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&9 Claims,
ey, $o tenslometer

c 2 gteel aivip as 1% i
assed through o volling mil.
my patent application Sexisl No, 165,287
Rled Sspiember 23, 1937, T have disclosed o tene
slon control system in which tension g appled to
& strip of material as it passes between adiacent
roll stands, by a tensioning roller applying o
transverse defleciing force to the strip. The de-
flection of the strip is maintained within prede-
termnined limits by eontroiling the speed of one
of the roll stand moters, preferably the motor of
the leading stand, by means of a vibrating reg-
ulator which is controlled, through a synchro-tie
system, in accordance with the position of the
tensioning roller, :

One object of my invention is to provide for
simplifying the above-described tensiometer
control system. and improve its operation by
eliminating the vibratory regulator, synchro-tie
system, and other auxiliary relay devices and sub-
stituting apparatus therefor which is of more
simple construction.

Another object of my invention is to provide a
lension control system for a strip rolling mill
which hag & minimum of operating parts, which
Is simple in operation, and which Ig inexpensive
to manufacture, install and maintsin.

These and other objects and advantages of my
invention will be apparent from the following de-
tailed description taken in connection with the
accompanying drawings, in which:

Flgure 1 is a disgrammatic Musiration of s
tenslon control system embodying the principal
features of my invention; and

Figs. 2 and 8 are diagrammatic views of modi-
fications of that part of the control system shown
in Fig. 1 which provides the proper energization
for the booster generator.

In practicing my invention, I provide for con-
trolling the excitation and speed of the leading
roll stand motor by means of a booster generator
connected in $he fleld circuit of the motor and
varying the excitation and voltage of the booster
generator in accordance with the direction and
amount of deflection of the strip from a prede-

“termined position. Alternative systems are pro-
vided for properiy varying the booster generator
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excitation, using different forms of variable ratio °

transformers.

Referring now to Fig. 1 of the drawings, I have
shown a tensioning device 10 for acting on a strip
of raaterial 12, such as steel strip, to deflect the
strip from its normal pass line, and to thus ten-
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slon the strip ag i passes in the direction shown
by the arrow batween adjacent roll stands 14 andg
1 of & tander rolling mill, In order 0 malntain
the amount of deflection of the stein 12 from s
normel pass line within predeisrmined Lodts, o
regulating device 18 is vrovided for conirolling
the speed of the driving motor 28 of the leading
roll stand £6 In response o the degres of de-
flection of the sirip 12. )

The tensioning device (8 comprises an idling
or tension roller 22 supported by an arm 24 of &
bell crank 25 having s pivotal support 28. The
bell crank 28 has a horizontally extending arm 28
which iIs acted upon by a piston 39 operating in a
cylinder 32. A predetermined fuid pressure is
maintained on the piston 38 in the cylinder 32 by
means of an automsatic fluid pressure regulating
valve 34 which is connected between the pres-
sure reservoir shown and the piston 32. ‘The op-
eration of the tensioning device 10 to maintain
a substantially predetermined constant tension on
the strip 12 is explained in detail in the copending
application of G. P. Lessmann, Serial No. 133,419,
filed March 27, 1937, now Patent No. 2,189,609,
issued February 6, 1940, ’

In this instance the regulator i8 may include
a variable ratio transformer 36 having a primary
winding 88 and a secondary winding 40. The
brimary winding 38 is mounted for rotation relg-
tive tc the secondary winding 40, the angtilar dis-
blacement of the primary winding 38 with respect
to the secondary winding 40 determining the ratio

-of transformation of the transformer 3§, and thus

determining the electromotive force induced in
the secondary winding 40. The primary winding
38 may be rotated by & mechanism which includes
& rack 42 connected to the arm 28 of the bell
crank 25 so that the motion of the arm 28 will
be transmitted to the rack 42. The rack 42 en-
gages & pinion 44 io rotate the primary winding
38 through a shaft 46 which mechanically con-
nects the pinion 44 with the primary winding 38.
Thus the primary winding 38 of the tramsformer
36 is rotated in accordance with the displacement
of the strip 12 by the idling roller 22 and the po-~
tential induced In the secondary winding 49 of
the transformer 36 depends upon the degree of
displacement of the strip 12 by the idling roller
22,

