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The present invention relates to needle looms and more
particularly to apparatus for counting the needle penetra-
tions made by a loom.

In the production of felt, a web or batt of fibers, usually
compressed fibrous material, is drawn step-by-step under
the needle board of a needle loom. The board has a series
of depending needles which are repeatedly driven through
the web and then withdrawn from it to form the web into
a coherent felt material.

Needle looms as commenly made comprise a bed plate
upon which the fibrous web is advanced step-by-step, a
needle board having a plurality of projecting needles, and
means for reciprocating the needle board to drive the
needles in and out of the web during the pericds of pause
between advances of the web. The efficiency of the
needling (felting) process depends upon a number of fac-
tors including the nature of the raw material of the web,
orientation of its fibers, weight and uniformity of the
web, the pattern in which the needles are arranged on the
board, -and the number of penetrations by the needles.
With the other factors constant, the degree of feliing
action varies with the number of needle penetrations per
square inch.

Heretofore, the number of needle peneirations has been
calculated from a determination of the rate of stroking
of the needle board of the loom expressed in strokes per
one inch of advance movement of the web through the
loom. This determination is made, for example, by a
tachometer and by timing the stroking with a stop-watch.
The necessary calculations to arrive at the penetrations
per square inch may utilize the formmla: P=ND/128§,
where P is the number of needle penetrations per sguare
inch, N is the number of strokes per minute of the loom,
S is the speed of lengthwise advance of the web in feet
per minute, and D is the number of needles on the board
per inch of width. This procedure is time-consuming,
does net permit immediate corrective changes in the loom
settings, and is subject to errors in the stop-waiches,
tachometers, and human calculation.

It is an object of the present invention to provide a
mechanism for automatically deriving and indicating the
number of needle penetrations in a felt loom, either di-
rectly in terms of penetrations per unit area of the felt
web or indirectly in terms of loom strokes per uait length
of the felt web, from which the penetrations per unit
arsa can be readily determined by application of a mul-
tipler representing the number of needles per unit width.

It is a further objective to provide a mechanism for
automatically  deriving and indicating the number of
needle penetrations per vnit of time in the loom operation.

In an apparatus made according to the invention, a
counter is operated from the loom shaft (preferably from
an electrical contactor driven by the loom shaft) through
a connection which includes either limit switch means ac-
tuatable in response to advance of the web or a timing
device; for operatively connecting the counter to the elec-
trical contactor only during advance of the web through
a predetermined distance or during a predetermined time
interval, respectively. Preferably, the apparatus includes
both the limit switch means and the timing device, and
means for selectively connecting one or the other into the
connection between the electrical contactor and the coun-
ter, whereby the latter is operable to indicate either the
number of needle penetrations per unit of web area or
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the mumber of such penetrations per unit of time. The
limit switch means may be actuated directly from a draw
roll which advances the web intermittently along the bed
plate, or such switch means may be actuated indirectly
from the web advancing means by a wheel which rides on
the intermittently advancing web.

Other objectives will be apparent from the following
detailed description and the accompanying drawings in
which:

FIG. 1 is a schematic perspective view of one embodi-
ment of the present invention;

FIG. 2 is a similar view of another embodiment of the
present invention;

FIG. 3 is a schematic view of a felt loom;

FIG. 4 is a side view of an alternative mounting of one
portion of the device;

FIZ. 5 is a plan view, partly in section and cut away,
of the wheel and switches of the embodiment of FIG. 2;
and

FIG. 6 is a schematic diagram of a circuit suitable for
the embodiments of FIGS. 1 and 2.

In FIGS. 1 and 3, the felt loom shown generally at 1
comprises a sationary horizontal bed plate 2 on the sur-
face of which a web of fibrous material 3 is drawn step-
by-siep by suitable web-advancing means 4. For sim-
plicity, the latter is shown in FIG. 1 as a single rotatably
mounted draw roll which is driven intermiitently by a
conventional power drive (not shown) in the direction to
advance the web, although normally the roll 4 will coact
with an oppositely driven draw roll 4¢ shown in FIG. 3,
so that the web 3 passes through the nip between the inter-
mittently driven draw rolls 4—4a, as is well known in the
needle loom art. Draw roll 4 is rotatably mounted at iis
ends in the wusual bearings (not shown). A needle
board &, comprising a horizontal rectangular plate 6 from
which a plurality of needles 7 project downwardly, is
positioned above the bed plate 2.

