guide 
37 in the tool unit 32 in forming station II. It is true that the 
movable units 17, 27, and 36, as well as the working material 
90 in the mould cavity cause some friction against the 
bordering walls in the tool unit, but these friction forces 
Substantially neutralize one another. A certain resulting 
force, however, can be transferred to the turntable 32, which 
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therefor can move a little-shake-in the vertical direction 
at the impact. In order to allow Such vertical, minor move 
ments, the table 30 is released from the plate 109, and the 
table's 30 connection to the rotational shaft 108 also is 
designed Such, e.g. via a spline coupling, that the table can 
move freely a short distance in the vertical direction during 
the Stroke. 

0078. At the same time as the desired body is formed 
almost instantaneously, because masses with essentially 
equally large impulses Strike from opposite directions 
against the working material, the generation of Shock waves 
of such magnitude that they could damage the turntable 30 
and other components of the machine is prohibited, and it is 
also essentially prevented that the kinetic energy of the 
movable masses is transferred to and is lost in the machine 
and its foundation. This is due to the fact that those shock 
waves which may arise, will be counter-directed, wherefore 
they to an essential degree neutralize one another. Moreover, 
the hydraulic medium in the lifting cylinders 12 and 22 
dampen those Shock waves which possibly remain and 
which propagate in the direction of the machine Stand 
towards the foundation 5. Through Superposition of the 
impact waves, which are generated by the two Simulta 
neously working impact units, also the forming and com 
paction effect of the Strokes are enhanced. These conditions 
make it possible to design the entire machine, including the 
turntable 30 so light as is illustrated by the example. Not the 
least important is it that the turntable 30, including the tool 
units 32, is Sufficiently light in order to facilitate a quick 
indexing, which is a prerequisite for a high working capacity 
of the machine 1, Something which is achieved through the 
invention. 

0079 When the rams at a high velocity strike the impact 
bodies 15 and 25, respectively, the cylindrical piston rods 60 
and 60' of the impact bodies move freely relative to the 
movable rings 65 and 65", respectively, Said rings during the 
Stroke remaining essentially in those positions they had 
adopted prior to the stroke, FIG. 8B. A small play is created 
between on one hand the retained movable rings 65 and 65 
and on the other hand the flanges 61 and 61", corresponding 
to the final compaction of the powder 90 in vertical direction 
at the impact. 
0080 Assoon as the rams 14 and 24 have performed their 
Simultaneous Strokes, they are returned to their starting 
positions in the upper 13 and the lower impact cylinder 23, 
respectively. The yokes 10 and 20 are returned to their 
Starting positions by means of the lifting cylinderS 12 and 
22. Pressure fluid is led to the two hydraulic chambers 66 
and 66", so that the movable rings 65 and 65" are pressed 
downwards and upwards, respectively, to contact the flanges 
61 and 61, whereafter the movable rings press the entire 
impact bodies 15 and 25 to their starting positions, in which 
the flanges 61 and 61' contact the end walls 63 and 63', 
respectively. The working cycle in the forming Station II 
thereby has been completed, whereafter the tool unit 32, 
including the formed article, is moved to the next function 
Station through a new rotational movement of the turntable 
30. 

0081) 
0082 The article, which in the forming station II has been 
formed of powder, is consolidated, i.e. has a high density, 
essentially without communicating pores, but the individual 
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powder grains, which were Softened and deformed during 
the forming operation, have not yet coalesced, i.e. welded 
together, at least not to any essential degree. Therefore, the 
consolidated body can be comparatively brittle and should 
be handled carefully, before it has been pushed out of the die 
and been heated to a sintering temperature in a Subsequent 
operation, So that the individual powder grains from this 
treatment are caused to completely coalesce, i.e. to Weld 
together. Among other things, the mandrel 35 for this reason 
is driven down and out of the formed article, before the body 
is pushed out of the die, which is not performed until in 
station IV. 

0083. In function station mR therefore a mandrel expul 
Sor 170 is provided for driving the mandrel downwards, 
FIGS. 1, 2 and 9, said expulsor consisting of a vertically 
oriented rod having a Smaller diameter than the hole in the 
consolidated body 90a. More particularly, the rod/mandrel 
expulsor 170 consists of a piston rod, or of the end of a 
piston rod, and can be moved upwards and downwards by 
means of a hydraulic cylinder 171 on an arm 172, which 
extends outwards from the column 102a. 

0084. The wedges 49 must first be released to enable the 
mandrel 35 to be driven downwards at the same time as the 
lower punch 27 is maintained in its position in the die 34. 
Therefore, also a wedge releaser 174 is provided for that 
purpose in the mandrel driving down Station III, Said wedge 
releaser consisting of a horizontal plate having four 
upwardly directed projections. The wedge releaser 174 is 
mounted on a piston rod 175, which extends upwards from 
a hydraulic cylinder 176, which is mounted on the block 
105, which forms part of the stand 6, and communicates with 
the hydraulic pressure force and with tank via the conduits 
156 and 157. On the other hand, the hydraulic cylinder 171 
can communicate with the pressure Source and tank via the 
conduits 153 and 154. 

