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FLAT WARP KNITTING MACHINE 
Fritz Larabach, Tenafly, N.J. 

Application May 28, 1945, Serial No. 596,362 
(C. 66-86) 9 Cains. 

My invention relates to flat warp knitting 
machines, and more particularly to the drive of 
knitting implements in such warp knitting 
machines. 
An object of my invention is to reduce the 

individual travelling motion of the knitting im 
plements in a flat warp knitting machine to a 
minimum so as to reduce the acceleration of the 
masses of the knitting implements and their 
drives, for the purpose of increasing the speed of 
the machine to a maximum. 
Another object of my invention is to provide 

means in a flat warp knitting machine, by which 
the stroke of the needle bar carrying a series of 
needles may be reduced to a minimum and yet 
certain extreme positions of the needles relative 
to other knitting implements determined by the 
length of the needle beards may be obtained. 
A further object of my invention is to provide 

means in a flat warp knitting machine, by which 
Sudden high accelerations of the knitting imple 
ments and their drives, especially of the needles, 
the needle bar, and the needle bar drive, are 
eliminated, so that a smooth running of the 
machine is obtained and the pressures on the cams 
and in the bearings of the drives are reduced to 
a minimum. 

Still another object of my invention is to pro 
vide means in a flat warp knitting machine, by 
which the downward movement of the needles 
may be continued during the pressing of the 
needles by the press edge. 
A further object of my invention is to improve 

on the timing of the various knitting operations 
by the various knitting implements relative to 
each other in flat warp knitting machines as now 
ordinarily made. 
With the above and other objects of the inven 

tion in view, the invention consists in the novel 
construction, arrangement and combination of 
various devices, elements and parts, as set forth 
in the claims hereof, certain embodiments of the 
same being described in the specification and 
being illustrated in the accompanying drawings 
forming part of this specification, wherein: 

Fig. 1 is a side elevational view of a flat warp 
knitting machine, some parts being broken away; 
said figure illustrates only those parts of the flat 
warp knitting machine which are necessary for 
an understanding of the invention, 

Fig. 2 is a fragmentary front elevational view 
of the flat warp knitting machine shown in Fig. 1, 
Some parts being broken away, 

Fig. 3 is a sectional view taken on line 3-3 of 
Fig. 2, illustrating the needle bar drive, 
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Figs. 4 and 5 are sectional views taken on lines 

4-4 and 5-5 respectively of Fig. 2, illustrating 
the sinker bar drive, 

Figs. 6-13 are diagrammatical illustrations of 
various relative positions between a needle and 
a sinker of the machine shown in Fig. 1 during 
a cycle of operation of said machine, and 

Fig. 14 is a diagrammatic illustration of the 
relative position between a needle and a sinker 
during the pressing of the needles, when the 
sinker drive of the machine shewn in Fig. 1 is 
somewhat modified. 

Referring now to Figs. 1 and 2, 23 generally 
indicates the frame of a flat warp knitting ma 
chine or a So-called tricot machine. A motor 22 
mounted in a suitable manner on the frame 20 
is connected by a belt drive generally indieated 
by 24 with the main cam shaft 26 journalled in 
suitable bearings of the frame. Upon an ener 
gization of said motor 22, the main eam shaft, 26 
is rotated for an actuation of the various knitting 
implements of the machine driven by cams keyed 
to said main camshaft 26. The drive of the guide 
bars 28, 38 carrying a series of guides 32, 34 and 
the drive of the press bar 36 carrying the press 
edge 38 are not described in detail hereinafter, 
as they are of conventional form. During the 
operation of the warp knitting machine, the series 
of needles 49 carried by the needle bar 42 draw 
yarn 44, 46 from an upper warp beam 48 and a 
lower warp beam 50 rotatably mounted in suitable 
bearings of the frame 20 of the machine. Fur 
thermore, in a manner known per se the knitted 
fabric 52 is taken up by a take-up roller 54. 
As best shown in Figs. 1-3, the needle bar 42 

