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ABSTRACT 
An apparatus is provided for detecting breakage of at 
least one of blades of a rotary cutter for a tow. The 
apparatus comprises a first detector which produces a 
pulse for every pass of a tip of the cutter blade across 
a predetermined position, a second detector which 
produces a pulse or the definite number of pulses for 
every rotation or every definite number of rotations of 
the rotary cutter, and a discriminator receiving the 
output pulses from the both detectors to produce an 
abnormal signal when the number of pulses produced 
by the first detector during a period of time of the 
pulses produced by the second detector is smaller than 
a predetermined value. 

14 Claims, 18 Drawing Figures . 
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3,843,871 1 
APPARATUS FOR DETECTING BREAKAGE OF 

BLADE OF ROTARY CUTTER 
This invention relates to an apparatus for detecting 

breakage of at least one of blades of a rotary cutter for 
a tow. 

Widely known typical apparatus for cutting a tow or 
the like to a predetermined length comprises a pair of 
shallow tub-shaped cylindrical disks and a rotating cut 
ter having a plurality of radially extending blades. Each 
disk has slots along a cylindrical flange thereof. The 
slots of the two disks are so disposed as to come into 
alignment with each other successively as the two disks 
rotate in the opposite directions, and the tow to be cut 
is fed between the flanges of the two disks. The cutter 
blades pass through the aligned slots to cut the tow to 
a predetermined length. 
The cutter blade usually develops very small or fine 

cracks at the base of the blade due to distortion caused 
while the blade material is being processed, grinding of 
the blade, or impact at the time of cutting the tow. Fur 
thermore, wear due to stress will be accumulated dur 
ing the time of cutting the tow and the blade tends to 
be broken at the base of the blade in which cracks de 
veloped. - 

Breakage of the cutting blade while the rotary cutter 
is in operation does not at all affect the operation itself. 
Hence the operators often do not find the occurrence 
of such breakage of the blade and continue the 
operation. As a result, if it is assumed that only one 
blade is broken, the tow across which the blade 

2 
By specifying the interrelationships among such first 

detector, second detector, and the discriminator, the 
present invention may be embodied as follows: 

First, the second detector produces n units of pulses 
for every rotation of the rotary cutter, the pulses being 
produced to have a period of time during which one 
pulse is produced by said first detector. The discrimina 
tor receives the output pulses from both detectors to 
produce an abnormal signal when no pulse is received 
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would have passed remains uncut, resulting in, say, 
'double-length cut' abnormal products having twice 
the predetermined length. Such "double-length cut" 
abnormal products often cause trouble in spinning or 
in other processings. 

Accordingly, an object of this invention is to provide 
an apparatus for detecting breakage of the blade of a 
rotary cutter at an early time. 
Another object of this invention is to provide a de 

tecting apparatus which does not require adjustment 
even if the cutting speed is varied. 

Still another object of this invention is to provide a 
detecting apparatus which allows for easy adjustment 
when the number of cutter blades is changed. 
A further object of this invention is to minimize the 

production of "double-length cut" abnormal products, 
thereby omitting regular checking work by operators. 

To achieve the above-mentioned objects, the present 
invention provides an apparatus for detecting breakage 
of at least one of the blades of a rotary cutter for a tow 
in which n (an integer of 2 or more) blades are radially 
disposed, comprising: a first detector which produces 
a pulse for every pass of a tip of the cutter blade across 
a predetermined position; a second detector which pro 
duces a pulse or a definite number of pulses for every 
rotation or every definite number of rotations of said 
rotary cutter, said pulses being produced to have ape 
riod of time during which the number of pulses pro 
duced by said first detector normally reaches a prede 
termined value; and a discriminator receiving the out 
put pulses from said both detectors to produce an ab 
normal signal when the number of pulses produced by 
the first detector during said period of time defined by 
said pulses produced by said second detector is smaller 
than a predetermined value. 

35 

40 

45 

50 

55 

circuit diagrams of FIG. 4a to FIG.9b. . . 
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from the first detector during the pulse period of the 
second detector. 
Second, the second detector produces one pulse for 

every rotation of the rotary cutter, the pulses being pro 
duced in a period of time during which n units of pulses 
are produced by the first detector. The discriminator 
receives the output pulses from the both detector to 
produce an abnormal signal when the number of pulses 
produced by the first detector during the period of time 
defined by pulses produced by the second detector is 
smaller than n units. 
Third, the second detector produces one pulse for 

every m (an integer of 2 or more) revolutions of the ro 
tary cutter, the pulse being produced to have a period 
of time during which n munits of pulses are produced 
by the first detector. The discriminator receives the 
output pulses from both detectors to produce an abnor 
mal signal when the number of pulses produced by the 
first detector over a period of time determined by 
pulses; produced by the second detector is smaller than 
reference value determined at near the center between 
in m and (n-1)m. 
As a detecting means to be used in the above 

mentioned first and second detectors, a known photo 
electric switch or an proximity switch which is mag 
netically actuated when a ferromagnetic metal piece 
approaches may be used. . 
The above and further novel features and objects of 

this invention will appear more fully from the following 
detailed description when the same is read in connec 
tion with the accompanying drawings, and the novel 
features will be particularly pointed out in the ap 
pended claims, 

In the figures where like elements are referenced alike: 
FIG. 1 is a perspective view showing major portions 

of an apparatus for detecting broken blades of a rotary 
cutter. 

