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METHOD AND APPARATUS FOR LACING A 
SKEIN OF YARN 

This invention relates to a method and apparatus for 
lacing a skein or hank of thread or yarn by a string. 
As is well known in the art, before the skein or hank 

of yarn formed on a reeling machine is removed there 
from, the skein is properly laced bya string in order to 
prevent the yarns forming the skein from being entan 
gled with each other. Various methods and devices are 
known for lacing the skein of yarn, but they are more 
or less complicated in construction, and inefficient in 
operation. 
One known lacing device, for example, employs a 

movable hook member which is moved up and down, 
and right and left relative to the skein to be lacked, 
guiding the lacing string through and across sections of 
the skein thereby to lace the skein. In order to move the 
hook member in a properly timed relation with feeding 
of a lacing string, however, the driving mechanism is 
rather complicated and likely to get out of order. 
Therefore, the primary object of the invention is to 

provide a new and improved method and apparatus for 
lacing a skein or hank of yarn by a string, which elimi 
nates various defects and difficulties such as mentioned 
above encountered in the prior art. 
The other objects, features and advantages of the in 

vention will become apparent from the following de 
scription of preferred embodiments thereof with refer 
ence to the accompanying drawings, wherein: 
FIG. 1 is a perspective view of a wedge-like unit or 

tooth constructed in accordance with the invention; 
FIG. 2 is a perspective view of the two components 

of the tooth shown in FIG. 1; 
FIG. 3 is a perspective view of a part of a skein that 

has been laced by the apparatus of ‘the invention; 
FIG. 4 is a front view of a lacing device of the inven 

tion; 
FIG. 4a is a fragmentary side view of one example of 

the mechanism for separating the two tooth compo 
nents to form a gap therebetween; 
FIGS. 5(A) through (D) show the operation of the 

comb of the lacing device of FIG. 4; 
FIG. 6 is a perspective view of a device for metering 

a length of lacing string and supplying the same to the 
comb of the lacing device; 
FIG. 7 is a partially cut-away, somewhat schematic 

perspective view of a knotter used in the apparatus of 
the invention; 
FIG. 8 is a detailed side view, in vertical section, of 

the knotter of FIG. 7; 
FIGS. 9a through 9e show the operation of the knot 

ter of FIGS. 7 and 8; 
FIG. 10 is a perspective view of a mechanism for pos 

itively removing the knotted ends of the lacing string 
from the knotter; 
FIG. 11 is a perspective view of a modified form of 

the tooth used in the lacing device of the invention; 
FIG. 12 is a front view of a lacing device employing 

the teeth of FIG. 11; 
FIG. 13 is an enlarged view of the comb shown in 

FIG. 12; 
FIGS. 14 through 18 show the operation of a device 

for withdrawing the opposite ends of the yarn of the 
skein to be knotted together with the end of the lacing 
string; I 
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2 
FIG. 19 is a perspective view of another form of the 

tooth; 
FIG. 20 is a front view of one component of the tooth 

shown in FIG. 19; 
FIG. 21 is a section taken along line A-A in FIG. 20; 
FIG. 22 is a front view of a comb consisting of a plu 

rality of teeth shown in FIG. 19; and 
FIG. 23 is a side view of a lacing machine constructed 

in accordance with the invention. 
Now referring in detail to the drawings, there is 

shown in FIG. 1 a skein-dividing wedge~shaped unit or 
tooth generally designated by U, which comprises a 
pair of wedge-shaped tooth commponents l and l’. 
The tooth component 1 has a surface 2 which contacts 
the corresponding surface 2' of the tooth component 2’ 
when the two components are put together to form the 
unit U as shown in FIG. 1. The two components are 
separable from each other so that a small gap is formed 
between the contacting surfaces for the purposes to be 
described later. 
On the surfaces 2 and 2' of the tooth components 1 

and 1’ there are formed generally S—shaped grooves 3 
and 3’, respectively, in such a manner that when the 
two tooth components are put together as shown in 
FIG. 1, the grooves and the opposed surfaces form a 
pair of air passages or tunnels P1 and P2 crossing each 
other like the letter X and each having an inlet and an 
outlet opening at the opposite sides of the unit U. A 
separator plate 6 is provided on the contacting surface 
of one of the two tooth components where the two 
grooves or passages cross so that the two passages are 
separated from each other. 
Each tooth component 1, 1’ has opposite side sur 