carrying the series of needles 40 is Supported by 
arms 56 (only one being shown in the drawings) 
secured to a needlebar shaft 58 journalled in suit 
able bearings of the frame 29. One end of an 
actuating lever 69 is keyed to said needle bar 
shaft 58, the other end of said actuating lever 60 
carries a roller 62 held in operative engagement 
with the surface of a needlebar cam 64 by means 
of a spring 66 stretched between said actuating 
lever 60 and a stationary point 68 of the machine. 
The needle bar eam 64 is keyed to the main cam 
shaft 26. As will be readily understood, a rota 
tion of the main cam shaft 26 in the direction 
of the arrow A causes an upward and downward 
movement of the needle bar 42 with its series of 
needles 49 in the direction of the arrows B and C 
(see Fig. 3) in dependence on the shape of the 
needle bar cam 64. 
As best shown in Figs. 1, 2, 4 and 5 a sinker 

bar 70 carrying a series of sinkers 72 is supported 
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by arms 74 (only one arm being shown in the 
drawings). The lower end of each arm 74 is 
pivoted at 6 to an actuating lever 78 keyed to 
a sinker bar shaft 80 journalled in suitable bear 
ings of the frame 20. The free end of the actu 
atting lever 8 carries a roler 82 held in Operative 
engagement With the surface of a sinker bar can 
84 by means of a Spring 86 stretched between a 
Stationary point 88 of the machine and an arm 
90 keyed to said sinker bar shaft 80. The sinker 
bar cam 84 is keyed to the main cam shaft 26. 
At an intermediate point 92 of each arm 74, 

one end of a connecting link 95 is pivoted to said 
arm 74. The other end of said connecting link 
94 is pivoted at 96 to an arm 98 keyed to another 
Sinker bar shaft 00 journalled in Suitable bear 
ings of the frame 20. One end of an actuating 
lever 02 is keyed to said sinker bar shaft 00, 
and the other end of said actuating lever iO2 
carries a roller 04 held in operative engagement 
With the surface of another sinker bar cam 06 
by means of a spring 8 stretched between said 
actuating lever 02 and a stationary point to of 
the machine. The sinker bar cam 06 is keyed 
to the main camshaft 26. 
As Will be readily understood from above de 

scription and from the arrangement of the vari 
Ous elements of said two sinker bar drives clearly 
shown in FigS. 4 and 5, a rotation of the main cam 
shaft 26 in the direction of the arrow A causes a : 
backward and forward movement of the sinkers 
T2 in the direction of the arrows D and E by 
means of the sinker bar cam 06 in dependence 
on the shape of its surface and a downward and 
upward movement in the direction of the arrows : 
F and G by the sinker bar cam 84 in dependence 
On the shape of the surface thereof. Owing to 
the coupling of the two drives with each other by 
means of the connecting link 94 the sinkers 72 
Will be subject to a movement in the direction 
ID or E simultaneously with a movement in the 
direction For G if the rollers f4 and 82 are 
at the Same time in engagement with drops or 
rises on the sinker bar cams 96 and 84. If, how 
ever, One of Said rollers is in engagement With a 
dwell on one of said sinker bar cams and the other 
roller is at this time in engagement with a drop 
or rise on the other sinker bar cam, the sinkers 
72 will be moved only either in the direction D 
or E or in the direction. For G. 

Figs. 6-13 illustrate various relative positions 
between a sinker 72 and a needle 40 during one 
Cycle of Operation of the warp knitting machine. 
Fig. 6 illustrates, the position of the sinker and 
the needle at the beginning of such a cycle, i. e. 
at the position 0; said 0 position shown in Fig. 
6 corresponds to the position of the sinkers and 
needles and their drives shown in Figs. 1, and 
3-5. In the position of Fig. 6, the sinkers 72 
are in their most forward position indicated by 
the line a. and at their normal level indicated by 
the line 'sinker gauge.” Furthermore, the needles 
40 are at their normal level indicated by the line 
"needle gauge.' Fig. 7 illustrates the position of 
the sinker and needle at the position 140°, i. e. 
after the rotation of the main cam shaft through 
an angle of 140 from the 0 position shown in 
Figs. 1, and 3-5. In similar manner, Figs. 8-13 
show the various positions of the sinker and 
needle at the 160 position, 180° position, 200° 

5 

0 

20 

3. 5 

60 

65 

70 
position, 240 position, 280 position, and 310 po 
Sition. - 

When the needle bar cam 64, the sinker bar 
cam 84, and the sinker bar cam 06 are in the 
0 position, they contact their associated cam 75 

4 
rollers 62, 82, 04 at the points indicated by 0 
in Figs. 3-5. After a rotation of the main cam 
shaft in the direction of the arrow A through an 
angle of 140 or 160 or 180° . . . from the start 
ing position shown in Figs. 3-5, the points indi 
cated by 140° or 160 or 180' . . . on said cams 
are in contact With their respective cam roller. 

