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'POWDERED MATERIAL PRESS AND
' CONTROL . -

John B./ Cutler; Haddon neizhté, N. 7., assignor A
to The Baldwin Locomotive Works, a corpora- .
tion of Pennsylvanis - : -

" - Application January 2, 1941, Serial No. 372,782
| - 11 Claims, (CL 18—16) -

This invention relates generally to presses  following description of the accompan_yingfdraw-
for forming products from powdered material ings in which: ;

and particularly to means for controlling both Fig. 1 is a vertical section through a hydraulic . -
the density and size of pieces produced. . press embodying & portion of my improved ap-
Products of powdered material are formed by ‘5 paratus; . . . ' o
filling a mold cavity with finely powdered metal Fig. 2 is a combined wiring and mechanical =
or other material and then compressing the diagram of .the control apparatus; .
powder to a cohesive state by a plunger. Ma- Fig. 3 is an enlarged view of certain elec-

chines for this general purpose are very old but - trical contacts for determining the tolerance
they have not been capable of producing prod- 10 limits within which the products may fall; and .
ucts under large pressures within precision lim- Fig. 4 is a section taken on line 4—4 of Fig. 2. ’
its as to dimensions and/or density. The prob- In the particular embodiment of the invention
lem of providing a machine capable -of such. such as is disclosed herein merely for the pur-
precision operation becomes especially difficult . pose of illustrating one specific form among pos-
when it is attempted to have the press produce 15 sible others that the invention ‘might take in
the articles rapidly and particularly when the practice, I have'shown in Fig. 1 & hydraulic press
- articles require exceptionally large compressive having a lower sitationary crosshead ! supported
forming forces. My invention is particularly by side columns 2 and 2 which carry an upper.
applicable to powdered metals although other stationary crosshead 4. "As is usual in hydraulic .
kinds and forms of loose materials may be used 20 presses a main cylinder g, formed in crosshead
and also in the preferred specific embodiment 4, supports a fllling tank § from which oil or
of the invention I employ s hydraulic press al- other suitable ligquid under low pressure flows
though certain features of my invention are ap- through a filling valve 7, of well-known form -
“plicable to mechanical presses as well. and operates, to cylinder B during downward
It is an object of my invention to provide 25 movement of & main ram 8. If desired, s palr
improved means for forming products from loose . of additional rams and cylinders generally in-
material with & high degree of dimensional ac- dicated at 9 and {8 may be employed, all of the |
curacy. It is also an object to provide improved rams being suitably connected to an upper mov- .
means for controlling the.density of the prod- able platen {i which is guided by the side col-
ucts, especially while maintaining the desired 30 umns 2 and 3. A lower movable platen 12 is -
dimensional accuracy of the products. also guided by side columns 2 and 3 and is moved
A further object'is to provide an improved downwardly by a ram and cylinder generally .-
-press and control therefor whereby precision indicated at {3, the cylinder being formed in
operation is capable of being obtained under lower crosshead I. The ram is connected by a
large compressive forces which with my im- 35 lower movable crosshead 14 to side rods {5 and 18
proved apparatus may be upwards of 200,000 or which are connected to the piston (2. The
300,000 pounds. : ' platen §2 'is normally biased upwardly by one
4 further object is to provide improved means - . or more small constant pressure pushback rams
for accomplishing density and/or dimensional  and cylinders such as generally indicated .at {7.
control automatically during operation of the 40 The press .structure so far described is of well-
equipment. : ' "~ known construction and hence further detailed

A still further object is to provide a hydrauli- = description is not necessary. :
cally operated press with improved means for - - 'To form a powdered product a die mold gen
controlling the press operation so as to obtein” -: erally indicated at 20 is positioried within a suit-
the desired = dimensional control over the 45 able recess in platen 12. This mold is specifi-
products. - ' ' cally shown as having an inner annular wall 21

A further object is to provide an improved  which specifically forms the mold cavity while
apparatus that is economical in operation and an outer relatively thick annular band 22 is
maintenance and is durable and rugged com- - shrunk on to the die mold 20. This
bined with a positive and yet sensitive operation 5o operation causes the die 20 to be preloaded un-
50’ as to produce products having .a very sub- -der compression stress, thus preventing or mini-
stantial degree of uniform accuracy as to density mizing expansion of the die under load and
" and dimensions. - . ' -+ thereby maintaining a high degree of radial di~» -

Other objects and advantages will be more mension of the product. The foregoing novel
apparent to those skilled In the art from the 86 preshrunk die structure Is.held in position by a

~ .
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usua] annular keeper ring 23 sultably screwed
to the platen 12.

