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ABSTRACT' 

The research described waa initially concerned with 

the development, des-, ign, and, manufacture of measuring 

instruments to facilitate EL better understanding of the 

knitting process.. Subsequently these instruments were used 

to measure the following physical properties, t- 
(i)) the förcea between a. single needle and the 

cams during knitting; 

(ii) the force exerted upon the verge and needle by 

the yarn during loop formation; 

" (iii) the impact forces, when the needle first contacts- 

the stitch and guard camas, 

the frictional tension build-up as. the yarn. 

passes over the verges and needdle a 

and (v) the bounce of the needles on the cams, The 

steadier components of the cam-forces, impact forces, and yarn- 

tensions, were all theoretically analysed, and the subsequent-. 

predictions were compared with the experimental results. 

The mechanism: of needle fracture was examined. The wave 

propagation process in the needle shank, subsequent to impacts 

with the cams, was investigated using micro-miniature strain- 

gauges. A technique was developed which used. dynamic 

. 
photoelasticity to examine the wave passage through a needle 

model but the experimental work using the technique is 

uncomplete and will be continued as further works 

Non-linear stitch-cams and: guard-cams were designed., 

within cam dimensions, specified by the sponsoring company, so 

as to enable good quality fabric to be knitted at high speed: 

whilst minimising the needle damage. Some recommendations were? 



made for the redesign of the needle elements:, although it 

is expected that more comprehensive designs will evolve after 

the results of the dynamic photoelastic technique are 

available. 

Finally, recommendations are made for extending the 

work to. measurements on. commercial cylinder and dial machines, 

using similar instrumentation to that developed in this 

investigation, with"the intention of increasing knitting 

machine productivity. 
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j CHZAPTIM 1 

INTRODUCTION 

Technological improvements in knitting machinery, 

together with the development of new fibres and yarns, have 

been major factors in the increased demand for knitted fabrics. 

Machines are now capable of producing a wide range of good 

quality fabric structures at high production rates. However, 

there are difficulties in increasing the production rates still 

further. A. limit has been reached where, unless there is a 

clearer understanding of the knitting process, very little 

progress can be made in the design of future knitting 

machinery. 

This project was primarily co:, cerned with the development 

of measuring instruments that could be used Loo obtain a better 

understanding of the knitting process over a wide range of 

operating conditions. 

1 "1 Brief Resume of Weft Knitting. 

The type of needle used in most circular knitting 

machines is the latch needle. This needle, illustrated in- 

Fig 1.1 consists of three major parts, the shank, the butt, 

and a pivoting latch. The unique advantage of the needle is 

that the yarn opens snd closes the latch daring the loop 

formation process. The mechanical simplicity of its action 

enables higLer machine speeds to be achieved. A large number 

of these needles operate with their butts acting as a. multi- 

follower system aCainst a cylindrical cam-track known in the 

trade as a "cam-'box". 

Weft Knitting on Circular Machines nan be carried out 

either with the cylinder rotating and the cam-box stationary 

or with the c=-box rotating and the cylinder stationary. 

Whichever system is used the knitting action is the same, but 
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the most usual is the rotating cylinder machine to which 

this work is confined. The cylinder has vertical guides 

- (tricks) machined in the outer circumference; in each guide 

a latch knitting needle is fitted which is free to move 

vertically while being horizontally constrained by the trick 

walls. At the base of the needle a butt projects into the 

stationary cylindrical cam track, the cylinder-needle 

combination rotates, and each needle element is reciprocated 

vertically by the track. Initially, in tha running position, 

yarn is held in the needle hook. When the needle hits the 

clearing can.. it ascends vertically, and the yarn loop 

effectively moves down the shank to open the latch. The 

needle, at position (A) in Fig 1.2, then contacts the stitch 

cam and begins to descend so that the old yarn loop, which 

is held around the shank, is effectively forced up to close 

the latch. New yarn, which is fed to the needle, is drawn 

over the cylinder verge and pulled through the old loop, as 

shown at (B) in Fig 1.2. The needle rises when it contacts 

the guard cam, and finally reaches a running position at (C) 

in Fig 1.2. The process ic repeated at every yarn feeding 

station. The loop forming process for simple plain stitch 

knitting, together with the motion of the needles over the 

stitch and guard cam are shown in more detail in Fig 1.3. 