FIG. 2 is a circuit diagram of the first detector shown 
in FIG. 1. . . . . . . . 
FIG. 3 is a circuit diagram of the second detector 

shown in FIG. 1. 
FIG. 4a to FIG. 9a are circuit diagrams of different 

discriminators which receive output signals from the 
first and second detectors. 

FIG. 4b to FIG.9b and FIG. 7c are time charts of the 

FIG. 10 shows a switch circuit which is operated by 
the abnormal signals from the above-mentioned dis 
criminators, and " . 

FIG. 11 is a perspective view showing another em 
bodiment of the first detector and the second detector. 

65 
Referring to FIG. 1, a conventional apparatus com 

prises a pair of shallow tub-shaped cylindrical disks 1 
and 2 of identical shape having one side open. Slots 5 
and 6 of the same length and width are equidistantly 
spaced from each other along the curved cylindrical 
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flanges 3 and 4 of said disks, said slots being parallel to 
the shafts 7 and 8 upon which the disks are mounted. 
One end of each of the slots opens out of the side edge 
of the flange 3 and 4. These disks are so disposed that 
when the open sides face in the same direction and the 
curved flange surfaces are adjacent each other, corre 
sponding slots 5 and 6 are in alignment with each other. 
The disks 1 and 2 are of the same size and they rotate 
at the same speed in the directions of arrows C and D 
respectively. A tow A that is delivered from the direc 
tion of arrow B is held between the curved flanges of 
the disks. 
A rotating cutter 9 having a plurality of radially ex 

tending blades 10 is disposed adjacent said contacting 
curved flange surfaces 5, 6, the cutter blades being 
adapted to pass during their rotation through a channel 
formed by two aligned slots 5, 6 to cut the tow which 
has been fed between the curved flange surfaces. The 
shaft 11 of the cutter and the shafts 7 and 8 of the disks 
are linked to a single induction motor via a gear mecha 
nism (not shown), so that the revolution ratio of the 
disks to the rotating cutter is constant. Though the rev 
olution speed of the rotating cutter varies in accor 
dance with conditions, it is about 600 r.p.m. Two de 
tectors 12 and 13 are incorporated to such rotary cut 
ter apparatus; The first detector 12 produces electric 
pulses equal in number to the number of cutter blades 
10 which pass thereover while the rotary cutter 9 ro 
tates, once and the second detector 13 produces a pre 
determined number of pulses while the rotary cutter 9 
rotates Once. 

FIG. 2 shows the first detector 12 constructed by 
using a conventional photoelectric switch. A light 
emitting portion 14 and a light-receiving portion 15 are 
so arranged as to face to each other, and the cutter 10 
is allowed to pass between the two portions 14 and 15. 
The portion 14 has a light-emitting element in which 
the light 18 is from a lamp 16 through a lens 17. The 
emitted light 18 emitted is received by the light 
receiving portion 15 as far as not interrupted by the 
cutter blade 10. The portion 15 comprises a lens 19, 
phototransistor 20, amplifier 21, and Schmitt circuit 
22. When the light 18 is not interrupted by the cutter 
blade 10, the collector potential of the phototransistor 
20 will be negative so that the output potential of the 
Schmitt circuit 22 will be zero volts. When the light 18 
is interrupted by the cutter blade 10, the collector. po 
tential becomes positive so that the output potential of 
the Schmitt circuit 22 will be 12 volts. 
FIG. 3 shows a circuit of the second detector having 

a proximity switch, Referring to this circuit, an oscilla 
tion coil 24, which works together with ferromagnetic 
metal pieces 23 (see FIG. ) attached by means of a 
screw 29 to a blade bed of the rotary cutter 9, is en 
closed in a head of the second detector 13. When the 
metal piece 23 approaches the oscillation coil 24 as 
shown in the Figure, due to a change in inductance and 
a change in loss, the oscillator circuit 25 stops its oscil 
lation. As the metal piece 23 retreats from the oscilla 
tion. Coil 24, the oscillator circuit 25 restores and 
maintains its oscillation. Resonance circuit 26, NOT 
circuit 27, and Schmitt circuit 28 are coupled to the os 
cillator circuit 25 seriatim, so that when the oscillator 
circuit 25 is not oscillating, the output potential will be 
plus 12 volts, and when oscillating, the output potential 
will be zero volt. 
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4. 
Accordingly, when the first and second detectors 

produce pulses, the potential of the output signal from 
the first or the second detector will be t-12 volts. When 
the output pulses of these detectors distinguish, the po 
tential of the output signal drops from +12 to 0 volt. 
For simplification, the output signals from the first 

and the second detectors hereinafter are referred to as 
P and P. 
A discriminator to determine breakage of the cutter 

blades by using pulse signals P4 and Ph is illustrated 
below with reference to several embodiments. In the 
following illustration, the "0" state and "1" state stand, 
respectively, for 0 volt and +12 volts. 

