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1

This invention rele;tes to a machine for ferm-
ing sheet material, and more partmularly t0 an
automatic machine for forming sheet materlals
which can be efficiently used by mexperlenced
personnel.

This applieauen is & division of our applica-
tlm Serial NMo. 437,630, Machine for formlng ma-

serial, filed September 7, 1542, now Patent No.
2,372,516,

In the illustrated embodiment of the machine
of the present invention the forming operatmn is
produced by a pair of forming toois whichh are
mounted for relative movement and which coop-
erate to bring about the desired forming action.
One of the tocls is controlied by an eperater
which is so formed that it 1s operative. to actu-
ote the tool only after the tool has been moved
into contact with the work piece and is epplymg
2, predetermined pressure 1o the same.

To render the operator qperative, means are -

prgvided for moving the same to cause the tool
controlled thereby to move into progressively in-

creasing pressural engegemen.t with the work

piece. The means for moving the 100l controlled

hy the operator into engagement with the work
piece comprises a spring-loaded pivoted lever nor-
mally holding the operator with its tool out of
work-engaging position. The tool is moved into
work-engaging position by a pneumatically oper-

ated piston connected to the lever and adapted

to rock the same against the spring to move the
operator and force the tool into engzagement with
the work,

The air supplied to the cylinder ef the piston
is regulated by an electrical control system in-
cluding a pair of solenoids, the circuits of which
sre controlled by relay operated switches. The
solenoids control inlet and exhaust valves and are
so associated with the valves that the latter are
open when the solenoids are energized.

A manually operable switch under the control
of the operator of the machine when closed re-
sults in the energization of the inlet valve solenqid
to bring about movement of the piston and the
lever interconnecting the same and the tool oper-

stor to urge the tool carried hy the latter into en-

ocagement with the work. The tool operator after

it has been moved at a dlsta.nce sufficient to cause
the tool controlled thereby to apply the prede-

termined pressure against the work will apply a.

percussive force to the teel to complete the form-
ing gperation.
As the percussive. ferce applied by the actuator

is adjustable, work pieces of different materials

as well as shapes and sizes can be eﬁectwely'{ 56

1
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- formed by the maehme of the present mventmn

After the actual forming operation has- heen

completed the operator of the machine opens the

manually operable switch which de- energizes the
relay resulting in the opening of the circuit of the
 solenoid controlling the inlet valve and the cles-.

ing of the exhaust solenoid circuit. The ener-
gization of the exhaust valve solenold opens the
exhaust valve and the spring pressed jever. re-
turns the piston to its normal position and the

sctuator is moved to the position in which the
00l controlled thereby is out of engagement with_

the work piece.
The machine is capable of h1gh productmn be-
g limited only by the movement of the work

pleee intc and ou}t of the werk station of the
machine as the oniy skill necessary io the effi-

cient operation of the machine is the ability to

ascertain whether the work is properly ahgned -

with the forming tools prior to the forming op-
eration. Therefore, personnel having little or no
mechanical experience cain successfully be as-
sighed to the machine. -

Other features and adventages of the machine

of the present invention will be apperent from.
the following description taken In connection

with the aceompenymg drawings, in which:
Tigure 1 is a side elevation of a machme em-
bodying this invention;

Figure 2 is a front elevation ef the ma,ehine"

 shown in Figure 1; and -

40

45

o0

- upper arm 13 by a lever 19 which is fulcrumed. a..t.
2f between ears 22 extending upwardly from the
upper arm (3 and which is connected ab its outer
end to the upper end of the tool operator {5 at
28 and is connected ab its inner end to a p1st0n;

- Figure 3 is a schematm view showing the form-—_
ing devices, the pneumatic mechanism for their
operation, and a wiring diagram for the contrel_

of the pneumatic mechanism.

~ Whilz a dimpling machine has heen selected to
discliose this invention, it will be understood that,
as to some of its features, the invention is not'
restricted to a dimpling machine buf is apphcable

to other forming machines.

