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6. Claims:

1_
This invention relates generally to the field of
pressing, bending and forming metals or similar
sheet materials and more particularly to a novel

press brake construction in which & single: press

may be utilized to produce.a variety of forms.

In connection with the fabrication of small
parts generally of sheet metal in various indus-
tries, frequently the need for a part is limited to
a small number and it becomes uneconomic to
make up dies for them:
the principal objects of the present.invention to
provide press brake structure adaptable to pro-

duce- a plurality of shapes and configurations.

which ordinarily would be formed up from spe-
cially prepared dies.

Apart from the necessarily increased. cost in
the production of a small number of stamped or
pressed parts by the use of special dies consid-

erable time is consumed in changing the dies on

the press-and adjusting them so that they func-
tion properly.

It is:-another object. herein to provide a novel
press brake in which changes to accommoddte
the production of varying shapes may be rapidly

made and adjustments for aligsnment and regis=

tration may be quickly accomplished: »
In connection with the present structure .it is

to be noted that different shapes are produced

through the use of the same male and- female
dies by adjusting the inter-engagement of the
dies:
the provision of control mechanism whereby the
stroke of the press can be quickly and easily set

and indicator means are used so that by:propet:

calculation the operator: is-able to.obfain a cer-
tain depth of -bend each time without the effort:of

trial and error and ‘the consequent waste of ma~

terial thereby entailed..
A further feature of the present:construction
lies in the fact that the legs or- tab lengths of

bent-up parts can be controlled by the use of an:

adjustable gauge which can be set' to a prede-
termined figure which will establish the-length
of a leg or tab of a bend. .

In accordance with the invention, two separate
groups: of dies  or punch-and die combinations
are utilized and means -are provided whereby the
dié groups may. be quickly shifted so as:to.posi-
tion different sets.of die elements for interen-
gagement and whereby the die wheels them-
selves may be easily removed. and reinstalled. or
have- other die wheels substituted: therefor.

A feature of the invention lies in the faet that
by- virtue of the easy removal and replacement
of the die elements not-only. can ghifts in the-dia

It is therefore one: of-

An object of the present invention lies in-
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shapes be readily accomplished but also the dies
may be sharpened: or ground to-new shapes in
g quick and easy manner.

Another. object herein lies in the provision of s
machine of the class described which ig com-
pactly arranged:so that the same requires a min-
imum. of floor. space and in which all of the parts
are within easy reach and accessible to the op-
erator with a minimium of effort;

These- objects and: other incidental ends and
advantages will more fully appear in the progress
of:this. disclosure and:be pointed out in the ap-
pended claims,

Inthe:drawings in which similay reference char-
acters designate corresponding parts throughout
the several views:

Figure: 1'is a front elevational view of a pre-
ferred -embodimentof the:invention.

Figure 2°is an enlarged fragmentary vertical
sectional view showing a pair of cooperating die
elements:in the operation of forming g bepd in &
sheet metal box.

Figure 3 is'a view similar to Figure 2 but shows
another pair of co-acting die elements forming
up a flanged U-shaped channel.

-Figure 4 is a right side elevational view of Fig-
ure 1. -

Figure. 5 is an: enlarged . fragmentary eleva-
tional view partly in sectioh of the upper portion
of Figure 4.

Figure 6 is:an-enlarged fragmentary-elevational
view partly in: section of the lower portion of
Figure. 4.

Figure 7 is a flagmentary enlarged horizontal
sectional view as: seen from. the plane T—7 on
Figure 4..

Figure: 8 is a’fragmentary enlarged horizontal
sectional view as seen from  the: plane 8-—8§ on
Figure 5.

In- accordance. with: the invention the press
brake is-indicsted generally by numeral 20 and
comprises -broadly-a-frame-or chagssis 21; a rela-
tively stationary die-element. 22 arrelatlvely mov-
ablé-die-element- 23 means 24:to move the rela~
tively movable die- element; means 25 t6 regu~
late the extent or depth of the stroké of: the
mesans 24 and gauge means-28.