Needle board § is adapted to be reciprocated vertically
by means of the loom shaft 18, as through a pivotal con-
nection 55 from the board to a crank or eccentric 9 on
the shaft, it being understood that the needie board 5
is guided in its vertical movements by the usual vertical
stationary guides (not shown). A stationary stripper plate
8§ is positioned above the bed plate 2 and has holes through
which the needles 7 are movable. Web 3 extends from
a feed apron 26 (FIG. 3) into the space between the plates
2 and & and thence to the web advancing means 4. As
the board 5 reciprocates up and down, its needles 7 are
first driven downwardly through web 3 on bed plate 2,
with the needles moving within aligned holes in the bed
plate 2. The needles 7 are than raised to withdraw their
barbed ends from the web, the stripper plate 8§ holding
the web against upward movement with the needles and
thereby stripping the web from the needies.

As is conventional in needle looms, the draw roil 7 of
the web advancing means is driven intermittently from
the same shaft 10 which reciprocates the needle board 5,
so that roll 7'is driven only during the pericds when the
needles are disengaged from web 3. The needles are
therefore engaged with the web only during the dwell
periods between the intermittent advances of the web
along the bed plate 2. Driving means for thus syn-
chronizing the web advances with the needle board move-
ments are well known in the needle loom art, as are the
other details of the needle loom described above in con-
nection with the drawings.

Loom shaft 20 has an end portion 13 which is mechani-
cally coupled to the shaft 11B of an electrical contactor
13 by a coupling 12. The contactor 13 is of the type
which opens and closes a pair of contacts once in each
revolution of loom shaft 1@, so that an electric pulse is
produced by coatactor I3 every time shaft 1§ rotates
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through a complete revolution. Various contacters_of
this type are available commercially, an example being
that sold by Veeder Root, Inc., Hartford, Connecticut,
for use with magnetic counters and identified as Series
1048. Contactor 13 is electrically connscted by wiring
14 to relay 15 and, upon closing of relay 15, by wiring
1§ to counter (indicating instrument) 17 which counts
and dispiays the number of electrical pulses transmitted
by contactor 13. Preferably, counter 17 is a resettable
rapid magnetic counter which is actuated by electro-
magnets and which displays the number of pulses by a
digital presentation 18. A six figure, 1000 count per min-
ute (maximum), 115 velt A.C. magnetic counter is sai-
isfactory. An example of such a counter is the Reset
Magnetic Counter, Series 1205, sold by said Veeder Root,
Inc.

In FIG. 4, an alternative mounting of electrical con-
tactor 13 is shown which is preferable for some purposes.
In this aiternative, contactor 13 is not directly coupled to
the lIoom shaft 1§ but rather is mounted on a bracket 44
by mounting members 45, and its shaft 11B is driven by
sprocket gear 47 connecied to the shaft. Sprocket gear
47 is driven through sprocket chain 4§ from sprocket
gear 48 which is mounted on and rotates with loom shaft
1. By proper selection of the relative diameters of geais
47 and 48, the necessary multiplier (representing the
number of board needles per unit of width) is introduced
s0 that the reading of counter 17 can be directly in terms
of needle penetrations per unit of web arca.

Draw roll 4 terminates at one end in a draw roll shaft
9. Two cams 2 and 21 are affixed to shaft 9 and posi-
tioned to operate electrical switches 22 and 23, respec-
tively, through their respective switch arms 38 and 39.
Switches 22—23 are normally open; but during rotation
cf shaft 9 switch 22 is momentarily closed by detent 2¢g
on cam 2§, and after further rotation of this shaft through
a certain angle switch 23 is momentarily closed by entry
of a follower on arm 39 onto a notch 21a in cam 21.
Switches 22 and 23 are connected to relay 15 by wiring
24 and 24/, respectively. Relay 15 prevents pulses from
one cycle of counting being added to the subsequent
counting cycle.

