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. My invention relates to apparatus employed in
the manufacture of woven material. In the co-
pending application of Francis B. Menger and
myself, Serial No. 34,932, filled August 6, 1935,

5 there is disclosed and claimed apparatus for de-
tecting and automatically correcting any skew
that may occur in woven material such as cloth
during its manufacture. It is well known to

. those skilled in the art that due to the process

10 employed in the manufacture of the material
there is sometimes a further objection, namely,
the weft elements of the material become bowed
which condition may be due, for example, to the
material being drawn along by the edges over a

15 drying plate or through an oven. The material
may show both bow and skew or either one sepa-
rately.

One object of my invention is to provide im-
proved means for detecting a bowed condition of

90 woven material. Another object is to provide
improved means which in response to a bowed
condition of the material will automatically cor-
rect that condition, A further object is the pro-
vision of improved apparatus which serves to cor-

o5 rect both a condition of skew and a condition of
bow if either or both exist.

My invention will be better understood from
the following description taken in connection
with the accompanying drawings and its scope

30 will be pointed out in the appended claims.

Referring to the drawings, Fig. 1 is a perspec-
tive view of one form of apparatus embodying my
invention; Fig. 2 illustrates a detail of the elec-
trical equipment forming a part thereof; Fig. 3

35 1s a detail of the light beam controlling apparatus
shown in PFig. 1; Fig. 4 is a detail illustrating the
paths of the light beams for detecting skew in
the woven material; Fig. 5 is a detail illustrating
the paths of the light beams for detecting bow

40 in the woven material; and Fig. 6 is a circuit dia-
gram.

In the drawing, Fig. 1, the strip f of woven ma-
terial is shown having its opposite edges engaged
by a tenter of well known form comprising the

45 endless chains 2 and 3 which are driven by the
sprockets # and § respectively and which each
comprise a series of grippers 6, sometimes cailed
clips, which upon leaving a sprocket automatical-
ly grip the edge of the woven material to draw it

50 forward and also to stretch it laterally. The
tenter may be employed in the well known man-
ner to move the woven material such as fabric
over a hot plate or through an oven to effect the
drying thereof. In certain cases, however, I may

55 prefer that the above described tenter shall com-

prise an auxiliary or additional tenter employed
ahead of the main tenter in order that the woven
material may be delivered without skew or bow to
the main tenter.

For the correction of any skew that may be
present in the material as it reaches the tenter I
may provide means such, for example, as that
shown in the above-mentioned copending appli-
cation for appropriately varying the speed of one
of the two tenter chains relative to the other. In
the present case, however, I have shown the driv-
ing sprockets 4 and 5 of the two tenter chains
connected by the shaft T to be driven at the same
speed, suitable connections being made through
the main drive shaft 8 on which the sprocket §
is mounted and the worm gearing 8 with the main
driving motor 10. For the correction of skew in
this case I have provided a different mechanism
which I shall now describe. 'This mechanism in-
cludes the two fixedly mounted idler rolls {1 and
12 and the two adjustably mounted idler rolls 13
and |4 over which the material passes in two suc-
cessive loops. Roll 13 is mounted in the bearing

blocks 15 and the roll 14 is likewise mounted in

the bearing blocks 16. The blocks 5 connect
through the links 17 with the nuts 18 and the
blocks (6 likewise connect through the links I8
with the same nuts 18. The nuts 18 are threaded
on the screw shaft 20 which through the gearing
21 is driven in one direction or the other by the
motor 22. With this apparatus it will be seen
that if the material approaching the tenter is
skewed, that is, if the weft members are not per-
pendicular to the warp members or to the edge of
the strip, the skew can be readily corrected by the
rotation of the motor 22 in the proper direction
to cause corresponding ends of the rolls (3 and
{4 to approach each other or to separate from
each other. Correction for skew is thus made
in the material before it reaches the tenter, the
control of the motor 22 which effects this correc-
tion being governed by the skew detecting appa-
ratus which will be described later.