Two modifications to the basic plain loop formation 

are shown in Fig 1.4. These are the float (or miss) stitch 

and the tuck stitch. Plain, float and tuck stitches form the 

bases for a wide range of commercial fabrics. Moreover, 

they can be extended into more complex knitted structures by 

the incorporation of a corresponding set of interacting 

needles acting normally to those in the vertical tricks. 

These' secondary needles are in radially; -disposed tricks in a 
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further stationary cam-box system shaped like a disc and 

known as the "dial"; such machines are generally known as 

- cylinder-and-dial machines. 

1.2 Limitations to Production Rates of Current Types of 

Waft Knitting Machinery. 

As the rotational speed of a knitting machine is increaRed, 

the incidence of needle fracture at the head and at the butt 

also increases. Consequently a. limitin, speed is reached 

" beyond which it is not economic to proceed, increasing 

production rates being more than offset by poor quality Fabric 

and the greater timo required to replace broken elements. The 

traditional method of increasing production rates has been to 

keep the rotational speed relatively low and to increase the 

number of yarn feeding stations around the cylinder circum- 

ference. The circumferential length of the cams possible at 

each station is controlled by the operatable cam angles, and 

these have a practical limit whereby it is impossible to fit 

any more feeders. 

1.3 Objects of Present Investigation. 

The current research has the following objectives :- 

ý) Instrumentation is to be developed to measure 

the forces during knitting, and in particular to measure the 

following parameters ; - 

a) The forces betwcen a single needle and the cams. 

b) The forces exerted upon both the needle and the 

verge by the yarn during loop formation. 
. - 

c) The impact force when the naed1e first contacts 

the stitch--camrard guard-cänr: - 

dj The frictional tension build-up as yarn passes 

over the verges and needles. 

e) The bounce of the needles on the cams during 
knitting and non-knitting. 



Initially the instrumentation is to be fitted to a 

ten-inch diameter circular knitting machine having a cylinder 

but no dial. The instrumentation on the machine could then 

be used to analyse the knitting forces and to test possible 

modifications to cam needle design. 

2) The mechanism of needle fracture is to be 

examined. Apparatus should be devised to measure the stress- 

wave propagation in the needle during knitting. 

3) Systems might then be, fedesibnecj to facilitate 

high-speed operation whilst maintaining fabric quality. Such 

systems could possibly be tested on a thoroughly instrumented 

modern commercial knitting machine of the cylinder and dial 

type. 
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CHAPTER 2 

REVIEW OF LITERATURE 

a 
. 01 

2.1 A summary of the Present State of Published Knowledge 

. 1444. 
regarding the W°dcft-Snittin Process. 

Surveys of recent knitting research are contained in 

reference (1) and (2) and these between them contain 1,31,9 

references to publications! Similarly, reference (3) contains 

a list of contributions: to the understanding of yarn friction. 

2'91.1' The loop forming process. 

As; yarn passes over each of, the needle and verge elements 

there is a tension increase due. to frictional resistance. The 

classical equation for the tension increase is derived from 

Amöntonts Lawn :- 

era ._. (1 

'ITI 
-where T z= yarn outgoing tension, 

'j, = yarn ingoing tension, 
"8W yarn wrap angle around the bollard, 

r= coefficient of friction between the 
and bollard material and the yarn. 

Howell4'5'6 and Rubenstein7 showed that equation 
U 

was inaccurate insofar as a strictly acientific investigation. 

of the behaviour of textile fibres was concerned. Howell 

proposad an equation of the form : - 

F=A w" " t-n 1-n 
I- -k 

where : T2 = yarn outgoing tension:;;, 
T, = yarn ingoing tension, 
®= yarn wrap angle around the bollard, ' 
r= bollard radius, 
F= limiting frictional force, 

W= normal reaction force, 
and h and , 't = constants. 
hnapton8 tested a 92 tex worsted yarn by running it 

(3) 

over a 1.1 cm diameter bollard. He discovered a non-linear 
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rclaticnship between n, k, and e that was not compatable 

with equation() and suggested that the frictional force 

was related to the normal load by the equation : - 

F- 
. pwn - ýn W" 

Where F =limiting frictional force, 
W= normal reaction force, 

and p, $aa n- constants. 
Whitney9 and Gralen10 have proposed an equation for 

nylon and polypropylene monofilaments of the form 

F1 aW + 6W`* 
: where F= limiting frictional force, 

V= normal reaction force, 
and a, band c= constants. 