FIGS. 2-6 illustrate a preferred embodiment of the
present invention. In this embodiment, the loom parts
are similar to those of the first embodiment, with batt 3’
being drawn on bed 2’ by draw roll 4’ so that it is inter-
mittently advanced under needle board 5’ having ncedles
7. MNeedle board 5’ is reciprocated by rotation of loom
shaft ¢’ and its eccentric 9. FElectrical contactor 13 is
connected by coupling 12’ to the end portion 11’ of shaft
18'. Contactor 13 is electrically connected by wiring 14
to relay 15 and is connected through relay 15, when
closed, to counter 17 by wiring 16. A large knurled light-
weight wheel 26 of a wheel assembly 25 rides upon web
3. This wheel enables the counting control mechanism
to be independent of the draw roll 4', so that errors do
not occur due to siippage between the web and the draw
roll.

Wheel assembly 25 comprises the large wheel 26 and
a shaft 27 affixed to the hub of wheel 26 by screw 28
(FIG. 5). Shaft 27 extends through bushing 2856 in sup-
port member 2% and into enclosure box 3@ (shown in
FIG. 5 but omiited in FIG. 2), which is fastened to sup-
port member 2Z2. The two eccentric cams 26 and 21
are secured to shafi 27 within bex 38, cam 21 being re-
leasably secured on the shaft 27 by hub.clamp 33. The
two elecirical switches 22 and 23 are fastened to support
member 28 by bolt 36 and -are positioned by spacer 37
so that their respective arms 38 and 39, each having a
freely rotating wheel, are contacted by cams 2¢ and 23,
respectively. In order to secure wheel assembly 25 to
the loom frame, support member 29 is pivotally mounted
at 2%a for vertical swinging movement on the frame, so
that wheel 26 can rest on the web and move up and down
with irregularities in the web thickness. The pivoted sup-
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4
port member 29 carries a kacb 31 attached to a trans-
versely slidable shaft 40 by a pin 41. A spring 42, en-
gaging shoulder 43 of shaft 40, urges shaft 49 into a hole
4%a in the frame when wheel 26 is raised from the web,
whereby the wheel assembly 25 can be releasably locked
in an inoperative position.

It will be apparent from the foregoing that in the illus-

trated embodiments of the invention, the apparatus com-
prises limit swiich means iacluding switches 22—23, cams
29—21, and the connection 9 or 27 through which the
cams are driven from draw roll 4 or wheel 25, respec-
tively, whereby the limit switch means are actuated in
response to the web advance to delineate a predetermined
length of this advance. The length of web advance thus
delineated is determined by the angular displacement of
cam notch 2ig from cam detent 28z and is adjustable by
releasing hub clamp 33 (FIG. 5) to permit rotation of
cam 21 relative to cam 28. The apparatus also com-
priscs an electrical contactor 13 operable by loom shaft
i@ to produce electrical impulses at a rate proportional
to the number of strokes per minute of the loom, a coun-
ter 17, and a connection 14—3¥6 from the contactor to
the counter including relay 15 and the limit switch means,
the latter conirolling the relay to electrically connect the
coanductor 13 to counter 17 only during the time interval
represented by the aforementioned predetermined length
of the web advance. As the wiring of the above-men-
tioned electrically components is shown only schematically
in FIGS. 1 and 2, I have shown in FIG. 6 a wiring dia-
gram suitable for the purpose, it being understood that
the wiring diagram of FIG. 6 is applicable to the FIG. 1
embodiment as well as that of FIG. 2. The wiring dia-
gram of FIG. 6 also includes means for operating the
counter in an- alternative manuer whereby it counts the
number of needle penetrations per unit of time rather
than the number of needle penetrations per unit of web
area, the limit switches 22—23 being rendered inoperative
during this alternative operation.
Referring to FIG. 6, an electrical current source of
110 volts A.C. is placed across lines 56 and 51. Line
56 leads through a manually operated on-off switch 52
to a terminal 174 of counter 17. The latter includes a
coil 53 connected at one side to terminal 17¢ and at the
other side through the electrical contactor 13 to one side
of normally open switch 54 of relay 15. The other side
of switch 54 is connected through wire 55 to the other
side 51 of the current source. Thus, with relay switch
54 held closed, each closing of contactor switch 13 will
momentarily energize the coil 53 and thercby cause this
coil to register a single count in the counter 17. The
counter 17 also includes a reset coil 56, one side of which
is connected to terminal 174 and the other side of which
is connected through manually operable reset switch 57,
normally closed switch 58 of relay 15, and wire 59 to
the other side 51 of the curremt source. Thus, with
relay switch £8 closed, the reset switch 57 may be op-
erated to energize reset coil 56 and thereby returning the
digital indicators 18§ of the counter to their initial “0”
positions.