In a first embodiment, six ferromagnetic metal pieces 
23 are each attached by screw 29 to the blade bed be 
tween the space defined by six cutter blades, so that the 
pulses are produced alternately in time series manner 
by the first and second detectors. In this embodiment 
a discriminator shown in FIG. 4a is employed in which 
a pulse signal P is turned to its opposite pulse signal Si 
through NOT circuit 102, and is further converted into 
a positive impulse signal S2 through a differential cir 
cuit 103. The impulse signal S is fed to a set terminal 
of a flip-flop 104. To a reset terminal of the flip-flop 
104 are fed a pulse signal P through OR circuit 107 
and an external reset signal. The time at which the flip 
flop 104 is set and output signal Q is turned from 0 to 
l is delayed slightly with respect to the time at which 
the pulse signal Pt is turned from 1 to 0. This delay or 
lag is caused by the functioning time of the NOT circuit 
102, the differential circuit 103, and the flip-flop 104. 
The signal Qi and the pulse signal P are fed to AND 

circuit 105, and output signal Sa of the AND circuit 105 
is fed to a set terminal of flip-flop 106 which receives 
the external reset signal as a reset signal. 
The above-mentioned external reset signal is a pulse 

which will be produced when either a push button for 
starting the rotary cutter or a push button for resetting 
an alarm (not shown) is pushed. 
As shown on the left half of FIG. 4b, where there are 

no broken cutter blades, the flip-flop 104 will have 
been reset by the pulse signal P and its output signal 
O will be in 0 state before the pulse signal P is turned 
from 0 to l state. On the other hand, as mentioned 
above, the signal Q will turn from 0 to 1 immediately 
after the pulse signal P has turned from 1 to 0. 
Hence both the output signal Sa of the AND circuit 

105 and the output signal Q, of the flip-flop 106 remain 
in the 0 state. But if one of the cutter blades has been 
broken, the light will not be interrupted when the bro 
ken cutter blade has passed near the photoelectric 
switch, so that the first detector does not produce the 
pulse. Pulse Po shown by dotted line on the right of 
FIG. 4b stands for such “not produced' pulse. This 
means that the flip-flop 104 at the time tx, is not reset 
and remains in the "set' state, and its output Q re 
mains in the 1 state. By further rotation of the blade 
bed, when the ferromagnetic metal piece 23 ap 
proaches the second detector 13 at the time t, the 
second detector produces a pulse P, whereby the out 
put signal Sa of the AND circuit 105 is set to the 1 state, 
and the signal S3 sets the flip-flop 106 so that its output 
Q, is in the 1 state. This state will continue until the 
above-mentioned external reset signal is received. 
The R-S type flip-flop 104 of FIG. 4a is replaceable 

with a J-K type flip-flop or an R-S-T type flip-flop. FIg. 



5 
5a shows a discriminator which employs the R-S-T type 
flip-flop. Briefly illustrating, this discriminator resem 
bles the above-mentioned embodiment in that the pulse 
signal PB is converted into an impulse signal S, but is 
different in that the impulse signal S of this circuit trig 
gers the R-S-T flip-flop 114, which is reset by the pulse 
signal PA, and reverses the state. Accordingly, in its op 
eration, the state of output signal Q of the flip-flop 114 
as far as there is no breakage in the cutter blades is 
equal to the output signal Q of the flip-flop 104 shown 
in the left half of FIG. 4b, and is as shown in the left half 
of FIG. 5b. But if a cutter blade is broken, and pulse Po 
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is not produced, the flip-flop 114 will not be reset (the 
output signal Qa remains in the 1 state). At time tx; the 
pulse signal P B is switched to the 1 state and the output 
signal Ss, of the AND circuit 105 becomes 1, which 
makes the output signal Q, of the flip-flop 106 1. The 

5 

flip-flop 114 will be triggered at time tra by the next re 
ceived pulse and will be reset. 
In the embodiments of FIG. 4a and FIG.5a the pulse: 

signal Pa was employed as one of the input signals to 
the AND circuit 105. But this pulse PB may be replaced 
by a pulse signal P4. An embodiment of a discriminator. 
using such a pulse signal P is; shown in FIG. 6a. In the 
circuit of FIG. 6a, the pulse signal P is fed to the AND 
circuit 105 and, at the same time, is converted into an 
impulse signal Ss through NOT circuit 122 and differ 
ential circuit 123, which is fed to a set terminal of R-S 
type flip-flop 128 and to a reset terminal of R-S-T type 
flip-flop 124 through OR circuit 127. An external reset 
signal is fed to OR circuit 127 and to the reset terminals 
of flip-flops 106 and 128. Pulse signal Pb is fed to a trig 
ger terminal of the flip-flop 124. Output signal Q of the 
flop-flop 124 which when reset produces all output, is 
fed to AND circuit 105. Output signal S of the AND 
circuit 105 is fed to a set terminal of flip-flop. 106. Out 
put signal Qua of the flop-flop 128 is fed to the AND cir 
cuit 105. 