Relatively little research has been carried out on 

bollards as small as practical needles and verges, where the 

-efrects of yarn rigidity11 might well be of considerable 

importance for such small elements. For tension 

, calculations through the knitting cycle Amonton's equation, 

3s a much easier expression to use than the equations 
(2 

to (5)9 but it would be useful to have precise infor- 

. m: tion on the degree of accuracy of Amonton's law under 

particular situations. 

10, 

(4) 

(5 

The loop-forming process and the yarn tensions during 

loop formation were explained theoretically by Knaptön3'15,16,18,25 

and Knapton and Mundenl1'17' Dange122 summarised the results 

obtained from the researches of Lawson23 alid his model of the 

loop-forming prccess iss shown in Fig 2.1 . He proposed 

numerical method ºvhere a. d igital computer could be used to 

solve the equationswhich are given below :- 

Tr; aX = 1Teµ-8` i6) 
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TMQX _ 
Tf e (7 ) 

(81 

y 
where Tý, 

aX = the maximum: tension in the system; this 
occurs on the stitch-cam at a depth of y 

'r = the input tension, 
T= the take-doom tension,. 

the needle depth at which the loop is re- 
leased., 

= the coefficient of yarn-metal friction, 
= the wrap angle to the position of Tm. 

p 
and ßz the total wrap angle in the system. 

The essential assumption of Dangel's work is that the 

maximum tension is related to the exL'fective loop length 

produced, and that the needle depth at the kAitting point is. 

equal to the needle depth at the release point. Allowance must 

also be made for yarn extension. 

Henshaw24 attempted to assess the yarn tension during 

loop formation by measuring the needle butt reaction forces on 

the cam. His measured yarn tensions were much greater than 

those theoretically predicted by Knapton. and Mundon11'17 using 

Amonton''a laws, and his suggested reason for this, discrepancy 

related to the effect of yarn count. Henshaw showed that a 

flat-bottomed cam greatly reduced stitch-length variations 

because it prevented the process of robbing back of yarn from 

previously formed stitches, from interfering with the drawing 

of the new-loop. He concluded that flat-bottomed cams may 

have some real advantages in terms of stitch uniformity but 

that the extra cam space for a flat bottom, requiring five or 

aix extra needle spaces, has the disadvantage of a reduction 

of the number of yarn feeds on many multi-feeder circular 

machines. 
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Similar work was done by Aiaaka,, 26'27'2g 
using a 

cantilever stain-gauge detector fitted to the base of the 

12. 

stitch-cam, and. he showed that there was a definite trend for 

an increased reactive force when the number of needles held 

down by the stitch-cam was increased. 

Both Renshaw and Aisaka measured the loop drawing 

forces by an instrumented cam-track. However, it is possible 

that other force contributions:, for example, viscous forces, 

trick-needle clamping forces, and guard cam impacts, could all 

have contributed to the measured force levels. 

2.1.2 The Reactive Force between the Cam and Needle 

during Knitting. - 

Mundan21 and Knapton25'20'19'14 analysed the reactive 

forces between the cam and needle during knitting. Knapton 

evaluated the total cylinder torque required to move the 

needles through the cam system, and concluded that if a 600 

cam system was used on present machines, the yarn knitting 

tensions would be less than one using conventional 450 caAºs.. 

Ile-argued that the total work required to knit the yarn into 

fabric would also be reduced and also showed that the use of 

friction-crimped needles increased the work required to knit 

a low friction yarn by as much as nine times above that required 

when using straight needles. 

Ai much more rigorous theoretical analysis was carried 

out by Johannes Barth30'480ne interesting result in Barth's 

work is the predicted effect of the radial cam-cylinder 

spacing, i. e. if the knittii, g cams are set very close to the 

cylinder, the force between the can and needles is less than 

when the cams are moved further away from the cylinder. 

Blabk29 built an instrument to measure the reactive 

force between the cam and needle. The cam-track wa: connected 
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to a str, in-gacgcd cantilever system, and it responded to 

the total number of needles present in the track at any 

instant of time. With this instrument he obtained some 

interesting results, one being the effect of oil viscous 

resistance which acted so as to increase the reactive force 

as the machine speed was increased. Apart from Black's work, 

little attempt has been made to measure the reactive forces 

between the cam and needle during knitting. 