0085. The pressing down of the mandrel 35 is suitably 
performed at the same time as an initial operation is carried 
out in the forming station II for the next article that shall be 
formed in that Station, i.e. when the lower impact unit 2 has 
been brought upwards to its starting position for a stroke, 
when the wedge 116 and the locking bolts 119, 122 are 
engaged in their functional positions in the wedge shaped 
recess 115 and in the recesses 118 and 119, respectively. 
0086 The mandrel expulsion is initiated by the wedge 
releaser 174 being pressed upwards by means of the hydrau 
lic cylinder 176, so that the locking ring 50 is pushed 
maximally upwards to contact the outwards directed flange 
of the lower part 37b of the punch holder guide 37, FIG. 9. 
Thence, the wedges 49 are released and can be pressed out 
from their engagements with the mandrel 35 in the region of 
the concavity 48. 

0087 Thus, when the edges 49 have been released, the 
rod 170 is pressed down to contact the upper end of the 
mandrel 35 and pushes the mandrel down through the hole 
in the formed body 90a, at the same time as the wedges 49 
are pressed out of the concavity 49, and thereafter they slide 
against the grip portion 47 of the mandrel. The end positions 
of the mandrel and of the wedges are shown in FIG. 9. 
0088. Because of built-in compression forces in the body 
90a, the body 90 will expand slightly in the region of the 
central hole of the body, when the mandrel 35 is pushed out 
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of the hole, however, not so much that the body will contact 
the rod 170, which is being driven downwards. Therefore, 
the rod 170 now can be brought upwards, back to its upper 
starting position above the die 34 by means of the hydraulic 
cylinder 171, which can be carried out at the same time as 
the wedge releaser 174 is lowered to its lower, inoperative 
position by means of the hydraulic cylinder 176. This causes 
the locking ring 50 to drop down by its own weight, such 
that an initial contact is established between the bushing ring 
51, the inner, circumferential surface of which is tapered 
conically upwards, and matching rear edges 49a of the 
wedges 49, which are correspondingly shaped. 
0089. Now, the operations in the mandrel driving down 
station III are finished and the wedge 116 and the locking 
bolts 119 and 122 are returned to their non-operative posi 
tions in the plate 109. Thereafter the next body is formed in 
the forming Station II, as has been described above, and the 
turntable 30 is indexed further about 72 in the clockwise 
direction by means of the motion devices 7, when the 
operations in the forming Station II are finished. Thus, the 
tool unit 32, shown in FIG. 9, with the mandrel in its lower 
position is moved from the mandrel driving down station III 
to the ejection station IV. 
0090 IV. The Ejection Station 
0.091 In this station a hydraulic cylinder 180 is mounted 
on the block 105 under the tool unit 32, FIG. 4. The 
hydraulic cylinder 180 is connected to a pressure Source and 
to a tank via the conduits 158 and 159. A piston rod 181 is 
concentric with the tool unit in station IV and forms an 
ejector rod, which is provided to be pushed upwards towards 
the under side of the lower punch holder 36, in which the 
mandrel 35 still is in its bottom position with the lower end 
of the mandrel abutting the shelves 44 in the lower punch 
holder, FIG. 9. 
0092. The formed product 90a is ejected from the mould 
cavity 46 in the die 34 by means of the hydraulic cylinder 
180 and its ejector rod/piston rod 181 therein that said rod 
is pressed upwards until the mandrel 35 will be on a level 
with the upper edge of the die 34, i.e. to its normal position. 
The lower punch 27 takes part in this movement and has, 
when the mandrel 35 reaches its upper position on a level 
with the upper surfaces of the die 34 and of the turntable 30, 
reached a short distance beyond that level, corresponding to 
the difference between the levels of the punch 27 and the 
mandrel 35 in the starting position, FIG. 9. During the 
upwards directed movements of the lower punch holder 36, 
the lower punch 27, and the mandrel 35, the grip portion 47 
of the mandrel slides against the wedges 49, which in the 
final moment are re-pressed into the concavity 48 of the 
mandrel 35 during the influence of the weight of the locking 
ring 50, which locks the wedges 49 in their locking positions 
in the region of the concavity 48 through wedge action 
between the conical inner periphery of the bushing ring 51 
and the sloping rear edges 49a of the wedges. 
0093. The above operation is performed at the same time 
as the mandrel 35 is driven down in the next tool unit 32 in 
the mandrel driving down Station III and also at the same 
time as the initial measures are performed in the forming 
Station II, as have been described in the foregoing. This 
means that the turntable 30 is fixed and accurately posi 
tioned by means of the wedge 116 and the locking bolts 119 
and 122, as has been described in the foregoing. 
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0094) When the lower punch 27 is brought all the way up 
through the die 34, the formed body 90a is ejected from the 
die, and will be resting on the upper Surface of the lower 
punch holder 27, FIG. 11, in a slightly expanded condition. 
It is fetched from the upper surface of the lower punch 
holder by means of a not shown, robot-manoeuvred picker 
and is placed in a Suitable container at the Side of the 
machine 1 in order to be heated to a sintering temperature in 
a Subsequent operation, So that the powder grains, which 
have been Softened and deformed in Station I during the 
forming operation, will Sinter together (coalesce) to form a 
dense body of high Strength. 
0.095 V-The Re-Setting Station 
0096. A hydraulic cylinder 190 is provided in the station 
V above the turntable 30 on an arm 191, which extends out 
from the column 103b. A piston rod extends vertically 
downwards from the hydraulic cylinder 190. In its lower 
end, Said piston rod has a tubular plunge 192, which has a 
slightly smaller outer diameter than the lower punch 27 and 
an inner diameter which is slightly larger than the diameter 
of the mandrel 35. In the station V said plunge 192 is pressed 
by means of the hydraulic cylinder 190 against the lower 
punch 27, when the tool unit 32, which has been operated in 
the ejection Station IV, has been brought to the re-setting 
station V. Thus, the plunge 192 presses the lower punch 27 
down into the die 34, moving also the lower punch holder 36 
So far that the lower punch and the punch holder 36 will 
adopt the initial position shown in FIG. 6. The mandrel 35 
during this operation is fixedly kept in the tool unit 34 by 
means of the locking wedges 49. Then, the plunge 192 is 
returned to its upper Starting position by means of the 
hydraulic cylinder 190. The operations in the re-setting 
Station are performed Simultaneously with the driving down 
of the mandrel in the mandrel driving down station III and 
with the ejection of the formed body in the ejection station 
IV, i.e. at the Same time as the impact units 2 and 3 are being 
prepared for the forming operation in the forming Station II. 
This implies that the turntable 30 is fixed during the re 
Setting operation by means of the wedge 116 and the locking 
bolts 119 and 122. 