20 

25 

6. 
(output signal Q is in the 1 state). As the time 
passes to txs and the pule signal PA of the 1 state is 
fed to the AND circuit 105, the output signal Sa 
of the AND circuit 105 and the output signal Q of 
the flip-flop 106, respectively, are set to the 1 state. 
The discriminators shown above in FGS. 4a, 5a and 

6a can be modified appropriately. For example, the 
pulse signals PA and P to the flip-flop 104 of FIG. 4a 
may be fed in opposite relation, and the signal Q, oppo 
site to the output signal Q. of the flip-flop 104 may be 
fed as the input signal to the AND circuit 105, thereby 
functioning in substantially the same manner as that 
shown in the time chart of FIG. 4b. Also, the outputs 
of OR circuits 107,127 shown in FIGS. 5a and 6a may 
be fed to the set terminals of the flip-flops 114, 124, 
and the outputs Qa and Q4 of these flip-flops may be fed 
to the AND circuit 105. Furthermore, the AND circuit 
105 shown in FIGS. 4a, 5a and 6a may be replaced by 
an OR circuit or a NOR circuit. Likewise, AND circuits 
135 and 245 shown respectively in FIG. 7a and 8a, 
which will be described hereinafter, may be replaced 
by an OR circuit or a NOR circuit. 

In the embodiments mentioned above, the first and 
the second detectors produced pulses alternatingly in 
time series manner. “. . . 

in a second embodiment, one ferromagnetic metal 
piece 23 is attached to the blade bed of the rotary cut 

30 
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When the rotary cutter is started, the discriminator 
receives the external reset signal, whereby the three 
flip-flops 124, 106, and 128 are reset. Once the flip 
flop 128 has been reset, the output signal Sa of the 
AND circuit 105 remains in the 0 state, regardless of 
the state of the pulse signal PB and the signal Q. 
Immediately after the rotary cutter is started, the first 

detector starts to produce pulses. When the first pulse 

40 

ter so that the second detector produces one pulse per 
revolution of the rotary cutter. A signal to inform the 
breakage of the cutter blade is produced when an even 
number (or odd number) of output pulse produced 
from the first detector, corresponding to the number of 
cutter blades which should be present during the period 
of time when the pulses are produced by the second de 
tector is changed into an odd number (or even num 
ber). 

Referring to FIG. 7a, the pulse signal P is fed to a 
trigger terminal of R-S-T type flip-flop. 134. The pulse 
signal Ph from the proximity switch which is actuated 
by the single metal piece 23 is fed to AND circuit 135, 
and at the same time the pulse P is converted into an 
impulse signal Se through NOT circuit 132 and differ 

45 

of these pulses has extinguished, the flip-flop 128 will 
be set by the first impulse of the impulse signals Ss. 
Therefore, the output signal Qua of the flip-flop 128 will 
remain in the 1 state until an external reset signal is re 
ceived. Consequently, the AND circuit 105 will be 
placed in the condition where it is capable of distin 
guishing whether the other two inputs P and Q are si 
multaneously in the 1 state. At the same time, the flip 
flop is reset. . 
Where there is no breakage of the cutter blades, the 

pulse signal P and the signal Q are not simultaneously 
in the 1 state, as shown in the left half of FIG.6b. Ac 
cordingly the output signal Sa of the AND circuit 105 
is the 0 state. However, if a cutter blade is broken, the 
impulse signal S. corresponding to the disappeared 
pulse Po, i.e., the reset input will not be fed to the flip 
flop 124, and hence pulse signals Pb as trigger inputs 
will successively be fed to the flip-flop 124 at times 
txa and txs as shown in the right half of FIG. 6b. 
The flip-flop 124 at the time txs, therefore, main 
tains unchanged state, i.e., equal to when being reset 

50 
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ential circuit 133, and is fed as a set input to flip-flop 
138, and fed as a reset input to the flip-flop 134 
through OR circuit 137. An external signal is fed to the 
OR circuit 137 and to the reset terminals of the two 
flip-flops 138 and 106. Either one of output signals Qs 
or Qs of the R-S-T type flip-flop is fed via a switch 139 
to the AND circuit 135. The AND circuit 135 receives 
an output signal Qs from the flip-flop. 138. An output 
signal S of the AND circuit 135 is fed to a set terminal 
of the flip-flop 106. . . 
The discriminator in this embodiment includes the 

R-S type flip-flop. 138 which has the same function as 
the flip-flop 128 in FIG. 6a. Accordingly, after the flip 
flop. 138 has been set by the first impulse of the impulse 
Se produced by starting the rotary cutter, the AND cir 
cuit 135 will be placed in a condition where it is capa 
ble of distinguishing whether the pulse signal P and the 
signal Os (or Qs) are simultaneously in the 1 state. 
The flip-flop. 134, on the other hand, is reset by the 

impulse signal Se and is triggered by the pulse signal PA, 
to reverse its own state successively. The flip-flop. 134, 
after being reset and reversed an odd number of times, 
will be in the reset state. That is, the output signals Qs 
and Q, at this time will be in 0 and 1 states, respec 
tively. In this way, even if the impulse signal Ss is fed 
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to the reset terminal of the flip-flop. 134 which has been 
in the reset state, its state will remain unchanged. But 
the flip-flop 134, after being reset and reversed odd 
number of times, will be in a state opposite to the reset 
state. That is, the output signals Q and Q at this time 
will, respectively, be 1 and 0. If the impulse signal S is 
fed to the reset terminal of the flip-flop. 134 under this 
state, flip-flop 134 will necessarily be placed in the 
reset State. 
Where the number n of cutter blades is an even num 

