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In recent years the knitting induetry has expanded
considerably due to the incr-eased demand for knitted fabrics,
Not only does the weft knitting industry produce more of the
fabrics which are exclusive- to the knitting trade, but it has
also branched out into. fields which were previously only open
to the weaving trade. | L

ks . £
-This increa..ing demand is partly dua to the development
of new fibres, but mainly to the technological inprovements of
the knitting machines, which now provide many new structures and
more scope for pattemed fabrics. Another improvement in weft
knitting machinery has been an increaaed rate of fabric production,
but in this fleld the limitations of the tnachines have now almost

been I‘eached. | | ;“ }:j.;.'-".* . ! x>

1'

The work discussed in the following chaptera is primarily
concerned with an investigation into the fundamentals of the weft

J‘

knitting machine to see if substantial increases in rates of
fabric production can be achieved., . ) ;fe ] O

1. A General Description of Knitting Machine Components

Weft knitting machinery may be divided into two groups =
the circular type and the flat machine, Both types of machine
can be used to produce a similar fabric construction but each has
its own advantages., For example, the circular machine, because
it 1s a continuous process, will produce fabric at a far greater
rate than the flat machine, but the latter can be used to shape
garments to the required dimensions,
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Weft knitted fabrics are comprised of a series of
horizontal loops which are interlocked (Fig, 1), The fabric
is extensible in both length and width which makes it suitable
for close fitting garments. Complex knitting structures can
be used to reduce the amount of stretch and, therefore, give a
more rigid fabric which is comparable to the woven fabric,

(a) Machine Needles

The two types of needles used in the production of
weft knitted fabrics are the latch needle and the bearded
needle (Fig. 2).

The bearded needle is easier to manufacture as it is
essentially a piece of thin wire bent to the correct shape}
however, during loop formaticn external pressure is required to
close the beard on to the shank,

The latch needle is more complicated and, therefore,
more expensive to manufacture, since it is made up of more than
one parte On the other hand, it does not need an external
presser during loop formation. as the latch is opened and closed
by the yarn and this enables higher speeds to be achieved and
requires less complicated mechanical motions to produce the
loop forming action, For this reason the latch needle, used
in conjunction with circular machines, was chosen for the first
part of this work. In later work a new needle was designed for
further increases in the rate of fabric productiocn,

(b) Loop Formation with Latch Needles

The loop forming action with latch needles is shown
in Fig. 3. The normal position of the latch needle, before the
loop formation takes place, is cne in which the old loop holds
the latch open -~ this is termed the -"running" position. (Fig. 3A).



Figg S

Loor - FORMATION WITH LATCH NEEDLES

A RUNNING POSITION

B. CLEARING POSITION "4

C. KNITTING POINT.
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To produce a new loop the needle moves upwards so that
the latch is released from the old loop, the fabric being held
down to prevent the old loop riding up with the needle - this
position is known as the "clearing" position. (Fig. 3B).

The needle then moves downwards as new yarn is
presented to the hook of the needle, the 0ld loop closes the
latch and the new yarn is trapped in the hook, As the needle
descends further the old loop rides over the closed latch to join
the fabric. The needle then moves down to its lowest position,
(1.e, knitting point, Fig, 3C) and pulls through the new loop
before rising to the running position.

The loop-forming action described above is for plain
knitted fabrics and is the same for all knitting machines,

although with more complicated fabric structures, slight
variations in the loop formation are required.,

(c) Sinkers

- These are used in conjunction with the needles to
assist in the loop-forming action, those used in weft knitting
machines being either loop-forming or web-=holding types.

Loop-forming sinkers, which are normally used with
bearded needles, form the loops by corrugating the yarn inbetween
the needles; they are, therefore, absolutely essential in
forming a loop.