All of the cams 64, 84, and 06 have a round 
surface between 0 and 140°, so that, as shown in 
Fig. 7, the sinkers 2 and the needles 40 remain 
in the same position as shown in Fig. 6, i. e. the 
sinkers are still in their most forward position at 
their normal level and the needles are at their 
normal level. Thus, during this portion of the 
cycle of operation of the machine other knitting 
implements, such as the guides are active. 
As shown in Fig. 3, the needle bar can 64 has 

a rise between 140 and 180, the maximum being 
at 160. According to Fig. 4, the surface of the 
sinker bar cam 06 is round up to the point 180. 
As shown in Fig. 5, the sinker bar cam 84 has a 
drop between 140 and 180°, the minimum being 
at 160. Therefore, at 40 the needle bar cam 
64 starts to move the needles 40 upwardly in the 
direction of the arrow B, while at the same time 
the Sinker bar cam 84 starts to move the sinker 
72 downwardly in the direction of the arrow F. 
The arrows B and F are indicated in Fig. 7. At 
160° the needle bar cam 64 starts to reverse the 
direction of movement of the needles 40 and 
drives same to move downwardly in the direction 
of the arrow C shown in Fig. 8. Furthermore, at 
160, the sinker bar cam 84 starts to move the 
sinker 72 upwardly in the direction of the arrow 
G at 160°. The thus described movement of the 
needles 40 and T2 is continued until at 180° the 
sinkers and needles are returned into their start 
ing position as shown in Fig. 9. Owing to the 
round portion of the sinker bar cam 06, the 

} Sinkers remain in their most forward position 
between 140 and 180°. As will be readily under 
stood, between 140° and 180° the needles 40 and 
the sinkers 72 are moved in an opposite direction 
as described above. This movement takes place 
during the catching of yarn by the needles. The 
downward movement of the sinkers 72 from their 
normal position shown in Fig. 7 into their lowest 
position shown in Fig. 8, according to the inven 
tion, causes a downward pull of the fabric by the 
sinker, which, in turn, results in a downward pull 
of the yarn connected with the fabric towards 
the point of the needle beards. Therefore, ac 
cording to the invention, the upward stroke of 
the needles 40 from their normal position indi 
cated by line "needle gauge' to their highest po 
sition indicated by the line “needle highest' may 
be reduced as compared with hitherto conven 
tional warp knitting machines, wherein the sink 
ers remain at their normal level and consequently 
the needles must be moved upwardly to a greater 
extent, for example up to the level indicated by 
the line b in Fig. 8, so that the needle may catch 
the yarn. As will be readily understood, the re 
duction of the upward movement of the needles 
40, according to the invention, results in a reduc 
tion of the acceleration of the masses of the nee 
dles, the needle bar, and the needle bar drive, 
whereby the pressures on the needle bar cams 
and in the bearings of the needle bar drive are 
reduced, so that the machine may be operated at 
a considerable higher speed than the hitherto . 
conventional warp knitting machines. - 
According to Fig. 3, the needle bar cam 64 is 

of such a shape, that the needles 40 are moved 
downwardly in the direction of the arrow C from 
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their normal position shown in Fig. 9 at 180° into 
their lowest position shown in Fig. 11 at 240. 
During the same portion of the cycle of operation 
between 180° and 240 the sinkers 2 are moved 
backwardly in the direction of the arrow D by 
the sinker bar cam 06, until they reach their 
most backward position as shown in Fig. 11. AC 
cording to Fig. 5, the sinker bar cam 84 has a 
dwell between 180° and 240°, so that the sinkers 
72 remain in their normal position between 180° 
and 240 as shown in FigS. 9-11. Between 200 
and 240° the pressing of the needles 40 by the 
press edge 38 takes place. 
According to Fig. 3, the needle bar cam 64 is of 