The primary and secondary windings 38 and 40
are so adjusted with respect to the operating
mechanism of the tensioning device 10 as to have
& relative displacement of approximately 45 elec-
trical degrees when the strip 12 is displaced by
the fensiometer 10 the desired normal amount,
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Thus, when the deflection of the strip 12 increases
above the desired noimal amount, the angular
displacement of the primary winding 38 with re-
spect to the secondary winding 46 will be in-
creased, and this will result in a decrease in the
potential induced in the secondary winding 40.
In @& like manner, the potential induced in the
secondary winding 48 will be increased when the
displacement of the strip I8 decreases from the
desired normal amount.

The secondary winding 48 of the transformer
38 is connected in series circuit relation with a
rectifier 48, the secondary windings 80 and 82
of transformers 54 and 88 respectively, and the
field winding 38 of a booster generator 80. By
this connection it will be seen that the excitation
of the booster generator $8 will vary with the
amount of deflection of the strip 12 from the pass
line of the mill. » .

The booster generator §8 may be continuously
driven by & motor $2. The armature of the
booster generator 80 is connected in series cir-
cult relation with the fleld winding 84 of the mil}
motor 20, a rheosiat 8§ and any source of ener-
gization for the fleld winding 84 represented by
the conductors A and B. The booster generator
64, is so connected In this series circuit as to nor-
mally add its potential to the potential of the
source A—B so that the energization of the field
winding €4 of the motor 28 depends upon the
sum of the potentials of the source of energization
A—B and the booster. generator §8. The rheostat
88 is provided for adjusting the normal energiza-
tion of the field winding 84 of the mill motor 23.

The transformer B4 hereinbefore referred to
has a primary winding 8 which is connected In
sertes circult relation with the rheostat 88 and
in shunt circult relation with the interpole wind-~
ing 18 of the mill motor 20. With this connec-
tion sudden increases or decreases in the armsa-

ture current of the mill motor 28 will cause

changes in the energization of the primary wing-
ing §1, which will induce impulses in the second-~
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ary winding 50 which will be proportional to the ‘

magnitude and duration of the changes In the
current flow in the armature of the motor 26,

In a similar manner, the primary winding 52
of transformer B8 i3 coni.ccted In.serles clreuit
relation with a rheostat 72 and this serles elrouit

is In turn connected in parallel circuit relation !
with the armature of the booster generator B0..

"Thus; any chaige In the output potential of the
booster generator 80 will cause & chanee in the
energization of the primary winding ¥3, whici

1a turn will Induce an impilse in the secondary

-winding §2. the magnitude and duration of which
will depend upon the magnitude and duration of
the change of the potential outnut of the booster
generator 69. The rheostats 88 and T4 are pro-
vided to regulate the current flow in the primsry
windings 8! and B3 respectively, to secure tha
desired functioning of the transformers 54 and %6,

The secondary windings 58 and 52 of the trang.
formers B4 and 86, respectively. being connected
fn series circuit relation with the fleld winding
38 of the booster generator 80, will cause changes
in the excitation of the booster generator 80
when impulses are induced in them. A decrease
in the potential output of booster generator 80
will] cause a decrease In the excitation of the
motor %@ and will thus cause an increase in the
current flow in the armature of motor 26. The
transformers 84 and 88 are so connected with
respect to the interpole winding 19 and the
booster generator $8 as to so change the exclta-
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tion of the booster generator 80 as to oprose
the change in the current flow in the armature
of the motor 20 and to oppose the change in the
voltage output of the booster generator 0. ‘Thus
there is provided an anticipating system which
will prevent the booster generator 6§90 from caus-
ing too sudden and too great changes in the
speed of motor 20 In response to changes in
deflection of the strip 12.

In the operation of the tension regulating
system of Fig. 1, the tensioning device 19 will
function as hereinbefore described to maintain
a predetermined tension on the strip 12 by de-
flecting the sirip from ifs normal pass line as
it passes between the roll stands i4 and i, I
for any reason the strip should be deflected by
the tensioning device 10 beyond & desired normal
amount, the movement of the tensioning device
will' rotate the primary winding 37 with respect
0 the secondary winding 49 of the transiormer
46 in the clockwise direction o decrease the po-
tential induced in the secondary winding 40.
The decrease in the potential Induced in the
secondary winding 40 will decrease the excitation
of the booster generator §0 and this, in turn, will
decrease the excltation of the moior 2. With
the decrease In excitation of the motor 20, the
moter will tend to incremse its speed and this
increase In speed will act through the rolls of
roll stand 18 to take up the strip 12 between the
roll stands 14 and 16 and thus decrease the
amount of deflection of the strip I2 from the
pass lne and return this strip to 1ts desired
deflected position.