The material | in being drawn along by the
tenter sometimes becomes bowed, that is, the
central portion of the strip of material lags be-
hind the edge portions. To remove any bow that
may be present in the material, there is pro-
vided the driven roll 25 mounted directly
beneath the strip, the roll being driven through
the shafts 26 and 27 and suitable gearing from
the main shaft 8. The drive connection of the
roll 25 is such that the surface of the roll moves
at a somewhat greater speed than that of the
tenter chains. The material is pressed against
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the roll 26 with a variable pressure by means
of the idler roll 29 which preferably is somewhat
larger in diameter at its middie portion than at
its ends whereby there is a variable amount of
slip between the material and the driven roll,
the amount of slip and accordingly the amount
of bow correction produced by the apparatus
depending upon the amount of downward pres-
sure exerted by the roll 28, This roll is mounted

in the frame 30 which by suitable means, not -

shown, is supported for vertical movement and
fixed to the frame is the screw-threaded rod 3{
upon which is threaded the wormwheel 32. The
latter is rotated in one direction or the other
by the worm 83 driven by the motor 34 to raise

or lower the roll 29. If the presence of a rear-"

ward bow is detected in the material the motor
34 is energized to cause it to rotate in a manner
to depress the roll 28, thereby increasing the
pressure with which the material is pressed
against the driven roll 26 and decreasing the slip.
The central portion of the strip thereupon is
drawn forward with a somewhat greater speed
than the edge portions thereof and the rearward
bow decreases. If as a result of the above a for-
ward bow in the strip begins to appear, the de-
tecting apparatus operates to cause the motor
84 to rotate in the reverse direction to relieve
the pressure exerted by the roll 28.

- I shall now describe the apparatus by which
the presence of skew or bow is detected and by
which the motors 22 and 34 are operated. Shown
arranged beneath the strip of woven material are
three similar units designated A, B, and C.
These units include the similar light sources A36,
B36, and C36, the light from which is shown
concentrated, by way of example, by the. con-
densing lenses A37, B37, and C37 and by the cy-
lindrical lenses A38, B38, and C38 to form a light
line on the strip of material extending trans-
versely thereof, such a light line being repre-
sented by the dotted line 39 in Fig. 3. Close
beneath the strip are the rotatable slotted disks
Ad0, B40, and CA40, the slots 41 (see Pig. 3) of
which extend radially and are spaced apart a
distance approximately equal to the length of
the light line 39. As shown on the drawings,
disks A40 and B40 rotate in opposite directions
while disks A40 and C40 rotate in the same di-
rection, the speeds of all of these disks being
preferably the same. As the successive slots of
each disk sweep through the line of light 39 a
narrow light beam shown by the black rec-
tangle 42 in Fig. 3 passes through to the mate-
rial and by reason of the-forward movement of
the material this beam sweeps across the mate-
rial in a direction which is inciined to the warp
members and to the edge of the material as rep-
resented by the dot and dash line 43. The in-
clination of the path of movement of the light
beam will of course depend upon the direction
of rotation of the disk and the speed thereof
with respect to the speed of the moving mate-

. rial. Since disks A and B rotate in opposite
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directions the paths A43 and B43 will be inclined
in opposite directions and if the disks rotate
at the same speed the Inclination of the two
paths will be equal. .

If no skew exists in the material, that is,
if the weft members are perpendicular to the
warp members and to the edge of the strip, the

light beams of ‘units A and B will be inter-

cepted by the same number of weft members
during passage from one end of the path to the
other. However, if the material is skewed in a

8,100,611

manner represented, for enniple, by Fig. 4 the

beam of unit .A will be intercepted a greater .

number of times than the unit B. Hence the
frequency of interception of the beam of unit
A will be greater than the frequency of inter-
ception of the beam of unit B. In this connec-
tion it should be noted that no attempt has been
made in Pigs. 3, 4, and 5 to show the warp and
weft members of the material in their proper
proportion relative to the spacing thereof or to
the size of the light beam, it being understood
that in actual use the width of the weft mem-
bers is so related to the width of the light beam
that a substantial reduction in the amount of
light is effected each time a weft member passes
through a beam and the length of the beam 1s
such that the change in the number of warp
members which intercept it does not produce
an appreciable change in the beam. For the
purpose of making an electrical response to the
interception of the light beams I have provided
the photoelectric devices A48, B48, and C4§
which, for example, may be photoelectric tubes
and which are arranged above the strip to receive
the light beams which pass therethrough and on
which the light is focussed by suitable lenses
Ad6, B4S, and C4S. .