The web-~holding sinkers (shown in Fig. 3) are used
with latch needles and hold down the loop as the needle rises up
the clearing cam, thereby ensuring that the latch is freed from
the old loop. This type of sinker is extremely useful if the
fabric has pressed off the needles, as a new fabric may be
started immediately. Without sinkers it is necessary to attach
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cne end of the fabric to the needles - and”the-other toithe fabric
take-down unit, in order to provide sufficient:tension"to prevent:l.

the fabric rising up when the needles:rise up-:at:the-clearing:iux”
positionQ * 3 ' - 'm‘-; ..n.f D .‘.' f."r e & L ;F T c ﬁ'i;ﬂ Pifrv’# L | . s AT t*.ﬁ
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(d) Cam Systems

. .the needles. are held in tricks. in the .bed of. the machine,
with butts protruding cutwards, and are free to slide up and down.

f'glat"

27" The-cam system (sea 'Fig, 4) fits closely to.the machine
bed.and 1s made up of'separate pleces of hardened:steel comprising
running, clearing, stitch and-upthrow cams: ° :These cams are
designed "to move the needle butts through:the relative positions
necessary for loop formation. - The cams are made -up of separate
pleces to allow the stitch cam to.be adjustable and, therefore, a
range of fabric quallities to be produced., ,Lowering the stitch
cam, for instance, means that the needle willﬁt;lovaqqr further down
at the_knitting point, draw more yarn and,ﬂ_tl;erefore, produce a
longer loop, givin_gﬂan overall slackert fabric.

(e) Rates of Fabric Production

H
P ¥

To a large extent the cam system determines the rate of
fabric production on a knitting machine.,” On a circular weft
knitting machine the rate of fabric production is determined by

(1) the number of loop-forming sections (usually termed.

"feeders") on a machine,

(11) the circumferential speed of the knitf:lng cylinder,

(1) A circular maéhi;edusﬁ;lly has manSr feeders positioned
around its éircuhference. For example, in the case of_a |
30" diameter ﬁxac.hine_ there may be as many as 36 feeders; |
each with its oim yarn supply: This means that for every
revolution of the machine 36 rows of loops are knitted.
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The circumferential length of each feeder determines how

- many feeders can be fitted on to a machine, and this ultimately
depends upon the maximum steepness of the cam angles, (usually
u5°). and the amplitude of vertical needle movement, i.e. the
vertical distance between the needles at the clearing
position and the knitting point.

-
] - gl 1 ok -~ L T T MR I . 'L " @
) E) . % Hq:_ h':-rEn : 1 - LY i ;H3 : o i

(ii) The circumferential speed of the cylinder on-a knitting
.--machine is dependent,upon its diameter,.but the important
. .-_.factor,: as regards the.rate .of fabric production,:lis the
- linear speed of the actual needle butts, For example, a
30" dliameter machine.runs.at approximately 22 r.p.,m. and &n
- 8" diamater machine runs .at approximately 85 r.p.m.,-but.in
both these machines the linear speed of the needle butts 1s
approximately 170 ft/nig.

.In commercial practice, machines are not normally run
with the. linear speed.  of the needle butts. above 200 ft/min.
as the forces on the needle butts become too high and they
tend to break. . (1)..-- L

2

T

(f) Circular Weft Knitting Machines -. - .

The method of rotation on circular knitting machines
is varied., In some machines the cam boxes rotate and the
cylinder is fixed, whereas in others the cylinder rotates and
the cam boxes are fixed. In each system the relative movement
of needle butts to cam system is the same, although there are

factors which give advantages to each type.

On the rotating cam box machine the yarn packag@ |
aupplies move with the cam boxes so that the chances of yarns |
becoming entangled, or even yarn _packages coming off the revolving
stand, are quite high, and this tends to limit the speed at which
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the machine may run. However, since tﬁé cylinder is fi#ed"thé
fabric 1s also stationary which allows an operator, who may be
controlling a number of machines, to check for fabric faults as
the machine is still knitting,

On the rotating cylinder type of machine the speeds
may be higher but, since the fabric rotates, the examination of .
the fabric 1s usually made whilst the machine 1s stationary.
Apart from the advantage of speed on this type of machine,
another advantage has become more apparent over-the past few
years with the introduction of a reliable yarn speed measuring
device, This device enables an operator to set all the stitch
cams on the rotating cylinder machine to give the same yarn speed

whilst the machine is running and thus obtain a level fabric.

