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The Interrclationship between Shedding and Beating 
From a design point of view, slietldiitg and heatiiig are 
interrelated. Referring t6 Fig. 1 1 . 1 ,  it is apparent that the 
shed opening' (N, + ti2), the distance B and the aiigles b1 
and ,!I2 are related as follows: 

Hl = B tan p1 
H2 = Btanpl, 

la  a symmetrical systcni, I f ,  = H2. which implics that 
PI = /I2 and = lip. For ease of reference. let these be 
referred to as M, f l ,  and / I ,  respcctivcly; also for simplicity 
let only the simple symtncirical case bc considered. 

In general 

It might be thoiiglit that tlic anslc 6 should bc as small 
as possible so as to reduce thc /i/i of the Irarm*sses (i.e. to 
reduce H ) ,  sitice this would rcducc ihc strlriii 011 the warp. 

19 1 

It = b tali p (11.1) 



Fig. 11.1. Geometry of warp shed 

A reduced lift would also make the mechanism casicr to  
design and operate. However, if p is made too small. the 
warp sheets will not open properly and some ends are 
likely to catch up; such an obstructed opening is called 
an unclear shed. In such a case, there is a strong likeli- 
hood that the shuttle will rub the protruding warp end 
and cause it to break. Thus an iinclear shed can lead to 
unacceptable increases in end breaks. Furthermore, tlie 
distance traveled by the Iuv in bcating Ihe filling into the 
fell of the cloth is a function of 1;. The lay and associated 
parts are heavy and appreciable amounts of energy are 
required to move them quickly over considerable distances; 
this dfTects the motor size and efficiency. Also thc inovement 
of such large masses Sives rise to iindcsirablc cyclic speed 
changes in the loom. 

If the distance the lay moves is ha,  and b, is a constant, 
then 

6, = 6, + b 

but 

therefore 

b = It cotan p 

b, = h, + It cotan /j 

(1 1.2) 
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Fig. 11.2. Shed openings 

From eqn (11.2) it can be seen that if the harness lift H 
is made small, keeping the other parameters on the right- 
hand side constant. then the lay movement h,, must be 
increased in order to permit the shuttle to enter. The height 
of the front wall of the shuttle controls / I  and is itself con- 
trolled by the diameter of the quill which f i ts  in the shuttle. 
This, in turn, involves the econoniics of weaviiie because a 
small quill has to be changed frequently and handling costs 
tend to go up as the size goes down. Also, cvery timc a quill 
is changed there is a potential t‘ault. Good machine design 
can minimize this potential but i t  cannot climinate i t  com- 
pletely. Hence for several reasons. the distance b must be 
limited and a balance has to be struck bctween the Iiarness 
lift H and the lay movement h,. I t  is desirable that h be as 
large as possible but that H and h sliould be as small as 
possible; clearly it is impossible to reconcile these require- 
ments and a cornproniise lias to be miide. Thc a r t  of achiev- 
ing the best cornyromisc is beyond thc scope of this book. 
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Shedding 

Shed Forms 
If the shed is unclear, as shown in Fig. 11.2(a). it is possible 
for the shuttle to cause many end breakages and it  is usually 
desirable to keep the angle f l  the same for all ends in order 
to produce a ckear skied. This requires an adjustment to the 
movements of the various lieddks unless they can all exist in  a 
plane at a fixed distance from the fell of the cloth. This is an 
impossible condition for a normal loom because the harnesses 
must be at  different distances from the fell in order to permit 
their independent movement. To maintain a clear shed, the 
angle p has to%e kept constant and to do this each harness 
must be given a slightly different lift from its neighbors; in 
fact, the lift must be proportionate to the distance of the 
harness’from the fell. Thus the differences depend upon how 
closely the harnesses can be packed; if there are many 
harnesses, the differences ,can be large. 

For certain looms operated by drawstrings (Fig. 2.7), 
positive movements which involve the direct drive of the 
elements occur only in one direction and deadweights return 
the shed to the lower position. In these cases the shed opening 
is rarely symmetrical and angles /II and f i2 are dissimilar; 
in fact f12 can be very small in some cases. Such a system 
gives a so-called iiicompkcte .v/rcd. The most common case of 
shedding, called a coi~ipkcfe shed, is as shown in Fig. 2.8; 
the sheds are driven in both directions. 

The timing of the opening of the fully open shed is jm- 
portant. Various systems have been designed to compensate 
for the change in warp length in  shedding and so minimize 
the variations in warp tension (see Chapter 10). These 
systems operate on all warp ends, and if some ends are 
left in position whilst others are moved, the compensation 
will act on some more than others; this may cause some 
ends to go slack and some to be over-tensioned. The slack- 
ness might enable entanglements to form and the high 
tensions could lead to end breaks; the variations in tension 
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would also affect the fabric structure. In  the simple case, 
where the shed' is changed only as dictated by the fabric 
weave, the sliedditig (liugrum might be as shown in Fig. 
lO.l(a). Where compensation is used, the corresponding 
shed must be adjusted to avoid the difliculties cited; the 
diagram might be as in Fig. lO.l(b). The former is called an 
.operi shed and the latter a closed s l t c d  It is also possible for 
%he shed to be asymmetrical. in which case the shedding has 
to be adjusted to give minimum tensions and a senti-open 
,shed is used, as shown in Fig. 10. I(c). 

Shedding Motions 
The lift of the heddles can be achieved'by using cat11 or 
dobby operated harnesses or by druiis/ri/i,qs and each has its 
own limitations. Leaving aside all mechanical differences, 
it is useful to consider the operational limitations. Most cam 
systems tend to be inaccessible and it is sometimes incon- 
venient and time consuming to chnnge the weave, especially 
with complex fabric desikns. With such complex weaves 

195 



(which need many harnesses), a change can involve replace- 
ment of some or all of the cams, which is a fairly leiigthy 
process. Occasionally, alterations can be made by varying 
the cam-shaft speed in multiples so as to avoid cam changes. 
The most important advantages of the cam system are that 
the design permits a relatively high speed and the system is 
inexpensive. Some of the operational inflexibility of the cam 
loom can be circumvented by good organization if there is a 
sufficient number of looms at the disposal of the manager. 

Moving to the other extreme, a Jacquard loom is very 
flexible as far as the weave is concerned because it is possible 
to.contro1 single ends if so desired. Fabric designs can be 
changed merely by inserting a series of puiiched cards into 
thepatrern chain. However, the production rate is very low 
and consequently these looms are used only for complex 
weaves. The Jacquard heads are expensive and therefore 
there is considerable incentive to find cheaper ways of 
producing patterned fabrics, especially if the required pattern 
is not too complex. 

lntermediate between the Jacquard and thecam looms is the 
dubby lootti; this loom is one on which smaU geonietric and 
regular figures can be woven. Originally a dobby boy sat on 
top of the loom and drew up  the warp as required to form 
the pattern. This function has now been automated and a 
device which replaces the dobby boy has becoine known as a 
dobby head. The origin of the word dobby is obscure. 