ber, for example, six, the switch 139 should be so set 
that the output signal Qs of the flip-flop. 134 is fed to 
the AND circuit 135. In this case, as shown on the left 
side of FIG. 7b, if there is no breakage of the cutter 
blades, the output signal Qs of the flip-flop. 134 fed to 
the AND circuit 135 via the switch 139 at the time 
when the pulse signal P is just turning to 1 is already 
in the 0 state. Hence the output signal S of the AND 
circuit 135 remains in the O state. But if it is assumed 
that only one cutter blade has been broken, the number 
of times the flip-flop 134 has reversed will be reduced 
by one. Accordingly, as shown on the right side of FIG. 
7b, when the pulse signal P is just turning to l, the out 
put signal Qs of the flip-flop 134 connected to the AND 
circuit 135 will already be in the l state. Hence the out 
put signal S of the AND circuit 135 will 1, which 
makes the output signal Q2 flip-flop 106 1. 
Where the number n of cutter blades is odd, for exam 

ple, five blades, the switch 139 should be set so that the 
output signal Q, from the flip-flop 134 is fed to the 
AND circuit 135. In this case, where there is no break 
age of the blades, the output signal Qs at the time when 
the pulse signal PB is just turning into 1 will already be 
in the 0 state, and the output signal S will remain in the 
0 state. But if breakage occurs on the blade, the output 
signals Qs, s and Q are changed to the l state at the 
time when the pulse signal P is changing into l. 
Thus, in this embodiment, where the number of the 

cutter blades is even (or odd), the abnormal signal will 
be or will not be produced at the time when the pulse 
signal P is turning into the state depending on 
whether the flip-flop. 134 has been reset (or can be re 
set) or can be reset (or has been reset). 
The discriminator shown in FIG. 8a constitutes a ring 

counter, in which J-K type flip-flops 144A - 144F in 
number equal to the number of the cutter blades used, 
for example, six blades are connected like a ring by 
means of switches 149. This ring counter comprises a 
flip-flop 142 which is reset by an external reset signal 
and will be set by the pulse signal Ph, and AND gate 
143 which receives as inputs an output signal from the 
flip-flop 142 and the pulse signal P and feeds its (AND 
gate 143) output as trigger inputs to the flip-flops 144A 
- 144F constituting the above-mentioned ring counter. 
If the R-S flip-flop 142 is reset by the external reset sig 
nal before the pulse signal P is produced, i.e., when 
the cutting device is being started (timeta), the AND 
gate 143 will be closed. Simultaneously, the external 
reset signal causes the flip-flop 14.4A to be preset so 
that its output signal Q. becomes the 1, and causes 
other flip-flops 144B - 144F to be cleared so that their 
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8 
counter, the first pulse p of said pulse signals P will 
set the output signal Q. of the J-K flip-flop 14.4A to the 
0 state, and will set the output signal Qi of the next flip 
flop 144B to the 1 state. The second pulse p, then sets 
the output signal Oh to the 0 state and the output signal 
Qe of the following flip-flop 144C to the 1 state. In this 
way, the third, fourth and fifth pulses pa, P, and P suc 
cessively set the output signals. Qi, Qt, and Of the 
state. The sixth pulse P; then sets the output signal Q 
to the 0 state and the output signal Q. to the l state. 
When there is no breakage of the cutter blades, six 
pulses will pass through the AND gate 143 during each 
period between successive pulse signals P. The above 
mentioned operation will be repeated, and every one of 
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respective output signals Q-Qr become 0. Then if the 
pulse signal P for the first time becomes 1 at time ti, 
the flip-flop 142 will be reset, and the AND gate 143 
will be opened. As a result, the pulse signal P. passed 
through the AND gate 143 triggers every J-K flip-flop 
144A - 144F. Since J-K flip-flops 144A-144F the ring 

65 

the J-K flip-flops 144A - 144F will function as shown 
in the time intervel Tx of FIG. 8b. In this way, where 
the pulse signal Phis in the 1 state, the output signal Q. 
will be in the 1 state and its opposite signal Q will be 
in the O state. 
The discriminator has an AND circuit 145 which re 

ceives as inputs the output signal Q of the flip-flop 
144A and the pulse signal Pe. Output signal Ss of the 
AND circuit 145 sets the flip-flop 106, and the flip-flop 
106 is reset by the external reset signal. When there is 
no breakage of the cutter blades, and where the pulse 
signal P is in the 1 state, the output signal Q will be 
in the 0 state as mentioned above. Hence the output 
signal S of the AND circuit 145 will always be in the 
0 state. But if one of the cutter blades breaks, as shown 
in the time interval Ty of FIG. 8b, only five pulses will 
pass through the AND gate 143 during one cycle (or 
period) of the pulse signal Pt. Accordingly, the time re 
quired for the output signal Qi to turn itself into the l 
state will double compared to the normal instance, and 
the change of the output signals Q, Qt, Qe, and Or will 
be delayed a little compared to their normal response. 
Therefore, when the pulse signal P is just turning into 
the 1 state, the output signal Q will be in the l state, 
and the output signal Q will be still in the 0 state (out 
put signal Q is in the 1 state). Hence the output signal 
S. of the AND circuit 145 will be switched to the l 
state, and the output signal Q, of the R-S flip-flop will 
be set to the 1 state. 
Although the time interval following the interval Ty 

has not been shown in FIG. 8b, when the pulse signal 
Ph is just becoming 1, the output signal Q in this inter 
val (following the interval Ty) will be in the 1 state. 
Furthermore, in the next interval, when the pulse signal 
Pn is just becoming 1 the output signal Q will be in the 
l state. Accordingly, in place of the output signal Q, 
any one of the output signals Q, Q, Qb, Qt, or Or may 
be put into the AND circuit 145. Also, instead of put 
ting the signal Q into the AND circuit 145, the output 
signals On, Q, Qt, Qe, and Q may be put into one OR 
circuit, and the output signal of the OR circuit may be 
put into the AND circuit 145. 