2. Properties of a Knitted Fabric

A.necessary prOperty of a knltted fabric is that it
Hill stretch in Width and length so as to fj,t c].osely to the
wearer." The fabric, however, when distorted.like this,will not_
return to its original dimensions immediately. This feature of
the fabric often leads to errors in the fabric manufacturing
industries where it is desirable to check the dimensions of a
fabric (i.e. courses and wales per inch) as soon as it has been
knitted., In this case the fabric has _been distorted.in width
ﬁ;*;#;tretcher board and in length by the take-down rollers, and
it is therefore unlikely that any measurements will be accurate,
To obtain the correct dimensions of c.p.i. and w.p.i. it is
essential that the fabric is completely free from any previous
strains. This can be achieved by allowing the fabric to relax
naturally for a long period of time,or alternatively, for rapid

relaxation, the fabric can be Iimmersed in water.
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These relaxation treatments are ebviously inconvenient
for the fabric manufacturerg,__ and therefore it was important to

——uf T -y

- - e — - T .

find a more suitable method of stipulating the dimensions or
quality of a fabric, A more precise method i1s to measure the
stitch density (i.e., c.p.i. x Ww.p.i.) as to some extent any
distortion that increases the length of the fabric is compensated
by a decrease in width, although even this is only really accurate
if the fabric is free from strain.

It was Doyle (2) who first showed that stitch length
was closely related to stitch deneity and that it was unaffected
by any strains in the fabric. He suggested that since a fixed
amount of yarn was knitted into the fabric it must remain there
whatever the extent of the fabric distortion., He aleo’indicated

that the stitch length could.be measured by wunroving a length of
yarn from the fabric and dividing this length by the number of
loops from which it was knitted.

Munden (3) showed conclusively that the relaxed dimeneions
of a fabric were determined by "I:he stitch length., He did this by
knittiﬁg fabrics to a wide range of stitch lengths, and providing
relationships of fabric dimensions and stitch length. He showed
that knitting variables such as yarn count, fabric take-down
tension, machine gauge, etc. would affect the relaxed dimensions of
a fabric,*bﬁt that they did so by causing a change in the stitch
length and, therefore, the relationships given below were true for
all conditions of knitting.

These relationships of fabric dimensions and stitch
length are :
k
8
122
k

Courses per inch (c,p.i.) = ‘¢

Stitch density N =

2
Wales per inch (w,p.i,) n kw
L
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where £ is the stitch length} kgs k, and k  are constants and

their values after dry and wet relaxations were given as :

Dry relaxation Wet relaxation

kg o T 18,0 ; 21.6
kc 5.0 5l3
kw . 318 ‘ ull

3. Quality Control Systems

The technique of’méasuring stitch length by unroving
yarn has certain practical disadvantages which prevent it from
becoming a standard method of quality control in the factory. It
is a slow and tedious procedure as a number of lengths of yarn
have to be unroved and measured, and it also involves cutting the
fabric. In addition, if it is-nacessary to knit to a specific
stitch length, a certain amount of guesswork is required, the
fabric must be knitted gnd the stitch length measured, and if
this is not the value required, then the stitch cams must be
adjusted, more fabric knitted and the stitch length measured again,
This procedure must be repeated until the correct stitch length is
obtained,

Instruments have recently been developed which eliminate
these disadvantages and enable the stitch length to be controlled
as the machine is running (u, 5, 6).

(a) Yarn Speed Meter

This Instrument is designed for rotating cylinder
machines, and it will measure the speed of the yarn accurately as
it is fed to the needles, If the speed of the machine is known
the relationship
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Yarn speed meter reading (ft/min) -~ =~ - : SN
Hachine speed (rop.m. = course length L (ft).
will enablé fﬁe étitchvlength to be obtained from

Course length (L) (ins) . . u
Number of needles n =" Stitch’'length & (1n3)f

If, therefore, a fabric is réquiré&with-a specific stitch length,
it is a simple matter to calculaté the necessary yarn speed meter
reading and then set each feeder to give this reading, by adjusting
the stitch cam whilst the machine is running.

(b) Yarn Length Counter:
On rotating cam box méchines the yarn‘supplies rotate

and, therefore, a yarn speéd meter cannot be used., However, a
yarn length counter has been designéd which can be clamped to the
machineé and this will measure the quantity of yarn fed to each
feeder. The stitch length can be calculated easily provided the

number of machine revolutions are counted and the length of yarm
fed to the needles is noted.

(c) Positive Feed

" The positive feed system is designed to feed a fixed
quantity of yarn to the needles irrespective of any of the knitting
variables, such as yarn tension, stitch cam setting, yarn count,

]

etC.