faces, each of which is divided by an interposed recess 
5 into an upper portion 4 and a lower portion 4’. As 
shown in FIG. I, if the inlet (or outlet) of one air pas 
sage or tunnel opens at one (say, the lower port 4’) of 
the two portions 4 and 4’ on one of the two side sur 
faces, the outlet (or inlet) thereof opens at the other 
portion (that is, the upper portion 4) on the opposite 
side face. 
The lower end of each tooth component, and conse 

quently that of the unit U, is preferably pointed so as 
to enable easy dividing of the skein. 
The teeth may be made of any suitable material, such 

as metal or synthetic resin. 
Turning to FIG. 4 a lacing device is shown compris 

ing a plurality, say, four skein-dividing nuits or teeth 
U0, U1, U2 and U3, such as described above with ref 
erence to FIGS. 1 and 2, arranged side by side within 
a frame 12 to form a comb, with the side surfaces of 
each unit in slidable contact with those of the adjacent 
units. It should be noted that the units U0 and U3 at the 
opposite ends have their grooves or air passages 3 and 
3' not crossed and have not notch 5 in the other lateral 
surfaces thereof. 

In the position of the units or teeth shown in FIG. 
5(B), the passages or tunnels 3 and 3’ in the four units 
communicate with each other so that two continuous 
passages or tunnels P1 and P2 are formed starting from 
their respective IPl and IP2 so as t extend serpentine 
partially about the recesses 5", 5' and 5, crossing with 
each other at points 7 and 7', as far as their respective 
outlets 0F] and 0P2. It should be noted that the two 
tunnels P1 and P2 are prevented by means of the sepa 
rator plate 6 (FIG. 2) from communicating with each 
other where they cross at points 7 and 7'. 
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Each of the units Uo — U3 is ‘connected to a drive Do 
- D3 so as to be individually reciprocable relative to‘a 
skin 8 of yarn to be laced (shown in transverse cross 
section) in the direction of an arrow X1 from the re 
tracted or rearward position shown in FIG. 4 to an ad 
vance or forward lacing position at which the pointed 
ends of the units U0 - U3 pierce through the skein as 
far as the divided sections of the skein are positioned 
in the recesses 5, 5’ and 5" as shown in FIG. 5(B). 
The drives Do - D3 are fixed to the frame 12 and can 

be any suitable type of recripocating mechanism such 
as, for example, an air cylinder supplied from a source 
14 of pressurized air. 
The frame 12 with the units and the drives thereon 

is also reciprocable by means of a suitable drive 15 
such as an oil cylinder in the direction of an arrow X2 
relative to a reeling machine, not shown, on which the 
skein 8 has been wound. 
The frame 12 is further provided with a device 9 for 

applying a suction or vacuum to the passages P1 and P2 
via outlets CPI and 0P2, respectively, so as to suck 
and draw through the passages the opposite ends of a 
length of lacing string supplied from a device 13 pro 
vided on the opposite side of the frame 12 for the pur 
pose, as will be described in later in detail. A motor 10 
drives the device 9. g . 

An air jet may be provided at the opposite side of the 
suction device 9, that is, at the side of the inlet IP] and 
lP2 of the passages so as to replace or assist the suction 
device 9 to increase the reliability and speed of the lac 
ing operation. . 
The operation of the apparatus will now be described 

with reference to FIGS. 5(A) - 5(C) as well as FIG. 4. 
From the position of FIG. 4, ?rst the teeth U1 and U3 
(or U0 and U2) and then the other teeth U0 and U2 (or 
U1 and U3) are moved to their lacing position, so that 
the skein 8 are divided into three sections 8-1, 8-2 and 
8-3 as shown in FIG. 5(B). Then the motor l0lis ener 
gized to actuate the suction device 9, so that the suc 
tion causes a length of lacing string S supplied by the 
device 13 to be passed through the passages P1 and P2. 
To put it in detail, one end S1 of the strong S is sucked 
into the inlet IP1 and passed through the passage P1 to 
be drawn out of the outlete 0P1 while the opposite end 
S2 of the string S is sucked into the inlet 1P1 and passed 
through the passage P2 to be drawn out of the oulet 
0P2, so that one half of the length of the string is 
passed through one of the passages, say P1, while the 
other half thereof is passed through the other passage 
P2. 
Then the teeth U1 and U3 (or U0 and U2) and then 