The inaccessibility of the multiple mider-cuui system limits 
the design possibilities. One solution is to bring the cams to 
the side of the loom where they are more accessible. This 
permits an increase in the number of harnesses from about 
eight to about sixteen, but the system tends to bocunibersome. 
It is an obvious advantage to miniaturize the system so 
that the drive to the harnesses is triggered by an actuating 
device rather than being driven directly. This, in  fact, is what 
a dobby head does; instead of cam and lever system, a peg 
or some other discontinuity i n  a pattern cliain triggers the 
appropriate shed changes, The pattcrii chain determines the 

196 



C A b l & Z  - 

BASE CIRCLE 

(a] RADIAL FOLLOWER (c i  ROCKER FOLLOWER 

h 
I 

I- 
2 

s 
4 
a 0  120' 180" 240' 300' 360' 

ANGLE 8 

(b) LIFT DIAGRAM 

(d) ROCKER FOLLOWER WITH EXTENDED ARM AND ROLLER FOLLOWER 

Fig. 11.4. Simple cam system 

weave. The variety of patterns and the case of cliangc is 
increased considerably. Against this must be set a slight 
decrease in the maxiinurn permissible operatiiig speed; this 
arises because of the excessive stresses set up in the dobby 
head when it is operated over the maxiinurn safe speed. 
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Cam Slieddiiig 

To understand scme of the restrictions, it is ncccssary 
to consider some elements of cam design. First, an ex- 
planation may be given in terms of a cam w i t h  21 radial 
knife edged follower, even though this is a gross over- 
simplification. Referring to Fig. 1 I .4(a), the rotation of the 
cam causes the follower to lift along a radius and its vertical 
position is determined by the angle 8 ;  tlie lift diagram is 
shown in Fig. 11.4(b) where any  ordinate refers to the 
corresponding radial distance betwecn the base circle and the 
outside operating surface of the cam. The' relationship 
between these. two parameters is linear, but if the follower 
does not move along a radius or if a knife edged follower is 
not used, this linear relationship no  longer holds. Since 
practical cam systems do have nonlinear 'relationships, the 
actual cam shape is dissimilar to the lift diagram and this 
implies that cams from different systems are not inter- 
changeable. In practice, interchanges are possible in many 
cases but care has to be taken in this respect, especially where 
high performance systems are involved. 

If the case of the simple system. it is possible to have a 
rocker follower (Fig. 11.4(c)) which Hi l l  give a lift diagram 
similar to the one previously mentioncd, providing tlie 
distance I is adequate. If the arm is extended as in Fig. 
11.4(d), the point Q will move a Sreater distance than the 
point P but the shapes of the respcctive displacenicnt 
diagrams will be similar. Thc lift at Q 

(11.3) 

With a givcn mcclianisni, it is possible to altcr the position 
of Q with respect to P and thereby change the lift at Q. 
If the harnesses are connected at Q, then tlie lift can be 
adjusted as required by altering either L or I and the varying 
lifts that are needed to givc a clear shed can be obtained by 
this means without having to have a wide range of cams. 
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SLIGHT MODIFICATION OF PROFILE 
AT POINT SHOWN W E R S  SUCCEEDING 
DIAGRAMS AS INDICATED BY DOTTED LINES 
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Fig. 11.5. Lift diagram with corresponding velociry, 
acceleration and shock diagrams 

A rocker follower which operates about a fixed fulcrum 
would cause the point Q to move in iiii iindesir-ablc arcuate 
path but if the fulcrum is allowed (or caused) to move to 
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compensate, a desirable straight lift can be obtained. A 
similar problem exists in picking and siiicc it is so iinportant 
in that context, the matter will be dealt with under that 
heading. 

CURVE @ LIMIT SET BY SHUTTLE 
CURVE @ HIGH LIFT, LOW ACC", SMALL DWELL 
CURVE 0 LOW LIFT, HIGH ACC", LONG OWELL 

Fig. 11.6 fa) Shedding d&gmm andshuttle intetference. 
N.B. Ske& (vt not rrlwrryr symrnetrkul 

A lift diagram such as that shown in Fig. 11.5(a) implies 
that the corresponding velocity diagram will have steep 
portions, which in turn implies an accleration as shown in 
Fig. 11.5(c). A high acceleration acting on a mass will 
produce a large force, and a sudden change in acceleration 
produces a shock which will produce noise and vibration. 
Thus the cams must be designcd to minimizc thesc forces as 
well as the shocks, and the faster thc loom runs the morc 
important this becomes. ( I n  inathcmatical terms, if the 
lift is h, the harness velocity is a/ i /ar ,  the acccleration is 
2 2 h / W  and the shock level is proportional to i33/1/W,) 
Suppose the dimensions of  thc shuttlC and the timing dictate 
that the harness lifts should lie outside tlic shaded area shown 
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N.B. SHUTTLE SHAPE EXAGGERATED 

F&. 11.6 (b). Shuttle Intafrmrce at C 

SHUTTLE INTERFERENCE DIAGRAM 
?/din > 0.7 FOR STAPLE OR FILAMENT 

ZIdOUt > 0.3 FOR STAPLE OR 0.7 FOR FILAMENT 
e,: 6oo e,: soa 

CRANKANGLE e 

F&. 11.6 (c). 
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in Fig. 11.6; in such a case there are several alternative 
soIutions. Thc acceleration can be minimized by using a 
curve such as 2, but this would be at the expense of an 
incrcased harness lift (which would strain the warp ends and 
lead to increased breakage rate). It is also possible to main- 
tain the dwell between Y and X as shown in curve 3, but this 
would be at the expense of generating extra forces in the 
mechanism (which might limit speed). Thus a compromise 
is usually needed, but the band of acceptable solutions will 
narrow as the picking rate increases and, of course, high 
picking rates are preferred. The solution also depends upon 
several other factors; for instance, with a closed shed there 
are some rather rapid changes which generate high forces 
and it is not uSually possible to operate a closed shed as fast 
as an open one. 

The warp shed opening (2) may be calculated from the 
similar triangles OAB and OCD shown in Fig. 11.6(b). 

The warp shed opening needed to clear the shuttle at point 
C as it traverses the loom depends upon the lay position 
and the dimensions of the shuttle. Should the warp shed 
fail to clear the shuttle, there will be a degree of warp 
abrasion especially at the selvages. However, it is common 
practice to accept a degree of shuttle interference for the 
sake of increased productivity as will be explained later. 

