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34 and 36 for movement transverse to a plane through 
the axes of rolls 4 and 16. The rails 34 and 36 extend 
from the region of the mill stand 10 a distance somewhat 
greater than the desired length of the final sheet metal 
product. Movement of the carriage 32 is accomplished by 
a flexible cable 38 secured to the carriage at points 4th 
and 42. The cable 38 passes from point 40 around a 
drum 44 at the end of the rails remote from the mill 
stand to an idler sheave 46 rotatably mounted near the 
end of the rails adjacent the mill stand, and then to point 
42. The cable 38 is in engagement with the drum 44 for 
movement therewith. The drum 44 is mounted on a 
horizontal shaft 52 parallel to the axes of rolls 4 and 6 
for rotation together with a large gear 54 which is in mesh 
with a pinion 56 mounted on a horizontal shaft 58. A 
motor 60 Supported on a base 62 is operatively connected 
to shaft 58 to rotate the pinion gear 56, the large gear 
54 and the drum 44 engaging the cable 38. 
The metal sheet 12 has an initial thickness as shown at 

66. After the metal has been compressed and moved 
through the rolls to the right in FIG. 1, the thickness of 
sheet 12 will be smaller as indicated at 68. 

Mounted on carriage 32 is an intermediate link 70 
which is connected through a toggle 72 to a clamp 74 
provided with a lock 71. Link 70 comprises magneto 
strictive material, for example, ferrous metals, nickel, or 
an alloy thereof such as stainless steel. The clamp 74 
when closed holds the leading edge of the metal sheet 12 
and imparts a tensional force to the metal in consequence 
of movement of the carriage 32 away from the mill stand 
10. A magnetostrictive coil 75 is supported on link 70 by 
means such as a bushing 73. Coil 75 is adapted to cause 
contraction and expansion of link 70 transverse to the 
axial direction of rolls 14 and 16, and thus impart oscilla 
tory motion to the metal sheet in the direction toward 
and away from the mill stand, i.e., perpendicular to the 
thickness of the metal. Leads 76, 78 connect the coil or 
vibrator 75 to an oscillator 80 which supplies electronic 
oscillations at ultrasonic frequency to the coil. Other 
vibrators based on principles other than magnetostriction 
may be used to supply the desired vibration. However, 
the frequency of the vibration should be ultrasonic. 
The operation of the arrangement is alike for each 

pass of metal through the rolls. At the beginning of each 
pass the carriage 32 is moved to a location at the end of 
the rails 34 and 36 adjacent to the mill stand 10. The gap 
20 between the rolls 14 and 6 is adjusted by means of 
the screw 22, the worm wheel 24 and the worm 26 to 
a magnitude dependent upon the thickness 66 of sheet 12 
before the pass, the desired reduction in thickness, and the 
general capabilities of the arrangement. In any case, the 
gap 20 between the rolls is less than the thickness 66 of 
the existing sheet 12. The leading edge of sheet 12 is 
moved into the nip of the rolls from the left side in FIG. 
1 and upon exit to the other side is inserted in the clamp 
74 which is closed and secured in operating position by its 
lock 7. As the rolls are turned the sheet advances to the 
right. Simultaneously the motor 60 actuates the drum 
44 and cable 38 and thus moves the carriage 32 away from 
the mill stand 10, with power sufficient to create a stress 
in the sheet. As set forth hereinbefore, this stress will re 
duce the resistance of the sheet 12 to deformation across 
its thickness. During this time the magnetostrictive vibra 
tor 75 is connected to its oscillator 80 and imparts a vibra 
tion in the plane of the metal to and from the rolls 4 and 
E6. This will further reduce the resistance of sheet 2 to 
deformation across its thickness and, in combination with 
the stress created by pulling, will lead to most favorable 
conditions. 

Further, the agitation of the metal 12 caused by the 
magnetostrictor gives rise to a descaling of the metal 
which would otherwise have to be accomplished in a sepa 
rate step. The accumulation of scale and dirt frequently 
encountered on the surface will be shaken loose by the 
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vibrations and the changing internal stresses within the 
material. 

