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{571 ABSTRACT

A machine for cold forming workpieces in which
workpieces are subjected to a sequence of work
operations performed by a bank of.co-operating tools
and dies, therebeing transfer means for transferring
each workpiece through successive work stations in
the bank so as to be subjected sequentially to the ac-
tion of successive co-operating tools and dies. The
machine has two such banks operating 180° out of
phase and the transfer means of both banks are car-

. ried by a common reciprocable slide, the arrangement-
being such that, in one direction of its reciprocating
movement, the common slide moves the transfer
means of one bank in a direction which advances the
workpieces in that bank to successive work stations
while the transfer means of the other bank are return-
ing, and, in the other direction of reciprocating move-
ment of the slide, the transfer means of the other bank
advance the workpieces in the other bank while those
of the one bank return.

1 Claim, 11 Drawing Figures

- nnnnt

. /
o7 a1 wsr Y
4] o 13 | Lesd | 12
i
4 ( / J / mg
#4. o | I gy =
i st The it AeHE ’;Z;E 8 g .
/fﬁ J _ﬁuﬁ: = 7.9 /7
4] HH i)
89 T2 4 183 1
%; TAI VA3 ) T84 | 782 | A3
Y 3275,
99\ | w5 1
. 7 4. > 77
e S
ey G T Ll 75 7
w2 ey B )
N 29 ol a2, 243 tad YA Ll 2t ip7 7
: A 4
7= || [ 20 L
9%/ - RE2 72
% H . Lf L ‘?1 = N4
65 FCAIIECAS 2 TN ) o
P4 A7 £ AN s mer Al N @
77
ZZ /




PATENTEDOET3 1872 3,695,088
~ SHEET G10F 10

AN

A4 o8z w1 Y
(03| 1084|1082

e

I e % 42 8/

. i -.ﬁ—. g’ iff&f? 79 /76‘
HHH B/
2 e M TE3
94 w1743 mee e ) ross
9 | ) T ) 7
g || BTy ML T
05 1) v - 7
% \ iy (g » 7
oo - —— lrh Ik E ] B
ke T
°O° -o2 : R
g == 77 Ay A Y, 2
. — B T S FPeor
Erk| BV 2=0-2 (=
95 : W14
56 = -
H|55 e, lm rsal s
AN A e a7 a0 Al N

?l?cflqr:

L ST (2Erxe

’ o lffll 24

é/}f@ et
y ‘/éw,,/ ¥ odadnect

", o
/‘%ﬂ” ’ ’ Attorneys



PATENTEDOCT3 1872

SHEET Q020F 10

3.685,088

Z 37
O S)
_/L:/ Q.. oA )
95 ;Q}!"l(;
ﬁg >
=L n L\
i
J7
35
/2
O 76 /2
/
P Invenlors
J
%jfé’mf/ljvhwfé F2Y
/‘f/ Y (&'ﬁuuv@(a zzz,e_

14 ffoﬁngy [y



PATENTEDOCT3 1872 | 3,695,088
SHEET 030F 10

) 9 2,“?""0’
C gl V/(/{ .
Ty twi A At A
\_.;;:L;gp“(,é V4 oo rmofee been
. »

. ')iw/nz L Sl s Y M‘LZ"’%
S SR Az‘tomgyj



3,695,088

enlors
L
fz,é 7(7,
H I En
Attorney s

SHEET QU4 0F 10

PATENTEDOCT3 1972

Ny
% i
182/ 289 Y2474 782 V427 £50 A0 \E\m\ A
o o o © o o o o Pt NG
e e e | N Y Tl A W 73 s
g imamengll { AN Q - N - ) %W\ \\ o) QY. — - e (i - o —
O 0 O o \\N\ <
@@ ®©® ©@ ®,® Ol ° 0 NC @ O
> > . @ @ @ |Hel Q.\% ®
o)le o\lo(D) \e)le @@@ 4 ©@&m\@@m\\\o va\@@\x\
1774 8 .
e AT O o
95 247 N v/ L o ¥ " ar~—" -~ | ¥
| © W W i W QT | © ©)
O ©
Ly 7 7 7/
%7 N " A~ v
v o g 4