For example, consider a case where a loom runs at 200 
picks/min, the shuttle velocity is 20 m/sec (66 ft/sec) and 
the crankangle over which the shed is open sufficiently for 
the shuttle to pass without shuttle interference is 80". The 
loom speed is (200 x 360)/60 = 1200 degrees/sec. Hence 
the warp shed is open for 80/1200 = 0.06666 sec and, in 
this time, the shuttle travels 20 x 0.06666 = 1.3333 meters. 
The width of fabric that could be woven without shuttle 
interference is 1.333 -Qsh (where nsh is the effective length 
of the shuttle). Thus if nsh is 0.3 meters, the maximum 
fabric width would be 1.0333 meter if shuttle interference 
were completely eliminated. Any attempt to weave wider 
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fabric would lead to a tendency for warp abrasion and this 
would get worse as the width increased. Similarly with 
speed, if the speed were increased to (say) 250 picks/min, 
the loom speed would be 1500 degrees/sec, the shed 
opening time 0.053 sec and the shuttle would travel 
1.0666 meter in this time; thus the maximum width would 
decrease from 1.0333 to 0.7666 meter for the particular 
timing and shuttle speed. Thus it can be seen that any 
increase in speed or width (both of which tend to increase 
productivity) can only be achieved at the expense of 
shuttle interference. All the factors are closely related and 
are NOT independent variables. 

By suitably shaping the shuttle, the effects can be mini- 
mised. It is usual to make the front wall height (d) less 
than the back wall height (the wall in contact with the 
reed is larger), and the shuttle edges are rounded. Also the 
shuttle ends are pointed, which reduces the effective 
shuttle length (ash) and by these means it is possible to 
carry the largest possible quill (shown dotted in Fig. 11.6 
(b)) for the minimum amount of shuttle interference. 

Even when all these precautions are taken, the avoidance 
of all shuttle interference would unnecessarily restrict 
productivity. Because of the smooth pointed ends to  the 
shuttle, it is quite possible to allow the shuttle to enter a 
warp shed which is too small but opening. It is also possible 
to allow the warp shed to close on the departing shuttle. 
The extent of these igterferences depends mainly upon the 
warp yarns. A typical warp shed opening diagram is given 
in Fig. 11.6(c) and it will be observed that the crankangle 
interval (A01 is much enlarged by permitting a controlled 
amount of shuttle interference. For typical staple yam 
(Z/d) im 0.7 and (Z/d)out> 0.3, whereas with most fila- 
ment yams (Z/d)in and (Z/d) out are both greater than 0.7. 
Limited adjustments to A0 can also be obtained by varying 
the loom timing. 

I n  practice, knife edged followers are not used. A knife 
edge would wear too rapidly and it is usual to use a roller 
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NE: Shaded areas indicate minimum shed opening 
to permit passage of shuttle. Interference 
indicated by arrows in the case of n-10 

Fig. 11.7. Shedding diagrams from one given cam. 

follower as shown in Fig. 11.4(d). The roller is limited in its 
ability to follow the cam surface when there arc very rapid 
changes in profile; for instance, a roller cannot produce a 
vee-shaped lift diagram because the roller surface cannot 
make contact with the apex of the vee. The larger the roller 
or the sharper the vee, the less will be the conformity. The 
diameter of the roller thus determines, in part. the profile of 
the cam and this is another reason why care should be taken 
in interchanging cams between different sorts of looms. 

A gear train i s  normally used to connect the crankshaft 
and the camshaft to maintain proper synchi onization. In 
one shedding cycle, the hnriiess reinairis up for one dwell 
period and down for the othcr. With a PI? ’  , i n  weave. two 
picks are inserted in this time mid the camshaft has to rotate 
at half the crankshaft speed. If 4 : 1 gearing were used, two 
picks would be inserted with the harness i n  thc Lip position 
and two in the down position. If 211 : 1 gearing were used 
there would be n picks inserted betwceii changes. Such 
a procedure is used to make twills and other structures which 
requirejoats, but there are limitations. Consider an cxtrcmc 
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case; let n = 10 and let the cam profile shown earlier be used. 
As shown in Fig. I I .7, the changeover of the shed would still 
be in progress at the time that picks number I ,  10, I I ,  20, 
etc., should be inserted. The shed would be insufficiently 
open to allow the shuttle to pass and it would be impossible 
to weave unless the cam profile were changed to Sive a very 
rapid shed change. Such a profile could only be run at a 
diminished speed. 

With a given fabric structure, the pattern repeats even 
though it might only be one up, one down. Whatever the 
pattern, the gear ratio should be equal to the number of 
picks per complete repeat. For example, with a plain weave 
the repeat is over 2 picks and the gear ratio is 2 : 1.  For a 
2 x 2 basket weave, the repeat is ovcr 4 picks and the gearing 
ratio i s4  : 1, 

To simplify matters, normal fabrics wovcn on a cam loom 
are usually restricted so that all cams are similar but merely 
displaccd in tcrrns of their relative angiilar position. When 
the fabric structure is changed it is soiuctimes necessary to 

TO (FI, STOP (SI ACTS AS FULCRUM TO LINK a b. MOTION (FI IS 
WACNIFIED BY JACK ACTING AS A LEVER, CAUSING (11 TO WERATE- 
THE HARNESS VIA THE STRAPS 

Fig. 11.8. Basic dobby motion. Not to scale. Certain pprts 
omitted for cloriry 
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change cams, gearing or both; therefore, accessibility to 
these parts is important. 

Dobby Shedding 
The cams used in a cam loom fulfill two functions, namely: 

( 1 )  To position the harnesses as required from time to time 
(2) To transmit the power needed to cause the desired 

movement. 

In a dobby mechanism, these functions are separated, with 
the result that the actuating mechanism can be very much 
lighter in construction and much more compact and access- 
ible. These improvements permit the production of more 
complex weaves under normal mill conditions without 
the sacrifice in productivity that follows the use of a Jacquard 
loom. The Jacquard loom is used primarily for weaves 
which are too complex for the dobby loom. 

Bas~cally, the dobby mechanism consists of two sections; 
one section is concerned with power transmission, the other 
with the cpnnection and disconnection of the harnesses to 
and from the power source at the appropriate time. The 
latter device may be regarded as a sort of mechanical 
equivalent to an electrical switch. On the power side of the 
switch, there is a permanently connected set of moving 
k n i m  which reciprocate along fixed paths. As shown in 
Fig. 11.8, there are hooks ( H )  which hincge on a buulk (ab); 
when these hooks are lowered, they engage the knives and 
move with them. in one mode, the stop (s) acts as a fulcrum 
and thus the movement of the knives causes the central 
link to move, which in turn causes the.jack to move. The 
motion is magnified by the lever action of the jack and is 
transmitted to the harnesses. The connection and dis- 
connection of the hooks is caused by tmdles or feelers which 
contact the pegs in the pattern chain. 