In ocne type of positive feed system the yarn is wrapped
around a conical wheel, which is sufficiently rough to prevent
the yarn slipping{ The roller rotates at a constant speed in

relation to the machine speed and supplies a constant quantity of
yarn to the needles,



- 10 =

| In another type, the yarn is passed between a roughened
belt and a free wheel; the belt, which is driven from a control
wheel, drives the yarn to the needles at a constant speed,

A range of stitch lengths may be obtained by feeding
in different amounts of yarn to the needles, With the first
type this is achieved by moving the yarn to a different position
on the conical wheel, and to obtain an even larger range of stitch
Jength the machine gear can be altered to give different speeds
to the roller, In the second type stitch length changes can be
obtained by altering the diameter of the control wheel which in
turn alters the belt speed and, therefore, the yarn speed.,

One advantage of the second method, often referred to
as "trip-tape", 1s that the stitch length of all the feeders can
be changed at the main control wheel, whereas in the conical
roller method the yarn of the feeders has to be adjusted to a
different position on each individual conical roller.

Both these systems, which are very similar, guarantee
an excellent quality fabric and have been so successful over the

last ten years that almost all new knitting machines are fitted
with one or other of these positive feed devices.

/f The stitch cam, which in previous quality control
 systems has been the normal method of altering the stitch length,
is now used to control the tension of the yarn between the posi-

tive feed roller and the needles, For instance, if insufficient
. yarn is supplied to the needles, then the tension becomes too
L high and the yarn may break - by raising the stitch cam the
tension will be reduced; alternatively, if too much yarn is fed
to the needles, the tension becomes so low that dropped stitches

will occur - a downward adjustment of the stitch cam will
increase the tension and prevent this.,
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4, Survey of Previous Work on the Mechanisms of Loop-Forming

(a) General Survey * .

It may be seen from an examination of the 45° commercial
cam system (shown in Fig. 4), that the separate cam pleces are
essentially linear cams and, consequently, the needle butts will
change direction abruptly when moving from one linear cam to

another,

From a theoretical point of view the needle butt would
Have infinite acceleration at the ends of the linear cams and the
butts would shear off. In practice, however, this does not
normally happen, partly because the néedle butt movement 1s
controlled between two cam tracks, and partly because the needle
butts have a natural resilience which enables them to absorb the
shock. However, a theoretical investigation of the forces of
the needle butts in the linear cam system, made by Munden (7), °
showed that if the 45° cam angle were increased to 55°, then the
forces would increase three times, With cam angles above 55°
severe .butt breakage might occur, especially if the friction
between the needle butts ‘and cam track were high due to inadequate
lubrication,

It has been stated that the rates of fabric production
can be increased by ¢ - ‘.

(1) increasing the number of feeders on a machine,

(2) increaéing the rotational speed of the machine.

In recent years most of the increases in rates of fabric
production have been achieved by fitting as many feeders to the
circunference of the machine as is physically possible. The
peint has now been reached, however, where any further increases

in this direction can only be achieved by @
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(1) reductions in circumferential length, i.e. by increasing
the angles of the,cam system, which normally range
between 45° and 50°, or

(11) reducing the vertical amplitude - this is usually
‘dependent upon the dimensions of the knitting needle,

Speeds of machines .have only increased by a marginal
amount qver the past twenty years. One reason for this is that
speed increases. would inevitably affect many working parts of
the machine, apart.from the cam system and, consequently, more
sophisticated and expensiva machine bearing systems, gearing
techniques, yarn stop motians, etc.'would be necessary. The
other reason is that the needle butt reactions on the linear
cam track would also increase with increases in speed and could

lead to severe butt breakage.

(b) Knapton's reééarches (8)

This work was concerned with an analysis of the loop=-
forming action and.fncluded investigations into increasing the
rates of fabric production., For a brief summary, Knapton's
work may be .divided into three parts :

(1) An investigation into'the effect of cam setting and
yarn tension on ‘stitch length.

(11) A calcuiation of the maximum yarn tension in the
knitting cycle and the importance of the positions

of these maximum tensions,.