As described above, units A and B are em-
ployed in the detection of skew in the material
For the detection of bow in the material I em-
ploy units A and C. The disks of these two latter
units rotate in the same direction; hence the
paths of the light beams therefrom on the mate-
rial are similarly inclined, that is, they incline
in the same direction and make substantially the

“same angie with the warp elements and the edge

of the strip as shown, for example, at A43 and
CA43 in Fig. 5. It is essential for the detection
of bow that units A and C shall be spaced apart
laterally of the strip. As so arranged it will be
seen that if no bow is present in the strip the
light beams of units A and C will be intercepted
by the same number of weft elements. However,
if a rearward bow is present in the strip the
number of interceptions of the beam of unit A
by the weft members will be less than the num-
ber of interceptions of the beam of unit C as will
be clearly evident from an -inspection of Fig. 5,
Likewise if there is a forward bow in the strip
the number of interceptions of the beam of unit
A will be greater than that of unit C.

The three light disks which preferably rotate
at equal speeds may be driven by any suitable
means. I prefer to drive these disks by sep-

-arate polyphase synchronous motors shown at

AdS8, B48, and C48 which motors are connected
as gshown in Fig. 2 with the polyphase generator
49 which in turn is geared to the main drive
shaft 8 as shown in Fig. 1. With this ar-
rangement the speed of the disks bears a fixed
relation to the speed of the moving material.

I shall now describe the apparatus which I
have provided for controlling the operation of
the motor 22 which operates the skew correcting
mechanism in response to a difference in the fre-
quency of output of photelectric devices A45 and
B4§ and also the apparatus for controlling the
direction of rotation of the motor 34 which op-
erates the bow correcting mechanism in response
to a difference in the output frequency of the
bhotoelectric devices A48 and C45. In Fig. 6
I have shown the three photoelectric devices A4S,
B4R, and C48 connected to have their output am-
plified by the similar three stage resistance cou-
pled amplifiers A$2, B§2, and CB2 respectively.
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Inasmuch as these amplifiers are of common and
well known form it is not thought necessary to
give a detailed description thereof. If will be
noted that amplifiers B52 and C52 are shown
each having a single amplifier tube B53 and C33
respectively in the final stage while amplifier A52
is shown having two similar final stage amplifier
tubes A53 and A’83, the purpose of which will be
apparent as the description proceeds.

The output circuit of the amplifier tube B53
includes the primary of the transformer 54 and
the output circuit of the amplifier tube AS3 in-
cludes the primary of the transformer 55. The
transformer 54 is provided with the two secondary
windings 56 and 57 of which the former controls
the grid circuit of the valve 58 and the latter
controls the grid circuit of the valve 59. The two
windings 56 and 57, however, are reversely con-
nected to the grid circuits of valves 58 and '58
whereby at the same half cycle, which for con-
venience will be termed the positive half cycle,
of the transformer voltage, the grid of the valve
58 is made less negative with respect to its cath-

‘ode and the grid of the valve 59 is made more

negative with respect to its cathode. The grid
circuit of each of the valves 58 and 59 is pro-
vided with a suitable negative biasing means,
such as a battery, by which the valves are biased
to cut off; hence the current in the cutput circuit
of each of said valves is negligible when no voltage
is received from the windings 56 and 57.