Other modes are possible. Figure 1 1.9 shows four modes, 
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BOTH HOOKS 
OISLNGAGEO 

HARNESS 
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TOP HOOK 
ENGAGED 
HARNESS H W E S  
WITH TOP KNIFE 

BOTTOU STOP 
IS USED 

BOTTOU HOOK 
DROPPED EARLY 

HARNESS DOES 
NOT UOVE AT FIRS1 

LATER, HARNESS 
MOVES WITH 
BOTTOM KNIVES 
TOP STOP IS USED 

KNIFE POSITION 2 

NB KNIVES OSCILLATE BETWEEN POSITIONS 1 AND 2 
IRRESPECTIVE OF WHETHER HOOKS ARE 
CONNECTED OR NOT 

F&. 11.9. Different modes of action of a dobby. 

the knives being shown in each of the extreme positions. 
When both hooks are engaged, the baulk merely seesaws 
about point F and the harnesses are maintained in the up 
position. When both hooks are disconnected, the baulk is 
held against both stops and the harnesses are maintained in 
the down position. When one hook kdisengaged, the harness 
will move up and down in sympathy with the other knife. 
It is the practice to lift the rearward knife because at that 
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time the appropriate portion of the baulk is held by the 
stop and the hook can be raised without damage. A hook 
can be dropped at any time, but there may be a time lag 
before it latches into proper sequence as shown in sections 
(d) and (e) in Fig. 11.9. 

By altering the distance x (Fig. 11.9(a)), it is possible 
to operate with semi-open sheds. Therefore it is possible to 
obtain any desired shedding diagram by having two sets of 
pegs, hooks, and knives per harness; this is known as a 
double lift dobby. it is also possible to use a single set, but 
single lift dobbies are now comparatively rare. 

Single Lft  Jacquard 
Pattern cards are presented to a four-sided "cylinder" in such 
a way that every card fits one side (Fig. 11.10). Every card 
on the chain represents one pick in the weave. Thus the 
cylinder speed of rotation is one-quarter that of the loom 
crankshaft. The cylinder moves away from the needles, 
rotates one-quarter of a revolution to present a new card 
and then moves again towards the needles. A hole on the 
card indicates that the corresponding hook has to be lifted. 
The moveiiient of the needle through the hole, under spring 
pressure. causes the hook to be ready to engage with the 
knife. The knife therefore lifts the hook during its upward 
movement. which in turn lifts the cord attached to the hook. 
The ends passing through the heddles (or mails) attached to 
tlie hook will then be lifted. When no hole faces the needle, 
it will be pushed by the card asainst the spring and the hook 
will be kept away from the knife. 

In  order to prevent the rotation of the hook, the lower 
end is bent and passes through a narrow slit in the grate. 
When the hook is not engaged with the knife the bent end 
rests on a spiitdle which controls the lower position of the 
warp yarns. 

The capacity of a Jacquard head is indicated by the number 
of hooks (each hook has one needle). Thc single-lift Jacquard 
discussed here is tlie simplest and gives tlie necessary basic 
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HOOK MOVES WITH NEEDLE 
IF PATTERN CARD PRESENTS HOLE, 
HOOK MOVES TO EffiACEO POSITION 
AN0 IS LIFTEO BY KNIFE 

IF BLANK IS PRESENTED, HOOK 

KNIFE AN0 
ASSEMBLY 

APPROPRIATE 
NEEDLES 

(DRAWSTRINGS) 

I d h -  LINGOES (WEIGHTS) 

Fig. 11.10. Single li/r Jacquard 
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principle of Jacquard operation. but there are also double 
lift Jacquards of a variety of desitns which are more complex; 
these are beyond tlie scope of this book. Suffice it to say that 
double lift machines usually have two cylinders (one on each 
side of the necdles), two card chains, and no spring box. 

Selcage Motion 
In the case of Jacquard and dobby looms there is no problem 
in weaving the selvage. which i n  all cases has a design 
different from the weave in the body of the fabric. With cam 
looms, however, the situation is different, since the number 
of harnesses is limited. In this case, it is necessary to use a 
separate shedding motion for the selvage yarns. I n  its simplest 
form, the selvage motion uses two pairs of small frames with 
heddles, one on either side of the loom. These frames get 
their motion from eccentrics or cams fixed on the loom cam- 
shaft, or on a separatc shaft. The most common weaves used 
for the selvage arc plain, 2 x 2 rib or 2 x 2 basket weaves. 

Beating Motions 
The Motiori of the Laj 

A lay mechanism is shown in Fig. 10.4. I t  will bc secn that 
the mechanism is in reality a four bar chain in wliicli the 
loom frame forms the link AD, The link A B  is tlie wmik ,  
the link BC is the cu/i/wc.ti~ig rod and the l ink  C'D is tlie 
lay sword. As the crank A B  rotates, it causes the point C' to 
oscillate and if the reed is attached to the l inh C'D (or an 
extension of it), it, too, will oscillate as rcquircd. If the 
crankshaft is geared to the camshaft (and auxiliary shaft 
where appropriate) in the proper manner, then the esscntial 
synchronism is achieved. 

It is highly desirable that the lay should stay in the back 
position as long as possible so as to give the shuttle more time 
to pass. This requires that the lay should move in a fairly 
complex harmonic motion. To understand this it is necessary 
to analyze the mechanism. To simplify the motion, it is 
possible to assume that the point C moves along a straight 
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line rather than along an arc (as the radius CD is always 
large compared to AB. this is a reasonable assumption). 
For the purposes of explanation, let it be further assumed 
that the line of action of C passes throuBh A and that the 
loom speed remains constant. Let 

r = length of crank 
I = length of connecting rod 
h = instantaneous perpendicular distance of B from line 

AC 
8 = crank angle relative to inner dead center (in radians) 
= inclination of connecting rod to AC (in radians) 

x = displacement of lay from the beginning of its stroke 
u = velocity of lay 

f =  acceleration of lay 

UJ = angular velocity of crank in radianslsccond 

= dx/dt 

= d2x/dt2 ’ 

Displacement .Y = I + r - I cos # - ~ C O S  8 

= r(1 - c o s q  + /(I - cos+) 
but It = r sin 8 

= Isin+ 
r 
1 

sin+ = - sin 8 therefore 

By Pythagoras cos+ = v’r-siGF& 

Substitute in eqn. (11.4) 

(11.4) 

j f )  2- sin2 0 
X I 
r r - = ~ + - - c o s ~ -  
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Fig. 11.11. Effect of short connecting rod 

2 
but if 02 = (i) - sin2 e 

d .Y Differentiating o = - 
d t  

d s  dR 

d x  
de 

= %*Tt 
- - 8 . -  

Sin2 0 is small c o m p r c d  to 12/r and it is a close approxima- 
tion to write D = l / r ,  whence 

(11.5) 
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TABLE 11.1 

l!S&ct Of Varying the Connecting Rod LangtI~ 

Nr Conntctiq Type of Mocenant Qpe of Fabric 
Rod 

Greater than 6 Long Very smooth with Fine cotton 

Between 6 and 3 Medium Smooth Medium density 

Lcss than 3 Short Jerky with high Heavy cottons 

low acceleration Silk 
forces Continuous filament 

cottons 

acceleration forces Woolen 

Figure 11.1'1 shows a series of curves for various values 
of I/r. It will be seen that as the connecting rod is made 
shorter there is an increased deviation from the pure sine 
wave (the sine wave represents simple harmonic motion or 
SHM). This is another way of saying tha t  the lay lingers in 
the back position because of the shortness of the connecting 
rod, and it is this which is used to advantage in the loom. 