Figures 1 and 2 show a dlmphng mechlne IBT

having a base {{ upon which is mounted a supR-

porting column k2. A palr df generally horizon-
tal laterally extending arms {3 and 4 are

clamped to the column 12, the upper arm {3 sup-
porting at its outer end a pneumatic tool oper-.

ator i5 and the lower arm {4 supporting at its

outer end a lower dimpling anvil assembly i6.

" 'The tool operator (3§ is mounted for vertical.

movement in the guide {8 at the outer end of the




_ 3
rod 24 of a piston 25 (shown only in Figure 3)
which reciprocates within a pneumatic cylinder
26 mounted upon the rear end of the upper arm

13. The lever 19 is spring: loaded by a spring 27

compressed between a stationary lug 28 and a
collar nut 29 on g bolt 31 which passes through

-an eye in the lug 28 angd is pivoted at its outer )

2,444,787

‘end to the free end of a depending arm 32 on the .

lever 18. As the spring 27 tends to move the left - ' |
10

- end of the lever {9 downwardly as viewed in Fig-

ure 1, stop bar 33 is mounted on the arm i3 to en-~ -

I8 to prevent the piston 25

tom of the cylinder 26.
~The lower end of the tool operator 13, carries

- gage the under side of the rear end of the lever
from striking the bot- .
| ~heating elements 35 and 43 in the case of the

16

& forming tool or female die 24 and is surrounded

by a heating element 3% of annular form. The
heating element 35 is held in position laterally

with respect to the tool operator i5 and sup-
ported vertically by 4 piston 38 which s verti-
cally reciprocably movable within g pneumatic
cylinder 37 mounted upon the outer end of the
upper arm i3 adjacent the inner side of the too]
operator 18. Admission of air to the pneumatic
. cylinder 37 moves the heating element down-

‘wardly and upon exhaust of air from this cylin-
der, the heating element is refracted to its normal
p‘os_iticn_ by the action of a tension spring 38
secured at its upper and lower ends to the guide
18 and piston 36 respectively. A cable 39 con-
tains the electrical conductors for heating the
- element 8§ and registering its tempersture.

To the upper face of the outer end of the arm

I8 is secured a pneumatic cylinder 40 to which
alr-is supplied at an inlet 4f. A tubular piston
42 reciprocates in the cylinder and carries at its
UDDETr ‘end & heating element or heating body
43 which is apertured for the accommodation of
the stationary male dimpling die (3. The sup-
- port for the die 16 extends downwardly through
the piston 42 and is mounted upon the lower arm
14, The heating element 43 is thus vertically
slidable with respect to the stationary dimpling
die-16- from a lower retracted
upper position in which it makes contact with the
metal sheet to be dimpled. A cable 44 contains
the conductor wires for supplying the energy to
heat the heating element 43 and to register its
temperature, : |
" The heating elements 35 and 43 per se or their
use as heating elements form no vart of the pres-
ent invention, being disclosed and claimed in our
copending application above identified. The heat-
ing element 43, in the illustrated embodiment
of the machine of the present Invention, eloses

& microswitch 45 connected to the control mech-

anism by a cable 47. The cables 44 and 47 lead
to a junction box 48 from which electrical con-
nections are made to the control and indicat-
ing devices by the cable 43. - |
- The system of air conduits and pheumatic

contro! devices for operation of the pneumatic

cylinders 26, 37, and 40, and for operation of the
pneumatic cylinder 51 of the tool operator 15,

are shown schematically in Figure 3, some of
the conduits and control devices appearing in the
structural views, Figures 1 and 2. Air enters the
- machine under pressure 52 through a gate valve

valve 54 through the pipe 55 and thence, when

- valve 54 is opened, through a pipe 58 to cylinder

- 26'to actuate the lever 19 to depress the tool op-
erator 15.- -~ -

“Air may also pass from the gate valve 83 to

the electrically controlled valve 51 through pipe

53 and may proceed to an electrically controlled

~ conduit 59 leading to the

4

98, for transmission when valve 57 is in open posi-
tion through supply conduit 39 and then pipes 69
and &1 to cylinders 87 and 4 respectively for
inovement of the heating elements 35 and 43 re-
spectively from their retracted position to their
position of contact with the metal sheet to be