U0 and U2 (or U1 and U3) are retracted to the rear 
ward positions (FIGS. 5(C) and 5(D). When the teeth 
are retracted, the two components 1 and l’ constituting 
each tooth are separated from each other so that a 
small gap G is formed between the contacting surfaces 
2 and 2’ ofthe tooth components. Through this gap the 
lacing string are removed from the passages P1 and P2 
and left behind so as to lie zig-zag or serpentine about 
the skein sections 8-1, 8-2, and 8-3, crossing each other 
at points 7 and 7’ as shown in FIG. 3 or 5(D). The sepa 
rator plate 6 is ?xed to the tooth component only at its 
upper edge as at 6' (FIG. 2) and has its lower edge left 
free, so that the string can easily slip out'of the groove 
3'. The two ends S1 and S2 of the lacing string are then 
knotted together by any suitable knotter as will be de 
scribed later. 
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4 
FIG. 4a shows an arrangement for forming the gap 

between the contacting sufaces 2' and 2’ of the two 
tooth components. To the upper edge of each compo 
nents there is fixed a' support bar E, E’ having a cam 
surface H, H’ in contact with a follower bar I, I’. A 
spring M pulls the support bars E and E’ and conse 
quently the two components together. The upper ends 
of the bars E and E’ are pivoted to a horizontal bar N 
secured to the piston rod R of each cylinder Do - D3. 
When the tooth is lowered to the lacing position, the 

follower bar I, I’ engages in the valley V, V’ of the cam 
surface H, H’ so that the spring M brings the two tooth 
components into close contact with each other. When 
the tooth is raised a short distance toward the retracted 
position, the follower bar I, I' rides on the cam surface 
H, H’ thereby separatingithe etwo tooth components 
from each other against the force of the spring M to 
form a gapG between the opposed surfaces 2 and 2’ of 
the tooth components. 

In the illustrated embodiment, a single length of lac 
ing string is used, but two strings may be used for the 
same purpose, each to be passed through the two pas 
sages. In this case, it is necessary to knot the opposite 
ends of the strings. 
FIG. 6 shows one example of the device 13 for sup 

plying a length of string to be used for lacing. Here, 
only three units U1 — U3 of the lacing device of FIG. 
4 are shown and will be collectively referred to as the 
comb- > 

The device 13 comprises a string-holder-cutter 18 
which in turn comprises a stationary holder member 
18a, a stationary cutting blade l8b.and a movable cut 
ting blade 18c. The holder-cutter 18 functions to cut a 
string while holding the cut end thereof as will be de 
scribed presently. ' 

The holder-cutter 18 is fixed to a frame of the appa 
ratus (not shown) while the comb is movable relative 
to the holder-cutter18. In the retracted position of the 
comb shown in FIG. 6, the holder~cutter 18 is posi 
tioned‘a little below the lower inlet IP2 of the passage 
P2 and holds the cut end of the lacing string S. When 
the comb is lowered to the lacing position as shown in 
FIG. 5(B) with the pointed ends of the teeth wedging 
into the threads of the skein 8, the cutter-holder 18 re 
mains stationary relative to the comb, while releasing 
the cut end S2 of the string by turning the blade 18c 
about a pin 19 in the direction of the arrow, so that the 
holder-cutter comes to be positioned a little above the 
upper inlet [P1 of the passage P1, with the string from 
a bobbin 20 passing between the stationary blades 18a, 
18b and the opened blade 180. When the next lacing op~ 
eration is performed, the blade 18c isclosed toholdtjlat 
end of the string which extends from the bottom 20 
while simultaneously cutting that end of string which is 
to be sucked into the passages P1 and P2. Therefore 
when the comb is returned to the retracted position 
shown in FIG. 6, the string extends continuously from 
the bobbin to the cut end S2 held by the holder-cutter. 
The device 13 further comprises a string guide which 