There is a limit to thc amoiiiit of deviation which can be 
achieved because as I -+ r the mechanism becomes unwork- 
able; when / = I', the crank and the connecting rod could 
spin round a common center and the lay would not move at 
all. In fact, when the connecting rod is made too short, the 
system will jam and it is normal for / > 2r. 

The value of / / r  used in a loom depends upon whether a 
smooth action is required or whether an impulsive jerky type 
of beat-up is needed; this in turn depcnds upon the fabric 
to be woven and the width of the loom. A fine delicate 
fabric should not be roughly handled, whereas a coarse 
staple yarn may require a sharp beat to be effective. With 
a wide loom, the shuttle transit time is long; this leaves less 
time for the other functions and therefore the beat-up has to 
be short if the loom speed is to be kept up. For example, / / r  
for a 45 in. loom might be 4, whereas for an 85 in. loom it 
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might be as low as 2. The range of values for various condi- 
tions is shown in Table 1 1. I .  

Generally, the long connecting rod enables a light loom 
construction to be used whereas the short connecting rod 
demands a heavy construction which adds to the weight of 
the reciprocating masses and further iiicreases the forces; 
To understand how the liigh accelerations arise, it is necessary 
to differentiate eqn. (1 1.5). 

f = dv/dt 

The lay acceleration 

= w . dv/dO 

(11.6) 

It will be noted that pure S H M  would give an acceleration 
of co2r cos 8 and the difference caused by the short connecting 

rodis v c o s  28. An infinitely long connecting rod would 
make the difference zero and the movement would be SHM; 
however, if / / r  = 2, the peak accelerations will be more than 
50 per cent higher than with S H M .  (When fl = 0, 180°, 360°, 
etc., both cos 8 and cos 28. = 1 .O; thus the portion of eqn. 
(11.6) in brackets becomes 1 + A , i.e. only slightly less than 
the maxima which occur at angles slishtly diffcrent from 
those quoted, With S H M  the maximum value is 1.0.) Since 
force = mass x acceleration, and since the lay is relatively 
massive, these differences are important because the forces 
can become very large. 

The foregoing has been developed on the basis of several 
simplifying assumptions, but even in the more complex 
cases, there are similar results; however, any further such 
mathematical developinent is beyond the scope of this book. 

The Beat irtg Act ion 
The motion of the reed positions the filling. but in so doing 
it has to push against frictioiial forces imposed by the 
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(b)  
BEATING ON AN OPEN SHED 

BEATING ON A CROSSED SHED 
I 
I 
\ 
i 

Fi&. 11.12. The forces &I brruinp 

warp. The magnitude of these forces depends on the co- 
efficient of friction between the warp and filling, as well as 
the reaction between them (this reaction arises from the 
interlacing). 

Consider a filling yarn about to be moved towards the 
fell of the cloth as illustrated in Fig. 1 1.12. The yarn tensions 
on a single end are as shown on the right-hand side of the 
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diagram. In addition, there are other reactions from the 
opposite interlacings as indicated by R’. As the filling is 
moved towards the fell, the angle x stecpens, the magnitude 
of R and R‘ increases and moves away from 90”. When 
moved far enough into the fell, the aiigle tp becomes so acute 
that the filling would be squeezed out if it \+ere not restrained. 
There is a critical value for y which i s  determined by the 
coefficient of friction. Thus the minimum pick spacing which 
can be obtained by beating on an open shed is determined by 
the coefficient of friction between filling and warp. 

When beating on a crossed shed, 3’ is more nearly equal to 
a and there is a smaller tendency for thc filling to be squeezed 
out. Hence closer pick spacings can be obtained. 

Let the general case illustrated in Fig. 11.12(c) be con- 
sidered. The force needed to move the filling over a single 
warp end consists of two parts: the first is a component of 
the reaction R resolved in the direction oE beating, and the 
second is a frictional component which also has to be resolved 
In the same direction. 

The force needed to cause the filling to slip (F) = pR and 
this acts perpendicularly to R ;  thus the resolved component 
is F = p R  sin y. 

Rtsohing the direct forces vertically, 
R sin y = T, sin y + T I  sin x (11.7) 

therefore 

beat) 

F = pT2 sin y + pT2 sin cz 

Resolving the direct force horizontally (in the direction o f  

(1 1.8) Tz cos y - Ti cos x = R cos w 
Beating force/warp end 

F“ = R cos y + p R  sin y/ (11.9) 

.??‘=T2cosy- T , c o s a + p R s i n y  
Substitute for R sin y and we get 
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F" = T2(cos y + p sin y )  - T,(cos a - p sin a) 

but from Amontons' law of wrap friction 

TI = T , d  

where@= - p  [n - ( a + r ) ]  

therefore 
F" = T,{(cos y + p sin y )  -Ke- + I )  (cos a - p sin a)} 

(11.10) 

When the angle 1' is small, as it often is, then eqn. (1 1.10) caq 
be simplified as follows 

F" = T2(1 -Ke-"" (cos u - p sin u)} (11.11) 
If further approximation is tolerable then this can be 

reduced to F" = 2p(sin m)T2 or even to F" E 2paT2. 
Bearing in mind that the angte a is determined by the 

crimp levels, the yarn dimensions arld the pick spacing, it 
will be realized that the beat-up forces are affected by them 
too. Also, the tension T, is affected by the beat-up and, as 
demonstrated above, the beat-up force is also a function of 
T2; this is another reason why it becomes progressively 
more difficult to beat up as the filling is pushed into the fell 
of the cloth. Indeed, too heavy a beating action to achieve 
a close pick spacing will produce a condition known a4 
burnping; here the whole beat-up force is taken by the warp 
and the fabric ahead is temporarily relieved of tension. 
Bumping usually indicates a jamitred fabric; that is, one 
which cannot have a closer pick spacing due to its construc- 
tion. 

Referring again to Fig. 11.12(a), it will be seen that the 
angle z is fixed by the dimensions 111 and 1. At the beginning 
of beat-up, I is long and z is small but as the process proceeds, 
I gets shorter with the result that x becomes more acute. 
Hence, as beat-up proceeds, the beating forces increase until 
the lay is reversed or the bumping condition is reached (see 
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Fig. 10.8). Because of this, it is important to set the loom 
properly to prevent undue stress; high stresses lead to 
increased ends down and consequent loss of production. 
Also it is possible to damage the machirrery, particularly if it is 
designed only for light fabrics. 