such a shape, that between 240° and 310 the 
needles remain in their lowest position shown in 
Figs. 1-13, whereupon they are moved upwardly 
in the direction of the arrow B, until they reach 
their normal position at the end of the cycle, 
which coincides with the beginning of the next 
cycle illustrated by Fig. 6. According to Fig. 5, 
the sinker bar 84 is of such a shape, that starting 
at 240 the sinkers 2 are moved upwardly in 
the direction of the arrow G, until they reach 
their highest position at 310 as shown in Fig. 13, 
whereupon they are moved downwardly in the 
direction of the arrow F, until they are returned 
into their normal position at the end of the cycle 
as shown in Fig. 6. According to Fig. 4 the sinker 
bar cam 06 is of such a shape, that between 240° 3 
and 280° the sinkers remain in their most back 
ward position that, however, starting at 280°, 
the Sinkers are moved forwardly in the direction 
of the arrow E, simultaneously with the lifting 
and lowering movements caused by the sinker bar 
cam 84 as described above, until they reach their 
most forward position at the end of the cycle as 
shown in Fig. 6. The movements just described 
represent the knocking over of the fabric by the 
sinkers. 
end of the needle is brought into a level below 
the recess 2 of the sinker 72. As described 
above, according to the invention, this feature is 
obtained by moving the sinkers 72 upwardly from 
its normal position indicated by the line 'sinker 
gauge' into its highest position indicated by the 
line "sinker highest.' Therefore, the arrange 
ment of the sinker drive according to the inven 
tion eliminates a continuation of the downward 
movements of the needles 40 from the position 
shown in Fig. 11 into a position indicated by the 
line c in Fig. 12, which movement is necessary in 
hitherto conventional warp knitting machines, 
wherein the sinkers cannot be moved in upward 
and downward direction. Thus, according to the 
invention, means are provided in the machine for 
considerable reduction of the stroke of the needle 
bar and its needles during the knocking over of 
the fabric, which results in a considerable reduc 
tion of the acceleration of the masses and conse 
quently permits a considerable higher speed of 
Operation of the machine. 
According to Fig. 3, the needle bar cam 64 

shown in the drawings has a dwell between 240° 
and 310, so that the needles 4) are held in their 
lowest position during this portion of the cycle as 
shown in Figs, 11-13. If desired, however, the 
needle bar cam 64 may be shaped in such a way, 
that the needles are moved once or several times 
during said portion of the cycle between 240° and 
31.0°. 
As a matter of fact, at the beginning of the 

pressing of the needles by the press edge 38 (ap 
proximately between 200° and 220) the point of 
the needle beard must remain just slightly be 

Said knocking over requires, that the . 
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6 
low the upper edge 4 of the sinker (see Fig. 10). 
If the sinkers remain at their normal position 
shown in said Fig. 10, the downward movement 
of the needles 40 must be interrupted between 
200 and 220 So as to obtain this feature. If de 
sired, however, according to the invention such an 
interruption of the downward movement of the 
needles 40 may be eliminated for a smoothening of 
their motion by a modification of the shape of 
the sinker bar cam 84 as indicated by the dash 
and dot lines 6 in Fig. 5. Said line 6 forms 
a drop on the sinker bar cam 84, with the mini 
mum at 220°. If the sinker bar cam 84 is of such 
modified shape, the sinkers 72 are moved down 
Wardly between 200 and 220 until they reach the 
position shown in Fig. 14, whereupon they are re 
turned into their normal position shown in Fig. 11 
for 240. Under these circumstances, the dwell 
shown in Fig. 3 for the needle bar cam 64 between 
200 and 220 may be omitted and the shape of 
the needlebar calm 64 may be smoothened out be 
tWeen 180 and 240° so as to obtain a uniform 
doWinWard noverinent of the needles. As will be 
readily understood, the modified sinker bar cam 
34 may be easily shaped in such a way, that the 
sinkers 72 are moved downwardly between 200 
and 220 with the needles 40 at the same rate of 
Speed as the latter. 
As will be apparent from above, the arrange 

