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@ Cold pilger mill.

@ A cold pilger mill including a rolling mechanism for
intermittently rolling a tubular material over a mandrel to a
reduced-diameter pipe. A detector (74) is associated with the
rolling mechanism for detecting the rolling phase in the
rolling mechanism. A feeding mechanism (42) for feeding
the material in the axial direction and a turning mechanism
(64, 68, 70) for turning the material and the mandrel are

respectively provided with their own motors (76, 78, 80, 82).
A controller (72) is also provided to receive a signal from the
detector (74} and supply operation signals to the respective
motors (76, 78, 80, 82) of the feeding mechanism (42) and the
turning mechanism (64, 68, 70) so that these mechanisms are
operated at completion of each rolling stroke.
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COLD PILGER MILL

Field of the Invention

The present invention relates to a cold pilger

mill, and more particularly to such a mill ‘of a

simple mechanical construction and easy in adjustment

and maintenance.

‘Description of the Prior Art

It is well-known to use'cgld pilger mills as the

means of manufacturing small-diameter seamless pipes

of close tolerances. Briefly describing the

principle of the cold pilgeripg process, és shown in

Figure 1 a. starting tubular material 10 is

intermittently fed over a tapered mandrel 12 from its

- base end. towards its .tip end, and each time the

material 10 is stationary with respect to the
mandrel 12 a pair of grooved dies 6: rollsrld which
embrace the material 10 from above and beiow are
reciprocated once along the tapéred portion .of the
mandrel 12 from its base end X to its tip end Y for
rolling the material 10 to a reduced diameter and

wall thickness pipe 16. This cold-pilgering process

is advantageous over the other seamless pipe
manufacturing processes since a large cross-sectional B

area reduction, namely, large diameter and wall
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thickness reductions can be achieved, with the result
of very high efficiency of pipe production. In

addition, it 1is possible to produce pipes with

greatly reduced eccentricities and closer tolerances

in inner diameter, outer diameter and wall thickness.

As seen from the above, the cold pilgering
process itself is not so complicated. However, the
actual machines for carrying out this process have
had to be very complicated in order to ensure that at
each reciprocation of the grooved rolls, i.e., at the
completion of each rolling stroke, the material 10
is axially advanced a predetermined distance and at
the same time the material 10 and the mandrel 12 are
turned around their longitudinal axes by a
predetermined angle.

One example of such conventional cold pilger
mills is schematially shown in Figure 2. The shown
cold pilger mill comprises one main motor 20 as a
driviné source, which is adapted to rotate a crank
shaft 22 at a constant speed through a chain-and-
wheel mechanism 20;. The crank shaft 22 has a pair
of crank pins 22, which are in turn connected
respectivey to a pair of saddles 24 shown in
chain-line in Figure 2 through a coupling rod 22j.

These saddles 24 have two grooved rolls 26,

similar to those shown in Figure 1, mounted on roll
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shafts 265 pivotally supported in the saddles. Each
shaft 26, is firmly connected to a pinion 28 in mesh
with a stationary rack 28, affixed to a saddle bed
side plate (not shown). o )

With this arrangement, when the crank shaft 22
is rotated by the motor 20, the saddles 24 are
reciprocated with the associated rolls 26, and at the
same time the rolls 26 are reciprocatively rotated
since the pinions 28; fixed to the rolls 26 are
caused to move and rotate in meshed condition on and
along the racks 28, by the reciprocation of the
saddles 24. As a result, a starting tubular material
(not shown) inserted over a tapered “mandrél -(not
shown) and embraced between the pair of the grooved
rolls 26 will be rolled by the reciprocating and
rotating rolls 26 to a reduced diameter and wall
thickness pipe. Therefore, the above arrangement
constitutes a rolling mechanism.

The crank shaft 22 is connected through a gear
train 30, a bevel gear mechanism 32, a line shaft 34
and another bevel gear mechanism 36 to a feed cam 38,
so that the rotation of the shaft 22 is transmitted
to the cam 38. This cam 38 is in contact with the
rear end of a feed screw 40 which is in turn screwed
through a feed carriage 42 slidable in the rolling

direction. This feed carriage 42 is adapted to
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engage and push the rear end of a starting tubular
material (not shown) towards the pair of rolls 26.
In addition, the feed screw 40 has a gear 44 fixed
thereto at such a position as to mesh with a driving
gear 46 when the screw 40 is moved to the most
foreward position, so that the feed screw 40 is
rotated with respect to the feed carriage 42 by the
gear 46; so as to be returned to its most rearward
position keeping the carriage 42 in a stationary
condition. The gear 465 is rotated through a gear
train 46, by a gear box 48 which is driven by a
gear 50 fixed to the line shaft 34.