‘dimpled. Electrically controlled exhaust valves

62 and 63 are in closed position when valves 54

~and 57 respectively are in open position, and vice

versa. They function to relieve the air pressure
in cylinder 28 and in cylinders 27 and 40 respec-
tively for- the elevation of the dimpling gun in
the case of cylinder 26 and the retraction of the

cylinders 37 and 40.

- Avalve 64 and a pressure gauge 87 in the supply
T connection 65 joining
the conduit 59 and the pipes 60 and &f provide

~ Ineans ior regulating the air pressure transmitteq

20

2b

to cylinders 37 and 40 at any desired value, thus
regulating the degree of pressure at which the
heating elements engage the metal sheet. The
sectlon of exhaust pipe in which exhaust valve
62 is placed, the air supply pipe 93 and the pipe
o0 leading to the cylinder 26 are connected as
shown by a T 68. The exhaust pipe in which
valve 63 is placed, the air supply pipe 88 and the
conduit 59 leading to the T 86 are connected as

. shown by means of a T §9.

30
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40

position to an

45

50

0d

Yo T Ti interposed in the air supply pipe 55
1s connected a pipe 12 leading to a pressure reg-
ulating valve 73, which in conjunction with a
pressure gauge 14 serves to regulate the air pres-
sure in pipe 75 leading to the cylinder 51 of the
tool operator i5 and tripping the Pneumatic fir-
ing device for applying an impulse force to the

dimpling die when the pressure hetween the
upper and lower dimpling dies reaches g pre-

Scribed value after the tool operator has bheen
lowered and the two dies brought into engage-
meny with the metal sheet to be dimpled through
depression of the tool operator i5 by the lever
19 upon actuation of the piston 25 operating in
cylinder 26. : |

‘Upon an angle support 76 secured to the upper
arm I3 is mounted a control box 17 which houses
the electrical control equipment for sequential
control of the electrical devices for the actuation
of valves 54, 62, 57, and 63. These devices and
their connections are enclosed within dash lines
on Figure 8 and desienated by the numeral 18.
The valves 54, 62, 51, and 63 are electrically
actuated by solenoids in a manner to be herein-
after explained, the conductors from the control
box 17 to the various valve operating solenoids
passing through g connection box 19 mounted
on the inner end of the upper arm 3. |

The front face of the control box 17 Serves as

& control panel 81 upon which are mounted the

60

65

several dial switches and other manual controis,
and the value registering instruments for use in

operating the machine. ‘These several control
devices and registering instruments will he re-
Ierred to and described in the course of the fol-
lowing explanation of the wiring diagram of
Figure 3. On this diagram the arrows indicate
the direction of potential drop. -
Electrical energy is supplied to the control box

, . by a lead-~in cable comprising conductors 82 and

70

75

83. A warning light 84. connected across these
main conductors 82 and 83, is placed on the panel
to indicate passage of current to the control de-
vices of the control box and thence to the heat-

. Ing elements and electrically operated valves. A

line switch 85 controls the supply of current to



ihe machine. Conductors 83 and 81 constitute
s shunt heating circuit connected o the wires
82 and 83 of the power circuit, and supply elec-
trical energy through a transiormer 88 to the
hesting elements 39 and 43 in parallel through
wires 88 and §l. The transformer &8 is of the
variable tap type and includes an ad] usting knoeb
92 mounted on the control panel of the machine.
The transformer 88 controls the wattage input
and consequently the temperature of the heaters

a5 and 43. The primary of the transiormer 88

is connected to the conductors $6 and &1 by &
normally open switch 83. 'I'his switch is auto-
matically closed upon clesing of the main switeh
85 by a relay coil 84 which is connected between
power lines 82 and 83 by the conductor 21 and a
conductor 99. | -

The pressure valve si and the exhaust 63 are
operated by solenoids 86 and 81 respectively, each
valve being spring retracted to closed position ub-
on the de-energization of the associated solenoid.