0097. In summary, the following operations are per 
formed in the different function Stations during the same 
working phase, i.e. more or leSS Simultaneously depending 
on how much time is required for their performance, namely 
the following: 

0.098 in the filling station I the mould cavity is filled 
with an intended amount of metal powder or corre 
Sponding, 

0099 in the forming station II the impact units are 
prepared for the forming operation, i.e. the movable 
units are brought to their starting position for a 
stroke, FIG. 8A: 

0100 in the mandrel driving down station III the 
locking wedges 49 are released and the mandrel is 
driven down and is released from the formed body; 

0101 in the ejection station IV the formed body is 
pushed out of the die and the mandrel 35 is returned 
to is normal position; and 

0102 in the re-setting station V the lower punch 27 
and the punch holder 36 are pressed down to their 
lower Starting positions. 
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0103 During the course of the above described opera 
tions, the turntable 30 is secured by means of the wedge 116 
and by the locking bolts 118 and 122. This is important 
because this means that the tool units 32 will be positioned 
with accuracy, and because it also means that the turntable 
gets an increased resistance against those forces which the 
table is subjected to in the mandrel driving down station III, 
the ejection Station IV, and to a certain degree in the 
re-setting Station V, and possibly also in the forming Station 
I. It should also be mentioned in this connection that the 
hydraulic Source and the rest of the hydraulic System are 
dimensioned Such that all the mentioned operations which 
are performed when the turntable 30 is secured by means of 
Said wedge and locking bolts, can be performed Simulta 
neously. 

0104. When the said operations have been carried out in 
the five function stations, while the turntable 30 is secured 
by means of Said wedge and locking bolts, the wedge 116 
and the locking bolts 119 and 122 are returned to their 
non-operative positions in the plate 109. 
0105. Not until the above operations have been per 
formed, the Said upper impact unit 2 and Said lower impact 
unit 3 simultaneously perform their strokes and form the 
body in the mould cavity in a way which has been described 
above. This has the advantage that all available hydraulic 
power can be led to the impact cylinders 13 and 23 and thus 
be mobilized for the very heavy strokes which the respective 
upper and lower rams 14 and 24 perform. 
0106 Modifications of the Function Stations and of Their 
Functions 

0107 The modifications which will be explained in the 
following concern devices intended to be active when the 
turntable 30 has been secured with the tool units 32 in the 
various function Stations by means of, according to the 
illustrated embodiment, the wedge 116 and the locking bolts 
119 and 122. It should however be mentioned that also other 
devices can be employed for the achievement of an exact 
positioning and an adequate Support of the turntable during 
the performance of these operations. The modifications, 
however, do not concern the impact units 2 and 3, nor how 
the forming operation is carried out, when the turntable 30 
has been released from Said positioning and locking devices. 
This, on the other hand, does not mean that modifications of 
the impact units and of their mode operation can also be 
conceived within the Scope of the basic principles of the 
invention. 