With = the above arrangement, upon each
reciprocation of the saddles 24, i.e., at completion
of each rolling stroke, the feed screw 40 is
forwardly pushed by the feed cam 38 to advance the
carriage 42 and hence the material toward the
rolls 26 a predetermined distance.

When the feed screw 40 is moved to its most
foreward position, the gear 44 meshes with the
gear 46 and on the other hand the cam 38 is
thereafter gradually separated from the rear end of
the screw 40. Therefore, after the completion of the

forward feed of the material, the screw 40 is rotated

" by the gear 465 to be returned to its rearmost

i.e., 1its original position while maintaining the
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carriage 42 in the advanced position. Thus, the
above arrangement constitutes a feeding mechanism.

The line shaft 34 has mounted on the rear end

.. thereof .a turning cam 52. adapted -to push a cam- -

follower 54 connected to. the end of a transverse
shaft 56. The transverse shaft 56 is spring-biased
toward the cam 52 and has fixed to its other end a
worm gear 58 which is in mesh with a worm wheel 58
mounted on the rear end of a turning shaft 60.

This turning - shaft 60 has a gear 62, fixed
thereto in mesh through a gear train ézb with a’

gear 62, mounted on a mandrel chuck 64 which is

. rotatably located behind the feed 'carriage 42. The -

turning shaft 60 also has another gear 66 mounted on
a forward end thereof in mesh through a gear
train 66, with- a gear 66, fixed to an entry pipe
turning chuck 68, which is rotatably located between
the feed carriage 42 and the saddle 24. The gear 663
is also in mesh through a gear train.66d with a
gear 66, mounted on an exit pipe turning chuck 70,
which is rotatably located at the side of the
saddles 24 opposite to the entry turning chuck 68.

The mandrel (not shown) is set in such a manner
as to be grasped at its tail end by the mandrel
chuck 64 and extends through a hole in the feed

carriage 42 and the entry pipe turning chuck 68 so

SR 2387 JP/PV



0144480

-6 -

that its tapered portion is located between the pair
of rolls 26. On the other hand, the starting tubular

material to be rolled is set over the mandrel in such

- a manner that the material is rotatably supported. and - -

abutted at its rear end by the feed carriage 42 and
is axially movably but unrotatably grésped by the
entry and exit pipe turning chucks 68 and 70.

With the above construction, at completion of
each rolling stroke, the turning cam 52 pushes the
transverse shaft 56 and hence the worm gear 583, soO
as to rotate the worm wheel 58, and hence the turning
shaft 60. This rotation of the turning shaft 60 is
transmitted to the mandrel - chuck 64, the entry'pipe —
turning chuck 68 and the exit pipe turning chuck 70
through the gears 625, 62p, 62o, 665, 66p, 66c, 663
and 66g, so that the mandrel and the material held by
these chucks are turned for example about 60 to 90
dégrees. Thus, this arrangement constitutes a turning
mechanism,

As seen from the above, the conventional cold
pilger mill uses a very complicated arramgement in
order to maker the feeding of the material and the
turning of the material and mandrel in pricise
synchronism with the intermittent rolling operation.
However, the elements excluding the motor 20, the

crank shaft 22, the saddles 24, the rolls 26, the
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feed carriage 42, the mandrel chuck 64, and the entry
and exit pipe turning chucks 68 and 70, are provided
only for power transmission. In other words, a
considerable portion of the conventibnal cold pilger
mill is constituted by the ©power transmission
mechanism attendant to the above mentioned main
elements, and since the .transmission mechanism is
very complicated, the overall construction of the
pilger mill has become very complicated.

In addition, the above mentioned cohplication
causes another problem when the mandrel and the
Qrooved rolls are replaced in order to change the
diameter and/or the wall thickness of the seamless
pipe to be produced. Namely, it is necessary to
change and adjust many gears and cams without
upsetting the synchronism-among the rolling, feeding
and turning operations. This is very troublesome,
and will also appear in change of operation mode such
as change in the turning angle of the chucks 64, 68

and 70.

summary of the Invention

Accordingly, it is an object of the present
invention to provide a cold pilger mill having a very
simple power transmission mechanism.

It is another object of the present invention to
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provide a cold pilger mill which can relatively
easily comply with changes in the dimensions of the
product and changes in operation mode.