is reciprocable together with the comb relative to the 
skein 8. The string guide comprises upper and lower 
guide levers 22 and 23 and an intermediate guide piece 
24. The levers 22 and 23 have an outer bifurcated end 
located adjacent to the upper and lower inlets [P1 and 
IP2 of the passages P1 and P2, respectively. The levers 
22 and 23 are secured to a rotatable shaft 25 so as to 
be swingable thereabout at the same time. 
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The device 13 further comprises a metering lever 26 
for withdrawing a predeterined length of string form 
the bobbin 20. The lever 26 has it rear end secured to 
a rotatable shaft 17 and its forward end formed into a 
pair of hooks or claws. The lever is swingable about the 
axis of the shaft 17 between the position shown in FIG. 
6 and a position where the hooked end is positioned in 
termediate the upper and lower guide levers 22 and 23 
ready to be engaged with the string extending therebe 
tween. The lever 26 is also reciprocable together with 
the comb and the string guide relative to the skein 8. 
FIG. 6 shows the comb in the retracted position up 

ward away from the skein 8 after having performed a 
lacing operation thereon, and the metering lever 26 
having been turned clockwise about the axis of the 
shaft 17 with the hooked end thereof withdrawing from 
the bobbin a required length of lacing string S which 
extends between the bobbin 20 and the holder-cutter 
18, passing through a guide eye 27, the bifurcated end 
of the upper lever 22, thence the upper claw of the me 
tering lever 26 and then the intermediate guide piece 
24 and thence back to the lower claw of the lever 26 
and then passing the bifurcated end of the lower guide 
lever 23 finally to be held by the holder-cutter 18. 
For a new skein provided on the reel 28 to be laced, 

the comb together with the device 13 including the le~ 
vers 22, 23 and 26 is moved downward into the lacing 
position as shown in FIG. 5(B), with the holder-cutter 
8 having released the lower end S2 of the string. 
As' previously mentioned, the holder-cutter 18 re 

mains stationary so that when the comb is in the lower 
lacing position, the holder-cutter 18 is positioned 
above the upper inlet [P1 of the passage Pl. As suction 
is applied through the outlets 0P1 of the passages, the 
shaft 25 is turned counterclockwise in FIG. 6 so as to 
bring the inlets CPI and 0P2 of the passages P1 and P2 
of the comb. At the same time the holder-cutter 18 cuts 
the string above the upper inlet IPl, whereupon the op 
posite ends of the string are sucked into the upper and 
lower inlets IPl and IP2 of the passages P1 and P2, re 
spectively, as the metering lever 26 is turnend cunter 
clockwise about the axis of the shaft 17. The intermedi 
ate guide piece 24 prevents unequala introduction of 
the string ends into the inlets due to any difference in 
the suction applied to the passages P1 and P2 through 
the opposite outlets CPI and 0P2. 
When the comb with the device 13 is moved upward 

to the retracted position, the skein is now laced by the 
string extending serpentine about the divided sections 
8-1, 8-2, and 8-3 of the skein while crossing each other 
between the adjacent sections (FIG. 5(D)). 
As previously mentioned, the opposite ends S1 and 

S2 of the lacing string S must be knotted. The knot 
formed may be of any type such as what is called a wea 
ver’s knot or ?sherman’s knot, and any type of knotter 
can be employed in accordance with the desired type 
of knot to be formed. 
For reliable and efficient knotting of the opposite 

ends of the string that has laced the skein, the suction 
device 9 Fig. 4) may advantageously include a pipe 31 
inside which a knotter 32 is disposed as shown in FIG. 
7. The pipe 31 extends from a source of suction 33 to 
adjacent the outlets of the passages when the comb is 
in the lacing position. 
The knotter may comprise a pair of chucks 34 and 

34' for holding the cut end of the lacing string at two 
spaced points thereof, a hooking device F for forming 
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6 
the string end into a knot and a cutter 35 for cutting the 
excess of the string end at the outer side of the knot 
formed. 
Referring in detail to FIG. 8, the hooking device 

comp-rises two hooks F1 and F2. The hook F1 is se 
cured to a ring 36 which is rotatable about its own axis 
and also reciprocable up and down, while the hook F2 
is provided inside a hollow, loop-forming cylinder 37 so 
that the hook F2 is reciprocable up and down. The cyl 
inder 37 is disposed inside the ring 36 so as to project 
upwardly therefrom and has a horn 37' for engagement 
with the string ends S1 and S2 which are shown as a sin 
gle line designated by S for simplicity of illustration. 
From the position shown in FIG. 8 the hook F1 starts 
rotation about the cylinder 37 and after passing the 
horn 37' the hook F 1 begins to move upward while 
continuing its rotation. At the same time, also the hook 
F2 is moved upward so as to be ready to engage with 
the string S which the hook Fl has brought around the 
cylinder (FIG. 90). - 
The chuck 34 securely holds the string at that side 