0108. In the filling station I, powder or one or more 
blanks may be filled into the mould cavity by means of other 
filling devices than a filling bucket. E.g. a proper amount of 
powder can be measured and be pressed into the mould 
cavity in the die, in which the lower punch Stands in its lower 
Starting position, whereupon a lid is caused to cover the die. 
One can also conceive that the lower punch Stands in a lower 
position, the mould cavity in the die is overfilled by means 
of the filling bucket, the lower punch is brought up to its 
correct Starting position, the filling bucket is turned aside, 
and the lower punch is moved down to its lower position 
again. Another alternative is that the lower punch 26 has 
adopted an upper position and is drawn down against a 
hydraulic Stop to Suck powder down into the die, whereupon 
the filling bucket is turned aside, the lid is caused to cover 
the die, and the lower punch is moved down to the lower 
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position. If the working material does not consist of powder 
but of a solid body, the body is suitably placed in the die by 
means of a robot. The above modifications naturally require 
that the filling Station is provided with necessary facilities, 
which may be of a kind known per se or which do not 
necessarily require inventiveness. 
0109 Still another alternative is that normally no opera 
tion at all is performed in Station I, which instead is a Service 
Station; possibly a lubricant may be Supplied to the mould 
cavity. In this case one can conceive that the working 
material, whether this consists of a powder or a Solid body, 
is Supplied to the mould cavity in the forming Station II. It 
is true that this adds Some time to the time required for the 
other measures that shall be performed in the forming 
Station, but, when it is the matter of a powder, this alternative 
on the other hand has the advantage that the die need not be 
covered by a lid, Since there is no powder in the mould 
cavity which can Splash out, when the table is turned from 
a foregoing Station to the forming Station. 
0110. The measures performed in the mandrel driving 
down Station III of course require that the impact machine 1 
and its tool units 32 are adapted for the manufacturing of 
annular bodies. This is an important application but in no 
way the only one possible for the impact machine 1. Also 
non-annular bodies can be manufactured, Such as a lot of 
machine elements, Studs, etc., which do not necessarily have 
a circular-cylindrical shape. The machine 1, however, is 
particularly Suited for large Scale manufacturing of rather 
small objects. When it is the matter of manufacturing 
non-annular bodies, there is of course no need for the 
mandrel 35, and the upper punch 16 and the lower punch 26 
are replaced by punches which are not tubular, fitting in 
matching dies, which are also replaceable. Also the wedges 
are removed, but in other respects the tool units 32 in 
principle may have the same design as is shown in the 
drawings and described in the foregoing. The formed body 
in this case is not Subjected to any action in the mandrel 
driving down station III, but is further conveyed to the next 
Station, the ejection Station IV. Alternatively, the ejection of 
the formed product in this case can be carried out in Station 
III, where the piston rod 175 can be used for moving the 
lower punch holder and the lower punch upwards in the 
modified tool unit, in principle in the same way as the ejector 
functions in the ejection Station IV according to the forego 
Ing. 

0111. The ejection station IV and the re-setting station V 
in principle may be combined with one another, i.e. be 
provided with ejector devices, devices for removing the 
ejected body, and devices for returning the lower punch to 
a desired lower position. The operational Sequence may the 
be the following. First the formed body is pushed out from 
the die, as has been described in connection with the 
description of the ejection station IV. Then the ejected body 
is removed by means of a picker or in any other mode, and 
finally the lower punch is returned to its lower position in a 
way that has been described in the foregoing in connection 
with the description of the measures performed in the 
re-setting Station V. This alternative has the advantage that 
the re-setting Station V will be unemployed and can be used 
as a Service Station. Such Service may consist e.g. of 
replacement of tools in the tool units, which is easier to carry 
out if the Station does not contain any devices which are in 
the way for that kind of work. On the other hand, it takes of 
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course a longer time to first eject the product and then preSS 
down the lower punch to its lower position than to perform 
those operations simultaneously in two different Stations. If 
this implies that the Sequential ejection and re-setting opera 
tions in one and the same Station takes a longer time than to 
prepare the impact units 2 and 3 for the forming operation 
in the forming Station II, which normally determines the 
working pace of the machine 1, So that the working Speed of 
the machine is retarded, the original alternative is preferable, 
i.e. to perform ejection and re-setting in two different 
Stations. The alternative that is most convenient from a 
manufacturing capacity point of View can be determined 
from case to case, which illustrates the adaptability of the 
machine 1 to different Situations, where the type of product 
to be manufactured may have great importance. It can for 
example take longer time to carefully push out a compara 
tively large body with a more complicated shape than a 
Small body with a simple geometry. 
0112 Also a straightforward technique for removing 
those bodies which Successively are ejected out of the die 
should be mentioned, namely to Simply provide an arm 
which extends obliquely above the turntable 30 between the 
ejection station IV and the re-setting station V. When the 
turntable 30 is rotated, such an arm, even when it is 
completely stationary, will move the body to be collected in 
a Suitable container. In view of the fact that the formed 
bodies can be rather brittle, this solution, however, possibly 
may be jeopardising, not only because of the action of the 
removing arm but also because of the Shakings which the 
turntable 30 can be Subjected to during the forming opera 
tion in the forming station II, when the table is released from 
Said fixation and locking devices. 
0113 Embodiment According to FIGS. 12-16 
0114. The machine 1', which is shown in FIGS. 12 and 
13, is especially Suited for manufacturing larger objects, 
particularly objects with great eXtension, e.g. plates with 
varying thickness, but the machine 1' is of course Suitable for 
the manufacturing of Smaller articles as well. The embodi 
ment which shall be described concerns manufacturing of 
objects without through holes, but the machine 1' can be also 
used for the manufacturing of hollow products according to 
principles which have been described in the foregoing 
description of the machine 1, if the machine 1' is provided 
with Suitable tool units and with more function stations. 