ment of the sinker bar drive 84, 82, 78, 7.4 permit 
ting the lifting and lowering of the sinkers 72 in 
the direction of the arrows G and F results in a 
reduction of the stroke necessary for the needle 
bar with its needles, so that, owing to the reduced 
acceleration of the masses, the machine may be 
operated at a high speed. Furthermore, said 
sinker bar drive 84, 82, 78, 7.4 permits the design 
of a needle bar cam with a rather Smooth surface, 
So that a smooth running of the machines at 
high speeds is obtained. Moreover, said sinker 
bar drive 84, 82, 78, 7.4 permits an improvement 
of the timing of the various knitting operations by 
the various knitting implements relative to each 
other; the reduced stroke of the needle bar per 
nitS an actuation of the needle bar by the needle 
bar can during a smaller angle of rotation of the 
can Shaft than in Warp knitting machines of 
hitherto conventional construction, and Said re 
duced angle of rotation leaves a larger angle of 
rotation of the main can shaft for the actuation 
of other knitting implements, for example the 
guides for laying the yarn. 
The drawings illustrate means (the sinker bar 

drive 84, 82, 8, iii) for reciprocating the sinkers 
of a flat warp knitting machine substantially in 
the direction of movement of the needles. If 
desired, however, according to the invention, simi 
lar drives may be provided for in a fiat warp 
knitting machine for reciprocating another knit 
ting implement (for example the guides) in the 
direction of movement of cooperating knitting 
inplements (for example, the needles). 

I have described preferred embodiments of my 
invention, but it is clear that numerous changes 
and grnissions may be made without departing 
from the spirit of my invention. For example, 
instead of the cams shown in the drawings, double 
carns including a master can and a counter cam 
could be used, and in such a case the various 
actuating levers include two arms, each of which 
carrying a roller for actuating With one of said 
two cans of a double cam. 
What I clain is: 
1. In a flat warp knitting machine: a rotatable 

can shaft, a first cam Secured to said can shaft, 
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a first actuating lever swingably mounted on the 
machine and operatively engaged with said first 
cam, a second cam secured to said cam shaft, a 
Second actuating lever Swingably mounted on the 
machine and operatively engaged with said second 
cam, a support pivotally connected with Said 
second actuating lever, a mechanism connecting 
said first actuating lever With said Support So as 
to cause rocking movements of the latter about 
its pivot on the Second actuating lever, and a 
sinker bar carrying a series of sinkers, said sinker 
bar being mounted on said support, and the ele 
ments of said two cam drives being arranged in 
such a manner that said first cam causes back 
ward and forward movements of the sinker bar 
and said Second can causes upward and down 
ward movements of the sinker bar at predeter 
mined intervals during a cycle of the operation 
of the machine. 

2. A flat warp knitting machine comprising: a 
first series of knitting implements arranged for 
reciprocating movements, a first drive associated 
with said first series of knitting implements for 
imparting periodic reciprocating movements in a 
predetermined direction to said first series of 
knitting implements, a second series of knitting 
implements arranged for movements transversely 
of and substantially in the same direction as said. 
first Series of knitting implements, said second 
series of knitting implements being arranged for 
performing movements in coordinated relation 
With movements of said first series of knitting 
implements, a second drive associated with said 
second series of knitting implements for impart 
ing at predetermined intervals periodic move 
ments transversely of the direction of the strokes 
of said first series of knitting implements to said 
second series of knitting implements, said Second 
series of knitting implements being further recip 
rocable substantially in the direction of the strokes 
of said first series of knitting implements, and 
an actuating drive associated with said second 
series of knitting implements for imparting at 
predetermined intervals an additional movement 
to said second series of knitting implements in a 
direction opposite to the direction of movement 
performed by said first series of knitting imple 
ments during a stroke thereof whereby the length 
of such a stroke of said first series of knitting 
implements may be reduced in accordance With 
the length of the additional movement of Said 
second series of knitting implements. 
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3. In a flat warp knitting machine as claimed 
in claim 2, said actuating drive being coupled With 
Said Second drive. 

4. In a fiat warp knitting machine as claimed 
in claim 2, said second drive including a link 
mechanism, and said actuating drive being in 
operative connection. With said link-mechanism. 

5. In a flat warp knitting machine as claimed 
in claim 2, said actuating drive including control 
ling means adjusted for imparting said additional 
movement to said second series of knitting imple 
ments during a movement of said first series of 
knitting implements in the opposite direction. 

6. In a flat warp knitting machine as claimed 
in claim 2, said actuating drive including control 
ling means adjusted for imparting said additional 
movement to said second series of knitting imple 
ments during a standstill of said first series of 
knitting implementS. 