The terminal 61 of line 50 is connected through a
normally open “Count” switch 62 and through limit switch
22 to one side of a coil 63 of relay 15, the latter being
shown as a relay of the differential type. The other
side of coil 63 is connecied through wire 64 to line 51.
Another terminal 65 of line 59 is connected through wire
65, normally open switch 67 of relay 15, wire 68, nor-
mally closed switch €9 of a time delay relay 7€, wire 71,
and limit switch 23 to cone side of the other coil 72 of
relay i5. The other side of the latter coil is connected
through wire 72« to line 51.

A single-throw switching device 74 is provided with
three switches 75, 76 and 77, the swiich arms of which
are mechanicaily interconnected so that the three switches
may be opened or closed manually in unison. When
closed, switch 75 short-circuits the limit switch 23, while
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switch 76 short-circuits limit switch 22. With switch 77
closed, the closing of “Count” swiich 62 establishes a
circuit from terminal 6% through switches 76 and 77,
coil 7% of the time delay relay, and wire 78 to line 51,
thereby energizing the time «delay relay and opening its
switch 62.

To prevent or reduce arcing in the electrical contactor
13, the uvspal electrical components §3—81 may be con-
nected across the contactor as well as its associated relay
switch 54,

Time delay relay 7¢ is of the type which, when mo-
mentarily energized, will open its switch 69 and hold
the latter open for a predetermined time interval, at the
end of which interval the switch 69 will automatically
close. As previously mentioned, the relay 15 is of the
differential type in which the switch arm I8g is swung
to the left by momentary energizing of coil 43 and re-
mains in its left-hand position until momentary energizing
of the other coil 72, which returns the arm to its normal
right-hand position as shown, the arm 154 remaining in
the laiter position until coil 63 is again momentarily en-
ergized.

If it is desired to count the mumber of needle penetra-
tions per unit of web area, the switching device 74 is
operated to hoid its switches 75—76—77 open as shown
in - FIG. 6. With switch 52 closed, the operator closes
the “Count” switch 62 and holds it closed until the ad-
vance of web 3 causes limit switch 22 to be closed by
cam 28, the latter being evidenced by the counter 17
starting to count, at which time “Count” switch 62 is
released. Upon closing of limit switch 22 with “Count”
switch 62 held closed, relay coil 63 is momentarily en-
ergized to open switch 58 and close switches 54 and 67.
With switch 54 thus closed, the operating cocil 53 of
counter 17 is connected in series with electrical contactor
13 across the power lines 58 and 51. ‘Accordingly, each
cycle of closing and opening of contactor switch 13 will
pulse the coil 53 electrically to register a single count
in the counter 17, the total of the counts thus registered
being shown by the digital presentation 18 of the counter,
as will be readily understood. When the web 3 has been
advanced a predetermined distance along bed plate 2 by
the intermittent operation of draw roil 4 or 4, the other
limit switch 23 is momentarily closed by cam 2% and
thereby energizes relay coil 72 momentarily - through
switches 67 and 69. As & result, switches 54 and 67
are now opened and switch 58 is reclosed, this opening
of switch 54 preventing the counter cecil 53 from being
pulsed by continued operation of clectrical contactor 13.
Thus, the counting cycle is started upon closing of limit
switch 22 and is terminated upon closing of limit switch
23. It will also be observed that during the counting
cycle, the counter reset coil 56 cannot be energized by
operation of reset switch 57, due to the fact that switch
58 is held open.