0115 The main parts of the machine 1' consist of an 
upper impact unit 2, a lower impact unit 3', a central unit 4 
comprising a table which is movable in a horizontal plane, 
in the following denominated shuttle 30', motion devices in 
the form of a hydraulic cylinder 7" for the shuttle 30', and a 
stand 6'. 

0116. The stand 6' consists of a robust block on a foun 
dation 5 and contains main channels and distribution chan 
nels for a hydraulic fluid to the various hydraulic units in the 
machine 1" in a manner which can be analogous with the 
conditions according to the foregoing embodiment. 
0117 The upper impact unit 2 is designed in principle in 
the Same way as according to the foregoing embodiment. 
The various elements of the upper impact unit 2 which are 
shown in the drawings therefor have been given the same 
reference numerals as in the embodiment according to FIGS. 
1-11. Thus the upper impact unit 2 comprises a yoke 10, 

Sep. 11, 2003 

which via a pair of piston rods 8 can be raised and lowered 
by means of a pair of upper, hydraulic lifting cylinders 12, 
which are safely secured in the stand 6'. The yoke 10 carries 
an upper, hydraulic impact cylinder 13, which is connected 
to the yoke and contains an upper ram (not shown), an upper 
impact body (not shown), which is movable in an upper 
impact body cylinder 16, and an upper punch 17, which is 
replaceably connected to the impact body. 
0118. In the lower impact unit 3' there is included a 
movable anvil 200, which is located in a space 201 in the 
stand 6'. The anvil 200 is mounted in a sliding bearing 202 
in the space 201, FIG. 14. 
0119) The anvil 200 rests on a number of hydraulic lifting 
devices 204; either on a Single, central, large one, or on a 
plurality of Smaller ones, as according to the example. Each 
such lifting device 204 consists of a hydraulic cylinder 205, 
which is secured in the stand 6', a piston unit 206 with a 
piston 207 in the hydraulic cylinder 205, and a piston rod 
208 which in the upper end thereof is provided with a collar 
209. The anvil 6' rests on said collared end of the piston unit 
206. 

0120 In the hydraulic cylinder 205 there are a working 
chamber 210 and a return chamber 211, which have a very 
Small extension in the vertical direction. Any larger exten 
Sion is not necessary because the length of the Stroke of the 
piston units 206 need not be great. On top of the anvil 200 
there is a hummock 212 which is slightly bevelled on both 
sides 213 in the direction of the movement of the shuttle 30', 
FIG. 16. 

0121 The shuttle 30' contains and carries, according to 
the embodiment, only one tool unit 32", which can be 
designed according to the same principle as the tool units 32 
of the foregoing embodiment. Thus it comprises a die 34 in 
the shuttle 30', a lower punch 27, a lower punch holder 36', 
and a punch holder guide 37". 
0.122 The shuttle 30' can slide in two opposite guide rails 
215 in the stand 6' and can be fixed in different function 
Stations by means of conical fixation devices 216, which 
from opposite directions can be pushed into matching 
recesses in the longitudinal Sides of the Shuttle by means of 
hydraulic cylinders 217, FIG. 12. 
0123. According to the embodiment, the machine 1" has 
only two function Stations, a function Station I, which is a 
combined Station for filling a mould cavity, for ejection and 
removal of the formed body, and for re-setting the lower 
punch to a lower, normal position; and a forming Station II. 
In Station I there is a filling bucket 220, and an ejector under 
the shuttle 30' (the ejector, which is not shown, can consist 
of an ejector rod and a hydraulic cylinder in the same mode 
as according to the previous embodiment), a picker 221, and 
a re-setting device 222 (not shown) above the shuttle 30' in 
function Station I. 