FIG. 2 illustrates a modification in which the mill 14, 
16' is of the reversing type and cooperates with two pull 
ing mechanisms generally indicated at 32", 32'. These 
pulling mechanism may be of the design shown in FIG. 1, 
except for their motors 60', 60' which are adapted to 
create a pulling effect at the leading and trailing ends of 
the sheet and are operable in both directions of movement 
of the reversible mill. For example, D.C. motors may 
be used and connected for regenerative braking. If, in 
operation, the mill moves sheet 12 forward in the direction 
shown by the arrow in FIG. 2, motor 60' and mechanism 
32 exert a pull at the forward end of the sheet. Pulling 
mechanism 32' is taken along and causes motor 60' 
to rotate. At this time, the motor 60' is controlled in 
a manner such that it will operate as a generator and due 
to regenerative braking will tend to hold the trailing end 
of sheet 2 back and in effect exert a rearward pull there 
on as is well known in the art. Consequently, sheet 12 
will be under tension in front of mill 14, 16' as well as 
at the rear thereof and this will also be true upon reversal 
of the mill. According to the invention, both of the pull 
ing mechanism 32, 32' include vibrating devices 75, 75' 
so that tensile stresses and vibrations will be combined 
to reduce the resistance of sheet 2 to deformation in a 
most effective manner. 

FIG. 3 is an illustration of another modification of the 
arrangement shown in FIG. 1. The rolls 14 and 16 are 
engaged by conventional parallel back up rolls 81 and 82. 
These latter rolls are larger than the former and exert 
compressive force normal to the faces of the sheet 12 
placed between the rolls. Clamp 83, grasping the leading 
edge of sheet 12, is connected to a piston rod 84 by means 
of an intermediate rod or link 85 comprising magneto 
strictive material. Oscillator 80 and magnetostrictive coil 
75 will cause rod 85 to contract and expand horizontally 
transversely to the axial direction of the rolls and thereby 
vibrate the sheet 12 in its plane towards and away from 
the rollis. A hydraulic cylinder 36 is supplied with fluid 
through pipes 88 and 90 and controls the motion of the 
piston rod 34 by means of a piston 92. Here, in 
stead of the carriage in FIG. 1, the tensile force to the 
right is applied by the piston 92 in the cylinder 86. The 
cylinder 86 and piston rod 84 are sufficiently long to 
handle the desired length of the finished product. A pair 
of driven, rotatable pinch rolls 94 and 96 are mounted on 
parallel axles 95 and 97 and arranged to nip the sheet 
in feeding engagement between the clamp 83 and the 
rolls E4 and 6 and exert additional tensile force by pull 
ing the metal 12 to the right. The tensioning by the pinch 
rolls will in this embodiment be in addition to the tension 
ing by the piston rod. In general the operation is other 
wise similar to that described in connection with FIG. 1. 
A further modification is possible by omission of the 

clamp 83, the hydraulic motor 84, 86, 92, and the mag 
netostrictive vibrator 75. In this way the metal 12 passes 
from the bite of the rolls to the pinch rolls 94 and 96, 
which are in feeding engagement. The driven pinch rolls 
94 and 96 will provide tension in the sheet between the 
mill stand rolls 14 and 36 and the pinch rolls. Vibration 
of the pinch rolls 94 and 96 in a horizontal plane, for 
example, by vibration of their respective axles 95 and 97 
with the aid of a magnetostrictive transducer, may be 
used to impart horizontal supersonic oscillatory movement 
to the metal sheet in the direction to and from the rolls 
24, 56. Here again, the vibrations will minimize the 
resistance of the metal sheet to deformation and in co 
operation with the pull exerted by the pinch rolls will 
reduce the quantity of work required to roll the sheets 
to a desired shape and size. This embodiment is par 
ticularly useful when working materials of long length. 
It is especially helpful because the pinch rolls are fixedly 
located with respect to rolls 14, i6 thus preventing damp 
ening of the vibrations which might occur to a certain 
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extent if the vibrator receded a great distance from the 
rolls 14, 6. 

Alternatively, vibration may be imparted to the pinch 
rolls 94 and 96 by means such as illustrated in FIG. 4. 
In this modification, each of the pinch rolls includes a 
driven cylinder 100 containing magnetostrictive material 
which, if desired, may be of laminated construction. The 
cylinder 100 which is mounted for rotation upon an axle 
92 has longitudinal holes 104 through which windings 
106 extend to form a magnetostrictive coil, the axis of 
each winding being radially disposed with respect to 
cylinder 100. The windings 106 are connected to a source 
of electronic oscillations at supersonic frequency by 
means of slip rings and brushes (not shown) so that dur 
ing operation, the naturally round surface of cylinder 100 
will alternately be distorted magnetostrictively and re 
stored to its round shape. If metal emerging from rolls 
4, 16 (FIG. 3) is placed in the nip of a pair of pinch 

rolls modified as shown in FIG. 4, the metal will be ten 
sioned in the feeding direction by rotation of the cylinders 
00, and at the same time distortion of the surface of 

each cylinder 100 will produce the desired vibration in 
the metal. 