2.1.3 The impact forces between the cam and needle 

during knitting. 

Leaf and Blackman31 carried out an analysis of needle 

behaviour after striking the stitch-cam. The analysis re- 

vealed critical cam angles defined in the paper as cKg and 

ot3; if 0)oC� needle jamming occurs; if oC <°C3 the needles, 

bounce down the stitch-cam; and if c<@ > o<) o<3 the needles 

slide smoothly down the cam face. For given values of the 

coefficients of friction and the coefficients of restitution 

they computed values of a<, and <'3 . Very small changes in 

the coefficients could lead to irregular needle behaviour. 

Very recently (in fact during the final stages of sub- 

mitting this thesis) an important research publication by 

J. Kopal32 has emsrged from Czechoslovakia in which he 

describes the use of a, capacitance transducer, with a natural 

frequency of 9,500 Hs, for measuring the impact forces and 

normal reaction force between a needle butt and cam. His 

measurements aho'vi that cam impact increases linearly with 

machine speed and exponentially with cam-angle. The impact 

magnitude is highly variable; fifty needles were tested 

consecutively in the same needle guide and it was found that 

the impact force varied between 1 , 300-sc and 2,150,. gr. Similarly, 

after testing the same needle in fifty guides, the impact 
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force was shown to vary between 1.050 gf and 2,750 gf. 

Kopa. 1 recommended that yarn should be fed to the needles, 

at a. constant input tension of between 3 and 5 gf. High 

speeds, the cause of high tension vibrations in the yarn, lead 

to the auggestion that much greater attention should be given 

to the design of yarn guides. It is recommended that the 

problem of latch impact could be minimised by using elastic, 

high-damping materials in latch construction, and Kopal 

" concludes that large diameter jaquard machines would: soon 
cylinder 

be capable of, speeds in the region of 60 m/min, whereas at 

present they are limited to about 50 na/min.. 

2-1-4 Stress Wave Propagation in. the Needle Structure 

resulting from Needle Impact with the Cams. 

J. I. Petrow and E. I. Petrow33 04 05,3607 
carried out 

a detailed analysis of the stress-wave propagation in Groz- 

Eeckert hosiery needles resulting from cam-needle impact. 

Thr mathematically predicted the passage of a plane 

longitudinal pressure wave through the needle structure which 

originated at the impact of the needle butt with the guard cam. 

They concentrated upon the effect of the tapered sections of 

the needle cn the wave propagation and showed that as a pressure 

wave moved towards the top of'the conical section a. stress- 

atrain wake remained. The force which was greater at the wake 

of the pressure impulse could exceed the ultimate strength of 

the material or lead to a fatigue situation. They concluded 

that the most dangerous cross-section of , he straight needle 

was at the base or the needle hook, i. e. just at the beginning 

of the bend as denoted by X-X in Fig 1 .1. 
They r"edes. igned. some typical Groz-Beckert needles with 

the object of increasing their resistance to impact stresses. 

The designed needles had abrupt transitions and wedge-like 

.a 
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sections, nd were shown to considerably reduce the wave 

transmission up the needle shank. During lmitting tests at 

38Q revs/min of the cylinder, these needles had an average 

breakage rate of 0.5 needles per 15 minutes running time, 

while an ordinary needle hadi an average breakage rate of 40 

needles over the same running time and at the same cylinder 

speed.:. The ordinary needle and the rederigned needle are 

compared in Fig 2.2. 

The effects of step reductions and gradual reductions 

of area upon wave propagation through rods has been noted by 

several researchers38 
to 44 inc. In a paper by Davids and 

Kesti4O it is shown that a step reduction in area results in 

a maximum two-fold stress increase, while a gradual reduction 

in area, such as a tapered section, can result in a stress 

magnification greater than two. Whenever the stress level in, 

a narrowed bar section is too high, a gradual entrance to the 

section is undesirable; a. more abrupt change of section with 

small fillets is better as it tends to reflect more stress, 

so helping to exclude it from the section. Another interesting 

observation from the Petrow's work33 
to 371nc. 

was the effect 

of butt length and hook radius. They experimentally demon- 

ctrated that the slightest changes in either of these parameters 

could lead to large increases (as high as 10 times) in the 

number of hook breakages. 