The above and other .objects of the present-
invention are accomplished by a cold pilger mill
comprising: a rolling mechanism for intermittently
rolling a tubular material over a mandrel to a
reduced diameter pipe, said rolling mechanism
including a pair of grooved rolls respectively
rotatably supported by a pair of saddles and adapted
to embrace said tubular material from opposite sides
thereof, said saddles being reciprocated by a crank
shaft rotated by a motor, each of said grooved rolls
having fixed thereto a pinion in mesh with a
stationary rack for rotation with the roll; a
detector associated with said rolling mechanism for
detecting the rolling phase in said rolling
mechanism; a feeding mechanism provided with its own
motor for feeding said material in the axial
direction; a turning mechanism provided with its own
motor for turning said material and said mandrel; and
a controller receiving a signal from said detector
and supplying an operation signal to the respective
motors of said feeding mechanism and said turning
mechanism so that said mechanisms are operated at

completion of each rolling stroke.
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Ordinarily, said turning mechanism is
constituted by a mandrel chuck for grasping the tail
end of said mandrel, and entry and exit pipe turning
chucks.locafed at opposite sides of said saddles in
the rolling direction for holding said material.
Preferably, each of said chﬁcks is provided with one
separate and independent motor. In addition, said
detector may be a rotational angle detector adapted
to generate a pulse signal for each predetermined
amount of angular displacement.

In one embodiment of the present invention, each
of said motors other than the motor associated with
said rolling mechanism is a pulse motor,. and said
controller is adapted to respectively supply
predetermined mumbers of power pulses to said pulse
motors :.at: completion of each rolling stroke in
response to the signal from said detector. 1In this
embodiment, preferably, said controller includes a
pulse generator and preset counters adapted to count
the pulses to be supplied to each of said pulse
motors. - Said controller is adapted to 'supply the
power pulses until the respective counters reach
predetermined count values.,

In another embodiment of the present invention,
each of said motors other than the motor of said

rolling mechanism is associated with a rotational
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angle detector and a local controller, and said main
controller is adapted to supply an operation signal

to each 1local controller at completion of each

- rolling stroke in reponse to the signal from. said

rolling phase detector. Each of said local
controllers operates to put the associated motor in
operating condition in response to said opertion
signal from said main controller, and to monitor the
output from the associated rotational angle detector
so as to stop said associated motor when the
associated motor has rotated a predetermined amount.
The above and other objects and features of the
present invention will become apparent from._ the
following detailed description of preferred
embodiments with reference with the accompanying

drawings:

Brief Description of the Drawings

Figure 1 illustrates the principle of operation-
of the cold pilgering porcess;

Figure 2 is a schematic perspective view showing
the overall construction of a conventional cold
pilger mill;

Figure 3 is a schemartic perspective view of the
overall construction of a first embodiment of the

cold pilger mill constructed in accordance with the
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present invention;
Figure 4 is a block diagram showing the

construction of a controller in the cold pilger mill

“shown in Figure 33

Figure 5 is a view similar to Figure 3 but
showing a second embodiment of the present invention;

Figure 6 is a flowchart illustrating the control
of the main controller in Figure 5; and

Figure 7 is a flowchart illustrating the control

of the local coﬁtroller in Figure 5.

Detailed Description

Referring to Figure 3, there 1is shown a
schematic perspective view of a first embodiment of
the cold pilger mill in accordance with the present
invention. In Figure 3, portions similar to those
shown in Figure 2 are given the same Reference
Numerals.

The shown cold pilger mill comprises a rolling
mechanism, a feeding mechanism and a turning
mechanism as in the conventional mili'shown in Figure
2, and in addition has a controller 72 for
synchronizing opefations of the feeding and turning
mechanisms with the operation of the rolling
mechanism,

The rolling mechanism comprises one main

SR 2387 JP/PV



10

15

20

25

0144480
- 12 -

motor 20 adapted to rotate a crank shaft 22 at a
constant speed through a chain-and-wheel
mechanism 20,. The crank shaft 22 has a pair of
crank pins 22; which are in turn connected.to a pair
of saddles 24 shown in chain-line in Figure 3,
respectivey, through a coupling rod 22;. These
saddles 24 have two grooved rolls 26, similar to
those shown in Figure 1, mounted on roll shafts 26,
pivotally supported in the saddles. The roll
shaft 265 is firmly connected to a pinion 28; in mesh
with a stationary rack 28, affixed -to a saddle bed
side plate (not shown).