thereof which is nearer to the skein, while the chuck 
34’ holds the string at the opposite side thereof beyond 
the hooking device Fl relatively loosely so as to permit 
slipping of the string through the chuck 34’. 
A pair of U-shaped guide members 39 and 40 which 

are movable up and down cooperate with a pair of 
guide plates 41 and 42 to bring the yarn passed there 
through into engagement with the hook F1. The shape 
of the U-shaped members 39 and 40 preferably con 
forms to the con?guration of the inner surface of the 
pipe 31. A lever 43 is provided for withdrawing the cut 
end of the string out of the chuck 34' after a loop I of 
the string is formed around the cylinder 37. A hook 44 
is provided for tightening the knot that has been 
formed. 
As shown in FIG. 7, the two ends S1 and S2 of the 

lacing string are sucked into the pipe 31, within which 
the string ends are passed through the U-shaped guide 
members 39 and 40. As the members are retracted (or 
moved downward in FIGS. 8 and 9), the string ends 
(which is shown as a single line S) are engaged by the 
hook F1 and held by the chucks 34 and 34' (FIG. 9a). 
The cutter 35 then operates to cut the excess of the 

string end S (FIG. 9b) which is sucked and eliminated. 
As the ring 36 is rotated, the hook F1 carries the 

string around the hollow cylinder 37 and when the 
hook Fl has passed the horn 37’ the hook is moved up 
ward relative to the hollow cylinder so that the string 
engaged by the horn 37’ extends therefrom substan 
tially diametrically across the cylinderse on the upper 
end thereof. At the same time, the hook F2 is also 
moved upward to project above the to of the cylinder 
so as to be ready to engage with the string extending 
across the top end of the cylinder (FIG. 90). 
When the hook F1 has completed one revolution 

about the cylinder 37, the hook F2 engaged with the 
string S is moved downward and at the same time the 
lever 43 is moved upward thereby pulling the end of the 
string out of the chuck 34' while the hook 44 is moved 
downward. As the hook F2 is moved downward, the 
end of the string slipped out of the chuck 34' is passed 
through the loop l to form a knot K as the loop is being 
tightened and removed out of the horn 37’ by the 
downward movement of the hook 44 (FIGS. 9d and 
9e). The knot need not be very tight for the present 
purpose. 
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When the laced skein is removed from on the reel 28, 
it often happens that the knotted ends of the lacing 
string is caught by the knotter and not smoothly re 
leased therefrom. 
FIG. 10 shows a device which is capable of positively 

removing the knotted end of the lacing string out of the 
knotter and detecting any hindrance to smooth re 
moval of the knotted ends of the lacing string to give 
a warning. 
The string that has laced the skein 8 is designated by 

S having its knotted ends S1 and S2 in the suction pipe 
31 in which the knotter is provided. It is required that 
the knotted ends of the string should now be removed 
from inside the pipe. 
A remover lever 50 extending across the width of the 

skein is rotatable at a pivot 51 for at least 90 degrees 
in the direction of the arrow to the dotted line position. 
This rotation of the lever is caused by a cam 52 which 
is actuated in ganged relation with the return move 
ment of the comb with its associated elements to their 
original retracted position after completing a lacing op 
eration. 
When actuated, the cam 52 is rotated about a pivot 

53 in the directionof the arrow, whereupon a follower 
54 and a shaft 55 to which the follower is secured, and 
a cam 56 secured to the shaft 55 are returned counter 
clockwise in the direction shown by the respective ar 
rows. Another cam 57 is vcarried on the shaft 55 so as 
to be rotatable relative thereto. The cam 57 has its one 
end baised counterclockwise by a spring 58 and its op 
posite end urged against an upright tongue 59 formed 
on the cam 56, so that as the cam 56 is turned counter 
clockwise, the cam 57 is simultaneously turned in the 
same direction. 
As the cam 57 is turned, a rod 60 connected to the 

cam is pulled in the direction of the arrow, so that a 
lever 61 and a shaft 62 secured thereto areturned 
counterclockwise. A linkage comprising two links 63 
and 64 connects the lower end of the shaft 62 and the 
rear end of the remover lever 50. As can be easily seen, 
when the cam 52 is turned clockwise, the lever 50 is 
also turned clockwise about the pivot 51 so that the 
hook end of the lever engages with the lacing string 
thereby to pull out the knotted ends thereof from inside 
the pipe 31. 