In order that the regulator {8 may not effect
too great a decrease in the deflection of the strip
and thus necessitate thai the deflection be In-
creased agaln, the antleipating system, compris-
ing transformers 54 and 58 which act upon “he
field winding 88 of booster gemerator B8 In re-
gponse to changes in the current fow in the
armature of motor 20 and pobentisl oulput of
the booster generator 69, is provided to counter-
ant the change in the potential ogutput of the
booster generator 80, as herelnbefore explained in
detail,

In a ke manner, the regulabtor 18 will
tlon In response to a decresse in the
of the strip 12 by the ter g it to
inerease the deflectlon of the strip 3 by de-
preasing the speed of the metor W 17 for any
rip 12 id de-

. avent

fune-
ection

erease below the desired s
the snticipating system sl
seribed hereinbefore 1o prev
from effecting too great a

m Py 2 of the drawing
modification of that pard «
in ¥z 1 which has fo do with chaneing the
potential applied to the feld winding | $ of the
booster generator 80 in response fo changes in
Llke refereffte
characters refer to the corresponding elements
1 Fes. 1 and 2 and the elements of Flg, 2 may

e ZEEL

1 shown

5 be substituted for the corresponding elements of

Fig, 1 to produce a completely operative system
employing the modifleation of the Inventlon
shown. in. Fig. 2.

The variable ratio transformer of the smbodi-
ment of the inventlon shown in Fig. 2 may take
the form of an auto-transformer T8 connected to
a sultable source of alternating current, deslg-
nsted by conductors x and ¥, and having a plu-
rality of voltage taps connected to stationary
contact elements 78 which may be traversed by &

L—-_
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movable contact element 18 which is actuated by
the rack 42 through the pinion 44 in accordance
with the movements of the idling roller 22, The
rack 42 is connected, ag hereinbefore described in
conmection with the embodiment .of the inven-
tion shown in Pig. I, fo the arm 28 of the bell
crank 28 so that variations in deflection of the
shrip 12 will move the contact element 78 over
the stationary contact elements 18 to change the
ratio of transformation of the transformer 714,
and thereby control the excitation of the hooster
generator 80.
The smbodiment of the Invention llustrated in
Tig. 2 will funetion in the manher described in
. detall

28t in connection with the embodimenst of the
invention shown in Fig, 1 with the ratlo of trange
formation Leing chenged & ¥ the movable contact
clement 18 §

wersing the stationary contoct cle~

ments 7 2 or decresse the execlisbion
of she beo ztor 00 depending upon the
direc ent of the movable contact

odlment of the Invention shown in

tes n substantinlly the same Way a8

hown In Figs. § snd 2 with {he ex-

t & transformer 0% of & differe
'O
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ner 74 of the embo
The variakie

! core 04 and o

ovable ssetion of cove ! ch may be mover
g vertlenl direction by en slewent B9 which
Sy ers arny 20 of the bell crank 98
y e reluctancs of the megnetis path of
sformey 82 when the defiection of the
henges. This

¢ of the magnetic nath

change the poiential

>

of the i

12

)

=
)
T

i
]
%

£
5
(8]

fon of the fleld wing-
The opera-

7,
booster generator 69,

!

he purview of my in
oster generator §0 so
the po

winding §
hetween
the output
With this arrenge
o4 the variable

3 ]

of the soures

1t 1t will be neg-
the embodd g he Invention
i and 3 respectively, be ar-
t0 nereass the potential in thelr second.-
ircuils when the deflection of the strip ine-
ses, and bo decrense the potenilel when the
Geflection decreases. Thus, the speed of
e roil motor 28 will increase with incrensed de-
ection of the sirip and decrease with decreases
in the deflection of the strip since incresses and
decreases of the sirip will cause decrenses and
inerenses, respectively, in the excitation of the
~roll motor 20,
Tb will be seen that I have provided o tension-
ing control system for g strlp rolling mill which
hes o minimum of operating parts, which is

of the boogber -
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simple and efficient in operation, and which is

Inexpensive to manufacture, install and main-

tain.