218 



12 
SHU'ITLE PICKING AND CHECKING 

Key words : Alacrity, binder, buffer, checking, coeficicnt of 
restitution, controlled binder, kinetic energy, lug strap, natural 
frequency, nominal mwement, overpick loom, picker, picking, 
picking stick, picking cam, pitch, roll, shuttle box, shuttle box 
length, simple harmonic motion (SHM),  stick checking, under- 
pick motion, yaw. 

The Energy of Picking 
To accelerate a shuttle to the necessary speed in the very 
short time available requires that considerable amounts of 
energy should flow in that short time. This means that there 
has to be a source of energy as near to the shuttle as possible, 
with as little intervening mass as possible. Such masses 
impede the flow of energy and make it more difficult to 
accelerate the shuttle. In the conventional loom, a transient 
source of energy is the picking stick itself; this is normally 
made of wood, which is a very resilient material capable of 
storing remarkable amounts of strain energy. The primary 
source of energy is the electric motor, but the energy is 
transmitted through a cam/linkage system which has 
considerable inertia. Without the resilient stick to store 
energy at appropriate times (i.e. with a perfectly stiff mech- 
anism), such a cam/linkage system would be unsatisfactory. 
If suiiicient energy were transmitted to give adequate 
acceleration, the forces generated in some parts would be 
above the safe working limits and failures would occur. 

A conventional system works, in the first part of the 
operation, by causing the drive end of the mechanism to 
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start with little or no motion by the shuttle and picker. This is 
achieved by the action of the binder which temporarily 
restrains the shuttle. During this first phase, various parts of 
the mechanism are strained (especially the picking stick) and 
strain energy is built up. During the subsequent phase, the 
direct motion of the drive end continues but the shuttle now 
moves. The direct motion and that due to the sudden un- 
bending of the picking stick are superimposed to give a very 
rapid acceleration. There is a sort of whiplash effect, which is 
extraordinarily effective in producing the acceleration re- 
quired without producing unacceptably high stresses in the 
mechanism. 

The Motion of the Shuttle during Acceleration 
The force applied to the shuttle is proportional to its mass 
and the acceleration involkd (i.e. force = mass x accelera- 
tion). For a given shuttle, it is necessary to restrict the 
acceleration if the limiting force is not to be exceeded. The 
limiting force is determined by the strength and durability 
of both the shuttle and the propulsion mechanism. In this 
respect it is the peak acceleration that is important (rather 
than the average value), and this peak should be kept as 
low as possible. On the other? hand, to get a high loom speed 
it is necessary to have a high average acceleration. These 
requirements clash, but the conflict can be lessened by 
making the ratio of peak to average acceleration as low as 
possible. This implies that the shuttle displacement curve 
should be parabolic, as shown in Fig. 12.1. This can be ex- 
plained in mathematical terms as follows. 

x = ut2 + bt + c 
where a, b, and c are constants and the eqn. (12.1) describes 
a parabola 

Let 
(12.1) 

t = time (t K 9 approx.) 
8 = angular position of crankshaft 
x = position of shuttle from some reference 
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Fig. 12.1. Shuttle dirpbcement 

Differentiating 
shuttle velocity = R = 2at + b 

shuttle acceleration = X = 2u = constant 
wherex = dxldt 

ft = daxidta 
Under these circumstances, the ratio of peak to average 

is unity, which is the lowest possible value; this means that 
for a given loom speed, the shuttle acceleration (and the 
force applied) will be the lowest possible. 

The force pulse applied to the shuttle in this case will 
be rectangular, similar to that shown m Fig. 1 1.5; the steps in 
force levels are likely to create unwanted shocks which lead 
to the production of noise and vibration. To reduce shocks, it 



is necessary to round off the flanks and this implies that the 
displacement curve has to depart a little from the simple 
parabola. 

The accelerating distance s is of some importance. From 
space considerations, it ought to be as short as possible, but 
from force considerations it ought to be as long as possible. 
Bearing in mind that there are geometric limitations in any 
picking mechanism and that the maximum forces acting on 
the shuttle arises elsewhere, it is usual to make x about 
20 cm (8 inches). This determines the shuttle box length as 
well as the difference between the loom and fabric widths. 

The motion of the picker is never geometrically similar to 
the shape of the picking cam; however, to overcome this in 
the present discussion, let the cam shape be defined by the 
motion of the picker, it being recognized that the actual cam 
shape has to be modified to take into account the geometry of 
the linkage. 

There is another and very important factor to be consid- 
ered. The picking stick and other parts deflect under the 
loads encountered under running conditions; it is necessary, 
therefore, to make another modification to the cam profile 
if the actuaf shuttle motion is to approximate to the para- 
bolic ideal. If the loon1 is turned over very slowly with no 
shuttle, there will be little or no load on the system; it will 
behave as if the components were perfectly stiff. Let the 
movement obtained like this be referred to as the iiorninal 
mocemenf. The actual movement, obtained under normal 
running conditions, differs greatly from this because of the 
deflections of the various components in the system (see 
Fig. 12.1). 

Assuming the system to be perfectly elastic: 

force a acceleration 

force a deflexion 

acceleration a deflexion 
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or in symbols, . 

where n = a constant which is known as the a/acritj* 
x = shuttle acceleration 

(s - x)  = elastic picker displacement 
s = nominal displacement of picker 
x = actual displacement of picker 

2 = na (s - x) (1 2.2) 

Equation (12.2) is mathematically identical to that for 
simple harmonic motion. This implies that the picking stick 
with its various associated masses is in fact a vibratory 
system which has its own particular natuwl frequency. This 
vibratory motion, which is superimposed upon the applied 
motion derived from the cam, is fairly heavily damped so 
that it scarcely carries over from one pick to another; 
nevertheless, it is very impdrtant in determining the behav- 
ior of the picking system as a whole. 

In a normal loom, it is neoessary to apply an average force 
F, to the accelerating shuttle for a time r ,  at the beginning 
of each pick. Since it is required that the strain energy be 
released in the time r,, it is most desirable that the natural 
fFequency should be such that at least a quarter cycle of 
vibration should be completed in the time 1,. Since the 
alacrity is pmportional to the natural1 frequency (which in 
turn is a function of the mass and elasticity of the system), 
the foregoing really fixes the flexibility of the picking system 
for a given shuttle weight. In a typical case, the force F, might 
be of the order of 50kg ( 1  10 lb), the time over which this 
force has to be applied (i.e. t , )  might be some 0.02 sec and 
the relative deflection of the picker might be over 5 cm (2 
inches); the natural frequency might be about 20 c.P.s., 
which is equivalent to an alacrity of about 120/sec. 