In this embodiment, when the number of the cutting 
blades is to be changed, for example, from six to five 
blades, one needs only to advance the switch 149 for 
one step in the clockwise direction. 
A final embodiment employing a discriminator 

shown in FIG. 9a shall be described hereinafter. In this 
embodiment, a pulse is produced from the first detec 
tor as each cutter blade passes a predetermined point. 
However, this embodiment is different from the above 
mentioned first and second embodiments in that the 
second detector produces one pulse for every m (an in 
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teger of 2 or more) rotations of the cutter blades. In the 
embodiment shown in the Figure, a frequency divider 
151 which divides frequency into 11n is provided on 
the output side of a proximity switch which is actuated 
by a single metal piece 23, so that when m 32 4, every 
time when the frequency divider 151 received four 
pulses from the approach switch, the frequency divider 
151 triggers a monostable multivibrator 152 once, 
thereby causing the monostable multivibrator 152 to 
produce a pulse several milliseconds in width. The out 
put signal from this monostable multivibrator 152 shall 
be hereinafter referred to as pulse signal P, . Of 
course an auxiliary shaft driven by the cutter shaft 
through a reduction gear having a reduction ratio of 
lim may be used in place of the frequency divider 151 
to produce a single pulse Pi- for every rotation of the 
auxiliary shaft. This discriminator has a binary counter 
comprising five flip-flops 156A - 156E to count the 
pulse signals P. fed through AND gate 157. The value 
of the counter will return to zero if the counter is 
cleared by signal Ss which is converted from said pulse 
signal Pt - through NOT circuit 153 and differential 
circuit 154. The pulse signal P can pass the AND gate 
157 after an R-S type flip-flop 155 reset at time to by 
an external reset signal, is set by the first impulse signal 
S9 at time t. 
A setting means 158 composed of an AND circuit re 

ceives every output signals Q, Q, Qe, Q, and Qe from 
flip-flops 156A - 156E forming a counter, and the out 
put pulse So thereof becomes the l state when these 
output signals are all in the l state. 
R-S fip-flop 159 is set by the impulse signal S9 pro 

duced when the pulse signal PR turns from l state to 
0 state and is reset by the signal Sto. Output signal Ols 
from the flip-flop 159 is fed to AND circuit 160 to 
gether with the pulse signal P. This flip-flop 159 and 
the AND circuit 160 form a gate circuit 161 to deter 
mine whether the pulse signal P is permitted to pass 
through toward a flip-flop 106. It will easily be under 
stood that the gate circuit 161 is opened by the impulse 
signal Ss and closed by the signal Sto. 

If none of the six cutter blades break, the counter 156 
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will count 6 x 4, i.e., 24 pulses while the rotary cutter 
rotates four times. Hence, after the pulse is produced 
from the monostable multivibrator 152, the counter 
156 will count 22 pulses before the rotary cutter rotates 
four times thereby establishing a relation 
O=Q=Q=Q-Q=l. Accordingly, the output signal 
So of the setting means 158 is l, which closes the gate 
circuit 161. Hence if the rotary cutter has rotated four 
times, and a pulse is produced again from the monosta 
ble multivibrator 152, said pulse cannot pass throug 
the gate circuit 161. 
But if it is assumed that one of six cutter blades is bro 

ken, the counter will count only (6 - 1) x 4, i.e., 20 
pulses P while the rotary cutter rotates four times. 
Hence when the rotary cutter has rotated four times 
after the pulse has been produced from the monostable 
multivibrator 152, the counter cannot hold a relation 
Q=Q-Q=QFQ=1. Hence the gate circuit 161 will 
be left open. And when the rotary cutter has rotated 
four times and the monostable multivibrator 152 has 
produced a pulse, said pulse will pass through the gate 
circuit 161, setting the flip-flop 106, so that the output 
signal Q is set to l. 

If the number of the cutter blades employed is n, a 
setpoint a of the setting means 158 will most desirably 
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be (n -/2)m which is a central value between n - m and 
(n - 1)m. But if m is an odd number, the setpoint a 
may be (n-6)m -- / or (n - %)m - 42. But where m 
is greater than 4, the setpoint a need not be set strictly 
to the central value, but may be set near the central 
value. Also, where the number of the cutter blades is 
changed, the setpoint a may be increased or decreased 
by a multiple of m. If illustrated with m = 4, the switch 
can be operated easily to select signals as shown in the 
table below so as to give inputs to the setting means 
158. 

input to 158 OY 

Qe, Q, Qe, Oh, Q 
Qe, Q, Q, Q, Q 
Or, Qi, Q, Qu, O. -- a 
Qe, Q, Q, Qu, QA 26 
Qe, Ot, Qe, Qi, Q. 