7. In a flat warp knitting machine as claimed 
in claim 2, said actuating drive including control 
ling means adjusted for imparting said additional 
movement to said second series of knitting imple 
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8 
ments during a movement of said second series 
of knitting implements toward the direction of 
the strokes of said first series of knitting imple 
ments. 

8. In a flat. Warp knitting machine as claimed 
in claim 2, said first series of knitting implements 
being arranged in the machine for reciprocating 
movements in an upward and downward direction, 

9. A flat warp knitting machine comprising: a 
needle bar carrying a series of needles and ar 
ranged for reciprocating movements substantially 
in the direction of the longitudinal axis of the 
needles, a needle bar drive associated with said 
needle bar for imparting periodic reciprocating 
movements to said series of needles substantially 
in the direction of the longitudinal axis of the 
needles, a sinker bar carrying a series of sinkers 
arranged for knocking over knitted fabric over 
Said needles and arranged for movements trans 
versely of and substantially in the direction of 
the longitudinal axis of said needles, a sinker bar 
drive associated with said sinker bar for impart 
ing at predetermined intervals periodic move 
ments transversely of the longitudinal axis of the 
needles to said series of sinkers, said sinker bar 
being further reciprocable substantially in the 
direction of the strokes of said needles, an actu 
ating drive associated with said sinker bar for 
imparting at predetermined intervals an addi 
tional movement to said sinker bar and said series 
of Sinkers in a direction opposite to the direction 
of movement performed by said series of needles 
during a stroke thereof whereby the length of 
such a stroke of said needles may be reduced in 
accordance with the length of the additional 
novement of said Series of Sinkers. 

10. In a fiat warp knitting machine as claimed 
in claim 9, said actuating drive being coupled with 
Said Sinker bar drive. 

11. In a fiat Warp knitting machine as claimed 
in claim 9, Said sinker bar drive including a link 
mechanism, and said actuating drive being in 
operative connection. With said link-mechanism. 

12. In a flat warp knitting machine as claimed 
in claim 9, said sinker bar drive including swing 
able Supporting arms and a mechanism for rock 
ing Sane at predetermined intervals, said sinker 
bar being mounted on said supporting arms, said 
actuating drive including reciprocable actuating 
means and a mechanism for imparting periodic 
reciprocating movements to said actuating means, 
and Said actuating means being in operative con 
nection with said supporting arms. 

13. In a flat Warp knitting machine as claimed 
in claim 9, said actuating drive including recip 
rocable actuating elements and a mechanism for 
imparting periodic reciprocating movements to 
said actuating elements, said sinker bar drive 
including SWingable Supporting arms and a mech 
anisnin for rocking same at predetermined inter 
vals, said sinker bar being mounted on said sup 
porting arms, and Said Supporting arms being 
SWingably mounted on Said actuating elements. 

14. In a flat Warp knitting machine as claimed 
in claim 9, said actuating drive including swing 
able actuating levers and a mechanism for rock 
ing same at predetermined intervals, said sinker 
bar drive including swingable supporting arms 
and a mechanism for rocking same at predeter 
mined intervals, said sinker bar being mounted 
on said Supporting arms, and said supporting 
arms being swingably mounted on said actuating 
leVerS. - 

15. In a flat warp knitting machine as claimed 
in claim 9, said actuating drive including control 
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ling means adjusted for imparting said additional 
movement to said series of sinkers during a move 
ment of said series of needles in the opposite 
direction. 

16. In a flat Warp knitting machine as claimed 
in claim 9, said actuating drive including control 
ling means adjusted for imparting said additional 
movement to said series of sinkers during a stand 
still of Said series of needles. 

17. In a flat Warp knitting machine as claimed 
in claim 9, said actuating drive including control 
ling means adjusted for imparting said additional 
movement to said series of sinkers during a move 
ment of said series of sinkers toward the longi 
tudinal axis of the needles. 

18. In a flat warp knitting machine as claimed 
in claim 9, said actuating drive including control 
ling means adjusted for imparting a further addi 
tional movement to Said Series of Sinkers in the 
same direction as the direction of movement of 20 
the Series of needles during the pressing of the 
needles. 
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19. In a flat warp knitting machine as claimed 

in claim 9, said series of needles being arranged 
in the machine for reciprocating movements in 
an upward and downward direction. 
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