The frame-21-is-of irregular configuration -and
generally of box section, as bést seen-in Figures:
7 and 8,.and includes-a-base-21; a-column 28; a
recessed throat 29; a portion 38 adapted to sup-
port the means 24; a portion 31-adapted to sup-
port thie first-or uppér die element and a portion
327 adapted to support the second’ or lowe; die
element
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The second or lower die element 22 referred to
above as the relatively stationary die element is
preferably in the form of a plate having a polyg-
onal periphery and by way of example is shown
as having a generally hexagonal shape including
the male die members 33, 34, 35, 36, 37 and 38.
The ends of the members 33—=388 are preferably
separated by indentations generally indicated by
reference character 89. The die element 22 is
preferably wheel-like in character and is pro-
vided with centrally disposed hubs 48 and 41.

10

Said hubs and the wheel are provided with a cen-

tral orifice, by the penetration of which said die
element is rotatably mounted upon the hollow
axle 2. The rear end of the axle 42 threadedly
engages the frame 21 at the portion 43 (see Fig-
ure 6) and is supported in an orifice in the upper
end of the arm 44, The axle §2 may take the
form of a hollow bolt having a head 45 to which
is fixedly secured the stationary indicator wheel
46.

The relatively stationary die element 22 is ro-

tationally adjustable and is retained in any ro--

tated position thereof, in which one of the fe-
male die members is in operative position by the
engagement of the positioning means control &1.
The control 47 has the terminal 48 thereof
threadedly engaged in a boss 48 while the body 59
slidably penetrates an orifice in the boss 51 ex-
tending rearwardly from the arm 44, Thus the
control 47 is axially shiftable in position with
relation to the arm 44 so that the frusto-conical
portion 52 may seat within a correspondingly
sormed orifice 53 in the element 22, The orifice
53 is therefore positioned in the element 22 so
that the female die member 33 is in proper posi-
tion when the control 41 engages sald orifice.
The orifices 54—88, inclusive, are correspondingly
positioned in correlation with the desired oper-
ating position of the die members 34—38, respec~
tively. - In order to rotate the die element 22 it
is necessary to move the control 47 forwardly of
the press brake 20 until the terminal &8 clears
the element 22, :

The first or upper die element 23, referred to
above as the relatively movable die element, is
preferably in the form of a plate having a polyg-
onal periphery and by way of example, is shown
as having a generally hexagonal shape including
the male die members 63, 64, 65, 66, 67 and G8.
Tach of the said male die members are of a size
and shape adapted to co-act with one or more of
the female die members 33—388, inclusive. As
best seen in Figure 1 some of the female die
members are detachably engageable with the
die element 23 as, for example, the male die
members 61 and 65, The construction of the
male die member 67 and its interengagement
with the portion of the die element 23 adjacent
thereto is seen in Figure 2. The die member §7
as illustrated is narrower in width, that is to
say: the effective length of the working edge
thereof is less than the total length of the work-
ing edge of the female die member 31, -This re-
duced effective length of the working edge of
the die member 81 permits the same to be in-
serted within the confines and between the rel-
atively vertical walls of formed-up boxes.. Thus
in Figure 2; the box shown, by way of example,
- and indicated by reference character 84, has
end walls 85 and 86 and a side wall 81. The side
wall opposite the side wall 81 is not shown bub
the die member 61 has the working edge 88 rest-
ing upon the inner surface of the sheet forming
the bottom 68 and the end wall 86 and is pressing
these parts against the ribs 6i and 62 of the
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female die member. The body 59 of the die
member 67 has the rear edge 69 thereof provided
with a plurality of slots 18 which are provided
with indentations in the opposed walls thereof
to form a proper seat for the frusto-conical shank
11 on the clamping screws 12. The screws 12 are
adapted to engage spaced and aligned orifices
19 in the rabbet portion 88 of the die element 23.
The indentations in the walls of the slots 73 are
so positioned that whexn the edge 89 of the die
member 67 abuts against the horizontal edge of
the rabbet 83 ag viewed in Pigure 2 the orifices
18 are aligned in one direction with the clamping
serews 12 as seated in said indentations. The
orifices. 718 are preferably uniformly spaced so
that the substitution of male die elements cor-
responding to the die element 67 but of differ-
ent working edge length may he readily accom-
plished in a minimum amount, of time.