With this arrangement, when the crank shaft 22
is rotated by the motor 20, the saddles 24 are
reciprocated with the associated rolls 26 between the
advanced limit X and the retreated 1limit ¥, and at
the same time the rolls 26 are reciprocatively
rotated since the pinions 28; fixed to the rolls 26
are caused to move and rotate in meshed condition on
and along the racks 28, by the reciprocation of the
saddles 24. As a result, a starting tubular material
(not shown) inserted over a tapered mandrel (not
shown) and embraced between the pair of the grooved
rolls 26 will be rolled when the rolls 26 are moved
from the advanced limit X to the retreated limit Y.

On the other hand, when the rolls 26 are returned
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from the retreated limit Y to the advanced 1limit X,
since the portion of the material surrounding the
tapered portion of the mandrel has already been
reduced,ﬂ,that protion of the material. is then not
rolled by the rolls 26. In other word, the rolls
will merely trace the 3just rolled portion of the
material.

The above construction is the same as that of
the rolling mechanism of +the conventional pilger
mill. In addition, the rolling mechanism of the
shown embodiment has a rotational angle detector 74
coupled to the crank shaft 22. Thié rotational angle
detector 74 is provided to detect from the rotational
angle of the crank: shaft 22 the phase of rolling,
i.e., what stage of each rolling stroke the mill is
presently in. In other words, the phase of rolling
is detected for recognizing where the saddles 24 are

or where the grooved rolls 26 are in their rotational

-position. . Therefore, the rolling phase detector may

instead be a detector which directly detects the
position of the saddles 24 or the rotational angle of
the rolls 26. In the shown embodiment, the
detector 74 is of the type which generates one pulse

for each predetermined angular displacement. The

- detector 74 has an output connected to the

controller 72.
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The feeding mechanism includes a feed screw 40
threadedly received through a feed carriage 42 which
is longitudinally movably 1located at the entry side
of tﬁe séddles 24. The feed screw 40 is rotatably
but axially immovably supported. The feed screw 40
has fixed to the rear end thereof a gear 405 in mesh
with a gear 40p mounted on a rotating shaft of a
pulse motor 76 which is controlled by the
controller 72. Therefore, if the motor 76 is
energized by the controllér 72, the feed screw 40 is
rotated through the gears 40p and 405 to forwardly
and backwardly move the carriage 42 and the material
to be rolled. | .

The turning mechanism is constituted by a
mandrel chuck 64 adapted to grasp the tail end of a
tapered mandrel as shown in Figure 1, andréntry and
exit pipe turning <chucks 68 and 70 1located at
opposite sides of the saddles 24 in the longitudinal,
i.e., rolling direction. These turning chucks 68 and
70 are adapted to axially movably but unrotatably
grasp the tubular material to be rolled.

The mandrel chuck 64 has a gear 64; fixed
thereto and in mesh with a gear 64p mounted on a
shaft of a pulse motor 78 which is controlled by the
controller 72. Therefore, if the motor 78 is driven

under the control of the controller 72, the mandrel
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chuck 64 is rotated to turn the mandrel (not shown)
grasped by the chuck 64.

Similarly, the entry pipe turning chuck 68 has
fixed thereto a gear 685 in mesh with a gear 68y
driven by a pulse motor 80. Also, the exit pipe
turning chuck 70 has fixed thereto a gear 705 in mesh
with a gear 70p driven by a pulse motor 82. These
pulse motors 80 and 82 are controlled by the
controller 72, If the these motors 80 and 82 are

energized under the control of the controller 72,

-these chucks 68 and 70 are turned.

Thus, if the pulse motors 76, 78, 80 and 82 are
energized, the material to be rolled abutted by the
carriage 42 and grasped by the pipe turning chucks 68
and 70 is advanced in the axial direction and turned
around the longitudinal axis, and at the same time,
the mandrel inserted in the materia; to be rolled is
turned together with the material without being
axially moved.