PATENTEDOCT3 1972 3.695,088
SHEET 0S0F 10

RCAI
53
’\\_ /J‘ "/?[5/

oy
eu Y
LY s

?’ n/gnlors
7{ i “, /gg orcer %%L‘ornqys



PATENTEDOCT3 1972 3.695,088
SHEET 0B 0F 10

99
04

]

[19. 7
(41
1 W W
rﬂ,rﬂ]f]]—ﬂ] W%g U
A2 A4 787 7B/
771/} 45 ) 7M 782
AT
m /6y UU
i — lg

] Y 54? H7 |44 |04 15 472 481

TT A e BEEET]

HHEH gl ©

=

- Igventors .
) /1? 7

77
5%;6;;7/;% e,a "
.]?:z///.zg'/é /%W‘i”é/m’é

Aftorneys



PATENTEDICT3 172 3,695,088
SHEET 0O70F 10

Ak iy e
samal T
742 744 743 78/
7\ s | 75\ 72 |

i\ | 8, i 'l _jl’_/Jr_I “E
E—l = ‘[A/ \;Af. l [Mﬁf”fé’?ﬂ
N I e

] :Ln_n_nj

’ l %nlor

."/f /_

- 7 e ( \,(‘ s vnx:‘& VR
By

T BEOPRY ,((,(A o €

Afforngy:



PATENTEDOCT3 1872 3,695,088
SHEET 080OF 10

' e 590

/ N\
N
64
P
= (=)
BEIN=N ;3}3 4
/ J/§§ S
‘Qf £\
@4
7
s

venlors

e /( <
((.{/% ,..(/ -
‘)71/’1 /3»6( L4
4}& s ‘/ﬂ(/lt z. ;/dfu[aéa' £

Attorney s

-
L



PATENTEDOCT3 1872 3,695,088
SHEET 9 0F 10

—Z
- -
g | £g. /0.
r ],54 Ly 5
49 _\/\_j 1 L ! Y
4@“"
.44
= L7
&5 5
AU B 58 /56’ 57
L. \
59 0 pA? M5 oM
/ / i} / / ;
7 i é
/< Z -
NN \
4

N7
NNRZN

j
%
> 4 %
2 Al T /
7 77 1 A |
# % ] % §; ;j
N A 7 NN g
4 % 4 A 1 A
% g
4 %
ﬁ/‘ 1 g
4 4
5 %
=
lr}genlor:
Yo ST
250/"’( ](/4,1/84
Tty recke A Snomrlonics
By
L}&/wwb*égl"/“"é

A Attorneys



PATENTEDOCT3 1572 3.695,088
SHEET 10 0F 10

AL
N

A/

&

&

8.

:

SOOSNNSANY

a1

NOVNONNNANANN

7

2

A/

fgeialililyi
n

. ln enlors
n (Za
7 /’ 7(/(%
VA s (r/{ 7 Ko pime s

y ' o
ARy YA v e ""é

Attorneys



3,695,088

1
 MULTI-STAGE FORMING MACHINE

The invention relates to a multl-stage forming
machine of the type comprxsmg

a plurality of dies for receiving workpieces succes-
sively;

a plurality of toolholders each associated with one of
the dies, each for holding a tool and each
reciprocable to bring the tool to strike a workpiece
received in the associated die;

means for reciprocating the toolholders substantially
in unison so that the tools are all withdrawn from
the dies at least for a common withdrawal period
in each reciprocation; '

and transfer means for transferring workpieces suc-
cessively from one die to the next during each
common withdrawal period of the tools, the
transfer means comprising . workpiece-gripping
means and a reciprocable transfer slide, reciproca-
tion of the transfer slide in appropriate relation-
ship to the reciprocation of the toolholders caus-
ing, during advance movement, advance of the
workpiece-gripping means from one die to thé
next and, during return movement, return of the

" workpiece-gripping means from the said next die
to the said one die.

Such a-multi-stage forming machine is hereinafter
referred to as “a multi-stage forming machine of the
type defined.” Such machines, and their manner of
operation, are well known to those skilled in the art of
manufacturing large numbers of small metal articles,
e.g. rivets.