The male die member 65 is of irregular ccn-
figuration, best seen in sectional view shown in
Figure 3, and includes a working edge €2 while
the shank or rear edge 82 thereof is provided
with a row of aligned orifices adapted to receive
the clamping screws 8¢ which detachably secure
the same in place. The portion of the die ele-
ment 23 to which the shank 82 is connecied is
provided with a rabbet 83 so that the working
edge 92 may be in proper alignment with the
ribs 88 and 96 of the female die member $5. As
séen in Figure 3 the male die member may be
utilized to form a U-shaped channel with flanged
edges. 'The said channel in said figure is indi-

_ cated by reference character §i. The rabbet por-
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tions 83 and 83 have the edges thereof which
are nearest the axis of rotation of the die ele-
ment 23 arcuately indented (see Pigure 1) so
that they may properly clear the positicning
means control 93.

The die element 23 is rotatably adjustable and
is retained in any rotated position thereof in
which one of the male die members is in op~-
erative position by the engagement of the po-
sitioning means control 83. The control 88 has
the terminal 94 thereof threadedly engaged in a
boss- 95 while the body (83 slidably penetrates
an orifice in the boss 88 extending rearwaraly
from the arm 87.- Thus the control 23 is axially
shiftable in position with relation to the arm 97
so that the frusto-conical portion 98 may seat
within a correspondingly formed orifice 13 in the
element 23. The orifice 13 is therefore positicned
in the element 23 so that the male die member
63 is in proper position-when the control 53 en-
gages said orifices. The orifices T4—18, inclusive,
are correspondingly posifioned in correlation with
the desired operating position of the die mem-
bers 84-68, respectively. In order to. rotate the
die element 23 it is necessary to move the cch-
trol 93 forwardly of the press brake 29 until the
terminal 98 clears the element 23.

The first or upper die element 23 is preferably
so constructed that the ends of the male mem-
bers 63-68 are separated by indentations gener-
ally indicated by the reference character {88. The
die element 23 is preferably disc-like in charac-
ter and-is provided with cenirally disposed hubs
i01 and 162. Said hubs and the wheel are pro-
vided with a central orifice, by the penetration
of which said die element is rotatably mounted
upon the axle 183. The rear end of the axle 103
threadedly engages the carriage 104 at the por-
tion 105 (see Figure 5) and is supported in an’
orifice in the lower end of the arm 91. The axle
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183 may take the form of: a bolt having g head
i08. ’

The carriage- 184" is. slidably mounted for ver-
tical reciprocation on: the portion 3{ of the frame
21 between a: pair of ways. 188.and 189 thereat
(see Figure 8). The carriage I84.-may be adjust-
ed to prevent lateral shifting by rotation. of the
gib.serews 187 -which shift the gib 9.

The carriage 184 together with: the- attached
structure as described, is- vertically- reciprocated
by a pneumatically or hydraulically operated ram
generally  indicated by reference character 24
The means 24" includes a cylinder 1{, a- piston
112, a piston rod 113, and a cylinder head. {-44.
The cylinder (1{ is secured to the portion 386 of
the frame 21 in any suitable manner as; for ex-
ample, by the use of the bolts {45; while the
cylinder-head- {14 is secured to the upper free
edge-of the cylinder Hi{ in any. suitable manner
as, for example, by the bolts 118, The lower wall
111 of the cylinder i{1 is provided with 5 cen~-
trally -disposed orifice 1{8 and a-downwardly ex-
tending neck- $19 within which the piston rod
1138 is slidably mounted. - The lower inside por-
tion of the neck 119 is provided with a stuffing
box structure 128 adapted to prevent the escape
of gas or liquid from the inside of thz cylinder
111 outwardly along the piston red {3. The up~-
per end -of the piston rod 113 is secured to the
piston 112 while the lower end thereof is articu-
lately connected to the uppermost portion of the
carriage 184:. This connection may be accom-
blished by inserting the lower end of the piston
rod- 113 into a suitably formed orifice in the car-
riage 104 and linking these parts together by a
pin i2f; Upwardly of the pin .i21 and below the
stuffing box structure {20 the piston rod #{3 is
provided with an enlargement (22 which may
take the form. of an annular flange. The upper
surface of the flange 122 is adapted to abut against
the lowermost- surface of the neck 18 of the
lowermost portion of the cylinder {41 when the
piston {12 is in its uppermost position adjacent
the inner surface of the head 1{4.