14 
8 

1 - 

so 

The discriminator according to this embodiment has 
such an advantage that, even when the fiber scattered 
from the tow having been cut passes through the photo 
electric switch of the first detector 12 to cause addi 
tional pulses to be superposed onto the pulse signal Pi, 
or even where more electric noise is present in the first 
detector compared to the second detector, no abnor 
mal signal Q will be developed, provided the number 
of superposed pulse or noise is smaller than o' -- (n. 
- 1)m or nm - a. . . . . 
The final output signal Q, produced by the discrimi 

nator mentioned above in all cases remains in the 0 
state so long as the cutter blade 9 remain unbroken, 
and is set to 1 when; the breakage occurs on the cutter 
blades 9. It will be relatively easy to actuate an alarm 
or to automatically stop the rotary cutter by means of 
the output signal Q, which is in the 1 state. FIG. 10 
shows such a circuit. 

Referring to FIG. 10, where the output signal Q, is in 
the 0 state, i.e., zero volts, transistors 160, 161 will be 
in the "cut off" state and relay 162 is not excited. But 
if the output signal Q, is in the 1 state, i.e., +12 volts, 
the both transistors 160, 161 will be made conductive, 
so that the relay 162 is excited, and the contact point 
output will be rendered conductive. The contact point 
output actuates the alarm bell (not shown) or cuts off 
the power switch connected to the motor driving the 
rotary cutter. 

In the foregoing are illustrated embodiments of this 
invention, but the detecting means of the first detector 
12 shall not be limited to the photoelectric switch. . 
Since the material of the cutter blades 10 are usually 
made of a magnetic metal, a proximity switch which is 
magnetically actuated may be employed. FIG. 11 
shows an embodiment in which the proximity switch 30 
is employed as the detecting means of the first detector 
12'. However, if the proximity switch 12' is adapted to 
a bias cut in which the cutter blades are alternatingly 
attached at different angles, for example 20, with re 
spect to vertical planes, two such approach switches 
will be required. That is, one is for detecting half the 
number of the blades in one direction, and the other is 
for detecting the remaining blades in the other direc 
tion. In contrast, only one photoelectric switch will be 
sufficient even for the bias cut. 
The detecting means of the second detector 13 shall 

not be limited to the proximity switch either and may 
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be replaced by a photoelectric switch. In the embodi 
ment shown in FIG. 11, a detecting means of the sec 
ond detector 13' comprises a band 32 secured to the 
shaft 11 of the rotary cutter or another shaft opera 
tively connected to the rotary shaft and a rod 31 radi 
ally extending from the band. The rod 31 is rotated and 
interrupts the light between the opposing light-emitting 
portion 33 and light-receiving portion 34 of the second 
detector 13'. Preferably, the photoelectric switch is 
mounted to be free from the scattered fiber from the 
tow having been cut, for example, at a place adjacent 
the lower portion of the rotary shaft 11. 
What is claimed is: - 
1. An apparatus for detecting broken blades in a ro 

tary cutter for a tow having at least two radially dis 
posed cutter blades, comprising: 
a first detecting member operatively positioned rela 

tive to said rotary cutter for producing a pulse each 
time a cutter blade passes a predetermined loca 
tion; 

a second detecting member operatively positioned 
relative to said rotary cutter for producing at least 
one pulse, the exact number thereof being prede 
termined, for every predetermined number of revo 
lutions of said rotary cutter, said pulses from said 
second detecting member defining a time period 
during which the number of pulses produced by 
said first detector normally reaches the predeter 
mined number; w 

and a discriminator member connected to said first 
and second detector members and producing an 
abnormal indication signal when the number of 
pulses produced by said first detector in said time 
period is less than the predetermined number. 

2. An apparatus as claimed in claim 1, wherein said 
first detector comprises a photoelectric switch having 
a light-emitting element and an opposing light 
receiving element, said elements allowing the tips of 
the cutter blades to pass through. 
3. An apparatus as claimed in claim 1, wherein said 

first detector comprises a proximity switch which is 
magnetically actuated when the tip of said cutter blade 
approach thereto. . . 

4. An apparatus as claimed in claim 1, wherein said 
second detector comprises a ferromagnetic metal piece 
which rotates with the rotation of said rotary cutter, 
and a proximity switch which is magnetically actuated 
when said metal piece approaches thereto. 
5. An apparatus as claimed in claim 1 wherein said 

second detector comprises a photoelectric switch hav 
ing a light-emitting element and an opposing light 
receiving element, and a light shielding member rotat 
ing with the rotation of said rotary cutter and passing 

light received by said light emitting element. 
6. An apparatus for detecting breakage of at least one 

of the blades of a rotary cutter for a tow in which N cut 
ter blades are radially disposed, N being greater than 1, 
comprising: . 
a first detector which produces a pulse for every pass 
of a tip of the cutter blade 
position: . . 

a second detector which produces in pulses for every 
revolution of said rotary cutter, the time interval 
between successive ones of said in pulses per revo 
lution being a period of time during which one 

across a predetermined 
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12 
pulse is normally produced by said first detector; 
and 

a discriminator receiving the output pulses from the 
first and second detectors to produce an abnormal 
indication signal when no pulse is received from 
said first detector during said period of time be 
tween successive pulses produced by said second 
detector. 