In order to control the pulse motors 76, 78, 80
and 82, the} controller 72 receives the rotational
angle signal from the detector 74 and outputs power
pulse trains to the pulse motors 76, 78, 80 and 82 of
the feeding and turning mechanisms. Specifically,
the controller 72 receives pulses generated one for

each predetermined amount of angular displacement by
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the rotational angle detector 74 coupled to the crank
shaft 22. When the number of the pulses received
reaches a predetermined number, the controller 72
decides that . one actual rolling stroke has . been
completed, i.e., that the rolls 26 have returned to a
position just  before the advanced limit  X.
Thereafter, during the so-called idle period from the
completion of each actual rolling stroke to the start
of the next actual rolling stroke, i.e., during the
period from the time Jjust before the rolls 26 are
returned to the advanced 1limit X to the time  just
after the rolls 26 starts to move from the advanced
limit X,  the controller 72 supplies_ to the - pulse
motor 76 of the feeding mechanism a predetermined
number of power pulses (Na) necessary to advance the
carriage 42 and hence the material to be rolled -(not
shown) a predetermined distance in the material
feeding direction. At the same time, the
controller 72 supplies to the pulse motors 78, 80 and
82 of the turning mechanism another predetermined
number of power pulses (Nb) required for turning the
chucks 64, 68 and 70 and hence the mandrel and the
material to be rolled (both not shown) by a
predetermined angle. In addition, the controller 72
is adapted to freely move the «carriage 42 in

accordance with an external input.
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Referring to Figure 4, there is shown one
example of the construction of the controller 72 in
the form of a block diagram, The shown controller 72
comprisesh a preset counter 84 héving an input
connected to the rotational angle detector 74, so
that the counter 84 counts pulses outputted from the
rotational angle detector 74. This counter 84 has an
output connected to a monostable circuit 86, so that
when the counter 84 counts up to a predetermined

number N corresponding to one rolling stroke, the

‘counter 84 triggers the monostable circuits 86.

The monostable circuit 86 has an ouﬁputv
connected to a reset terminal of the counter 84 and
one input of an AND gate 88, so that when the
monostable circuit 86 1is triggered, it outputs a
logical-high signal to the AND gate 88 so as to open
the AND gate 88 and resets the counter 84 by the
leading edge of the 1logical-high signal. The AND
gate 88 has another input connected to a pulse
generator 90 and an output connected to one input of
AND gates 925 and 92, and preset counters 94, and
94. The AND gate 925 has an output connected to an
amplifier 96, whose output is connected to the pulse
motor 76 of the feeding mechanism. The AND gate 92p
has an output connected to another amplifier 96y

whose output is connected to the pulse motors 78, 80
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and 82 of the turning mechanism.

The AND gates 92; and 92 have another input
connected to the output of preset counters 94, and
94y, respectivély.  These preset counters 94, and 94p
are reset by the leading edge of the logical-~high
signal outputted from the <counter 84 when the
counter 84 counts to the aforementioned predetermined
number Ng. The preset counter 94, is adapted to
supply a logical-high signal to the associated AND
gate 92, so as to open it until the counter reaches
the aforemention predetermined - count number Na.
After the counter 94, reaches the predetermined count
Na, it suppliés a logical-low signal to the AND

gate 925, so as to close the AND gate 925;. Therefore,

Na pulses are fed from the AND gate 88 through the

AND gate 925, to the amplifier 965, so that the’

amplifier 965 supplies Na power pulses to the pulse
motor 76 of the feeding mechanism.

Similarly, the counter 94y is adapted to supply
a logical-high signal to the associated AND gate 92
so as to open it until the counter 94, reaches the
aforemention predetermined count number Nb. After
the counter 94, reaches the predetermined count Nb,
it supplies a logical-low signal to the AND gate 92p
so as to close the AND gate 92, Therefore, Nb

pulses are fed from the AND gate 88 thrdugh the aAND
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gate 92, to the amplifier 96, so0 that the
amplifier 96, supplies Nb power pulses to the pulse
motors 78, 80'and 82 of the turning mechanism.

Néxt,.explanation will be made on operation of
the above mentioned cold pilger mill.

First of all, a tapered mandrel as shown in
Figure 1 i; set by grasping the tail end of the
mandrel by _the'lmhndrel chuck 64 and 1oca£ing the
tapered portion of the maﬁdrel between the rolls 26.
The feed carriage 42 is returned to its retreated
limit by inputting an external command ¢to the
controller 72. @ In such a condition, a starting
tubular matetial to be rolled (not shown) is set by
bringing the tail end of .fhe material into.abutment

with the carriage 42, passing the forward portion of

‘the material through the entry turning chuck 68

between the rolls 26, and unrotatably but axially

movably grasping the material by the entry andrgxit

turning chucks 68 and 70.

After . the aforementioned preparation is
completed, the motor 20 is brought into an energized
condition. This rotation of the motor 20 causes the
rotation and reciprocation of the rolls 26 between
the advanced limit X and the retreated limit Y so
that the material is intermittently rolled at a

constant cycle.
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Namely, when the rolls 26 is moved from the
advanced 1limit X to the retreated 1limit ¥, the
material is actually rolled. On the other hand, when
the rolls 26 is moved from the retreated limit Y to
the advanced limit X, the just rolled portion of the
material is merely traced by the rolls 26.