A stationary plunger 24 extends through the
under side of platen 12 into the mold cavity and
conforms to the cross-sectiontal shape thereof.

The die shape may be such that it has a smooth '

periphery so as to form bushings or the like or
it may have, gear teeth to form gears, etc. The
plunger 24 is supported upon stationary cross-
head | and has a vertical slot 25 through which
a crosshead 26 extends for connection to platen
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been accompanied by a variable density of the
successive products because the density finally
obtained was dependent upon the volume of
powdered metal and the fixed stroke of the com-
pressing plunger. In my improved arrangement
the plunger 30 is adapted to have a variable
stroke controlled solely by the density of the in-
dividual articles thereby allowing the density of

‘ the product to be substantially independent of

1¢

12 by rods 21 and 28. If the products such as -

bushings, gears or the like require a coaxial hole
a pin 29 may be removably threadedly secured to
crosshead 26 and extend upwardly through sta-
tionary plunger 24 into die 2i. A movable com-
pressing plunger 30, carried by upper platen i,
has the same conformation as die 21 and also
has a suitably vented central bore 31 to receive
core pin 29,

To form a product, powdered metal or other
material is poured in any usual manner into the
mold cavity around the core pin 29 and excess
powder is swept off by a usual well-known
. sweeper arm on the usual feed box. The powder
remaining in the mold will be level with the top
thereof. Platen 1f is then moved downwardly
under hydraulic pressure to force plunger 30 into
the mold cavity. When the product is fully com-
pressed the platen 1 is raised by supplying hy-
draulic pressure to the cylinder space 33 beneath
differentisl piston 8. The product is ejected by
supplying fluld pressure to cylinder 13 thereby
moving platen 12 and its mold 20 downwardly
over the product which rests on stationary
plunger 24. It will be understood that during
the compression stroke the increasing compress-
ing pressure on the powdered metal causes the
frictional contact between the powdered metal
and the mold wall to increase and this friction
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causes platen 12 to yield downwardly against the -
constant pressure pushback plungers and cyl-

inders 1. This yielding of the platen 12 under
the foregoing friction load effects what is known
as 8 floating mold action. This allows the fric-

tional resistance to be less than if the mold re--

mains stationary. In my present invention I
provide improved means adapted to variably co-
operate with the floating action so as to dimen-
sionally control the products while at the same
time obtaining complete freedom of operation of
the floating action and also obtaining uniform
density of products even though accompanied
by the variable dimensional control.

_The foregoing cooperative relation is of such
a character that I am able to employ therewith
improved means for initiating and controlling
the actuation of the dimensional control mecha-
nism in response to the dimensions of products
ejected from the press.

In many instances in the past it has’ been
proposed to control the dimensions of a product
by employing presses having only a fixed stroke
{for the compressing plunger and then adjusting
the depth of the mold whereby more powdered
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material could be added to increase the axial -

dimension of the product. However, this in-

volved disadvantages among which is that suc-

cesisve products would not necessarily have uni-
form density. It must be understood that the
granules of powdered metal are not of uniform
. size and hence from one operation to another

the depth of the mold cavity may have to be
changed to compensate for the varying granule
_sizes, ‘This operation, however, has

the quantity of powdered metal within the mold.
By utilizing this characteristic I am able to freely
adjust the mold platen to obtain dimensional
control without sacrifice of density control.