The energy stored in deflecting the stick by the stated 
amount might represent as much as a quarter of that needed 
to propel tlie shuttle at the required speed. The strain energy 
released at the appropriate time gives that extra impulse 
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that makes the system so effective. If  the stiffness of the 
system is too low (i.e. the alacrity is too low). the propulsion 
phase of the pick will be coinpleted before all the energy has 
bcen released and this will reduce the effectiveness of the 
system. If the system is too stiff. the energy is released too 
quickly and the energy is largely dissipated i n  noise and use- 
less vibration. Thus it is important that the picking mechan- 
ism be properly designed to meet the requirements of the 
particular loom working with its particular shuttle at  its 
particular speed. Of course there is some band of tolerance 
and it  is, for example, possible to speed up  a looin to some 
degree without redesigning the picking system; to get the 
best possible advantage. however, it is worth making sure 
that the design is reasonably adequate in this respect. 

Another factor must be considered. The rest position of 
the shuttle determines the amount of energy that is built LIP 
and this in tu rn  determines the shuttle velocity. I n  normal 
weaving, this rest position varies from pick to pick and 
therefore the shuttle velocity also varies. The arriving 
shuttle tends to bounce away from the picker and to leave a 
gap just before picking starts. The size of the p p  is de- 
pendent on the arrival velocity of the shuttle; thus there is an 
unstable sittiation which is characteristic of most looms. 
The instability is made worse by certain other factors (such 
as the torsional oscillation of the bottom shaft) but these 
other factors are rather difficult to control without re- 
designing the loom: conseqiiently. they will not be further 
discussed here. The gap. however. can be controlled : for 
example, a good controlled butler or other device can return 
the stick and the shuttle to their proper startins positions and 
thus eliminate somc of the instability. A smoother running 
loom tends to be more eflicient in  all wises end it is ~is~iiilly 
worthwliile to eliminate the causes of irregularity. 

It was suggested earlier that a parabolic niotioii was 
usual and that this would produce a rectanfular force pulse 
on the shuttle. Equation (12.2) sugysts t h u t  the value 
(s - s) is proportional to the fwcc ilplicd to the shuttle; 
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Fig. 12.2. Vary* m k d d  a d w n t ~  of a cam 

however, Fig. 12.1 shows this to be untrue. One reason for 
this is that the alacrity is not a constant; it varies from time 
to time within the cycle. The alacrity is dependent on the 
mass-elastic behavior of the whole system and this means 
that the driving shafts and linkages are all involved to some 
extent. The cam and follower in this system act as a link 
which transmits some of these effects to a varying extent 
dependent on the angular position of the cam. Referring to 
Fig. 12.2, it will be seen that when the follower is climbing 
the flank of the cam, forces may be transmitted either way 
through the system. When the follower is at either extreme; 
no such transmission is possible; rotation' of the cam causes 
no movement of the follower and a force exerted on the 
follower merely tends to dent the surface of the cam. In fact, 
the extent of the force transmission depends on the local 
angle between the cam surface and the follower and thus it 
varies from time to time. Hence the effect of the bottom 
shaft, and other systems connected to it, is not constant. 
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Where the drive to the cam is stiff, this is not of great 
significance, but where the drive is flexible, the effect can be 
quite noticeable. 

In the normal loom, the driving motor is located to one 
side, the motion being carried to the other side by shafts. 
In picking, it is necessary to have a cam system on either 
side of the loom; one is driven by a short stiff shaft and the 
other by a long flexible extension of that shaft. This affects 
the behavior quite markedly and it is usual to fit unlike 
cams, i.e. the cam at the end of the flexible shaft is modified 
to take the difference into account. This is a further reason 
for care being taken with cams. Even with the modified cam 
profiles, picking is frequently uneven and must be adjusted 
to give equal “strengths” of picking by altering the position 
of the lug strap. 

Parallel Motions 
If a picking stick were to swing about a simple fulcrum 
at  one end, the other end would move in an arc; however, the 
shuttle moves in a straight line. The older ocerpick looins 
(which have mechanisms such as that shown in Fig. 12.3) 
solve the problem by constraining tlie picker by guides and 
allowing the motion of the strap to compensate. Some looms 
with an underpick motion also have guided pickers, and in 
this case the picker can slide on the picking stick to achieve 
the necessary compensation. A different approach is to use 
a curved foot (Fig. 12.4) or an equivalent linkage to came 
the stick to lift as it rocks, and to do so in such a way that 
the free end of the stick moves in a straight linc. In this way it 
is possible for tlie picker to be attached firmly to the free 
end of the stick. It is essential, however. that the stick should 
be properly restrained so that it cannot lift except as desired. 
One consequence of an unsuitable lift is that the shuttle may 
be projected in a wrong direction and fly out of the loom; 
this is highly dangerous. An iinsuitablc lift might also damage 
adjacent mechanisms such as the qui l l  changing device. 
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Fig. 12.3. Owrpick loom picking mechanism 

Stick Checking 
At the time that the shuttle leaves contact with the picker, 
the picking stick has completed its task but it still possesses 
appreciable kkeric energy. This encrgy has to be dissipated 
before it can be returned to its starting position in readiness 
for the next pick from that side. The simplest way of doing 
this is to place a resilient buffer in the path of some portion 
of the stick, but this produces a heavy concentrated load 
at the impact point. Furthermore, the load caused by the 
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decelerating stick is distributed on either side of the impact 
point, with the result that there is severe bending as the 
stick tries to wrap itself round the bufer. When it is realized 
that the kinetic energy possessed by the stick just before 
checking is about the same as that possessed by the shuttle, 
and that it is decelerated in a fraction of the time that was 

NOTE. 

ER 

ON A FLAT SURFACE. POINT 0 
MOVES PARALLEL TO THAT SURFACE 

IF THE PICKER IS SITUATED AT 0 
AND BASE 6 CURVED TO RADIUS R. 
M E N  ROLLING THE PICKING STICK 
ON THAT CURVED FOOT CAUSES 
THE PICKER TO MOVE IN THE 
DESIRABLE STRAIGHT LINE 

RETURN SPRING 
AN0 STRAP 

Fig. 12.4. A normaf underpick mofion with a cnrvcd foot 

spent in .accelerating the system, i r  will become evident that 
the forces involved must bc very large. The highest stress 
levels in the picking stick are encountered at this time, stick 
failures occur most frequently at this time and stick damage 
builds up due to the impacts met during this phase of the 
stick motion. The stick vibrates within its own length and 
a number of unintentional movements are generated; the 
stick is usually thrown backwards and forwards wahin the 
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constraints of the linkage and it may also lift. These 
movements can cause subsidiary damage; more important, 
they cause considerable noise and vibration through the 
whole loom. 
Shuttle Checking 
After the shuttle has traversed the warp shed and has left its 
trail of filling behind, it too has to be decelerated very 
rapidly. It is not possible to use a check as severe as that used 
for the stick, as this would cause the yarn to move on the 
quill (which would make it impossible to unwind properly 
and would lead to loom stops). The system almost univers- 
ally used is shown in Fig, 12.5. The birders (swells} rub on 

PICKER COVERING BINOER 

FLARE0 ENTRY 
TO SHUTTLE BOX 

the incoming shuttle and the frictional force slows down the 
shuttle but does not stop it. The final braking action is 
obtained as the shuttle collides with the picker, which at  
that time is backed with a suitable buffer. The binders are 
not very effective as a brake but they do serve another 
purpose (see page 2203 ; they rarely remove more than about 
20 per cent of the kinetic energy from the incomiiig shuttle, 

At the risk of considerable oversimplification, conside 
the following theoretical model. To avoid the difficulties of 
asymmetrical loading of the shuttle, let the binder be split 
into two equal parts and let one part act on one side of the 
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Fig. 12.6. 
Theoretical model 

shuttle and the other on the opposite side as shown in Fig. 
12.6. Furthermore, let bcth portions of  the binder act in the 
same way so that at any given time thcy both have the same 
velocity. Let subscripts s and b refer to shuttle and binder, 
respectively. 