The output circuit of the valve 58 is supplied
by one half of the voltage across the voltage
divider comprising the two fixed resistors 60 and
the adjustable resistor or potentiometer 62 con-
nected across the source 61 of direct current sup-
ply. The output circuit of the valve 58 includes
the capacitor 63 which receives a charge when-
ever valve 58 is rendered conductive. The out-
put circuit of the valve 59 includes the capacitor
63 and the capacitor 64 in series whereby when
this valve is rendered conductive the former ca-
pacitor may discharge into the latter capacitor.
The capacitance of the capacitor 64 is much
greater than that of the capacitor 63 being pref-
erably of the order of ten times greater. At each
positive half cycle, therefore, the valve 58 be-
comes conductive and the capacitor 63 receives a
charge. At each following (negative) half cycle
the valve 59 becomes conductive and allows the
capacitor 63 to discharge.into capacitor 64.

The magnitude and duration of each half eycle
or impulse by which the valves 58 and 53 are
rendered conducting need be only sufficient to
permit the capacitor 63 to become substantially
charged to the voltage supplied thereto and to
discharge into the capacitor 64 until the voltage
across each capacitor is substantially the same.
Any half cycles or impulses of greater magnitude
or duration, hence, will not materially affect the
total charge received by the capacitor 64.

The transformer 55 like the transformer 54
is provided with the two secondary windings 56’
and 57’ which control the operation of the valves
58’ and 59’ respectively in the same manner as
the corresponding parts described above. In the
output circuit of the valve 58’ is the capacitor
65 which is like the capacitor 63 and which re-
ceives a charge during each half cycle of one
polarity of the voltage supplied by the trans-
former secondary 56’. The valve 59’ like the
valve 59 permits the capacitor 65 to discharge
into the larger capacitor 64 during each half
cycle of the opposite polarity. The charges sup-
plied to the capacitor 64 by each of the smaller

3

capacitors 68 and 88 are of opposite polarity,
hence, they produce charges on the capacitor 64
of opposite polarity. If therefore the frequency
of the output of the photelectric devices A45 and
BAS are equal, equal and opposite charges will be
supplied from the capacitors 63 and 65 to the
capacitor 64 and at the same rate and the net
charge on the latter capacitor therefore will be
zero. However, if the frequency of the output
of the photo device BAS is greater than that of
device Ad5, then capacitor 64 will acquire a net
charge of one polarity; likewise, if the frequency
of the output of the photo device A45 is greater
than that of the device B43 the capacitor 64 will
acquire a charge of the opposite polarity.

The polarity of the resulting charge on the
capacitor 64 controls the direction of rotation of
the motor 22. The apparatus which I have de-
vised for effecting this control of motor 22 may

. comprise a plurality of similar valves but pref-

erably comprises the single valve 61 shown as
having duplicate cathode, grid and anode ele-
ments. It has two input circuits each connected
across one of the two equal resistors 68 which re-
sistors connect through the resistor 66 with the
opposite sides of the capacitor 64. The two
anodes of the valve 67 connect through the wind-
ings of the relays 69 and 18 with a suitable source
of current which may be direct or alternating and
the controlled circuits of these relays serve to
close the motor circuits 11 or 12 respectively. The
motor 22 may be of any well known and suitable
form which is adapted to rotate in one direction
or the other in accordance with whether the cir-

cuit T! or the circuit 12 is energized. If, there- 3

fore, the resultant charge on the main capacitor
64 is zero the valve 67 will not pass sufficient cur-
rent through either of its anode circuits to operate
the relay connected therewith. If, however, the
main capacitor 64 has a resultant charge in one
polarity the valve 67 will pass current through one
of its anodes, energizing one of the relays to cause
the motor 22 to turn in one direction. If the
main capacitor has a resultant charge in the
opposite sense the valve 67 will pass current
through the other anode circuit energizing the
other relay to cause the motor to turn in the
opposite direction.