0.124. In the impact cylinder 13 of the upper impact unit 
2 there is a working chamber and a return chamber. In a 
hydraulic circuit between the return chamber of the impact 
cylinder 13 and the working chamber 210 of the lifting 
cylinders 20, FIG. 16, there is a hydraulic pressure/flow 
converter 240. This has two hydraulic cylinders; a primary 
cylinder 241 and a secondary cylinder 242. The latter has a 
much Smaller cross-section area than the primary cylinder 
241. In the primary cylinder 241 there is a piston 243 with 
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a piston rod, the end portion of which is designed as a 
plunger 244, which extends down into the Secondary cylin 
der 242. A working chamber on the Side which is opposite 
the piston rod has been designated 246. In the piston 243 
there is a connection 252 with a constriction between the 
working chamber 245 and the return chamber 246. 
0125) The working chamber 245 of the converter 240 is 
connected to the return chamber of the impact cylinder 13 
via a hydraulic conduit 260. The return chamber 246 of the 
converter 240 is connected to a two-way valve 219 via a 
hydraulic conduit 247. The secondary chamber 242 of the 
converter 240 is connected to the working chamber 209 of 
the lifting cylinders 242 via a conduit 248 in which there is 
a throttle/non-return valve 253. The return chamber 210 of 
the lifting cylinderS operate only as drainage. chambers in 
the Said cylinders and are connected to a drainage tank T for 
hydraulic fluid via conduits 249. A conduit from the valve 
219 to the same tank is designated 250. The hydraulic pump 
P or other pressure Source is connected to the two-way valve 
219 via a conduit 251. 

0.126 The described impact machine 1' functions in the 
following way. The Starting position is the position shown in 
FIG. 12-FIG. 16. The tool unit 32' is in the forming station 
II, where it has been positioned by the conical fixation 
devices 216, so that the upper punch 17 has been caused to 
adopt a position which with great accuracy is coaxial with 
the tool unit, whereupon the upper punch 17 has been moved 
down into the die against the working material in the mould 
cavity in the Same way as has been described in connection 
with the foregoing embodiment. The movable anvil 200 is 
resting with its hummock 212 against the lower punch 
holder 36". The lower punch is in a position which it has been 
caused to adopt in a foregoing operation in function Station 
I. 

0127. By manoeuvring the valve 219, the hydraulic pump 
P or other pressure Source is connected to the working 
chamber of the impact cylinder 13 via the conduits 251 and 
218. The return chamber 246 of the coriverter 240 at the 
Same time is connected to the drainage tank T. Via the conduit 
247, the valve 219 and the conduit 250. When the working 
chamber of the impact cylinder 13 is preSSurized, the impact 
piston is moved downwards and is accelerated to achieve a 
very high velocity. Hydraulic oil in the return chamber of the 
impact cylinder is pressed via the conduit 260 into the 
working chamber 245 in the primary cylinder 241 of the 
converter 240. This develops a pressure in the working 
chamber 245, which forces the piston 243 and hence the 
plunger 244 down into the secondary cylinder 242. Due to 
the fact that the ratio between the cross-section areas of the 
piston 243 and the plunger 244 is very large, the displace 
ment of the piston 243 during the working stroke of the 
impact piston will be comparatively Small and hence also the 
movement of the plunger 244 down into the Secondary 
cylinder 242. The amount of hydraulic fluid that is displaced 
by the plunger 244 is forced through the conduit 248 and is 
distributed to and is pressed into the working chambers 209 
of the lifting cylinders 205. The total cross-section area of 
the working chambers 209 can for example be equal with the 
croSS-Section area of the Secondary cylinder 242. This causes 
the anvil 200 to be lifted by the lifting pistons 206 upwards 
at the same Velocity as the plunger 244 is moved into the 
secondary chamber 242 in the converter 240. Through a 
Suitable choice of the cross-section areas of the working 
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chamber and the return chamber of the impact cylinder 13, 
of the working chamber 245 and the secondary cylinder 242 
of the converter 240, and of the working chambers 209 of the 
lifting cylinders, and under consideration of the counter 
preSSures in the return chamber of the impact cylinder 13 
and in the return chamber 246 of the converter 240, the 
entire anvil assembly, which includes the anvil 200 and the 
tool unit 32", can be moved upwards and accelerated Such 
that the impact piston of the upper impact unit 2 will Strike 
the impact body in Said unit with a Velocity of the impact 
piston and of the anvil assembly Satisfying the formula 

nxvism.1XV2, where 

0128 m is the total mass of the ram unit (the ram 
and the impact body) of the upper impact unit, 

0.129 v is the velocity of the ram unit, when the ram 
unit Strikes against the working material in the mould 
cavity, 

0130 m is the mass of the anvil assembly, and 
0131 v is the velocity of the anvil assembly, when 

it Strikes from below against the lower punch holder 
36. 

EXAMPLE 

0.132. In a conceived case, the masses, the cross-section 
areas, and the Stroke lengths were the following: 

0133. The pressure in the working chamber of the 
impact cylinder=300 bar. 

0134) The total mass m of the impact piston and the 
impact body (in the upper impact unit 2)=350 kg. 