The outer surface of the neck {19 is provided
with-a thread 123 and upon which is threadedly
engaged the means o regulate the depth of stroke
of the piston rod {3, said means being generally
indicated by reference character 25. The means
25 may take the form of an internally threaded
sleeve 124 having a detent flange 125 and g pair
of ‘hand wheels {26 and {27. 'The hand wheels
126-and 27 are preferably horizontally disposed
and extend radially from the axis of rotation of
the sleeve 124. Since the flange 125 projects into
the downward path of travel of the enlargement
122 the vertical setting of the sleeve {24 with re-
lation to the neck {19 will predetermine the low-
ermost point of travel of the piston rod 118 and
hence the carriage 188, and the die element 23:
The forward. portion of the bottom wall 147 ig
provided with a downwardly extending projection
128-and has affixed thereto a pointer 129 the lower
terminal 188 of which is adapted tolie forwardly
of the graduation lines 13{ disposed upon the out-
er-surface of the sleeve- 124, These graduation
lines-are generally horizontally-arranged and for
the purpose-of finer adjustment vertical gradua-
tion lines {32-may also be employed; so-that by
the proper manipulation of -either of the ‘hand
wheels - 126 -or 127 -the limit of downward travel
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of-the working face or-edge of ‘any-of the male

dieamembers §3—68, may be accurately-controlled
to within relatively close.tolerances..
The.cylinder 111 is provided with two-conduits

75

6

138:and. {34; best seen in Figure 5, where they are
connected to said.cylinder by means of the unions
135 and. 36, respectively. The conduits 133 and
134 continue downwardly, asbest.seen.in Figure6;
to the control valve 131, The valve (3T may be
of .any well known' construction. and: is - secured
to the frame 21 at the lower portion thereof ad-
Jacent the base 27. The piston: 138.of the valve
127 has the piston rod 139 thereof extending hor-
izontally forward and connects to the bell crank
140 which is journaled between the.lugs 4] pro-
jecting from the forward portion: of the frame
thereat. The forwardly extending portion of the
bell crank 148 forms the operating pedal (42, It
may thus be seen that downward pressure uponh
the pedal 142 pulls the piston {38 forward: so
that pneumatic or hydraulic pressure travelling
through the conduit 143 from any suitable-source
thereof (not shown) will travel through-the con-
duit 133 through the union 135-into the chamber
below the cylinder head (14 causing the- piston
112 to move downwardly. After the pressing- or
braking cperation is completed release of pressure
upon the pedal 142 will permit the same to-be
returned to the position shown in Figure 5 by
any suitable spring- means (not shown) so that
the pneumatic or hydraulic pressure in the con-
duit 143 may travel through the conduit 134 to
the lower chamber in the cylinder i I to elevate
the piston 112 and with it the die element- 23:
Suitable pressure escape means well known-in-the
hydraulic or pneumatic arts are-associated with
the upper and lower chambers of the cylinder {1 1,
that is, above and below the piston 12 so that
the undesired pressure at' any given moment
when the pedal 142 is operated may be relieved:

For the purpose of properly positioning- the
planar or previously bent stock such' as, for ex-
ample, the piece of stock- indicated- by reference
character 144 in Figure 6, the-guage means 26-is
utilized. The means 26 is best seen in" Figures
6-and 7 of the accompanying - drawings and-in=
cludes a pair of generally horizontally arranged;
spaced and parallel guide rods 145-and 146 The
guide rods 145 and 146 are supported in operative
bosition upon a pair of outwardly-extending ears
147 and 148 projecting from the vertical side:walls
of the frame 21 adjacent the throat portion 29.
Slidably mounted for movement longitudinally. of
said rods and forwardly or rearwardly. of the de-
vice 28 is a guage base 149 which is provided at
the outer ends thereof with a pair of ‘integral col-
lars 130 and I51. The base at each of the ends
thereof is provided with an orifice which extends
through the- collars and which- is penetrated by
one of the rods 145, 146. The central ‘portion. of
the base 149 is provided with a horizontally dis~
posed threaded orifice,

A-guide piece 152 may be of-any suitable -con-=
iiguration adapted to act-as a rearward stop for
the particular piece corresponding to the piece 144
upon which the machine may act. For example,
the guide piece 152 may be provided with-g rabbet
183: The guide piece 152 is provided with: a cen-~
tral-vertically disposed orifice which is-penetrated
by a-set screw 158 which serves to-pivotally mount
the guide piece- 152 upon the base- 148-and- to
Secure- said guide piece- in - any-rotated- position-
thereof, that is to say: rotated-about-a vertical
axis-through the screw 154:

Penetrating the-central threaded orifice in~the
base 148-is-a-spindle-155;. The-forward portion
of-the-spindle (85 threadedly-engages-the threads:
ed- orifice-in the base- 149-and is* journaled-at the:
rear portion thereof in a boss 156 extending rear<
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Wardly off the inner surface of the front wall
151 of the throat portion 29 of the frame 2f. The
rear end of the spindle 155 is provided with a
sprocket 158, in turn connected by a sprocket
chain 159. The chain 158 engages a sprocket 160
which is secured to the inner or rear end of the
spindle ' 161. The spindle 181 is journaled ad-
jacent the rear end thereof in a bearing {62 sup-
ported by a hanger 163 depending from the inner
surface of the front wall 157. The forward por-
tion of the spindle (61 is journalled in the axle
42 within which it is free to rotate. The forward
end of the spindle (61 terminates in attachment
to the rotatable indicator wheel {64. The indi-
cator wheel 164 contains well known planetary
gearing or other speed reducing mechanism which
is connected to a stub shaft 185 the forward ter-
minal of which has fixedly secured thereto a gauge
operating handle [66. Any suitable means for
reducing the effective speed of rotation of the
spindle 161 with relation to the effective speed or
movement of the stub shaft 185 may be used
and confined within the wheel 184 and is therefcre
not particularly illustrated in the drawings. The
uppermost portion of the stationary indicator
wheel 46 is preferably provided with an indicator
mark by means of which the graduations 167 on
the wheel 164 may be calibrated and read. Upon
a perusal of Figure § it will be seen that rota-
tion of the handle {86 will provide forward or
rearward movements of the base {45 and by reasen
of the stepped-down action previcusly described
the guide piece 152 may be controlied in position
within relatively close limits.

It may thus be seen that the operation of the
present device in an efficient manner is a relative-
ly simple procedure. By loosening and moving
forward the controls 47 and 83 the die elements 22

and 23 may be readily shifted to obtain any desired -

pair of co-acting male and female die elements.
The manipulation of the guide by movement
of the handle 166 is quickly accomplished and
where angular pieces are being treated operation
of the set screw §54 quickly sets the guide piece
{52 to the correct angle. By the provision of a
soft metal plug. 168 below the lower terminal of
the set screw 158 the tightening of the screw {54
will also bring pressure to bear upon the forward
threaded portion of the spindle {55 so as to lock
not only the guide piece 152 in position but also
the base {49.

The accurate and ready adjustment of the depth
of the strokée of the male die member is of great
importance because by the regulation of said
stroke, channel or angle bends of various degrees
of angularity may be chbtained with the same
pair of male and female die members. Thus, as
seen in Figure 6, for example, when the die mem-
ber 63 is in the lowered position thereof, indi-
cated by the dot-dash lines on said figure, a bend
of some particular angularity as, for example,
that indicated by the reference character {84’
will be obtained. The degree of angularity of the
pend will be determined by several factors among
which is the hardness or softness of the metal,
By the fine regulation of the depth of the stroke
of the male die member 83 by the rotation of the
sleeve 124 the overbending necessary to accommo-
date for the “spring” of the metal is readily com-
pensated for.

With the die structure -shown in’
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Figure 6, lower limit of travel of the male die .

element 63 will produce more acute angular bends
while, conversely, higher limits of fravel of the

said male die element will result in more obtuse

bends,

75

%

The presetit machine is particularly adapted for
flexible production where large runs are not re-
quired and where it is necessary frequently to shift
back to a product previously made. By virtue of
the calibration of the graduations 131 and i32
as well as the graduations 167, it becomes possible
to return to a previous product construction and
to duplicate the same.- On straight angle bends
it is possible to set the depth of stroke by rota-
tion .of one of the hand wheels 126 or 121 with
reference to the graduations 131 and 132 to a
predetermined position so that the operator by
referring to a suitable table (not shown) includ-
ing previously determined calibrations, may ob-
tain desired different angles or bends without
experimentation. Such a chart may include not
only the various stop settings, bub information
correlating these settings with the various com-
binations of dies, material thicknesses, and types
of material.