The invention provides, in one of its aspects, a multi-
stage forming machine of the type defined, which
machine comprises: -

two banks each consisting of a plurality of dies and
associated tootholders;

means for reciprocating the toolholders of one bank
substantially 180° out of phase with the toothol-
ders of the second bank;

and a common reciprocable transfer slide for the
transfer means of both banks;

the arrangement being such that when the common
reciprocable transfer slide is moving in one sense
the workpiece-gripping means of the first bank are
advancing while the workpiece-gripping means of
the second bank are returning, and when the com-
mon reciprocable transfer slide is moving in the
opposite sense the workpiece-gripping means of

. the first bank are returning while the workpiece-

gripping means of the second bank are advancing,

The common reciprocable transfer slide may com-
prise a single member. However, in a preferred em-
bodiment of the invention, it comprises two members,
each associated with the workpiece-gripping means of
one of the banks, linked together for movement in
unison. Preferably the members are linked together by
an adjustable linkage which provides for relative ad-
justment of the two members in the direction of their
reciprocation.

In a preferred embodlment of the invention, the two
banks are positioned relatively end-to-end in a straight
line, and the machine is arranged so that workpieces in
each bank are moved progressively towards the ad-
jacent ends of the banks where there may be provided a
common discharge station for workpieces from both

10

2
banks. In this case, workpieces are discharged at the
discharge station from the two banks alternately. Alter-
natively, separate adjacent discharge stations, one for
each bank, may be provided at the adjacent ends of the
two banks. This enables workpieces from the two banks
to be collected separately.

The invention provides, in another of its aspects, a
multi-stage forming machine of the type defined, in-
cluding means for feeding wire stock vertically and
means for cropping lengths from the stock to provide
workpieces, and in which each die faces vertically up-
wards to receive a workpiece in a vertical position,
whereby after being struck by the associated tool the.
workpiece can be fully ejected from the die before
being gripped by the workpiece-gripping means,

. without tending to tip sideways out of its vertical posi-

20

25

30

35

40

45

50

55

60

tion.

A specific embodiment of the invention will now be
described by way of example and with reference to the
accompa.nymg drawings, in which:

FIG. 1 is a front elevation of a multi-stage formmg
machine;

FIG. 2 is an elevation of one end of the machine;

FIG. 3 is an elevation of the other end of the machine
(part being omitted);

FIG. 4 is a plan view of the transfer means;

FIG. 5 is a diagrammatic section through the
machine showing the relative positions of some cams;

FIG. 6 is a plan view, on the line VI — VI of FIG. 5, .
of the transfer slide reciprocating means;

FIGS. 7 and 8 are front clevations of the machine,
partially simplified, illustrating the toolholders and
transfer slide at two positions respectively 180° apart in
their cycles of reciprocation; ‘

FIGS. 9 and 10 are sections (on the lines IX — IX of
FIG. 10 and X — X of FIG. 9 respectively) at right-an-
gles to each other, showing part of the wire feed and
the croppmg means; and

FIG. 11 is a cross-section showing by way of illustra-
tion, a die and tool of one of the banks.

‘The twin bank multi-stage forming machine of this
example has a general arrangement which will be ap-
parent from FIGS. 1, 2, 3 and 4. It is built in a strong
frame 11 supported on a substantial base 12. The The -
machine has two banks A and B adjacent each other in
end-to-end relationship, each bank occupying one half
of the machine frame. The two banks are substantially
identical with each other, except that one is substan-
tially a mirror image of the other. Each bank comprises
a slug cropping station, at which a slug is cropped from
the end of a wire feed to form a workpiece, four work-
piece forming stages through which the workpiece
passes successively, and a discharge station at which
the workpieces are discharged from the machine. In
this example, there is a single discharge station 13
which is common to both banks, positioned at the junc-
tion between the banks in the center of the machine,
and the two slug cropping stages are positioned one at
the outer end of each bank.