The solenoids 86 and 97 are formed with a com-

mon terminal connected by lead 98 to the con-
ductor 95 and the power line
minal of solenoid 86 is connected to the line 83
by a shunt circuit comprising. the conductors 09,
(08, contact 101, switch arm 102, movable between
contacts {01 and 103, and conductors 184 and
105. The other end of the solenoid 87 is connect-
ed to the power line:
prising conductor 10§, contact {03, switch arm
102, and conductors 184 and 109. | |

The pressure valve 54 and the dischaige valve
62 for operation of the pisiton 95 are actuated by
solenoids 187 and (083 respectively, each valve
being spring retracted o iis closed position. Sole-
noid 107 is connected to the power line 82 by the
conductor 109 and to power line 83 by a shunt
circuit comprising the conductor t1f including
the micro switch 45, conductor {12, contact 13,
switch arm 114 and conductors it5 and 108,
Solenoid 108 is connected to the bower line 82
by the common conductor {99 and to line 83 by
a. shunt circuit comprising
tact 110, switch arm {14, conductor 118 and con-
ductor 105. R

A control circuit which is connected to the pow-
er lines 82 and 83 comprises the conductor |17,
the switch 118 operated by the foot pedal 18
a5 best seen in Figures 1 and 2, and conductor
121 and conductor 122 in which is disposed the
relay coil 123. |

Another control
by the foot operated switch 118 and is arranged
in parallel with the circuit of the relay {23 com-
prises conductors {17, 121, and 124, ancde 129,
and cathode 126 of & rectifier tube {21, conductor
128, relay coil 128, anode i5i and cathode 132
of a gas trigser tube 133, and conductors i34
and 185. The filament {35 of the rectifier tube
121 is connected to the power line 82 by conduc-
tors 137 and 95 and to line 83 by conductors 136
and 105. The eifect of the rectifier tube is to
impress & direct current potential upon the con-

trol relay coil 129 and the anode §31 of the trig-

ger tube 133. - _
Current flow from anode i21 to cathode 132
of the gas trigger tube 138 occurs upon charging
of the grid 138 to a predetermined value, the re-
sistor 139 limiting -current flow from the grid
138 to cathode 132. The grid is charged with a
positive. voltage to the prescribed value by an
RC voltage accumulator circuit 141 connected be-
tween the cathode 126 of the rectitler tube 127

and the conductor 185, This circuit includes

83 by a shuntg circuiy com-~

circuit which is also closed |

9,444,787

' RC circuit is provided for by a discharge

10

15

82. The other ter-

25

51t

46

conductor (16, con-
45

50 -

515

60

65

rvigation of

6
fltering circuit 142 for filtering the same. and
the circuit of the relay 123 As usual this ac-
cumulator eircuit comprises resistance and eon-
denser elements as shown, the time interval re-
quired for the voltage build-up being regulated
by the variable resistor (&3. Discharge of the
circuit
comprising the conductor 144 in which is inger-
posed the usual resistance element 145 having a
contact terminal 146 adapted to be engaged. by
5 movable switch arm 141.

 When the switch 118 is closed, the relay 123 is
energized and moves switch arm 102 into engage-
ment with contact 18, connecting conductors
08 and (84 to complete the circuit by which the
solenoid 98 is energized for the operation. of fhe
valve 51T. - - B
Energization of relay 123 also moves the switch
arm &1 out of engagement with the contact. ter-
minal (48 of the resistor {49 to open the discharge
circuit {84 and the accul ulator circuit 141 be-
gins to charge. Wihen +he accumulator circuit. is
charged with the predetermined voltage the grid
138 actuates the trigger tube {33 allowing current
i flow from the anode #31 to cathode 132 to
energize the relay 128. : D
Energization of the relay 26 moves the switch
arm 148 out of engagement with the contact 149
thereby de-energizing relay- coil {23. De-energi-
sation of the relay coil 123 -causes the switch arm:
182 to be moved into engagement with the con-
tact 103 to electrically connect conductor 186 witi
conductor (84 to complete the circuit for ener-
<clenoid 97 for the operation. of the
of the relay coil-129 also