It will be apparent that the final count reading thus
cbtained in counter 17 will represent the number of cycles
or pulses of electrical contactor 13 during a predetermined
length of advance of web 3 along bed plate 2. By
proper setting of this predetermined length of web advance
in relation to the speed ratio between loom shait 10 and
electrical contactor 33 driven from this shaft, the final
reading of counter 17 may be made to indicate directly
the number of needle penetrations per unit of web area.
For example, assume that the pattern of the needles 7
on board 6 is such that there are 46 needles per inch
of board width (the board width being its dimension
transversely of the web length) and that the setting of
cam 28 relative to cam 21 is such that the web is ad-
vanced through a distance of 28 inches between the clos-
ing of switch 2§ by cam detent 204 and the subsequent
closing of switch 23 by cam notch 21a. In this case, by
using the driving connection shown in FIG. 4 between
loom shaft 19 and electrical contactor 13, wherein the
contactor 13 is driven through 2.3 revolutions for each
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revolution of shaft 18, the final reading of counter 17
will show the number of needle penetrations of the web
per square inch of web area. In other words, such final
reading of counter 17 is obtained by driving contactor
13 from loom shaft 1§ at a speed, in terms of r.p.m,
equal to DN/L, where D is the number of needles on
the board per inch of width, I is the number of r.p.m.
of shaft 18, and L is the predetermined distance of the
web advance in inches as determined by cams 28—21.

When it is desired to count the number of needle pene-
trations of the web per unit of time, for example one
minute, the switching device 74 is operated to close
switches 75, 76 and 77, thereby short-circuiting the limit
switches 22—23 and preparing a circuit for energizing
the time delay relay 76 The operator then momentarily
closes “Count” switch 62, whereby coil 63 of relay 15
is momentarily energized through switch 76 to open switch
53 and close switches 54 and 67. ‘At the same time,
time delay relay 78 is energized through switches 76—77
to open relay switch 69. As a result of this closing of
switch 54, the electrical contactor 13 will now begin to
pulse the counter coil 53 electrically, this pulsing action
continuing for the set period of one minute, that is, until
time delay relay 7§ recloses its switch 62. Upon closing
of switch €9, the other coil 72 of relay 15 is energized
through switches 67, €9 and 75, thus opening switches
£4 and 67 and breaking the pulsing circuit of counter
coil 83. Accordingly, the final reading of counter 17
will show the number of cycles of contactor 13 per minute
of loom operation. By using a direct drive between loom
shaft 18 and contactor 13 as shown in FIGS. 1 and 2, or
by using the drive shown in FIG. 4 with a 1:1 driving
ratio between loom shaft 1€ and contactor 13, the final
counter reading will show the number of needle board
reciprocations per minute, which can be readily trans-
posed into needle penetrations per minute by application
of a muiltiplier representing the number of needles on
the board which are operable on the web 3.

I claim:

1. In combination with a needle loom including a
bed plate, a needle board mounted for vertical move-
ments above said plate and having a series of depending
needles, a drive shaft operatively connected to said board
for reciprocating it vertically to alternately drive the
needles through a web of fibrous material on the bed plate
and withdraw the needles from the web, and web ad-
vancing means operable in synchronism with the needle
board for -advancing the web step-by-step along the bed
plate while the needles are disengaged from the web
during each reciprocating cycle of the board, a needie
penetration counter comprising an electrical contactor op-
eratively connected to the drive shaft for producing elec-
trical impulses at a rate proportional to the rate of
reciprocation of the needle board, an electrical impulse
counter, and a conmection between the contactor and
counfer including limit switch means actuatable in re-
sponse to said advance of the web for operatively con-
necting the counter to the contactor only. during said
web advance through a predetermined distance.

2. The combination defined in claim 1, in which the
web advancing means include a rotatable draw roll, the
limit switch means including switch means and also in-
cluding an operative connection between the draw roll
and said last-mentioned means for actuating said switch
means.

3. The combination defined in claim 1, in which the
web advancing means include a rotatable draw roll, the
limit switch means including switch means and also in-
cluding cam means driven by ihe draw roll for actuating
the switch means.

4. The combination defined in claim 1, comprising also
a wheel engageable at its periphery with the web and
rotatable by said advance of the web, the limit switch
means including switch means and also including an op-
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erative connection between the whesl and said last-men-
tioned means for actuating said switch means.

5. The combination defined in claim 1, comprising also
a wheel engageable at its periphery with the web and
rotatable by said advance of the web, the limit switch
means including switch means and also including cam
means driven by the wheel for actuating the switch
means.

6. The combination defined in claim 1, in which the
limit switch means include a pair of limit switches,
one of said switches being operable to elecirically con-
nect the counter and contactor through said connecticn,
and the second switch being operable to break said elec-
trical connection.