0.135 The stroke lengths of the impact piston=100 
. 

0.136 The displaced volume in the return chamber 
of the impact cylinder=500 cm. 

0.137 The cross-section area A of the working 
chamber 245 of the converter 240=200 cm. 

0.138. The cross-section area A of the secondary 
chamber 242 of the converter 242=10 cm. 

0.139. The cross-section area A of the four working 
chambers 209 of the lifting cylinders 205=50 cm’. 

0140. The pressure in the working chamber 245 of 
the converter 240=about 19 bar. 

0.141. The total mass of the anvil assemblys7000 kg. 
0142. When the above conditions apply, the anvil assem 
bly, i.e. the anvil 200 with the tool unit 32", will move 
upwards about 5 mm and achieve a velocity of 0.4 m/s, when 
the ram unit of the upper impact unit hits the working 
material in the mould cavity at a velocity of 8 m/s. Thus the 
following applies for the formula mixVs maxV 

350x8s7000x0,4 

0.143 At the performance of the towards one another 
directed movements of the ram unit and of the anvil, the ram 
unit and the anvil assembly thus will have the same momen 
tum (quantity of motion) which implies that any essential 
shock waves do not arise, and the shuttle 30' will not be 
Subjected to any essential influence by the Stroke. 
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0144) When the stroke has been performed, the valve 219 
is immediately Switched back to the Starting position shown 
in FIG. 14. Herein the return chamber 246 of the converter 
240 is connected to the hydraulic pump P via the conduit 
247, the valve 219 and the conduit 251, and the working 
chamber of the impact cylinder 13 is connected to the 
drainage tank T via the conduit 218, the valve 219 and the 
conduit 250. The return- or drainage chamber 210 of the 
lifting cylinders 205 is continuously connected to the drain 
age tank T via the conduit 249. The anvil 200 drops down 
under the influence of its large mass and forces the hydraulic 
fluid from the working chambers 209 in the lifting cylinders 
back to the secondary chamber 242 of the converter 240 via 
the conduit 248. This causes the piston 243 to be lifted by the 
plunger 244, which drives the hydraulic fluid from the 
working chamber 245 via the conduit 260 to the return 
chamber of the impact cylinder, returning the impact piston 
to its starting position. Also the pressure in the return 
chamber 246 of the converter, which chamber during this 
phase is connected to the hydraulic pump P, contributes in 
this return movement. In case of possible functional disor 
ders, it is Secured that the impact piston is returned to its 
Starting position because of the fact that the return chamber 
245 of the converter 240 is slowly pressurised by the 
hydraulic pump P via the constricted connection 252 in the 
piston 243 in the converter. The filling of the secondary 
chamber 242 is Suitably Secured through an adapted leakage 
in concerned gaps. 
0145 The working material in the mould cavity has now 
been consolidated to a jointed body having desired shape. 
During the stroke, the shuttle has been released from the 
fixation devices 216 and is returned, such that the tool unit 
32' will adopt function station I. In this station, the formed 
body is ejected and is removed by the picker 221. The lower 
punch 27 is pushed down to its intended lower position by 
the re-setter 22, whereupon the mould cavity in the die 34 is 
filled with new working material by means of the filling 
bucket 220. Alternatively a solid blank is placed in the 
mould cavity. Then the shuttle is returned, so that the tool 
unit 32' will adopt its position in forming station II, where 
the shuttle is fixed by means of the conical fixation devices 
216, wherein the machine is ready for a new forming 
operation. 
0146 According to the embodiment, the shuttle 30' car 
ries only one tool unit 32". Through the provision of two 
identically equal tool units 32 and two identically equal 
function Stations I, one on each Side of the forming Station 
II, the production capacity of the machine 1' can be 
increased. In that case, the formed body can be removed, the 
mould cavity can be re-set and be filled with new working 
material in one of the function Stations I, while the impact 
units 2 and 3' are being prepared for a new forming operation 
in the forming Station II by alternatingly employing one or 
the other of the function Stations I during Said preparatory 
measures in forming Station II. This completion of the 
impact machine 1", however, has not been shown in the 
drawings, but it should be understood that Said complemen 
tary additions can be carried out within the Scope of the 
fundamental mode of operation of the described working 
machine 1'. It is also possible to part the shuttle 30' into two 
Shuttles, which may slide in the same guides 215, wherein 
each shuttle contains a tool unit 32' and is provided with a 
Separate motion device, e.g. a hydraulic cylinder 7". Each 
such parted shuttle is provided with devices in order to be 
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fixed in exact position for the tool unit 32' in the forming 
station II. As far as the embodiment of that kind is con 
cerned, more function Stations can also be provided for the 
carrying out of the various tasks, which are carried out in 
function Station I of the shown machine 1", e.g. one Station 
for ejecting the formed product, another Station for re-setting 
the lower punch to desired position in the die, and a third 
Station for filling the mould cavity, which makes it possible 
to carry out Said measures in the thus Separated function 
stations, while one of the shuttles is in any of the other 
function Stations. 