valve 83. Bnergization

causes switeh arm 114 to engage the-contact t13-to

electrically conneet conductor {12 with conduc-
+or 115 and thus energize the- solencid {07 which
opens the pressure valve: 94 Ior the lowering. of
ihe. tool operator 15, When' the: switch- 148 is
opened the relay 2% Is ‘de-energized and the
switch arm (48 again engages contact 189, The
de-energization of the relay 129 also causes the
switch arm (14 to be moved: into engagement
with contact {{@ to connect conductor {16 with
conductor 115 and thus complete: the circuit for
enereization of the solenoid 138. for opening the
discharge valve G2 resulting in the elevation. ol
the tool operator 13. L |

The micro switch £3:is in closed. position. when
the heater element A2 is in is Jower-most posi-
tion and opens: at the initiation of the -upward
movement of this heater in response to opening
of the valve 82, The microswiteh 45 .is.interposed

on the conductor i1 and prevents operation: of

the solenoid (8% in response. to. closing of the
switch 143, 114 until the heater. 43 has reached
the lower limit of its travel . o

A switch operator, which is shown on the-panel
8t ot 133. operates a normally closed: switch 194
interposed in: conducior. 189. and- a normally
closed switch 1586 which norrmally: short circuits
o, high resistance element {56 of the voltage-ac-
cumulator circuit: 14i. The operator (53:in one
position closes the switches 154 and 155 but when
the operator i33.1s thrown to its-other pesition,
switches {54 and 188:are opened, having the effect

- of preventing movement of the tool operator: {9

70

15

snd increasing the time interval- required to
charge the grid (28. sufficiently for- passage:- of
current. from. anode- {34. to cathode- 132 of the

gas-trigger tube £33, : |

The machine of the. present 'invenﬁ-aﬁ': is par--?'-;
ticularly designed:for dimpling- “Dural® ‘or: other
metals.which may e worked.cold;withoutithe:ge+
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velopiiént of structural

Figure 2 by the numeral 157, operates four
swiltches which appear on the wiring diagram
of Figure 3 and are designated by
198, 159, 151, and 162. Switch
In conductor 85 and when open prevents energi-
zation of the relay coil 94 which controls the
heater circuit. Switch 159 has two positions, des-
ignated on the diagram as M and D. When this
switch is in position M conductor § 15 is connected
to conductor 105 permitting operation of the
pressure valve 371 and discharge valve 63 When
1t is in position D it short-circuits the voltage ac-
cumulator discharge circuit | 44, connecting this
circuit through conductor 183 to conductor {85,
Switch 161 has tWo positions, indicated by the
letters M and D. When in the position M con-
ductors 98 and 188 are connected completing the
- circuit for operation of the valve 57. When in
position D conductor (i is -connected to con-
ductor {00 through a cross-circuit conductor (64
for energization of solenoid {87 for the operation
of pressure valve 52 to lower the tool operator

15. | : | .

Switch 162 has two positions, designated by
the letters M and D. When this switch is in
position M the circuit for the solenoid 97 is com-
blete and the discharge valve £3 may he cperated
to retract the heating elements to their normal
positions. - When this switch is in position D it
connects conductor (1§ with conductor {886
through the cross circuit conductor {65, complet-
Ing g circuit for ‘the operation of solenoid (ag
which actuates discharge valve §9 for the elevg-
tion of the tool operator 15, = - -