Manipulation of the handle 185 enables the
operator to quickly determine the length of a leg
or legs of a particular bend. This gauge con-
struction therefore permits the ready formation
of many different types of bend, tabs, legs, brack-
ets, or box forms, For example, if a piece of
metal is to be bent up and is to have one leg
thereof one inch long, handle number {8 is ro-
tated until the graduations on the wheel 164 in-
dicate one inch. By virtue of the compact ar-
rangement of the various parts, a device of high
versatility is produced and yet which takes a
minimum of ficor space. All of the controls are
within handy reach of the operator’s hands or
feet so that apart from the adjustment of the
device to handle different shapes, when it is de-
sired to use the device as a production machine,
this may be satisfactorily done.

T wish i to be understood that I do not desire
to be.limited to the exact details of construction
shown and described, for cbvious modifications
will oceur to a person skilled in the art.

Iclaim:

1. A quick change press brake for use in form-
ing material, comprising: a first die; a second
die; first means to move said first die toward said
second die, said means including a cylinder hav-
ing a hollow neck and an externaliy flanged pis-
ton rod slidably disposed within said neck; and
sscond adjustable means to limit movement of
the first die toward the second die, said second
means including an internally flanged sleeve
threadedly engaged on said neck, the internal
flange on said sleeve being adapted to act as a
detent for the external flange on the piston rod.

2. A quick change press brake for use in form-
ing material, comprising: a first die; a second
die; first means to move said first die toward said
second die, said means including a cylinder hav-
ing a hollow neck and an externally flanged pis-
ton rod slidably disposed within said neck; and
second adjustable means to limit movement of
the frst die toward the second die, said second
means including an internally flanged sleeve hav-
ing graduations thereon and threadedly engaged
on said neck, the internal flange on said sleeve
being adapted to act as a detent for the external
flange on the piston rod; and a stationary pointer
mounted on said cylinder and adapted to coact
with the graduations on said sleeve;

3. A quick change press brake for use in form-
ing material comprising: a first die; a second
die; means to move said first die toward said sec-
ond die; means to rotatably mount the second
die on said press brake; and gauge means adjust-
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ably positioned in the vicinity of a point at which
said dies are juxtaposed, said gauge means includ-
ing a control therefor penetrating said means for
rotatably mounting the second die substantially
at the axis of rotation of said last mentioned
means, whereby rotation of said second die does
not affect the said gauge means.

4. A quick change press brake for use in form-
ing material, comprising: a first die; a second
die; means to move said first die toward said
second die; means to rotatably mount the second
die on said press brake; gauge means adjust-
ably positioned in the vicinity of a point at which
said dies are juxtaposed, said gauge means in-
cluding a control therefor penetrating said means
for rotatably mounting the second die substan-
tially at the axis of rotation of said last mentioned
means, whereby rotation of said second die does
not affect the said gauge means; adjustable stop
means to limit movement of said first die toward
said second die; and graduations associated with
said stop means to indicate the limit of travel
of the first die toward the second die; and gradu-
ations associated with said gauge means control
and disposed in front of the second die to indi-
cate the position of said gauge means with rela-
tion {o said point of juxtaposition.

5. A quick change press brake for use in form-
ing material, comprising: a first die; a second die:
first means to move the first die toward the second
die; second means to rotatably mount the second
die on the press brake; a guide rod extending
from the press brake in the vicinity of the point
of juxtaposition of said dies; a base horizontally
movable on said guide rod; a guide piece on said
base; a spindle rotatably mounted on the press
brake and in threaded engagement with said
base; and third means to rotate said spindle so
as to advance and retract said base and guide
piece; said third means penetrating said second
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means at the axis of rotation of the second means;
whereby the third means may be actuated inde-
pendently of the rotation of the second die.

6. A quick change press brake for use in form-
ing material, comprising: a first die; a second die:
first means to move the first die toward the sec-
ond die; second means to rotatably mount the
second die on the press brake; a guide rod ex-
tending from the press brake in the vicinity of
the point of juxtaposition of said dies; a base
horizontally movable on said guide rod; a guide
piece mounted on said base for movement about
a vertical axis; a spindle in threaded engagement
with said base; and third means to rotate said

‘spindle so as to advance and retract said base

and guide piece in a generally horizontal plane;
said third means penetrating said second means
at the axis of rotation thereof; whereby the
third means may be actuated independently of
rotation of the second die.
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