When the mill is in a rolling condition as
mentioned above, the preset counter 84 of the
controller 72 counts the pulse signals generated by
the rotational angle detector 74. When the counted
value of the counter 84 reaches the predetermined -
number Np corresponding to the time for one rolling
stroke, the counter 84 outputs a logical-high signal
to the preset counters 94; and 94p and the monostable
circuit 86. As a result, the counters 94, and 94p
are reset to be ready to count inputted pulses and
also to supply a logical-high signal to the
associated AND gates 92 and 92 so as to open the
same AND gates. On the other hand, the monostable
circuit 86 outputs a logical-high signal to the
counter 84 to reset the same counter so that it
starts counting from its initial count value again.

At the same time, the logical-high signal from
the monostable circuit 86 is fed to the AND gate 88
to open the same AND gate, so that the pulses are fed

from the pulse generator 90 throﬁgh the AND gate 88
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to the AND gates 92, and 92, and the counters 945 and
94y, Since the counter 94, is adapted to output the
logical-high signal to the associated AND gate 925 so
as -to 'maintain the same ANi) g.at,e in‘ the open
condition until the counted value reaches the
predetermined value Na, the predetermined number of
pulses Na are supplied from the pulse generator 90
through the AND gates 88 and 92, to the amplifier 96,
where they are amplified to be fed as power pulses to
the pulse motor 76. Also, since the counter 94} is
adapted to outpdt the logical-high 'signal to the
associated AND gate 92, so as to maintain the same

AND gate in the open condition until the counted

value reaches the predetermined value Nb, the

predetermined number of pulses Nb are supplied from
the pulse generator 90 through the AND gates 88 and
92, to the amplifier 96, where they are amplified to
be fed as power pulses to the pulse motors 78, 80 and
82. |

Thus, during each idle period from the
completion of one rolling stroke to the start of the
next rolling stroke, the controller 72 supplies the
predetermined numbers of power pulses Na and Nb to
the motor 76 of the feeding mechanism and the
motors 78, 80 and 82 of the turning mechanism,

respectively, so "that the feed carriage 42 is
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advanced toward the saddles 24 the predetermined
distance and at the same time the mandrel chuck 64,
the entry pipe turning chuck 68 and the exit pipe
turning chuck 70 are turned the predetermined amount
of angle. 1In other words, during the idle period in
which the rolls 26 are turned back at the advanced
limit X, since the material to be rolled is free from
the restraint of the rolls 26, the material to be
rolled is advanced the predetermined distance by the
carriage 42, and the material and the mandrel are
turned together by the predetermined angie, by the
chucks 64, 68 and 70. Accordingly, the material is
intermittently rolled by predetermined lengths while
changing the rolling direction'>in each rolling
stroke.

If the rolling is perfotmed as mentioned above
and is completed, the carriage 42 is moved to its
retreated 1limit by inphtting an external command to
the controller 72, and then the next tubular material
is set in the aforementioned manner. Thus, a number
of sBtarting tubular materials are sequentially
rblled.

In the first embodiment shown -in Figures 3 and
4, the AND gate 92p, the preset' tounter 94 and the
applifier 96 are provided common to the pulse

motors 78, 80 and 82 of the turning mechamism.
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However, if each of motors 78, 80 and 82 |is
individually associated with one set of the AND
gate 92, the preset counter 94 and the
amplifier 96, even if the gear pairs 64, and 64p,
685 and 68p, and 705 and 70, are different in gear
ratio, the <chucks 64, 68 and 70 can be easily
synchronized by adjusting the preset values of the
three respective counters 94.

Referring to Figure 5, there is shown a second
embodiment of the cold pilger mill in accordance with
the present invention. Portions shown in Figure 5

similar to those of the first embodiment shown in

- Figure 3 are given the same Reference Numerals and

explanation on those portions will be omitted.

In the second embodiment, instead of the pulse
motors 76, 78, 80 and 82, servo motors 765, 785, 804
and 82 are coupled to the gears 40, 64, 68y and
70, respectively, and are also associated with
rotational angle detectors 76y, 78p,80p and 82,
respectively. These servo motors 765, 785, 805 and
825 and the rotational angle detectors 76y, 78L, 80p
and 82p are connected to local controllers 76¢, 78,
80 and 82,, respectively, which are adapted to
operate the associated servo motors 765, 785, 805 and
825 in response to the operation signal from the

controller 72 and at the same time to count a pulse

SR 2387 JP/PV



10

15

20

25

0144480

- 24 -

signal generated by the associated rotational
detectors 76p, 781, 80p and 82p for each
predetermined angular displacement. When  the
respective count = values  reach respective.
predeterminea values, the local controllers operate
to stop the associated servo motors.