In complance with the requirements of the
5 patent statutes I have shown and described
herein the preferred embodiments of my inven-
tion. It is to be understood, however, that the
invention is not limited to the precise econstruc-
tions shown and described but is capable of mod-
ification by one skilled in the art, the embodi~
ments herein shown being merely illustrative of
the principles of my invention.

I clatin ag my invention:

L. In o system for maintaining tension on a
length of maderial as it passes between two work
devices, tensloning means hearing on the mate-
rial between the work devices and subjecting the
mederial to a transverse foreé to thus deflect ang
tension the maierizl, o variable speed motor con-
necied to drive one of the work devices, a gen-
erabor, clrouli means connecting said generator
to confrol the excitation of said motor in ac-
cordance with the cutput potentisl of the gener-
etor, & continuocusly energized varizble ratio
transformer, means eontrolled by the degree of
ieflection of the material from g predetermined

verying the ratio of said trang

10

wositlon fop
former, meang fop rectifying the outpub of said
transformer, and electrical cireult means con-
neciing the feld winding of saig genergior to be
divectly energized by the rectified output current
of sald transformer. '
3. In u system for controlling the tension on a
length of material o8 15 passes between two work
deviess, tenslening menng hearing on the mote-
vial betwesn the work devices and subjecting the
maberiel to o transverss force o thus deflect and
tension the meterinl, o variahble speed motor con-
neeted o drive one of the work davices, a gene
erator connected to contrel the excitation of said
meobor, o continuously enersized variable ratio
rensiormer, means condrolied by the degree of
jeflection of the material from g bredetermined
rogition for varying the ratio of said trang-
former, o ractifier, o second and g third trang-
forragy, cirewit mesns connecting said rectifier,
the Reld winding of said generator and one wind.
ing of each of soid second and third sransformers
n civewddy with the secondary winding of said
varieble ratio trensforiner, cireuid means con-
necting the other winding of said second trans-
to be energized in accordance with the
erimature current of said motor, snd elreuls
means connecting the other winding of sald thirg
BLOTE accordance with

potentinl of said generator,
control system for regulating the speed
motor in accordance with she movement of
o moveble dement, g continuously driven gener.
ator, circuls mesns contecting said generstor to
exclie the molov in sccordance with the output
potentisl of said sene rator, 8 variable ratlo trans- -
foriner, means for verying the ratio of sale trans-
former In accordance with the degree of move-
ment of the movaple element, a rectifier, amd
electrical cirvoult ineans connecting said reciifier
snd the field winding of said generator directly in
electrical eirewit with the secondary winding of
sald varisble ratio transformer,

4. In @ control system for regulating the speed
of & motor in sccordance with the movement, of
a movable element, o continuously driven gener-
ator connected io affect the excitafion of the
motor in accordance with the oubpul potential of
sabd gemerator, s variable ratlo transformer,

80
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means for varying the ratlo of said transformer
in accordance with the degree of movement of
the movable element, a rectifler, a second and &
third transformer, circuit means connecting one
winding of said second transformer to be ener-
gized in accordance with the armature current of
the motor, circuit means connecting one winding
of said third transformer to Le energized in ac-

cordance with the output potential of sald gener~

ator, and circuit means connecting the other
winding of said second and third transformers,
said rectifier and the field winding of said gener-
ator in circult with the secondary winding of sald
variable ratio transformer. .

5. In a tandem strip rolling mill, tensioning
means bearing upon the strip as it passes between
adjacent roll stands of the mill subjecting the
strip to a transverse force to thus deflect and
tension the strip, a variable speed motor con-
nected in driving relation with the rolls of one
ot the adjacent roll stands, & continuously driven
generator connected to affect the excltation of
said motor in accordance with the putput poten-
tial of sald generator, a transformer having its
primary and secondary windings relatively mov-
able to vary the transformer ratio, means con-
trolled in accordance with the deflection of the
strip by sald tensioning means for producing rela-
tive movement of said transformer windings, a
rectifier, and electrical circuit means directly con-
necting the secondary of sald transformer, said
' rectifier and the field winding of sald generator in
serles circuit relation.