If the lacing string has its knotted ends caught or oth 
erwise retained in the pipe or elsewhere, the rotation of 
the remover lever 50 is blocked, with resultingjamming 
of the links 63, 64, the shaft 62, the lever 61, the rod 
60 and the cam 57. However, since the cam 57 is not 
?xed to the shaft. 55 but rotatable relative thereto, the 
cam 56 alone is further turned counterclockwise, so 
that a cam valley appears between the cam surfaces 56' 
and 57’. A microswitch 65 has its vactuator lever 65’ 
normally in contact with either the cam surface 56' or 
57’ and is kept opened. 
When' the actuator 65 ' comes into contact with the 

cam valley that has appeared between the cam surfaces 
56’ and 57’ in the above-mentioned manner, the switch 
65 is closed to actuate a warning device 66 such: as a 
buzzer or a lamp. 

In lacing a skein of yarn, it is advantageous to have 
the opposite ends of .the yarn constituting the skein 
knotted together with the ends of the lacing string. The 
“opposite ends” of the yarn constituting the skein 
means the starting and terminating ends of the yarn 
that has been wound into the skein on a reel. 
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8. 
FIG. 11 shows a skein-dividing unit or tooth U' suit 

able for use in knottingtheopposite ends'of the skein 
yarn together with those of the lacing string. The unit 
U’ is of substantially the same structure as the previ 
ously described unit or tooth U, except that an addi 
tional groove 70 is formed on the contacting surface 2 
of the tooth component 1’. The groove 70 is generally 
straight and extends across the width of the component 
and forms a third passage P3 when the tooth compo 
nents l and 1' are put together. 
FIG. 12 shows a lacing device wherein the comb 

comprises four units or teeth U'o — U'3 generally con 
structed in accordance with the arrangement of FIG. 
11. It should be noted that in the unit U0 the ?rst and 
third passages P1 and P3 join into a single passage, the 
outlet of which joins the outlet of the second passage 
P2 as shown at OP in FIG. 22. The other component 
parts and mechanisms of the lacing device of FIG. 4, 
except that. the ends of yarn from the skein and those 
of the lacing string are withdrawn out of the common, 
single outlet OP of the three passages Pl — P3, as shown 
as four lines in FIG. 13, which corresponds to FIG. 
5(B). 
FIGS. 14 through 18 show a device for withdrawing 

the opposite ends of the yarn wound into the skein and 
guiding the ends to the inlet of the third passage P3 of 
the comb. In FIG. 14, a skein 8 of yarn having its start 
ing and terminating ends Y1 and Y2 is shown wound 
on a reel. The withdrawing and guiding device com 
prises a first lever 81 having a hook at the outer end 
thereof which engages with the yarn ends Y1 and Y2 
between the adjacent frames 82 of the reel and, while 
withdrawing the yarn, brings the yarn ends to the inlet 
IP3 of the third passage of the comb when the comb is 
in the lacing position, that is, moved into the skein as 
shown in FIG. 16. 
A restricting bar has a pair of hooks 83 which hold 

the yarn ends at both sides of the point where the hook 
81 engages and pulls the yarn ends upward. 
second lever 84 has a hook at the outer end thereof 

which engages the mountain-shaped portion of the yarn 
ends below where they are engaged by the first hook 81 
and pulls them laterally in the direction of an arrow 0 
in FIG. 16. The purpose of this lateral pulling in first to 
obtain a sufficient length of the yarn end portion to be 
passed through the third passage in the comb and at the 
same time to bring the yarn ends as near as possible to 
the inlet IP3 of the third passage P3 of the comb, and 
secondly to enable gradual introduction of the yarn end 
portions Y1 and Y2 into the passage P3 from their 
outer ends first. 
When the lever has thus pulled a sufficient length of 

the yarn laterally as shown in FIG. 16, the comb starts 
operation so that the yarn ends Y1 and Y2 are sucked 
into the passage P3 as the lever 84 is gradually returned 
in the direction of the arrow b to its original position, 
while a length of lacing string supplied from a suitable 
device such as shown in FIG. 6 has its opposite ends 
sucked into the passages P1 and P2 in the previously 
mentioned manner. 
The ends of the yarn of the skein and those of the lac 