‘When the operator 157 is turned to the right
hand position designated “Dural,” switeh i58 is
opened and the other three switches are in their
D position. - With the switch 158 open the relay
94 is de-energized and the switch 82 is opened
so that the heating elements are no longer con-
nected to the power lines 82 and 83
- of the switch 159 to the D position short circuits
the voltage accumulator {4{
ing of the grid 128 of the gas trigger tube 138 thugs
rendering inoperative the control relay 12§

‘When the foot pedal switch |8 is now closed
current flows through relay coil 123 which causes
the switch arm 102 to move into engagement with.
contact 101 to complete a circuit
ductor 109, solenoid 107, conductor i!f, includ-
Ing micro switch 45 now held closed by the heater
43, conductor 164, switch 161, conductor

switch 10f—102, and conductors 104 and i65. As!; 5

previously explained, energization
107 actuates the valve 54 to lower

of the solenoid
the tool oper-

the numerals
138 is interposed

Movement

preventing charg.

weakness. A switch op-
erator mounted on the panel 81, and indicated in

10

15

20

29

- working

30

- 35
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108 actuates valve 62 to permit the lever 19 o
return the piston to its original position and
raise the tool operator 15. The tool 34 as it is
connected to the operator 15 moves out of en-
gagement with the work piece and the same may
be removed from the machine or g new area pre-
sented to the dies of the same. In either. case the
machine is immediately ready for another work
operation which may initiated by closing of the
foot operated switch 18, ._

While there have heen described herein cer-
tain embodiments now preferred, it is to be under-
stood that the invention is not tg be corfined to
the particular embodiments illustrated for it is
susceptible to changes in form and detail com-
ing within the scope of the appended claims. -~

We claim: A

1. A sheet metal forming machine comprising:
a frame having g work receiving throat and com-
prising a pair of vertically spaced laterally ex-
tending arms; g tool fixed tg one of said arms;
tool operating means: means for mounting said
operating means on the other of said arms for

movement toward and away from the fixed tool:

& tool carried by said operating means and adapt-
ed to be moved by said operating means into
engagement with ‘a sheet of material
disposed in said throat: a lever pivotally mounted
intermediate the end thereof to the arm carrying
said operating means; means interconnecting
one end of said lever and saild cperating means;
resilient means normally holding said lever in g,
position in which the tool carried by said operat-
Ing means is in an inoperative position; means
connected to and adapted to move the other end
of said lever in one direction whereby the end
connecied to said operating means moves in the
opposite direction te move said operating means
and the tool carried thereby into gradual, unim-
pacted engagement with g sheet of material dis-
posed in said throat: snd means made opérative

‘upon the application of a predetermined force

~ resulting from the engagement between ‘the tool

45

carried by said operating means and sald sheet
for actuating the latter to cause said tool to

-percussively impact and angularly form . said

sheet, with planar and rectilinear surfaces that
define a dimple for g Hush-type rivet, said. re-

 silient means returning said lever to:its normal

50

ator 195 to bring the tool 34 into engagement with. -

8 wWork piece not shown in the drawing but placed
between the dies 34 and 6. As
the tool operator is such that it
cussive force to
been moved into

-

explained ahove,.
will apply a per-
the tool 34 after the tool has.
engagement with the work plece:

and is'applying g, predetermined force against the:

same. - S
After the die 34 has, in cooperation with the:
die 16, formed the work piece, the foot pedal

switch {18 is raised, which de-energizes the re-
| moves the switch arm 102 into.
cligagement with the contact ing
of the switch 102—103 completes a-circuit com--
prising conductors 109, ‘ ' ctor:
116, conductor 165, switeh 162, conductor 106,
switch 102, 103, and conductor {04 to energize the.

solenoid 108. The energization of the solenoid:

{80

-0

70

position after the work operation to permit a dif-
ferent area of said sheet to be moved into said
throat. | | S,