The output circuits. of the amplifier tubes
A’53 and C53 include the primaries of the frans-
formers 54’ and 55’. .Each of these fransformers
is provided with two secondary windings like the
corresponding windings of the transformers 54
and 55 which windings control valveslike the cor-
responding valves already described above. These
valves control the charges received by the capaci-
tors 63’ and 65’ and also control the discharge of
those capacitors into the main capacitor 64’ in the
same manner as has been described above in con-
nection with the corresponding capacitors 63, 65
and 64, The net charge on capacitor 64’ whether
in one sense or the other controls the direction of
rotation of the motor 34, which may be like the
motor 22, in the same manner as has been de-
scribed above for the control of the motor 22
through the instrumentality of the valve 61’, and
the relays 69’ and 10’. Thus if the output fre-
quencies of the photoelectric devices A45 and C45
are equal, the resultant charge on the capacitor
64’ will be zero and neither of the two relays 69°
and 70’ will be energized. However, if the fre-
quency of output of the photo device C45 is
greater than that of the photo device A45 in re-
sponse to the presence of a rearward bow in the
strip of material, then the main capacitor 64’ will
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recelve a charge in a sense that will cause the
valve 61’ to energize the relay €9’ to cause the
motor 34 to turn in a direction that will in-
crease the pressure between the rolls 29 and 28
thereby removing the bow condition. If after
the rearward bow has been removed from the ma-
terial the slippage of the material over the roll
25 does not prevent an overcorrection of that
bow but results in the appearance of some for-
ward bow, the apparatus obviously will respond

thereto and operate in the reverse manner where- -

by the pressure between the rolls 29 and 2§ will
be decreased thereby to allow a somewhat greater
amount of slippage.

By means of the potentiometer 62 suitable cor-
rection may be made for circult variations and for
capacitance variations in the capacitors 3 and §8.
Also by the adjustment of this potentiometer the
motor 22 may be controlled to respond only when
the difference in the output frequencies of the
photoelectric devices departs from a predeter-
mined amount. For example, if it is desired that
the output frequency of the device B4% normally
shall be 30% higher than that of the device A4S,
the potentiometer 62 would be adjusted so that
motor 22 would operate in the proper direction
only in response to a certain small deviation from
that difference in the output frequencies of the
devices.

It will be seen that by the above-described ap-
paratus both a condition of skew and a condition
of bow in the material is corrected;-the two func-
tions being carried out simultaneously and in-
dependently. If desired the unit A may be dupli-
cated whereby one may cooperate with the B unit
to detect skew and the other cooperate with the
C unit to detect bow. However, I prefer to em-
ploy a single A unit and combine it with both
the B and C units in a manner such as I have
disclosed. ‘

I have chosen the particular embodiment de-
scribed above as illustrative of my invention and
it will be apparent that other modifications may
be made without departing from the spirit and
scope of my invention which modifications I aim
to cover by the appended claims.

What I claim as new and desire to secure by
Letters Patent of the United States, is,—

1. Apparatus for detecting a bowed condition
of the weft members of a strip of woven material
comprising means for producing a plurality of
light beams directed on said strip and spaced
apart laterally thereof, means for causing relative
movement between the beams and the strip, the

5 lines of said movement on said material being

similarly inclined to the edges of the strip where-
by the beams are intercepted by said weft mem-
bers and means responsive to the difference in
frequency of interception of said beams for indi-
cating a bowed condition of said members.

2. Apparatus for detecting a bowed condition
of the weft members of a strip of woven material
comprising a plurality of photoelectric devices,
means for directing a narrow light beam through
said material on each of said devices, means for
causing relative movement between each beam
and said material whereby the beams are inter-
cepted by sald weft members, the lines of said
movement being spaced apart laterally of and
similarly inclined to the edge of said strip and
apparatus responsive to the difference in fre-
quency of output of said devices adapted to indi-
cate a bowed condition of sald members.

3. Apparatus for detecting a bowed condition
of the weft members of a strip of woven material

2,106,611

comprising a plurality of photoelectric devices,
means for directing a narrow light beam through
said material on each of said devices, means for
moving said material longitudinally of the strip,
means for moving each of said light beams trans-
versely of the strip whereby the beams are inter-
cepted by the weft members of the material, the
lines of movement of the beams on the material
being spaced apart laterally and similarly in-
clined to the edge of the strip and apparatus re-
sponsive to the difference in frequency of out-
put of said devices constructed to Indicate a
bowed condition of said members.