Bank A comprises four dies DA1, DA2, DA3 and
DA4, and bank B likewise comprises four dies DB1,
DB2, DB3 and DB4. (In FIG. 4, the dies are
represented schematically, the actual construction of
the die forming no part of the present invention). The
common discharge station 13 is situated midway
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between the two final 'dies DA4, DB4. The spacing
between each die and the next is the same for both
banks, and is also the same as the distance between
each final stage die DA4, DB4 and the common
discharge station 13.

At the outer end of each bank A, B, is situated a
cropping station CA, CB respectively, the positions of
the center line of each being indicated in FIG. 4. FIG. 4
also illustrates the transfer means. This comprises
workpiece-gripping means associated with each die, in
the form of a pair of fingers. Associated with bank A
are four pairs of fingers FA1, FA2, FA3 and FA4 and
an arm 14A. Likewise, associated with bank B are four
pairs of fingers FB1, FB2, FB3 and FB4 and an arm
14B. ' :

The pairs of transfer fingers of both banks are carried

4

toothed arms 27, 28, each constituting part of a spur
gear. Each closing cam is elongated in the direction of
reciprocation of the transfer slide so that the follower
roller 25 can be engaged by the cam face throughout
the travel of the slide. When the cam is moved into the
open position (as in bank A in FIG. 4) it engages the
roller 25 and causes the two arms to rotate about their
pivot to open the fingers. When the cam is in its closed
position (as in bank B in FIG. 4) the tension coil spring
of each pair of arms closes the fingers. Movement of
each finger closing cam FCA1, FCA2, FCA3, FCA4,

. FCB1, FCB2, FCB3, FCB4 is actuated by an associated

on a reciprocable slide 16, which comprises two -

separate members 16A and 16B rigidly- connected
together by a linkage 17. The member 16A carries the
set of four pairs of fingers and the arm 14A of bank A
and the member 16B carries the set of four pairs of fin-
gers and the arm 14B of bank B. The linkage 17 can be
adjusted to adjust the distance between the twe mem-
bers 16A and 16B in the direction of reciprocation of
the slide 16, in order to correctly align the two sets of
fingers and arms relatively to each other. The arms 14A

20

25

and 14B are fixed in position relative to the slide mem- -

bers 16A and 16B respectively and the fingers of each
pair are movably mounted on the slide members so as
to be capable of gripping and releasing workpieces.

When the machine is operating, the first pair of fin-
gers FA1 transfer a cropped slug from the cropping sta-
tion CA to the die DA1 while the second pair of fingers
FA2 transfer a workpiece from die DA1 to die DA2,
and so on. Workpieces from the two final dies DA4,
DB4 are ‘transferred to the discharge station 13 by
means of the fixéd arms 14A, 14B respectively. Each
fixed arm has a circular workpiece receiving aperture
15 near its end in which the workpiece is carried from
the final stage die to the discharge station. As the slide
reciprocates, the apertures 15 are moved between posi-
tions in which they are aligned alternately with the
center of the final die and the discharge station.

The general construction and method of operation of
the pairs of transfer fingers used in this machine is well
known to those skilled in the art of multi-stage progres-
sive cold forming machines, and will only briefly be
described here. Taking as an example the pair of fin-
gers FAL, these two fingers are each mounted at one
end of an arm 18, 19 respectively. Each arm is pivoted
approximately mid-way along its length on a pillar 21,
22 respectively. The other end of the two arms are
joined by means of a tension coil spring 23 which urges
the two fingers FA1 together. In FIG. 4, the fingers of
bank B are shown in their closed position and the fin-
gers of bank A are shown open. Adjustable stops are
provided for adjusting the extent to which the fingers
close on each other to properly grasp the workpiece.
The finger opening mechanism is illustrated in FIG. 4
with reference to the pair of fingers FA4. Secured to
one finger of the pair is an arm 24 having at its remote
end a cam follower roller 25 which engages with an
elongated closing cam FCA4. The two fingers are cou-
pled together for opposing pivoting movement about
their respective pivots' by means of interengaging
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rotating cam 30A or 30B (for banks A and B respec-
tively) on a camshaft 29 in the machine. In general, the
finger closing cams of each bank move in synchronism,
but minor adjustments in the phase of their relative
movements are possible. -

As illustrated in FIG. 1, the transfer slide 16
reciprocates in a machine slideway in the front lower
cross member 31 of the machine frame. The
mechanism causing its reciprocation will be described
later. .