2. In a sheet metal forming machine, the com-

bination of: g frame providing 3 work. receiving

throat and comprising an uprighi and a pair of
laterally extending arms on the two sides of said
throat respectively; g support carried by the
Irame for work disposed in said throat; first
forming tool carried by one of said arms; a. per-
cussive tool gun carrying a pneumatically oper-
ated, impulse-stroke, second forming tool, said

gun being mounted on the other of said arms and

recibrocably movable with respect to said sup-

Pressure applied to the metal sheet by said first
and second tools when in engagement with said
metal sheet; fluid pressure operated means for
moving said gun to bring said tool into progres-
sively increasing pressural engagement with-said
sheet, said fluid pressure operated means includ-
Ing a spring retracted, single-acting . piston-cyl-
inder means, one element of which is stationarily
mounted on said frame and the other element of

‘which is connected to reciprocably move said gun,



2,444,787

9

said cylinder having associated therewith a pres-

sure inlet passage means and an exhaust passage

means and a selector valve means for controiling
said passage means; an electric solenoid means
for operating said selector valve means; and a
manually operated switch for said electric sole-
noid means. :

3 In a sheet metal forming machine, the com-
bination of: a frame providing a work receiving
throat and comprising an upright and a pair of
laterally extending arms on the two sides of said
throat respectively; a support carried by the
frame for work disposed in said throat; a first
forming tool carried by one of sald arms; a per-
cussive tool gun carrying a pneumatically oper-
ated, impulse-stroke, second forming tool, said
gun being mounted on the other of said arms and
reciprocably movable with respect to said sup-
port; said second tool being reciprocably operable
by said gun in response to a predetermined pres-
sure applied to the metal sheet by said first and
second tools when in engagement with said metal
sheet: fluid pressure operated means for moving
said gun to bring said tool into progressively in-
creasing pressural engagement with said sheet,
said fluid pressure operated means including a

spring retracted, single-acting piston-cylinder .

megns, one element of which is stationarily
mounted on said frame and the other element of
which is connected to receiprocably move said
gun, said cylinder having associated therewith
g pressure inlet passage means and an exhaust
passage means and a selector valve means for
controlling said passage means; an electric sole-
noid means for operating said selector valve
means: g manually operated switch for said elec-
tric solenoid means; and means for returning said
moving means to its original position; sald per-
cussive means returning with said moving means
whereby the tool carried by sald percussive means
is moved out of engagement with said sheet so
that a different area of the same can be presented
to said tool.

4. A sheet material forming machine, compris-
ing: a stationary forming tool adapted to sup-
port a sheet of material; a movable forming tool;
tool operating means carrying said movable tool;
means for bodily displacing the tool operating
means and the movable tool concurrently to bring

10

the latter into an initial and progressively in-
creasing localized contact with said sheet; per-
cussive means directly supporting said movable
tool and independently movably mounted in said -
bodily movable tool operating means for move-
ment relative to said stationary forming tool;

" means responsive to a predetermined amount of

10

15

20

29

30

35

40

pressure between the movable tool and the sheet
to effect independent movement of said percus-
sive means: and means for returning the tool
operating means to its original position carrying
said percussive means and said movable tool.

5. A sheet material forming machine, compris-
ing: a stationary forming tool adapied 1o engage
a sheet of material; g movable forming t00l;
tool operating means carrying said movable tool;
means for bodily displacing the tool operating
means and the movable tool concurrently to bring
the latter into an initial and progressively in-
creasing localized contact with said sheet; fluid
operative percussive means directly engaging said
movable tool and independently movably mount-
ed in said bodily movable tool operating means
for movement relative to said stationary forming
tool: fluid pressure means having the one termi-
nal conhected to a source of pressure and hav-
ing the other terminal communicabie with said
percussive means at a predetermined amount of
pressure between said movable tool and said sheet
to effect further movement of said independently
movable percussive member and urge the toool
carried thereby into further and deforming con-
tact with said sheet: and means for returning the
movable-tool-carrying tool operating means to
its original position carrying said percussive
means and said movable tool. |

GEORGE D. RECHTON.,
DELBERT J. WARD.
JACK H. WATSON.
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