6. In a tandem strip rolling mill, tensioning
mesns bearing on the strip as it passes between
adjacent roll stands of the mill subjecting the
strip to a transverse force to thus deflect and
tension the strip, a variable speed motor con-
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nected in driving relation with the rolls of one

of the adjacent roll stands, & continuously driven

generator connected to control the excitation of

said motor in accordance with the output poten-
tial of said generator, a transformer having a
core of variable reluctance, means controlled in
accordance with the deflection of the strip for
varying the reluctance of sald transformer core, a
rectifier, and electrical circuit means directly con-
pecting the secondary of said transformer, sald
rectifier and the fleld winding of said generator in
series circuit relation. .

7. In a device for maintaining tension on a
length of material as it passes between two work
devices, tensioning means bearing on the length
of material between the work devices and sub-
jecting the material to a transverse force to thus
deflect and tension the material, a variable speed
motor connected to drive one of the work devices,
a continuously driven generator connected to ex-
cite said motor, an auto-transformer having a
serles of taps intermediate the ends of its wind-
ings, a movable contact elemnent for selectively
engaging sald taps, means for moving sald con-
tact element in accordance with the deflection of
the material, a rectifier, and civrcugt means con-
necting sald rectifler, the fleld winding of said
generator, one end of said transformer windings

and said movable contact element directly in
serles electrical circuit relation.

8. In a tandem strip rolling mill,  tensioning
means bearing upon the strip as it passes be-
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“cuit relation.
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tween adjacent roll stands of the mill subject-
ing the strip to a transverse force to thus deflect
and tension the strip, a variable speed molpr
connected in drivifig relation with the rolls of one
of the adjacent ro}} stands, a continuously driven
generator connected to excite said motor, a first
transformer having its primary and secondary
windings relatively movable to vary the trans-
former ratio, means controlled in accordance
with the deflection of the strip by sald tension-.
ing means for producing relative movement of
said transformer windings, a rectifler, a second
transformer having its primary winding con-
nected to be energized in accordance with the
armature current of sald motor, a third trans-
former having its primary winding connected to
be energized in accordance with the output po-
tential of sald generator, and circuit mzans con-
necting the secondary windings of sald first, sec-
ond and third transformers, sald rectifier and
the field winding of said genermior in serles cir-

9. In & tandem strip roilicg mil tensioning
means bearing on the strip as it passe hetween
adiacent roll stands of the wol ribjecting the

strip to a transverse furce to thus defle
tension the strip, a variable speed motor con-
nected 1n driving relation with the rolls of one
of the adjacent roll stands, a continnously driven
generator connected to excite said motor, a Arst
transformer having a core of varlable reluctance,
means controlled in accordance with the deflec-
tion of the strip for varying the reluctance of said
transformer core, & rectifier, a second transformer
having its primary winding connected to be ener-
glzed in accordance with the armature current
of said motor, a third transformer having its
primary winding connected to be energized in
accordance with the output poteniial of sald gen-
erator, and circult means connecting the sec-
ondary windings of said first, second and third
transformers, said rectifler and the fleld winding
of sald generator in series circuil relation.

10. In & device for maintaining tension on &
length of material as it passes between two work
deviges, tensloning means bearing on the length

- of miaterial between the work devices and subject-

ing the material to a transverse force to thus
deflect and tension the material, a variable speed
motor connected to drive one of the work devices,
a continuously driven generator connected to ex-
cite said motor, an auto-transformer having a
series of taps intermediate the ends of its wind-
ings, a movable contact element for selectively
engaging said taps, means for moving said con-
tact element in accordance with the deflection of
the material, a rectifier, a second transformer

“having its primary winding connected to be en-

ergized in accordance with the armature current
of said motor, a third transformer having its
primary winding connected to be energized in ac-
cordance with the output potential of sald gen-
erator, and circuit means connecting sald recti-
fler, the secondary windings of said second and
third transformers, the fleld winding of said gen-
erator, said movable contact element and an end
of the winding of said auto-transformer in series
circuit relation,
WILLARD G. COOK.