(111) Heasﬁrements of thé forces and investigations into
" increasing the rates of fabric production.
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(1) It was shown that stitch cam settings had no real
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control over the final stitch length of the fabric, even

when the depth was positioned accurataly. Although ‘the
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stitch cam initially determined the length of yarn pulled
into a loop, the final stitch length was determined mainly
- by the tension of the yarn as it was fed to the needleé.
Using a fixed cam setting, it was shown that changes in
\ ‘yarn tension could alter the stitch length by as much as

20%, and an increase in tension always produced a smaller
stitch length e

Previous to Knapton's work a number of reasons had
been suggested to explain this variation in stitch length
(9). It was thought possible, for instance, that the
needle was extending the yarn as it descended to the
knitting point, especially with high yarn input tensions,
Knapton showed, however, that the yarn would break before
ft could extend to give this 20% variation in stitch
length, Another suggestion was that the inertia of the
needle, after the knitting point, could fluctuate

sufficiently to give a variation in stitch length. In
this case, often referred to as ™needle fling", the needle

would tend to move further below the knitting point with
low yarn tensions than with high yarn tensionsj this
would produce a variation in stitch length with the values

of stitch length being greater than that predicted by the
can setting.

Knapton showed that under all knitting conditions the
actual stitch length was always less than the theoretical
stitch length, predicted by the geometry of the needles on
the stitch cam, and was 20% less than the theoretlcal

length at low yarn input tensions, and as high as 40% less
under high input tensions,
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To ;xplain thesé'cbservations it must be assumed that
as the needle moves down the stitch cam to form a loop, |
some of the yarn in the loop is robbed from the previously
formed loop. The reasons for the variation in stitch
length with change in knitting tension can only be
explained by "robbing~-back",

(11) A method was shown for calculating the maximum yarn
tensicns, developed in the knitting cycle, from the
geometry of the knitting elements and the known values of
yarn friction. These calculated values corresponded
closely to the knitting performance of the yam,., For
example, the calculated maximum tensions of a waxed yarm
were much lower than thcse of an unwaxed yarn. When
knitting the yarns the waxed yarn knitted satisfactorily
but the unwaxed yarn produced holes in the fabric, The
breaking load of the unwaxed yarn was measured and it
proved to be lower than the calculated values of maximum

tension,

The positions of the maximum tensions in the knitting
cycle had a larger bearing on the stitch length than theipr
actual values, It was shown that the calculated stitch
length, obtained from the geometry of the knitting
elements at the positions of maximum tensions, corresponded
closely to the actual measured stitch lengths in the
fabric,

The high maximum values of tension increased the effort
required to rotate the machine and the wear on the knitting

element and it was therefore considered important to see 1f

reductions could be made in these values.

J Calculations made using a 60° cam system, as opposed to

the 45° cam system showed .greatly reduced maximum tensions
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due to a reduced number of yarn/metal contacts in the

- knitting cycle. This was pr;;ﬁd practically, as the reduced
maximum tensions allowed a high friction yarn to knit more
satisfactorily with a 60° cam system than with a 45° canm.
In addition, it was shown that when using paraffin wax
emulsion, a reduction in yarn friction value was obtalned

which resulted in lower values of maximum tension.

(111) A torque measuring device was designed which could
measure the effort required to rotate the machine when using
different knitting conditions., It was mounted on the main
driving shaft of the machine and any twist that developed in
the shaft was detected and measured by a change in capacitance

between two condenser plates,

Several linear cams were made with angles ranging from
45° to 65° and it was shown that the torque increased with
an increase in the cam angle when the machine was rotating
without yarn. The increase in torque was assumed to be due
to the larger reactions of needle butt forces on the steeper
cams, However, when a yarn was knitted it was observed

that the torque was reasonably constant with an increase in

cam angle, 1t was explained that the reduced maximum
tension, due to less yarn/metal contacts, had balanced ocut the

& "rer

increased reaction of needle butts.

r—

{ It was suggested from these tests that an increase in

/' can angle from 45° to 65° might prove acceptable in practice

‘\'1

1and that this increase could lead to twice the number of
feeders that are fitted as standard on present-day machines,
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It was pointed out, however, that certain problems
arcse from the use of steep angle camsj the rmning -
. forces of individual needles on the cam track increased
llrapid.ly with Increase in cam angle and on starting the

Im.achine these forces were particularly high.

| It was suggested that a non-linear cam could be uséd
to reduce these forces, although it was appreclated that
' the curved shape would limit the number of feeders that
" could be fitted to the machine, However, it was
suggested that a combination of the steep angled, curved
cam and an Increase in machine speeh would provide the
same Increases in rates of fabric production as those

~achieved with the steep angled linear cams.

A parabolic curved cam was designed and made, but
the performance of this cam was not investigated through
lack of available time.

(c) Wignall's research (10)

This work included investigations into the effect of
knitting variables on stitch length and machine forces.