To obtain densification control I preferably
employ means responsive to the actuating force
applied to the plunger 30 specifically by deter-
mining the hydraulic pressure in cylinder §.
When this pressure reaches a predetermined

‘value the supply of hydraulic pressure is dis-

continued and the plunger 30 is returned up-
wardly. Hence, the plunger will continue down-
wardly until the main cylinder pressure reaches
a predetermined densifying value, the stroke
therefore not being of fixed length. One form
of mechanism capable of accomplishing the fore-
going densifying control is diagrammatically in-
dicated in Fig. 1 wherein a postive displacement
piston pump 35 of the reversible Hele-Shaw type
is connected in a usual manner by pipes 36 to the
cylinders 5, 9 and 10 and by pipes 37 to the
pullback end 83 of cylinder § and by pipes 38 to
the stripping cylinder 13. Usual valves to com=
pensate for the differential fluid volume to the
vespective cylinders during up and down opera-
tions of their rams are omitted for the sake of
simplicity, although such devices are well-known
in the art.  When the platen {1 is in its upper-
most position its arm 39 holds a rod 40 and bell
crank 41 in the position shown in Fig. 1 where-
by the usual pump control rod 42 shifts the pump
substantially to its neutral -position. To initiate
the down stroke the operator manually rotates
the bell crank in the counterclockwise direction
until engaged and held by a latch 43, Such
counterclockwise movement shifts the pump for-
wardly to discharge fluid through pipe 36 to the
cylinders 8, 8 and 10 and to draw fluid from the
pipes 37 and 38. As the plunger engages ‘the
powdered metal in mold 2{ the pump pressure
builds up in the main cylinders and when this
pressure reaches a predetermined densifying
value a piston 44 is moved against an adjustable
spring 45 to release latch 43 whereupon a com-
pression spring 46 shifts the pump through its
stem #2 to a reversing position so as to supply
fluid through pipe 37 to the differential cylinder
end 33 and also through pipe 38 to the stripping
cylinder {3 thereby moving platen 12 downward-
ly to eject the formed product from mold 2{.
When the press returns to near its upper posi-
tion 1t engages nut 48’ to lift.rod 40 and return
the pump to neutral. If desired, the press oper-
ations may be continuously repeated without
stopping by employing any well-known repeat-
ing cycle control. However, for purposes of my
invention in regard to the densifyirg operation

the. above single stroke operation will suffice.

70

heretofore 7 50 and §f and

The dimensional control mechanistn comprises,
in one specific form of the invention, a pair of
wedge seat members 50 and 61, Fig. 1, bolted
or otherwise suitably secured to crosshead
{4 and which, if necessary, may be suitably
shimmed as indicated at 52. Wedge blocks
53 and 54 are interposed between -the seats
the under surface of crosshead (.
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] 'I'he wedges 53 and 54 are each provided with
non-rotatable threaded shafts 55 and 66 guided
in brackets 51 and 58 and have threaded engage-
ment with gear nuts generally indicated at 58
and 60. To simultaneously drive the two. gear

. nuts, a pair of pinions 61 and 62 are secured to

a common pinion shaft 63 which is driven by a

motor 64. By moving the wedge blocks 53 and

64 inwardly the upper movement of platen (2

is reduced and conversely by moving the wedges

outwardly the platen 12 may move to a higher

position. Increasing or decreasing vertical move--
ment of platen 12 effects -a corresponding in-

crease or decrease of the volume of die 21 inas-
much as plunger 24 remains stationary. The co-
operative relation of the wedge mechanism to the
crosshead 14 is such that the wedges may be ad-
justed during continuous operation of the press
without stopping the same thereby permitting ad-

justment between successive products or any se-

lected group of products, this being accomplished
while maintaining proper density control for the
successive dimensionally controlled products.
The mechanism for-automatically adjusting the
dimensional control wedge mechanism in response
to the successive products ejected from the ma-
chine comprises a usual discharge table 66 which
is of any well-known form of construction and
on to which the products are moved from platen
12 after being ejected from mold 2{. There are
rmany well-known devices for moving the ejected
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‘as & unitary part of a éupport 89 which is ver4

tically adjustable by the screw 89'. The upper
end of the bellows is secured to a container 91

.which is biased downwardly by a spring 92. A

fulerum 93 engages a wedge arm 94 pivoted at
85 while the outer end of the arm carries a pair
of resilient wedge actuating fingers 86 and 97.
Operation of dimensional control.—Assuming
that the control apparatus is set for a prede-
termined dimension of the products 71, when the
control circuit is energized by the pawl and
ratchet control 74, 15 and 76 the valve 98 is raised
and air pressure-is supplied to jet 70. If the
product 71'has a smaller dimension than desired
the clearance between the top of the article and
the jet orifice will be larger than normal and ac-
cordingly air pressure may flow more freely from.,
the jet resulting in a corresponding drop of pres-
sure in the jet pipe 70 below normal. This re-
duced jet pressure will disturb the normal balance .