Also as illustrated in FIG. 1, associated with each die
in each bank is a toolholder which is reciprocable verti-
cally to cause a tool mounted in the lower end of the
toolholder to strike the workpiece in the associated die
when the toolholder reaches the bottom of its stroke.
Thus in bank A there are four toolholders TAI1, TA2,
TA3 and TA4 and likewise in bank B, there are four
toolholders TB1, TB2, TB3 and TB4. The design and
operation of the particular tools secured to the bottoms
of the toolholders of each bank is arranged so that each
tool provides a further stage in the forming of the work-
piece as the workpiece progresses from the slug
cropping station to the discharge station but otherwise
forms no part of the present invention, and will not be
described further. In this machine, each toolholder is
provided in the form of a vertically disposed ram
reciprocable in suitable slide bearings in the frame mid-
dle cross member 32. Each toolholder is reciprocated
by means of a pair of cams, one for raising the tool-
holder and one for lowering it. The four toolholders of
bank A have respectively four raising cams RCAL1,
RCA2, RCA3 and RCA4, and four lowering cams
LCAL, LCA2, LCA3 and LCA4. Likewise, the toolhol-
ders of bank B have respectively four raising cams
RCBI1, RCB2, RCB3 and RCB4, and four lowering
cams LCB1, LCB2, LCB3 and LCB4. A suitable
separate follower is provided for each raising and
lowering cam respectively, secured to the upper part of
the associated toolholder. All the raising and lowering
cams are mounted on the same main camshaft 33. The
cams are generally arranged so that the four toolhol-
ders of one bank are raised when the four toolholders
of the other bank are lowered i.e. the reciprocation of
the two banks of toolholders is substantially 180° out of
phase. Each cam is suitably shaped for the function
which it performs, and provision is made for minor ad-
justment of the phase of each cam in order to permit
the most efficient working of the machine.

Associated with each bank of the machine is means
for feeding wire to the cropping station of that bank.

" The wire feed means associated with bank A will be

described, that associated with bank B being similar. As
shown in FIG. 2, a feed reel 35 of wire stock is situated
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on the floor behind the machine, supported in a suita-
ble stand 36. The wire 37 passes upwardly and over a
guide pulley 38 secured to the outer upper end of an
arm 39 mounted on the upper part of the machine
frame. The wire then passes forwardly and
downwardly, and passes vertically downward through
two straighteners 40. The straightened wire then passes
vertically downwards just inside the side of the machine
frame and behind the camshaft 33. While within the
machine frame and adjacent the reciprocating toolhol-
ders and camshaft, the wire passes through a tube 41
which protects it from contamination by lubricating oil
splashes. At the bottom end of the tube 41 the wire
emerges into a feeding device and cropping means,
which are shown in FIGS. 9 and 10. .

The feeding device comprises two feed wheels 42
and 43 which touch tangentially to provide a nip, the
peripheral face of each wheel having in it a groove 44
of part circular cross-section to receive and grip the
wire. These two feed wheels are geared together by

means of gear wheels 45 and 46 (only a few teeth of

each gear wheel are illustrated in FIG. 9) for rotation in
unison in opposite directions to feed the wire stock
downwards through their nip. The feed wheels are
rotated intermittently by means of a drive to the gear
wheel 46, comprising a ratchet device 47 driven by a
connecting rod 48, the remote end of the rod 48 being
secured in a slide 49 along a rocking arm 51. The
rocking arm 51 pivots about a pin 52, and is oscillated
by means of a follower arm 55 also secured to the pin
52 and spring urged into contact with a cam 54 on a
shaft 55. The shaft 55 is rotated continuously in
synchronism with the remainder of the machine. The
length of wire fed at each revolution of the shaft 55 is
determined by the position of the upper end of the rod
48 along the slide 49 in the oscillating arm 51. The
position of the upper end of the rod 48 relative to the
slide 49 is adjustable so as to vary the angle through
which the feed wheels 42 and 43 are advanced at each
revolution of the shaft 55 and so to adjust the length of
wire fed at each revolution.