ing string are knotted together as shown in FIG. 18 by 
a suitable device such as shown in FIGS. 7 and 8. 
FIGS. 19 - 21 shows a momdi?ed form U" of the unit 

or tooth shown in FIGS. 1 — 3. The tooth comprises two 
components 1 and 1’ each having a courved grooved 3, 
3’ and side recesses S as in the previous embodiment. 
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In FIGS. 19 - 21, however, the tooth or unit is so con 
structed that the pointed end thereof can change its di 
rection relative to the axis of the unit. Each of the tooth 
components comprises two portions, that is, a body 
portion 101 and a deflectable portion 102. The de?ect 
able portion has a pointed end 103 and is secured by 
a screw 104 to the body portion so that it can be de 
?ected to either sides for a desired angle 6 relative to 
the axis L of the body portion. 
A groove 70 may be formed in this case in FIG. 11, 

if desired, to provide a third passage in the comb. 
FIG. 22 shows a skein-dividing comb comprising a 

plurality, say, ?ve teeth as shown in FIGS. 19 — 21. If 
all the teeth have their deflectable portions aligned 
with the respective body portions, the skein having a 
width W will be divided into four sections having 
widths a, b, c, and d, respectively. The widths a and d 
are much smaller than the widths b and c. However, if 
the pointed end portions of the two teeth U1 and U3 
are deflected as shown by the dot-and-dash line, the 
skein can be divided into sections having the same 
width 2. Thus, by changing the de?ected angle 0 of the 
portion 102 it is possible to divided the skein into sec 
tions having the same or different desired widths. 

It is desirable that the skein is laced at a plurality, say, 
three circumferentially spaced apart points thereof. 
FIG. 23 shows an arrangement for lacing the skein at 
a plurality of points on the circumference thereof. A 
support frame 90 has a arcuate arm 91, on which three 
lacing devices 92 as described in any of the above 
mentioned‘ embodiments are mounted circumferen 
tially equidistantly spaced apart from each other, with 
the pointed ends of the combs 93 being directed radi 
ally inwardly. A vacuum souorce 94 applies suction 
through pipes 95 to the lacing devices. A skein remover 
96 is provided on the upper part of the arcuate arm 91. 
The support frame 90 has wheels 97 which roll on 

rails 97’ fixed to the ?oor and extending perpendicu 
larly to the plane of the drawing sheet. 

In order to bring a skein to be laced inside the arcu 
ate arm 91, a rotatable arm 98 is carried on the upper 
end of a support column 99 so that the arm 98 can be 
rotated in direction of the arrow, that is, in the plane 
of the drawing sheet by a suitable drive 100 through, 
say, a chain-and-sprocket connection not shown but 
enclosed in the cover 105. To the opposite ends of the 
arm 98 there are mounted a pair of reels 106a and 10612 
on each of which a skein 107a, 1071? is wound. 
When the lacing devices have finished operation on 

the skein 107a, the support frame 90 is moved on the 
rails 97’, with the remover 96 removing the laced skein 
107a from the reel 106a, leaving the reel empty. Then 
the arm 98 is rotated 180° to bring the other skein 1071: 
to where the skein 107a was. 
Then the support frame 90 is returned to the original 

position and while the next lacing operation is being 
performed, a new skein is wound on the empty real 
which is rotated by a suitable drive not shown through 
a gear connection 108. 
What I claim is: 
l. A method of lacing a skein of yarn, comprising: di 

viding the width of said skein into a plurality of section 
is at least one circumferential portion of said skein; 
forming a pair of air passages which extend serpentine 
with respect to each said section from one side of said 
skein transversely to the opposite side thereof, crossing 
each other between each adjacent two of said sections 
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10 
without interfering with each other; producing a pres 
sure difference between the opposite sides of said pas 
sages; and supplying a length of lacing string to said 
passages so that said string is passed through said pas 
sages thereby lacing said skein. . , 

2. The method of claim 1, further including knotting 
the ends of said string that has finished lacing said 
skein. 

3. The method of claim 1, further including: forming 
a third passage extending across said skein; producing 
a pressure difference at the opposite sides of said third 
passage simultaneously with said production of a pres 
sure difference at the opposite sides of said pair of pas 
sages; and supplying the opposite end portions of the 
yarn of said skein to said third passage so that said skein 
yarn end portions are passed through said third pas 
sage. 