‘between the force of spring 92 and the air pres-

sure In bellows 87 and accordingly spring 92 will
move container 92 downwardly to a point where -
a balance is obtained between the spring force -
and-the bellows pressure. Movement of the con-
tainer 91 downwardly causes wedge arms 94 to
move downwardly about a pivot 85 thereby to

’ permit finger 971 to close a micro-switch gen-

30

product from beneath the plunger 30 on to the -

discharge table 66 but inasmuch as such devices
per se do not constitute part of my present in-
vention it will suffice to diagrammatically indi-
cate such a device by a dotted outline 67. The
novel arrangement constituting the improved di-
~mensional responsive means includes an air Jet
18 disposed over “the path of the discharged
products T1. If the axial dimension or depth of
the product T varies from a predetermined value,
then a larger or smaller clearance as the case
may be will occur between any given product and
the jet orifice and the air pressure within the
pipe of jet 10 will increase or decrease accord-
ingly. I utilize the variations in the air pressure,

resulting from varying dimensions of the product, -

_to actuate the wedge motor 64 either forwardly
or reversely as the case may require. It is also
desirable to measure say only every sixth article
thereby avoiding too frequent adjustment. To
energize-the control circuit in response to only

erally indicated at {00. Closure of the micro-
switch establishes a circuit from the supply lines
19 to wedge operating motor 64 and also to a-
follow-up contact servo-motor 101. The wedge

 motor 64 causes the wedges to be moved out-

35"

wardly thereby permitting the crosshead {4 and
mold platen 12 to move to a higher position dur-

" ing the next operation. Such a higher position
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a8 selected number of articles I provide a pawl .

14 pivotally-and yieldably supported on the platen
‘11 for actuating a ratchet 15 mounted on the
press frame near the upper end of the- platen
stroke. . Hence, as the platen moves upwardly on
each stroke it will successively engage the ratchet
_teeth until finally an electrical contact 76 carried
by the ratchet engages a contact 17 to energize
a main control circuit 78 from the main line 19,
The energized circuit 18 causes a solenoid 80 to
raise a stop arm 8! into the path of articles. Ti

&5

80

and accordingly stop the first article beneath jet -

79. Simultaneously a solenoid 82 is energized to

open a valve 83 thereby admitting air pressure .

from a suitable constant pressure source diagram-
matically indicated at 84 through pipes 85 and 86
-to a sylphon bellows 81. Supply pipe 84 is con-
nected with pipe 85 simultaneously with the
energization of solencid 80 inasmuch as a valve
98 is raised by a solenoid 99 upon energization
of the control circuit 18. 'The purpose of valve
98 will be explained later. The lower end of the

bellows is secured to a stationary base 88 formed 76 low-up motor 101,

65
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of the mold platen {2 increases the depth of the

-mold 21 above the top of stationary plunger 24

thereby to increase the axial dimension of the
next formed product. To prevent overrunning'of
the wedge adjustment the follow-up motor 10§
operates simultaneously with the wedge motor to
adjust a block 102 downwardly, this block having
threaded engagement with a screw 103 driven by
motor 101. The block 102 is prevented from ro-
tating by having slidable contact with a guide
(04, When the block 102 has moved a predeter-
mined distance the micro-switch 100 will move
away from finger 97 and accordingly open the
switch and thereby discontinue operation of the
motor 101 and switch operating motor 64. The
press will then make its next stroke and on its
up stroke will rotate ratchet 15 so as to break