Below the feed wheels 42, 43 the wire 37 passes
through a further short length 56 of protective tubing
and then through a fixed cropping die 57 formed of
hardened steel. This cooperates with a similar movable
hardened steel cropping die 58 carried in a cropping
slide 59. The cropping slide 59 is reciprocable between
two positions, i.e. a rearward position (shown in FIG. 9
in solid lines) in which the cropping dies 58 and 57 are
superposed, and a forward position (illustrated in FIG.

9 in broken lines and with reference numerals with the .

suffix a ) in which the movable cropping die 58 is in
alignment with the center of the first stage fingers FA1.
The cropping slide 59 is reciprocated by means of a
suitable rocker mechanism which is actuated by a cam
shaft driven in synchronism with the remainder of the
machine. When the cropping slide 59 is in its rearward
position with the movable cropping die 58 aligned with
the fixed cropping die 57, a length of wire is fed
downwardly through the die 57 into the die 58 by the
feed wheels 42, 43. The maximum length of wire which
can be fed into the movable cropping die 58 is deter-
mined by a positive stop provided by the upper end of a
pin 61 underneath the die 58 within the slide 59. The
lower end of the pin 61 rests on and slides along the

20

6

upper face of a bar 62, the height of which is adjustable
by means of a screw device 63. Thus the length of wire
cropped to provide a slug or billet is accurately adjusta-
ble. -

When the cropping slide 59 moves from its rearward
position, the wire within the movable cropping die 58 is
sheared from the stock at the interface of the two dies
57, 58 to provide a slug. The slug is supported in the die
58 on the top end of the pin 61 and is carried forward
within the die 58 until the slide 59 reaches its forward
position, indicated by numeral 592 and shown in
broken lines in FIG. 9. This position is also shown (in
full lines) in FIG. 10. When the slide 59 reaches its for-
ward position, the pin 61 is then immediately above an
ejector 64, the upper end of which passes through the
block 62. The ejector 64 is then actuated (by means
which will be described later) to eject the cropped siug
from the cropper die 58, so that it stands vertically
upon the upper end of pin 61. The slug is then grasped
by the fingers FA1 and transferred to the die DA1 of
the first stage of bank A.

The four dies DA1, DA2, DA3 and DA4 are each

- provided with ejectors, EA1, EA2, EA3 and EA4
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65

respectively, which are indicated in FIG. 1 and also, in
outline, in FIG. 10. Likewise the dies DB1, DB2, DB3
and DB4 of bank B have four ejectors EB1, EB2, EB3’
and EB4. Each ejector is actuated by means of a

Separate ejector cam, the lower end of each ejector

resting on a rocker arm and the underside of the rocker
arm contacting the ejector cam. The eight rocker arms
RA1, RA2, RA3, RA4, RBI, RB2, RB3, RB4 and the
eight ejector cams ECA1, ECA2, ECA3, ECA4, ECBL1,
ECB2, ECB3, ECB4 respectively are indicated in FIG.
1. The ejector cams are mounted on a cam-shaft 65
passing through the lower part of the machine frame.
The two cropping ejectors are also actuated by ejector
cams on the shaft 65, but these ejectors and cams are
not illustrated in FIG. 1.

FIG. 11 illustrates, in somewhat simplified form, the
first stage of bank A. The ejector EA1 includes an ejec-
tor pin 66 which is a close sliding fit within the bore of
the die DA1. The pin 66 has a flat upper end 67 on
which rests the workpiece 68. FIG. 11 shows the posi-
tion when the workpiece 68 has been struck by the tool
69 in the bottom of the toolholder ram TA1 which has
now withdrawn upwards. The ejector pin 66 is nearing
its uppermost position, and the workpiece 68 is in a
vertical position, resting on the upper end 67 of the pin
66. The workpiece 68 remains in this vertical position
as the ejector pin 66 completes its upward travel,
completely ejecting the workpiece 68 from the die. The
workpiece 68 is then grasped by the fingers FA1 and
transferred to the next die.