In general, 

force = mass x acceleration 

Retarding force acting on the shuttle 
=Fs = M ,  x dVs{dt 

Also F, = ,lL(ki' Fb") 

but 
and 

Fb' = Fb" = Fb 

FI, = i h f b  X (d v b  l d t )  
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Therefore M ,  x dV, = / L M ~  x dVb (1 2.3) 

This equation has the same form as that which describes the 
collision of two bodies traveling along the same line of 
action, except the two inasses are MS and p M b  instead of their 
real values. Using the classical solution to the simple collision 
problem and defining the coeJ'iciei7t of restitution ( e )  as the 
ratio (V,' - b'b' ) /vs,  we may formulate the change in shuttle 
velocity as follows. 

(N.B. the superscripts refer to the stated quantities just 
after impact and V, is defined below.) 

(12.4) 

where e = the coefficient of restitution 

M ,  = the mass of the shuttle 
h f b  = the mass of the binder 

dV,  = the change in shuttle velocity 

p = the coefficient of friction 

V, = the velocity of approach of the shuttle 

Apart from the somewhat sweeping, assumptions made, 
the coefficient of restitution is not a constant and if there is 
vibration present, it can vary with conditions (between 0.2 
and 0.6). For the present purpose, this is of no great impor- 
tance since the equation is much more sensitive lo changes in 
p and Mb.  There is only a limited range for the coefficient of 
friction; therefore, the binder mass is seen to be the most 
important factor. 

Experimental work has denionstrated that chan.gjng the 
nature of the binder covering has little elkct. Traditionally, 
the covering was leather and this provided durability and a 
reasonably high coefficient of friction against the wood of the 
shuttle. Attempts to replace leather by materials of different 
coefficients of friction sometimes yielded strange results. For 
instance, substituting a steel strip for the leather produced a 
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more effective chcck even though tlie coeficient of friction 
was reduced; this was because the inass of the binder was 
increased and this iiiore than compensated for the change in 
frictional character of the surface. Resilient backings altered 
the time of contact between the binder and shuttle and there- 
by decreased the average pressurc, but this had little or no 
effect on the amount of energy extracted from the shuttle. 

In the normal system, the remaining kinetic energy in the 
shuttle has to be dissipatcd by striking the picker attached to 
the picking stick at the arrival side of the loom. Apart from 
the energy extracted by the buffer, the impact with the picker 
and its associated masses causes energy to be dissipated. In 
fact, this is the classical impact case and eqn. (12.4) can be 
rewritten as 

(12.5) 

where M ,  is the mass of the picker and associated masses. 
Other symbols are as for eqn. (12.4). 

Since M ,  and M, are roughly of the same magnitude, the 
change in shuttle vclociry is very large; it is possible for the 
change to be as high as 70 per cent of the arrival velocity. 
This may be compared to a normal change of about 20 per 
cent caused by tlie binders. Some of the energy of the 
approaching shuttle (but not all of it) is converted into 
kinetic energy in the picker and its associated masses. This 
energy is dissipated by the buffer and the stick is brought to 
rest only to suffer another blow from the shuttle. However, 
this blow is a light oiic and h a s  little significance. If the loom 
is set correctly with a good bufTer. the separate actions just 
described may niercge into one continuous action. A typical 
checking characteristic is given in Fig. 12.7 and this also 
shows the acccleration for comparison. It also shows the 
loss in velocity during transit across tlie warp shed. The mass 
Mp is significant and an increase in mass could b' w e  a more 
rapid checking action but any change in M ,  will alter the 
alacrity; thus there is little chance of securing a gain in this 
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Fig. 12.7. Variatwii of shuttle velocity rlurirg one pick 

direction. Furthermore, the checking distancc is important. 
Most of the shuttle deceleration is coniined to the last inch 
or so of its travel. The shuttle wis accelerated over a distance 
of several times this, hence the forces involved in shuttle 
checking are considcrably larser than in picking. The 
acceleration (or deceleration) of the shn:tle has to bc limitcd 
to prevent damage to the )nr i i  ciii thc quill, As loom speeds 
rise, this problcm beconies more acutc. 

The shuttle is a projectile whosc path is not subject to 
exact restraint. The path is not linear. bccause of the move- 
ment of the lay. To this milst be added thc erects of contact 
with the reed, lay and warp. It is normal for the shuttle to 
roll, pitch and yuw (see Fig. 12.8) as it passes across the 
warp shed. Consequently, the shuttle rarely enters a shuttle 
box cleanly; often it enters obliqucly with the result that 
appreciable transverse forces are generated. Measurcments 
have shown that these can be as much as ten times the worst 
force acting along the path of the shuttle. These forces can be 
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very damaging to the yarn on the q u i l l  and sometimes even 
to the shuttle. Carcful scttinl; of the picking mechanism can 
minimize this ditficulty. 111 particular, thc path of the picker 
can be very important and any tendency for it to rise during 
picking will cause the shuttle to de\iate from its intcnded 
path. Hence, the parallel motions described earlier are seen 
to be very important. 

[NOSE UP A N 0  OOWN) 
PITCHING 

;E UP A N 0  OOWN) 

Fig. 12.8. Shutrlc movemiits during flight 

An interesting conccpt in chcchin; is to LISC multiple 
binders so that thc shLittle is retarded i n  slcps. This dis- 
tributes the load and inbtead of a single blow to reduce the 
shuttle speed before it collides \\it11 the picker, it is possible 
to have several lesser blows. The shocks arising from these 
lesser blows are more tolcrable than those from the single 
one. An established variant of this is to use a co/i/ro//ec/ 
binder system comprising two units. One of these acts 
independently like the normal bindcr niid the othcr has a 
variable spring pressure which can bc applied ur released 
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at various times in the weaving cycle. Although its main 
purpose is to control the shuttle duringpicking, the auxiliary 
binder also helps in checking. 
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