. engagement of contacts 16 and 171 thereby to

deenergize the control circuit. Upon deenergiza-
tion of the control circuit the vaives 83 and 98
close and solenoid 80 is deenergized to allow stop
arm 81 to drop out of the path.of the articles

thereby permitting the next series of artlcles to.

discharge freely from the conveyor 66. When
the next predetermined number of articles,
specifically shown herein as six, are formed, then
the pawl and ratchet 14 and 75 will again re- -
energize the circuit.” Stop arm 8! will be then -
moved in front of the first article and the air
supply will be turned on. If the article is now
of greater height than desired, then the clear-
ance between the jet and article will be reduced .
below normal thereby restricting the flow of air-
from pipe 70 and accordingly cause an increase

of pressure in the bellows with consequent rais- _
ing of finger 13 and closure of micro-switch 108

by finger 86. - Closure of this switch will reversely

operate both the switch motor 64 and the fol-
The wedges will accordingly’
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be moved inwardly to decrease the effective length
of the mold cavity while the block 102 will be
‘moved upwardly until its switch {05 is opened.
The sensitivity of the apparatus as well as the
normal position of the jet 10 may be varied by
an adjusting screw 108 which raises and lowers
jet 10, the contact arm 84 being adjusted by
screw 89’. The foregoing plus or minus adjust-
ment of the mold cavity will be repeated as often
as 1S necessary to maintain a uniform dimension
‘and hence it is not necessary to repeat further
the successive measuring and adjusting opera-
tions.

To stabilize the dimensional control apparatus
in between successive measurements of the arti-
cles, the switch arm 94 is clamped as shown in
Fig. 4 between a stationary back 108 and & spring

" pressed piston 109. This clamping action is re-
leased when valve 98 is raised by energization
of solenoid 99 thereby supplying fluid pressure
from pipe 84 to a pipe 110 for moving piston 109
outwardly against the spring f(if. A small
amount of clearance is permitted between the

- switch arm 84 and the plate 108 and piston 109
when the clamping pressure is released thereby
avoiding friction on the switch arm. Converse-
1y, when valve 88 is closed, then fluld pressure on
piston 108 is exhausted through valve 98 and
pipe 110’ whereupon spring {1l clamps switch
arm 84 between piston 109 and stationary back
108. To further sensitize the equipment arm 94
is provided with a counterweight 142 having a
spring connection extending over a pulley of an

indicator pointer {13 thereby to register on a’

dial 1{4 the extent of dlspla.cement of arm 94
from neutral.
In order to obtain dimensional control without

2,388,401

duction of powdered metal produets.” It i3 also
seen that my improved automatic adjusting con-
trol effectively regulates the amount of fill and

- that this control is operative to measure finished

10

- tion with dimensional control thereof.

15
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‘automatic adjustment thereof, the circuit 19 will

- be disconnected and two adjustable stop pins 115
are placed on side columns 2 and 8 beneath
upper platen I so as to limit downward move-

~«ment thereof and thereby definitely establish a
fixed dimension for the product. The pins have

heads and shanks 116 slidably received in suit--

able vertical openings found in the side columns.
Shims 11T may be inserted to obtain any desired
" dimension. This dimensional control may be
accompanied by density control by manusally con-
trolling the adjustment of the wedge stops 53 and

" B4 through closing one or the other of reversing’

. or forward switches 118 and 119 connected to a
suitable source of current. 'This current actu-
ates motor 64 and thereby adjusts the wedges 53

40

- pieces produced by the machine. Such auto-

matic equipment may be used regardless of the
character of material used or of the type of press
in which the material is compressed, although in
the specific aspect of my invention disclosed
herein a hydraulic press is adapted in combina-
tion with the densifying responsive means to
control the density of the products in coopera-
The di-
mensional accuracy of the equipment is further
enhanced by the cooperative action of the pre-
shrunk ring 22 on the die mold 20 thereby main-
taining the radial dimension of the article.

It will of course he understood that various
changes in details of construction and arrange-
ment of parts may be made by those skilled in
the art without departing from the spirit of the
invention as set forth in the appended claims.