Referring now to FIGS. 1, 2 and 3 this multistage
forming machine is powered by an electric motor 71
which is connected by belt drive 72 to the input of a
variable speed device 73 having a speed contro! knob
74. The output drive from the device 73 is transmitted
through belt drive 75 to the input of the pneumatically.
operated clutch 76. This clutch is connected by a pneu-
matic pipe 77 (FIG. 1) through a suitable control valve
to source of compressed air. The output shaft 78 of the
clutch carries a spur gear 79 in mesh with an idler gear
81 (only part of which is seen in FIG. 1). The idler gear
81 is in mesh with a large gear wheel 82 secured to one -
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-
end. of the main camshaft 33 outside one end of the
machine frame 11:. The main camshaft 33 runs
completely across the machine and extends through the
opposite end of the machine frame, where it carries a
spur gear 83 and a bevel gear 84. The spur gear 83
drives, in succession, an idler spur gear 85, spur gear 86

and bevel gear 87 secured to the spur gear 86. The -

bevel gear 87 meshes with a bevel gear 88 on the top
end of a short vertical layshaft, the bottom end of
which carries another bevel gear 89 in mesh with a
bevel gear 91 mounted on a horizontal shaft. This
horizontal shaft is connected through suitable gearing
to drive the wire feed device and cropping device of
bank A at that end of the machine. The bevel gear 91 is
secured to a shaft 92 which extends back across the
machine frame to drive, through suitable gearing, the
wire feed device and cropping device of bank B at the
other end of the machine. ,

The bevel gear 84 on the end of the main camshaft
33 is in mesh with a bevel gear 93 on the upper end of a
long vertical layshaft 94. To the lower end of this
layshaft is secured a bevel gear 95 in mesh with a bevel
gear 96 secured to the ejector camshaft 65. Thus the
ejector camshaft is driven in synchronism with the main
camshaft 33. The layshaft 94 also carries a bevel gear
96’ which is in mesh with a bevel gear 97. This drives,
through a suitable right-angle gear box 98 the camshaft
29 on which are the rotating cams 30A, 30B. Thus the
finger closing camshaft 29 is also driven in synchronism
with the main camshaft 33. The layshaft 94 also carries
an eccentric cam 99 which drives the transfer slide 16.
The left hand end of the transfer slide (as viewed in
FIG. 1) is connected, by means of a dog leg bracket
101, with a cam follower slide 102 . which can
reciprocate in a suitable slideway in a bracket 103 ex-
tending from the left hand: end of the machine frame.
The upper face of the cam follower slide carries two
cam follower rollers 104 and 105, the distance between
which is a fit on the longest diameter of the eccentric
cam 99. As the cam 99 rotates, the transfer slide is
driven backwards and forwards in synchronism with
the rotation of the layshaft 94, i.e. in synchronism with
the rotation of the main camshaft 33. FIG. 6 shows in
solid lines the position of cam 99 and followers 104,
105 when the transfer slide 16 is in its most leftward
position (as viewed in FIG. 1), and shows in broken
lines the positions of those parts when the transfer slide
is in its most rightward position.

The movements of the two banks of the machine are
arranged so that they are substantially 180° out of
phase with each other. This is illustrated by a com-
parison of FIGS. 7 and 8. FIG. 7 shows the situation in
which the transfer slide 16 is at the left hand end of its
travel, the toolholders TA1, TA2, TA3 and TA4, and
the ejectors EA1, EA2, EA3 and EA4, of the bank A
being all in their fully raised position, and the toolhol-
ders TB1, TB2, TB3 and TB4, of bank B all being in
their fully lowered positions. FIG. 8 illustrates the posi-
tion when the main camshaft has rotated through 180°
from the position shown in FIG. 7. In FIG. 8, the
transfer slide 16 is at the right hand end of its travel, the