4. The method of claim 3, further including knotting 
the ends of said string that has ?nished lacing said skein 
together with said skein yarn ends. 

5. Apparatus for lacing a skein of yarn, comprising a 
plurality of wedge-like teeth each comprising a pair of 
tooth components each having a surface i separable 
contact with the opposed surface of the other compo 
nent, each said component being provided on its oppo 
site lateral surfaces with a recess and on said contacting 
surface with a curved groove which crosses the curved 
groove on the other component with means for pre 
venting mutual interference of said grooves at said 
crossing when said components are put together, while 
permitting a lacing string to be removable from said 
grooves when said tooth components are separated, 
said plurality of teeth being arranged side by side like 
a comb so that said grooves from a pair of passages 
which cross each other and extend serpentine from one 
lateral side of said comb tansversely to the opposite lat‘ 
eral side thereof; means for reciprocating said teeth rel 
ative to a skein to be laced; means for supplying a 
length of lacing string to said passages; and means for 
producing a pressure difference between the opposite 
sides of said passages so that said lacing string is passed 
through said passages thereby lacing said skein. 

6. The apparatus of claim 5, wherein one of said com 
ponents of each said tooth is provided on said contact 
ing surface with a second groove, so that said plurality 
of teeth arranged side by side has a third passage; and 
wherein said pressure-difference producing means acts 
on said third passage; and further including means for 
supplying the opposite ends of the yarn of said skein to 
said third passage. 

7. The apparatus of claim 6, further including means 
for knotting the ends of said string that has been passed 
through said serpentine passages together with the ends 
of said skein yarn that has been passed through said 
third passage. 

8. The apparatus of claim 7, wherein said pressure 
difference producing means includes a pipe inside 
which said knotting means is disposed. 

9. The apparatus ofo claim 8, further including 
means for positively removing said knotted ends from 
inside said pipe. 

10. The apparatus of claim 6, wherein each said tooth 
component comprise a body portion and a forward por 
tion which is deflectable relative to the longitudinal 
axis of second body portion. 

11. Apparatus for lacing a skein of yarn at a plurality 
of places at the circumference thereof, comprising: a 
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plurality of lacing apparatuses as defined in claim 10; 
means for providing a skein of yarn to be laced; means 
for supporting said apparatuses around said skein cir 
cumferentially spaced apart from each other. 

12. Apparatus for lacing a skein of yarn at a plurality 
of places at the circumference thereof, comprising a 
plurality of lacing apparatuses as de?ned in claim 6; 
means for providing a skein of yarn to be laced; means 
for supporting said apparatuses around said skein cir 
cumferentially spaced apart from each other. 

13. The apparatus of claim 5 further including means 
for knotting the ends of said string that has been passed 
through said serpentine passages. ' 

14. The apparatus of claim 13, wherein said pressure 
difference producing means includes a pipe inside 
which said knotting means is disposed. 

15. The apparatus of claim 14, further including 
means for positively removing said knotting ends from 
inside pipe. 

16. The apparatus of claim 5, wherein said each tooth 
component comprise a body portion and a forward por 
tion which is de?ectable relative to the longitudinal 
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axis of said body portion. _ - 

17. Apparatus for lacing a skein of yarn at a'pluralitiy 
of places at the circumference thereof, comprising a 
plurality of lacing apparatuses as defined in claim 16; 
means for providing a skein of yarn to be laced; means 
for supporting said apparatuses around said skein cir 
cumferentially spaced apart from each other. 

18. Apparatus for lacing a skein of yarn at a plurality 
of places at the circumference thereof, comprising: a 
plurality of places at the circumference thereof, com 
prising: a plurality of lacing apparatuses as defined in 
claim 5; means for providing a ‘skein of yarn to be 
laced; means for supporting said apparatuses around 
said skein circumferentially spaced apart from each 
other. 

19. The apparatus of claim 18, wherein said skein 
providing means comprises an arm provided at the op 
posite ends thereof with a pair of reels on each of which 
a skein of yarn is removably wound; and means for 
moving said arm to alternately bring said reels into lac 
ing position relative to said supporting means. 

* * * * * 