I claim:

1, Apparatus for forming products of loose
material comprising, in combination, a platen
having a mold, means for adjusting the effective
depth of said mold to control the axial dimension-
of a product formed therein, means for measur-
ing the axial dimension of a product-discharged
from said mold, and means for aytomatically ad-
Justing the depth of said mold in response to any
variation of said axial dimension from a prede-
termined value.

2. The combinatxon set forth in claim 1 fur-
ther characterized by the provision of means
whereby a given number of products less than
the total produced are measured for control
purposes.

3. The combination set forth in claim 1 fur-
ther characterized in that the measuring means

. includes an air jet directed against a product

45
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with - & - predetermined clearance whereby any
product whose dimension causes a variation in
said clearance then said clearance will produce
a corresponding change in jet pressure, and
means responsive to the change in jet pressure
from & predetermined valiie for adjusting the
effective depth of the mold.

4. Apparatus for forming products of loose
material comprising, in combination, a press

- having a platen mold, a compressing plunger,

- and B4 so as to adjust the height of the mold.

- cavity 21 and accordingly determine the amount
of fill'and the density of the product. - From this
disclosure it is seen that during manual dimen-

" sional control through use of stops !5 the ad-
Justing wedges perform a density control func-
tion but during automatic dimensional control
the wedges perform a dimensional control func-
tion, the pins. 11§ are removed when the auto-
matic dimensional control is employed. During

automatic dimensional control, density control is

‘obtained by controlling the hydraulic pressing
fluid pressure. Also’ during automatic dimen-
sional control the switches 118 and 8 permit a
preliminary dimensional adjustment of wedges

.55
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83 and 54 while the air jet control effects a pre-

cision control.

From the foregoing disclosure it is seen that
"I have provided improved press equipment that
is relatively simple and rugged combined with
positive operation that has a high degree of sen-
sitivity, accuracy and responsiveness in the pro-

76

power operated means for adjusting the effective
depth of the mold to vary the axial dimens.on of
& product formed in the mold, means for meas-
uring the axial dimension of & product dis-
charged from the press, and means controlled by -
said measuring means for initiating operation of
said power means.

5. The combination set forth in claim 4 fur-

- ther characterized in that said means which is

responsive to the measuring means includes rela-
tively movable cooperating elements which upon

.8 predetermined movement of one of said ele-

ments effects said initiation of the power means,
and means also initiated by said predetermined
relative movement for causing actuation of the

‘other of said elements until the initial relation-

ship between the elements is re-established
thereby to discontinue any further dimensional
adjustment of the mold.

6. The combination set forth in claim 4 fur-
ther characterized by the provision of means for
adjusting the measuring means so as to establish
& predetermined dimension for the produicts.

7. The combination set forth in claim % fur-
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ther characterized in that said measuring means
and dimensional adjusting means for the mold
are rendered periodically operative automatically
in accordance with the number of products
produced.

8. The combination set forth in claim 4 fur-
ther characterized in thaf said measuring means
and said dimensional control means for the mold
are controlled by an electrical circuit, and means
actuated in accordance with a predetermined op-
eration of the apparatus for controlling said cir-
cuit and thereby initiating the measuring
operation. g
"9, Apparatus for forming products of loose
material comprising, in combination, mechanism
for forming the products including a mold and a
plunger, means for adjusting said mechanism to
vary a dimension of the products, means for
measuring said dimension of the products after
they are discharged from said forming mech-
anism, and means responsive to said measuring
means for actuating said dimensional adjusting
means when the dimension of the product varies
from a predetermined value.

‘10
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10. Apparatus for forming products of loose
material comprising, in combination, a platen
having a mold, means for adjusting the effective
depth of said mold to control the axial dimension
of a product formed therein, means for pre-
liminarily actuating said adjusting means to
bring the effective depth of said mold within
predetermined axial limits, precision adjusting
means for also actuating said adjusting means
to vary the depth of said mold, means for meas-
uring the axial dimension of a product dis-
charged from said mold, and means for auto-
matically rendering said precision adjusting
means operative in response to said measuring
means when the measurement varies from a pre-
determined value. -

11, The combination set forth in claim 10 fur-

' ther characterized by the provision of means for

20

indicating deviation of the dimension of the
product from the desired prt_adetermined value.

JOHN B. CUTLER.