7. The combination defined in claim 1, in which the
limit switch means include a pair of limit switches, one
of said switches being operable to electrically connect
the counter and contactor through said connection, and
the second switch being operable to break said electrical
connection, the limit switch means also including cams
operable to actuate the respective switches in sequence
and movable with said advance of the web.

8. The combination defined in claim 1, in which the
limit switch means include a pair of limit switches, one
of said switches being operable to electrically connect
the counter and contactor through said connection, and
the second switch being operable to break said electrical
connection, the limit switch means also including cams
cperable to actuate the respective switches in sequence
and movable with said advance of the web, one of said
cams being adjustable relative to the cother cam to vary
said predetermined distance of the web advance.

9. The combination defined in claim 1, in which the
limit switch means are adjustable to vary said predeter-
mined distance of the web advance.

10. The combination defined in claim 1, in which
said connection between the contactor and counter also
includes a relay operable by the limit switch means to
electrically connect the counter to and disconnect it from
the contactor.

11. The combination defined in claim 1, comprising
also a driving connection through which said contactor
is operatively connected to the drive shaft and rotated
therefrom at a speed, in terms of r.p.m., equal to DN/L,
where D is the number of needles on the board per inch
of width, N is the number of r.p.m. of the shaft, and
L is said predetermined distance of the web advance in
inches.

12. The combination defined in claim 1, in which said
connection between the contactor and counter also in-
cludes a relay operable by the limit switch means to
electrically connect the counter to and disconnect it from
the contactor, the combination comprising also a timing
device, and means for operatively connecting the timing
device to the relay while rendering the limit switch means
inoperable on the relay, whereby the relay is operable
under control of the timer to elecirically connect the
counter to and disconnect it from the contactor.

13. The combination defined in claim 1, comprising
also a timing device, and means for rendering the limit
switch means inoperable in said connection while insert-
ing the timing device in said connection to electrically
connect the counter to the contactor only during a time
interval determined by the timing device.

14. In combination with a needle Icom including a
bed plate, a needle board mounted for vertical move-
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ments above said plate and having a series of depend-
ing needles, a drive shaft operatively connected to said
board for reciprocating it vertically to alternately drive
the nesdles through a web of fibrous material on the bed
plate and withdraw the needles from the web, and web
advancing means operable in synchronism with the needle
board for advancing the web step-by-step along the bed
plate while the needles are disengaged from the web
during each reciprocating cycle of the board, a needle
penetration. counter comprising an electrical contactor
operatively connected to the drive shaft for producing
electrical impulses at a rate proportional to the rate of
reciprocation of the needle board, an electrical impulse
counter, and a connection between the contactor and
the counter including a timing device for cperatively
connecting the counter to the coniactor only during a
time interval determined by said device.

15. The combination defined in claim 14, in which
said connection between the contactor and counter also
includes a relay operable by the timing device to elec-
trically connect the counter to and disconnect it from
the contactor. '

16. In combination with a needle loom including a
bed plate, a needle board mounted for reciprocating
movements opposite said plate and having a series of
projecting needles, a drive shait operatively connected
to said board for reciprocating it to alternately drive
the needles through a web of fibrous material on the
bed plate and withdraw the needles from the web, and
web advancing means operable in synchronism with the
needle board for advancing the web along the bed piate
during each reciprocating cycle of the board, a needie
penstration counter comprising an electrical contactor
operatively connected to the drive shaft for producing
clectrical impulses at a rate proportional to the rate of
reciprocation of the needle board, an electrical impulse
counter, and a connection between the contactor and
counter including Iimit switch means actuatable in re-
sponse to said advance of the web for operatively connect-
ing the counter to the contactor only during said web
advance through a predetermined distance.

17. In combination with a needle loom including a
bed plate, a needle board mounted for reciprocating
movements opposite said plate and having a series of
projecting needles, a drive shaft operatively connected
to said board for reciprocating it to alternately drive
the needies through a web of fibrous material on the
bed plate and withdraw the needles from the web, and
web advanciag means operable in synchronism with the
needle board for advancing the web along the bed plate
during each reciprocating cycle of the board, a needle
penetration counter comprising amn electrical contactor
operatively connected to the drive shaft for producing
electrical impulses at a rate proportional fo the rate of
reciprocation of the needle board, an electrical impulse
counter, and a connection between the contactor and the
counter including a timing device for operatively con-
necting the counter to the contacter only during a time
interval determined by said device.
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