In this second embodiment, on the other hand,
the controller 72 counts the pulse signals from the
rotational angle detector 74 coupled to the crank
shaft 22 and outputs the operation signal to 'each of
the local controllers 76, 78c, 80c and 82c. In
addition, the controller 72 counts the operation
signals outputted to compute the number of the
rolling strokes performed N, and outputs a rolling
completion signal when N reaches a predetermined
value No.

The cold pilger mill of the second embodiment
operates as follows: Similarly = to the first
embodiment, a starting tubular material (not shown)
is set in the mill, and then, the main motor 20 is
put in an operating condition to start the rolling.
In this condition, every time the controller 72
receives and counts a pulse signal from the
rotational angle detector 74, it determines whether
or not the count value has reached a predetermined

number, i.e., whether or not the rotationai angle @
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of the crank shaft 22 has reached a predetermined
degree of anglef,, as shown in the flowchart of

Figure 6. When the rotational angle & reaches the

.. predetermined angle 80, the controller 72 outputs an

operation signal to the local controllers 765, 78,
80 and 82.. At the same time, the coutroller 72
counts up the number of rolling strokes performed N

by 1 and starts to count again the pulse signal from

the detector 74 until the number of rolling strokes

reaches the predetermined value No.

In response to the operation signal from the
controller 72, the local controllers 76, 78,, 80 and
82, bring the associated servo motors 76z, 785, 805
and 82, into operating condition, respectively, and
at the same time start to count a pulse signal from
the respective associated rotational angle
detectors 76y, 78p, 80p and 82h. In each of the
local controllers, when the count value "n" reaches
the predetermined count value "ng" the local
controller stops the associated servo motor. Thus,
the feed carriage 42 is advanced toward the
saddles 24 the predetermined distance by the servo-
motor 765, and at the same time, the chucks 64, 68,
and 70 ére turned by the predetermined angle by the
servo motors 785, 805 and 82;. Accordingly, the

material is intermittently rolled by the

SR 2387 JP/PV



10

15

20

- 25

0144480

- 26 -

predetermined 1lengths while changing the rolling
direction in each idle period in which the material
is free from the restraint of the rolles 26.

In the second embodiment as mentioned .above, the
local controllers 76g, 78¢, 80. and 82, are used.
However, these 1local controllers may be omitted so
that the controller 72 directly receives the output
of the rotational angle detectors 76p, 78y, 80p and
82 and directly controls the servo motors 763, 783;
80, and 82;.

Comparing the cold pilger mills in accordance
with the present invention as explained above with
the conventional c¢o0ld pilger mill as shown in
Figure 2, it will be noted that thé mill of the
present invention requires the rotational angle
detector 74, the driving pulse motors 76, 78, 80 and
82, the controller 72, and, in the second embodiment,
also the local controllers 76c, 78, 80 and 82,, but
does not require the power transmission means such as
the bevel gear 32, the line shaft 34, the bevel gear
mechanism 36, the feéd cam 38, the gear box 48, the
turning cam 52, and the 1like which are required in
the conventional mill. Therefore, the mill of this
invention is very simple in construction in
comparision with the conventional mill. This

simplicity in construction makes the mill inexpensive
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and maintenance easy.

Specifically, the feeding mechanism in the
conventional c¢old pilger mill is such that the
carriage 42 is ~advanced together with the feed
screw 40 by the feed cam 38 and after the carriage 42
is advanced only the feed screw 40 is returned to its
original position by rotating the screw 40 while
maintaining the carriage 42 in the advanced position.

In other words, the feeding mechanism of the

"~ conventional mill requires advancing means and

retufning means,

On the other hand, in the cold pilger mills of
the present invention, the feed ‘mechanism is such
that the carriage 42 can be intermittently advanced
only by turing the  feed screw 40. Therefore, the
feed mechanism in the present invention is extremely
simple.