FIG. 5 shows a pinch roll arrangement wherein a 
magnetostrictive coil 110 is disposed outside a rotatable 
cylinder 112 containing magnetostrictive material and 
mounted on supporting means such as an axle 114. The 
axis X-X of coil 110 is disposed radially of the roll 
cylinder 112. With respect to the workpiece, the direction 
of the axis X-X of coil 110 may be normal or inclined 
and may be adjustable so that at least components of the 
vibrations are disposed along the direction of metal feed. 
In FIG. 5, the axis X-X is disposed at an acute angle 
to the direction of metal feed which is indicated at 115. 
The coil 10 may be supported on the axle 114 as in 
dicated at 116. Here again, a workpiece fed from a mill 
stand to the nip of a pair of such pinch rolls is tensioned 
by rotation of the pinch rolls and vibrated at supersonic 
frequency by the action of these rolls. 

While specific embodiments of the invention have been 
shown and described in detail to illustrate the application 
of the principles of the invention, it will be understood 
that the invention may be otherwise embodied without 
departing from these principles. 
We claim: 
1. Apparatus for reducing the cross section of a solid 

material comprising means for compressing and feeding 
the material, means adapted to tension the material trans 
verse to the cross section in the direction of feed, and 
ultrasonic vibrating means mounted on said tension means 
adapted to impart ultrasonic vibrations to the material. 

2. Apparatus for rolling sheets of metal comprising a 
plurality of parallel rolls rotatably mounted in feeding 
engagement adapted to compress and feed metal placed 
therebetween, clamping means adapted to grasp the lead 
ing edge of the metal, motor controlled carriage means 
connected to said clamping means and movable trans 
verse to a plane through the axes of said rolls to tension 
the metal between said rolls and said carriage along the 
feeding direction, and ultrasonic vibrating means acting 
on said clamping means and adapted to impart ultrasonic 
vibrations to the metal having components along said 
feeding direction. 
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3. Apparatus for reducing the cross section of a ma 

terial comprising means for compressing and feeding the 
material, means adapted to tension the material in the 
direction of feed, and an ultrasonic magnetostrictive 
vibrator connected to said tensioning means to impart 
ultrasonic vibrations to the material along the direction 
of feed. 

4. In a reversible metal rolling mill, a plurality of rotat 
able rolls for compressing and feeding metal placed 
therebetween, a first tensioning device to grasp one end 
of the metal, a second tensioning device to grasp the other 
end of the metal, said tensioning devices being adapted 
to pull the leading end of the metal in the direction of 
feed and to exert a rearward pull on the trailing end 
thereof, and ultrasonic vibrating means connected to said 
tensioning devices to impart ultrasonic vibrations to the 
imetal along its direction offeed. 

5. In a sheet metal rolling apparatus having a plurality 
of rotatable compressing and feeding rolls, a pair of guide 
rails transverse to said rolls, a carriage mounted on said 
guide rails, motor means operatively connected to said 
carriage, clamp means on said carriage adapted to grip 
and tension the metal fed from said rolls in the direction 
of feed, and an ultrasonic magnetostrictive vibrator as 
sociated with said carriage adapted to impart ultrasonic 
vibrations to the material along the feeding direction. 

6. A sheet metal rolling apparatus comprising a plu 
rality of parallel rotatable rolls in feeding engagement 
adapted to compress and feed the metal placed in their 
bite, clamp means adapted to hold the leading edge of the 
metal fed by said rolls, a hydraulic cylinder, a piston mov 
ably mounted in said cylinder connected to said clamp, 
said clamp means in response to motion of said piston 
being adapted to tension the metal along the feeding direc 
tion, and a plurality of pinch rolls in feeding engagement 
adapted to tension and ultrasonically vibrate the metal 
along the feeding direction. 

7. A rolling apparatus comprising a plurality of paral 
lel rotatable rolls in feeding engagement adapted to com 
press and feed a Workpiece placed in their bite, a clamp 
adapted to hold the leading edge of the workpiece fed 
from Said rolls, cylinder and piston means secured to said 
clamp and adapted to tension the workpiece along the 
feeding direction, and a magnetostrictive transducer be 
tween said clamp and said piston means adapted to vibrate 
said clamp and the workpiece in the feeding direction at 
ultrasonic frequency. 
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