He devised a mechanical torque meter that worked by
means of a spring-controlled peg attached to the drive of the
machine. This moved a cam pointer when a change in torque
occurrad and appeared to give reliable results.

His work on a commercial 45° cam system showed that
an increase in speed reduced the stitch length but increased
the torque required to rotate the machine; with lower stitch

cam settings, which produce longer stitches, a decrease in
torque occurred, ’
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On working with yarns having different characteristics
such as yarn thickness, friction, extensibility, etc,, it was
seen that these properties had very little effect on the stigch
length, although the torque increased with yarn thickness and
with high friction yarns.

An analysis was also made on the forces at various
positicns in the knitting cycle, and it was seen that the
proportion of forces at each position changed significantly
with changes in knitting variables. The measurement of
these resultant horizontal forces,ﬂ produced by the needles,
was achleved by maintaining separate floating cams in
equilibrium, using a spring balance.

5. Purpose of Present Work

This work is primarily concerned with investigations

into increasing the rate of fabric production on circular
weft knitting machinery,

In Phase I, (Chapters 2 - 5), non-linear cam systems
with confmlled acceleration characteristics. are investigated,
as it is considered that a combination of steeper angled,
non-linear cams and higher circumferential machine speeds will
not only provide satisfactory needle butt performance but also
give increases in rates of fabric pmdt;ction.

The work in Phase I compares the performance of

linear and non-linear cams, and includes 1

(1) Calculations of the yarn tensions developed within
the loop-forming portions of the various cams,
and a comparison of the measured and calculated
stitch length values.
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(i1) A comparison of the measured and calculated
horizontal forces acting on the needles with
and without yarn supplied to the needle hooks,
Calculations of the acceleration forces acting
on the needles and an assessment of the maximum

machine speed, when using a non-llnear cam.

(111) A comparison of stitch length, fabric appearance
and needle butt performance, for the various

cams, at speeds much greater than commercial
speeds,

Phase II of this work considers the possibility
of increasing the rate of fabric production by reducing the
amplitude of vertical needle movement (i.e. the distance
between the clearing helght: and. the knitting point); a
reduction of this amplitude would provide a shorter
circumferential length and therefore allow more feeders to
be fitted to the machine. This work (discussed in Chapter 6)
includes 1

(1) Designs of new types of latch needle to give
reductions in latch motion.

(11) An application of a compound needle to a circular
weft knitting machine,

(111) An application of a lifting sinker motion to a
circular weft knitting machine.
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CHAPTER 2

CAM DESICN AND MANUFACTURE

Preamble

This chapter is concerned with the design and

manufacture of the various cam systems used in Phase I of
this work.

A description of the design and construction of
three non-linear cam systems and a specially shaped "straight

and curved" cam system will be givenj; these cams have

controlled acceleration characteristics and are designed for
high speed knitting.

In addition, two commercial-type linear cam systems

have been constructed in order to compare their performance

with that of the high speed, curved cam systems.
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A, General Design and Special Requirements for High Speed
Knitting Cam Systems

l. Non-linear cam system

It has been indicated in Chapter 1 that the linear
cam system used on most commercial machines would be
unsuitable for knitting at speeds greater than commercial
speeds, since the positions where the needles change
direction give instantaneous changes in acceleration (see

Fig. 5 A, B, C, D) and this would eventually lead to
needle butt breakage.

For high speed knitting, therefore, it was considered
that a non-linear cam was required which would provide
complete control over the needle butt acceleration ¢ the

proposed shape of a non-linear cam suitable for the knitting
“action is shown in Fig. 6.

Unfortunately when designing*a.non-lihear cam it is
insufficient to join straight lines with smooth curves, or
even use circular arc curves, as these will not appreciably
improve the acceleration characteristics of the cam system.
If there is a sudden change in curvature 1/p then there
will be a sudden change in acceleration, since acceleration
towards the centre of curvature is equal to vz/p. Great
emphasis is placed upon the importance of controlled
acceleration, as this characteristic is closely connected
with the performance of a cam (11). The acceleration is
proportional to the force that acts on the cam system and,
therefore, a poor acceleration curve will cause dynamic
disturbances which will be detected by the needle butts,
whereas a good acceleration curve will give smooth needle
butt action,
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It will be shown later in this chapter how the leading
edges of a non-linear cam were designed mathematically to
give the necessany ccntrolled acceleratian.
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