In addition, in the conventional mill, the
feeding mechanism and the turning mechanism are
driven by the motor of the rolling mechanism through
mechanical coupling means which necessarily becomes
complicated for ensuring synchronism between the
mechanisms but inevitably has play or backlash
between each pair of mechanical elements. The more
the coﬁpling mechanism becomes éomplicated, the

larger the total amount of play or backlash in the
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coupling mechanism becomes, For this reason, the
respective mechanisms cannot be SO precisely
synchronized by the complicated mechanical coupling

means.

On the other hand, in the mill of the present
invention, the feeding mechanism and the turning
mechanism are separately driven by the respective
individual motors independent of the motor for the
rolling mechanism, so that the rolling mechaniém, the
feeding mechanism and _ the turniﬁg mééhanism are
synchronized by electrical control means withdut use
of mechanical coupling means. Since thé electrical
synchronism is free from the mechanical play or
backlash in the mechanical couplings, all the
mechanisms are precisely synchronized in the mill of
the present invention.

Furthermore, the mill of the present invention
eliminates a substantial portion of the pdwer
transmission. mechanism- required in .the. conventional
mill, so that the power 1loss in the ttansmission
system becomes substantially =zero. Therefore, the
efficiency of power ulitizatioh is excellent and
power costs can be reduced.

In addition, when the mandrel and/or the
rolls ‘26 are exchanged in order to change the

diameter and/or the wall thickness of the products or
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upon change of operation mode such as change in the
incremental angular disclacement of the chucks, the

synchronism between the feeding and turning

- mechanisms. can be easily maintained only by éhénging

the preset values of the counters 94, and 94p without
exchange and adjustment of the gears and the cams
with very troublesome operations, as in the
conventional cold pilger mill.

As seen from the above, in the cold pilger mill
in accordance with the present invention, the rolling
mechanism, the feeding mechanism and the turning
mechanism are not coupled by mechanical means but are
driven by individual motors synchronized under
electrical control.

Therefore, there are eliminated mechanical power
transmission mechanisms which constitute a relatively
large part of the conventional cold pilger mill.
Thus, the mill of the present inyenéion is very
simple in overall construction, and accordingly is

inexpensive and easy in adjustment and maintenance.
N

i,
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Claims
1. A cold pilger mill comprising:

a rolling mechanism for intermittently rolling a

~ tubular material over a mandrel to a reduced diameter -

pipe, said rolling mechanism including a pair of
grooved rolls respectively rotatably Supported by a
pair of saddles and adapted to embrace said tubular
material from opposite sides thereof, said saddles
being reciprocated by a crank shaft rotated by a

motor, each of said grooved rolls having fixed

thereto a pinion in mesh with a stationai:y rack for .

rotation with the roll;

‘a detector  associated with said - rolling’

mechanism for detecting the rolling phase in said
rolling mechanism; .

a feeding mechanism provided with its ov)n motor
for feeding said material in the axial direction;

a turning mechanism provided with 1ts own motor
for turning said material and said mandrel; and

a controller receiving a signal from said
detector and supplying an operation signa]: to the
respective motors of said feeding mechanism and said
turning mechanism so that said mechanisms are

operated at completion of each rolling stroke.

2. A mill as set forth in Claim 1 in which said
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turning mechanism includes a mandrel chuck for
grasping the tail end of said mandrel, and entry and

exit turning chucks located at opposite sides of said

.saddles in the rolling .direction for holding said

material over said mandrel, each of said chucks being

provided with one individual motor.

3. A mill as set forth in claim 1 in which said
detector is a rotational angle detector adapted to
generate a pulse. signal for each predetermined amount

of angular displacement.

4., A mill as set forth in any of Caims 1 to 3 in
which each of said motors other than the motor
associated with said rolling mechanism is a pulse
motor, and said controller is adapted to respectively
supply predetermined mumbers of power pulses to said
pulse mortors at completion of each rolling stroke in

response to the signal from said detector.

5. A mill as set forth in Claim 4 in which said
controller includes a pulse generator and preset
counters adapted to respectively count pulses to be
supplied to said pulse motors, said controller being
adapted to supply the power pulses until the

respective counters reach predetermined count values.
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6. A mill as set forth in any of Claims 1 to 3 in
which each of said motors other than the motor of
said rolling mechanism is associated with a
rotational angle detector and a local controller, and
said main controller is adapted to supply an
operation' signal to each iocal controller at
completion of each rolling stroke in reponse to the
signal from said rolling phase detector, each of said
local detectors being operative to put the associated
motor in-an operating condition in response to said-
operation signal from said main controller, and to
monitor the output from the associated rotational
angle detector..so as to stop said associated motor
when the associated motor rotates a predetermined

amount.
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