4. Apparatus for detecting a bowed condition
of the weft members of a strip of woven material
comprising a plurality of photoelectric devices,
means for directing a narrow light beam through
said material on each of said devices, means for
causing relative movement between each beam

and said material whereby the beams are inter-

cepted by said weft members, the lines of said
movement being spaced apart laterally and simi-
larly inclined to the edge of said strip, means
for moving the central part of the strip forward
and means responsive to the difference in fre-
quency of output of sald devices for controlling
sald last mentioned means.

5. Apparatus for detecting a bowed condition
of the weft members of a strip of woven material
comprising a plurality of photoelectric devices,
means for directing a narrow light beam through
said material on each of said devices, means en-
gaging the edges of said strip for moving the same
longitudinally, means for moving each of the light
beams transversely of the strip whereby the
beams are intercepted by the weft members of
the material, the lines of movement of the beams
on the material being spaced apart laterally of
and similarly inclined to the edge of the strip
and apparatus responsive to the difference in fre-
quency of output of said devices for moving for-
ward the central portion of the strip faster than
the edges thereof.

6. Apparatus for correcting a bowed condition
of the weft members of a strip of woven mate-
rial comprising means for directing a plurality
of narrow light beams on said material at points
spaced apart laterally of the strip, means for pro-
ducing relative movement of the beams and the
strip, the lines of said movement being similarly
inclined to the edge of the strip whereby the
beams are intercepted by sald weft members, g
photoelectric device arranged to receive the un-
intercepted portion of each beam and a driven
member responsive to the difference in frequency
of output of said devices for moving forward the
central portion of said strip.
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1. Apparatus for correcting a bowed condition -

of the weft members of a strip of woven material

comprising means adjacent the opposite edges of -

sald strip for directing a plurality of light beams
thereon, means for moving sald beams laterally
of the strip, means engaging the edges of the strip
for advancing it whereby said beams are inter-
cepted by said weft members, the lines of move-
ment of the beams on the strip being inclined in
the same direction and making approximately
equal angles with the edge of the strip, photo-
electric devices arranged to receive the light of
said beams not intercepted by sald weft mem-
bers, a driven roller adjacent the central portion
of said strip and means responsive to the dif-
ference in frequency of output of said devices for
pressing the strip against the roller.
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8. Apparatus for separately detecting a bowed
condition and a skewed condition of the weft
members of a strip of woven material comprising
means for producing a plurality of light beams
directed upon said strip, two of said beams be-
ing spaced apart laterally of said strip, means for
causing relative movement between said strip and
each of said two beams, the lines of said move-
ment on said material being similarly inclined to
the edges of the strip and the line of movement
of another beam being oppositely inclined to said
edges and a plurality of devices, one responsive
to the difference in frequency of interception of
said two first mentioned beams by said weft
members for indicating a bowed condition thereof
and another responsive to the difference in fre-
quency of interception of said other beam and
one of the first mentioned beams by said weft
members for indicating a skewed condition
thereof.

9. Apparatus for separately correcting a bowed
condition and a skewed condition of the weft
members of a strip of woven material comprising

5

two photoelectric devices, means for directing a

narrow light beam through said material on each -

of sald devices at points spaced apart laterally
of the strip, means for moving the edge portions
of sald strip longitudinally, means for moving
said beams laterally of the strip, the lines of
movement of the beams on the strip being simi-
larly inclined to the edges of the strip, a third
photoelectric device, means for directing a third
narrow light beam through said material there-
on, means for moving said third beam laterally
of the strip, the line of movement of the third
beam on the strip being oppositely inclined to
that of the other beams, means responsive to the
difference in frequency of output of said two de-
vices for advancing the central portion of said
strip faster than the edge portion thereof and
means responsive to the difference in frequency
of one of said two devices and said third device
for changing the relative position of the two edges
of said strip.
CRAMER W. LA PIERRE.
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