7. An apparatus as claimed in claim 6 wherein said 
discriminator comprises: 
a flip-flop which receives, as a set input, the output 
pulse from said second detector and receives, as a 
reset input, the output pulse from said first detec 
tor, and 

an AND circuit which receives, as inputs, an output 
rectangular wave from said flip-flop and the output 
pulse from said second detector, said AND circuit 
producing a pulse signal only when said flip-flop 
has already been in a set state but at the time when 
the output pulse is received from said second de 
tector, said abnormal indication signal being the 
output pulse of said AND circuit. 

8. An apparatus as claimed in claim 6 wherein said 
discriminator comprises: 
a flip-flop which receives, as a trigger input, the out 
put pulse from said second detector, and receives, 
as a reset input, the output pulse from said first de 
tector, and . 

an AND circuit which receives, as inputs, an output 
rectangular wave from said flip-flop and the output 
pulse from said second detector, said AND circuit 
producing a pulse signal only when said flip-flop is 
in a state contrary to a reset state but at the time 
when the output pulse is received from said second 
detector, said abnormal signal being the output 
pulse of said AND circuit. 

9. An apparatus as claimed in claim 
discriminator comprises: . . . s 
a flip-flop which receives, as a trigger input, the out 
put pulse from said second detector and receives, 
as a reset input, the output pulse from said first de 
tector, and 

an AND circuit which receives, as inputs, an output 
rectangular wave from said flip-flop and the output 
pulse from said first detector, said AND circuit 
producing a pulse signal only when said flip-flop 
has already been in a reset state but at the time 
when the output pulse is received from said first de 
tector, said abnormal indication signal being the 
output pulse of said AND circuit. - 

10. An apparatus for detecting breakage of at least 
one of blades of a rotary cutter for a tow in which n(an 

6, wherein said 

integer of 2 or more) cutter blades are radally disposed, between both elements to intermittently interrupt the 55 comprising: - 

a first detector which produces a pulse for every pass 
of a tip of the cutter blade across a predetermined 
position, t 

a second detector which produces one pulse for 
every rotation of said rotary cutter, said pulses 
being produced to have a period of time during 
which n units of pulses are normally produced by 
said first detector, and . . . 

a discriminator receiving the output pulses from said 
first and second detectors to produce an abnormal 
indication signal when the number of pulses pro 
duced by the first detector during said period of 
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time of said pulses produced by said second detec- . 
tor is smaller than n. 

11. An apparatus as claimed in claim 10, wherein 
said discriminator comprises: N 
a flip-flop which receives the output pulses from said 

first and said second detectors, respectively, as a 
trigger input and reset input, and 

and AND circuit which receives as inputs an output 
rectangular wave from said flip-flop and the output 
pulse of said second detector, wherein said AND 
circuit upon receipt of the pulse from said second 
detector produces a pulse with said flip-flop either 
in a state opposite to a reset state or in a reset state, 
depending on whether n is an even or odd number, 
said abnormal indication signal being the output 
pulse of said AND circuit. 

12. An apparatus as claimed in claim 10, wherein 
said discriminator comprises: 
a ring counter having n units of flip-flops connected 

in a ring form, wherein a determined flip-flop is 
preset to 1 before said second detector produces a 
first pulse and the other flip-flops are cleared to 0, 

O 

5 

20. 

said ring counter being triggered by the output 
pulse of said first detector after said second detec 
tor has produced the first pulse, and 

an AND circuit which receives, as inputs, an output 
25 

rectangular wave contrary to the output of said 
flip-flop and the output pulse from said second de 
tector, said abnormal indication signal being the 
output pulse of said AND circuit. 

13. An apparatus for detecting breakage of at least 
30 

one of blades of a rotary cutter for a tow in which n(an 

35 

40 
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integer of 2 or more) cutter blades are radially dis 
posed, comprising: 
a first detector which produces a pulse for every pass 
of a tip of the cutter blade across a predetermined position, 

a second detector which produces one pulse form (an 
integer of 2 or more) times of the number of revo 
lutions of said rotary cutter, said pulse being pro 
duced to have a period of time during which nm 
units of pulses are normally produced by said first 
detector, and - 

a discriminator receiving the output pulses from said 
first and second detectors to produce an abnormal 
indication signal when the number of pulses pro 
duced by the first detector during the period of 
time of said pulses produced by said second detec 
tor is smaller than reference value determined near 
the center between nm and (n - 1)m. 

14. An apparatus as claimed in claim 13, wherein 
said discriminator comprises: 
a counter which is cleared to 0 by the pulse signal 
from said second detector and counts the pulse sig 
nals produced by said first detector, and 

a gate circuit which is closed when the counted value 
of said counter reached said reference value, and 
is opened when the pulse signal from said second 
detector has extinguished, and receives, as an in 
put, the pulse from said second detector, said ab 
normal indication signal being the pulse from said 
second detector passing through said gate circuit. 

sk , xk. k. k. k. 
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