_toolholders and ejectors of bank A are in their fully
lowered positions, and the toolholders and ejectors of
. bank B are in their fully raised positions.
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The other corresponding working parts of the two
banks are also respectively 180° out of phase. FIG. § il-
lustrates. the way in which various cams of the two
banks respectively are 180° out of phase. In FIG. 5,
there are shown in solid lines the position of the main
raising cam RCA1 of the first stage of bank A, the ejec-
tor cam ECAL1 of stage 1 of bank A and the finger clos-
ing cam 30A of stage 1 of bank A. In broken lines are
shown the positions of the corresponding main raising
cam RCB1 of stage 1 of bank B, the ejector cam ECB1
of stage 1 of bank B, and the finger closing cam 30B of
stage 1 of bank B. It will be seen that in each case, the
cam of bank B is 180° out of phase with respect to the
corresponding cam in bank A. It should be noted that
FIG. 5 is merely intended to illustrate this feature, and
that the relative angular positions of the different types
of cams, i.e. toolholder raising cam, ejector cam, and
finger closing cam, of either bank are not necessarily
accurately shown in FIG. §. S

The multi-stage forming machine described in the .
foregoing example is advantageous in a number -of .
ways. Since the two banks of the machine are 180° out
of phase, the loads on the camshafts and their as-
sociated driving gear are more evenly distributed than
if all the loads were taken at only one point in the cycle
of rotation. The use of a single transfer slide for both
banks of the machine means that the machine occupies
less space than two separate single bank machines. In
practice, the double bank machine of the above exam-
ple occupies about three-quarters of the space which
would be occupied by two separate single bank
machines immediately adjacent each other. This con-
stitutes a valuable saving of floor space in a factory.
The fact that a workpiece in the machine is at all stages

- in a vertical position has the advantage that the work-
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piece does not tend to topple sideways or downwards,
as occurs with multi-stage forming machines in which
workpieces are horizontal. Thus the machine of this ex-
ample is much less prone to jamming than machines
with horizontal workpieces. It will also handle much
shorter blanks and workpieces, since these can be fully
ejected from the dies before being gripped by the
transfer fingers. .

The invention is not restricted to the details of the
foregoing example. For instance, instead of the single
discharge station for the finished workpieces of both
banks, it would be possible to provide separate
discharge stations, so that the workpieces produced by
one bank are collected separately from those produced
by the other bank. This could be achieved on the
machine of the above example by providing a movable
deflector plate at the discharge station which moves in
synchronism with the transfer slide to deflect the work-
pieces from one bank in one direction and the work-
pieces from the other bank in another direction. Alter-
natively, the two banks could be moved slightly apart,
so that the distance between the two last stage dies
DA4 and DB4 is more than twice the distance between
one die and the next, thus providing the two spaced
apart discharge stations for the two banks. When the
workpieces manufactured by the two banks respective-
ly are collected separately, the tooling of each bank
may be arranged so that the two banks form articles of
different shapes. When this is so, it is desirable that the
loads on each half of the main cam-shaft are kept as

near as possible equal to each other.
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Each bank of the machine need. not contain four
stages, but could contain two, three, five, six or even

more stages. The invention could be applied .to a.

machine with a somewhat different. form of transfer
mechanism, provided that the transfer mechanism util-
izes a reciprocating transfer slide and that a common
transfer slide is used for the two banks.
We claim: _
1. A multi-stage forming machine of the type
defined, which machine comprises:
first and second banks, each having a plurality of
dies, associated toolholders, workpiece-gripping
means and transfer means;
means for reciprocating the toolholders of said first
bank substantially 180° out of phase with the tool-
holders of said second bank; ‘
a reciprocable transfer slide common to the transfer
means of both said banks;
the arrangement being such that when the said
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reciprocable transfer slide is moving in one sense
the workpiece-gripping means of the said second
bank are returning, and when the said common
reciprocable transfer slide is moving in the op-
posite sense the workpiece-gripping means of the
said first bank are returning while the workpiece-
gnppmg means of the said second bank are ad-
vancing;

the said. common reciprocable transfer slide compris-

ing first and second members, said first member
associated with the said workpiece-gripping means
of said first bank and said second member as-
sociated. with the said workpiece-gripping means
of said second bank, said first and second members
being linked together for movement in unison by
an adjustable linkage which provides for relative
adjustment of said first member and said second
member in the direction of their reciprocation.
% * % * *