1. An impact machine for forming a body with desired 
shape of a formable working material through impact action 
in a forming operation, Said impact machine comprising a 
machine Stand (6), an upper unit which comprises an impact 
unit (2) with an upper ram (14) and an upper punch (17), a 
lower unit which comprises either a lower impact unit (3), 
which comprises a counter-impact device, or a Stationary 
anvil, and a central unit between the upper and the lower 
units, characterized in 

that the central unit comprises one or more carriers (30), 
which contain and carry one or a plurality of identically 
equal, tool units (32), each one of which comprises a 
die (34) having a mould cavity (46) for the working 
material (9) that shall be formed, said carriers including 
at least one carrier which is Stationary during the 
forming operation and which contains at least one Such 
tool unit; 

that motion devices (7) are provided for indexing the 
carrier or carriers in a horizontal plane for positioning 
the tool units in different function stations (I-V); 

that said function stations comprise a forming Station (II) 
in which the die (34) is coaxial with the upper punch 
(17), and at least one more station which is either a 
station (I) for filling the mould cavity in the die with 
working material, or a station (IV) for ejection of the 
formed body out from the die, or a Station for ejection 
of the formed body as well as for filling the mould 
cavity; 

that the kinetic energies of the movable masses during the 
forming operation, which comprise a single Stroke of 
the upper ram (14), are essentially transferred to the 
working material in the mould cavity and are So great 
that the working material is plasticised and flows out to 
fill all parts of the mould cavity, to form said body with 
desired shape; and 

that the counter-action device of the lower unit or Said 
Stationary anvil is provided in the region of the forming 
Station, under the carrier, which is Stationary during the 
forming operation. 

2. An impact machine according to claim 1, characterized 
in that said function stations comprise a station (I) for filling 
the working material into the mould cavity in the die, Said 
forming station (II), in which the die (34) is coaxial with the 
upper punch (17), and also a separate Station (IV) for 
ejection of the formed body out of the die. 

3. An impact machine according to claim 2, characterized 
in that Said function Stations also comprise a re-setting 
station (V), in which the mould cavity (46) for the working 
material (90) is re-set to a starting position for filling and 
forming. 
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4. An impact machine according to any of the proceeding 
claims for forming an annular body, characterized in that the 
functional units also comprise a mandrel, and that the 
function stations also comprise a station (III) for driving out 
the mandrel from the formed, annular body. 

5. An impact machine according to any of claims 1-4, 
characterized in that it comprises a carrier in the form of a 
horizontal turntable, motion devices for turning the turntable 
Stepwise about a horizontal axis of rotation for positioning 
the tool units in the various function Stations, which are 
located at equal angle distances from one another relative to 
Said axis of rotation. 

6. An impact machine according to any of claims 1-4, 
characterized in that it comprises a carrier in the form of a 
Shuttle, which is movable in a Stand, and that motion devices 
are provided for moving the shuttle to and fro between 
function Stations of the tool units along a linear movement 
path. 

7. An impact machine according to any of claims 5 and 6, 
characterized by devices for fixation of the carrier or carri 
ers, when the carrier or carriers have been moved So that the 
tool units have adopted a position in a new function Station. 

8. An impact machine according to any of claims 1-7, 
characterized in that a lower punch (27) is provided in the 
forming station (II), coaxial with the upper punch (17) and 
with a lower ram (24), that the upper ram and the lower ram 
are provided to Simultaneously perform a single Stroke with 
Such a Velocity against the upper punch and against the 
lower punch, respectively, that those masses which move 
downwards, including the upper punch, get a downwards 
directed velocity (V), and those masses which move 
upwards, including the lower punch, get an upwards directed 
Velocity (V), wherein the movable parts have Such masses 
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and the Velocities are So high that the impulses of the 
downwards directed masses and of the upwards directed 
masses are essentially equally large, i.e. So that the following 
conditions will apply: 

mXVs maxV2 

where m is the total mass of downwards movable masses 
at the impact and m is the total mass or the upwards 
movable masses at the impact, and 

that the kinetic energies of the movable masses, i.e. 

m1 vi m2 V3 
3-, and - -, 

respectively, are essentially transferred to the working 
material in the mould cavity and are So great that the 
working material is plasticised and flows out to fill all 
parts of the mould cavity, when the punches are maxi 
mally brought together, for the formation of said body 
with desired shape; and that the die is essentially 
Stationary during Said Stroke. 

9. An impact machine according to any of claims 1-7, 
characterized in that the lower unit comprises a counter 
impact device in the form of an anvil in Said forming Station 
(II), said anvil being movable in the vertical direction, and 
motion devices being provided to move the anvil upwards 
towards the ram which is included in the upper unit to 
contact the tool unit in the forming Station, Simultaneously 
with the ram moving downwards towards the same tool unit. 

k k k k k 