2.2 Influence of the Literature Survey upon the Research 

Pro Pct. - 

A comprehensive literature survey is' always essential 

to avoid duplication of work and form a foundation for further 

research and the author has investigated some 300 references 
in all. In his opinion, each of the transducers mentioned in, 

the literature survey summarised above could be redesigned to 
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provide more useful information. For instance, only limited 

information can be obtained from a cam-force transducer that 

sums the total reactive force from a group of needles passing 

through the cam-track, and an improved transducer would be one 

that could separate out the force component from a single needle 

as: it passed down the cam whilst undergoing realistic knitting 

conditions. With such an instrument it would be convenient 

to examine the cam-force at each stage of the loop forming 

process. Similarly, a more direct method could be used to 

measure the force involved in drawing the yarn loop. All the 

methods mentioned in the literature survey used an instrumented 

cam-track; this can lead to problems because it is not clear 

how much the cam and trick force components contribute to the 

measured force level. Work done on the frictional tension 

increase as the yarn passes over the needles and verges 

indicates that the theoretical relationship is limited in 

application to particular yarn types and surfaces. Rather that 

use a doubtful theory it would be better to build an 

experimental rig and measure the tension increase under 

realistic conditions for varying angles of wrap, and a range of 

yarn speeds. Such results could perhaps then be used as the 

basis of a theory which is applicable to the knitting 

experiments to be performed in this work. 

The Petrov research forms a useful theoretical basis for 

further experimental work on the stress-wave propagation in: 

the needle structure, and this will complement the intended 

measurements of impact force. 

2.3 Possible Future Trerds in the Development of Knitting 

Machinery. 

For high-speed machine operation some form of non-linear 

camming'must be used. -Black29 proposes polynomial forms and 
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4 I. 
Rothbart45 suggests the use of cosine-curved stitch-caws. 

The knitting industry necessarily imposes very tight 

constraints upon the design of cams; for example a non- 

linear cam must be capable of accepting needles presented to 

it at different heights; it must also have, small circumferential 

dimensions, a low lath turnover angle, no separation at the 

stitch-cam base, a method of stitch draw adjustment. These 

are but a few of the constraints. It-is difficult to see hove 

a high-speed non-linear cam can be designed to extend 

circumferentially for no greater length than does a 550 linear 

cam, and still have a low latch turnover angle. In the future 

a, compromise will probably have to be made, i. e. towards high 

speed machinery which will run considerably faster but having 

fewer feeding stations on the circumference. 

Researchers are now examining the latch needle to see 

whether this device is rea7dy the best practical form for high 

speed machinery. Black29 suggests alternative needle forms, 

and Ito46 has developed an automatic slider type needle. 

However, the needle with no moving parts, designed to replace 

the latch needle for high machine speed operation has yet to 

be discovered, and perhaps never will be: 

A successful hydraulic knitting machine47 which uses 

no cams at all, has recently been designed and built by J. 

Garside a research colleague in the Mechanical Engineering 

Department at Loughborough University of Technology. Although 

this machine operates at a very fast rate, the needle gauge 

is much coarser than that used in the majority of caromed. 

knitting machines and for this and other reasons, the author 

is of the opinion that it cennot yet be considered as a viable 

competitor to most convent opal circular knitting machines. 

Nevertheless, it has other inherent advantages, such as 
individual needle path control, as well as to littlc or no 

61 
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back-robbing of stitches which could perhaps suit it for new 

types of knitting as yet unthought of. It is interesting to 

speculate that, with some considerable ingenuity in innovation, 

such individual control of needle paths, in magnitude and 

direction could perhaps be the basis of a refreshing breakaway 

fron the conventional trick-guided and parallel needle systems 

which have persisted for over 1400 years. 
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CHAPTER 3 

INITIAL CONSIDERATIONS IN THE 

MEASUREMENT OF KNITTING FORCES 

3.1 Difficulties of making Precise Measurements. 

nw 

Initially, two transducer systems were to be designed, 

one to measuve the force between the needle butt and the cams 

and another to mea: nure the force exerted upon the needle by 

the yarn during loop formation. In the text, these devices 

are referred to as the cam-force transducer, and the yarn- 

force transducer respectively. There were several distinct 

problems in designing sensitive instruments for use on a 

knitting machine. These had to be solved, because they 

fundamentally influenced (a) the structural design of the 

" instrument; (b) the method of carrying out the measurements; 

and (c) the choice of the sensitive elements e. g. strain 

gauges, accelerometers, or other sensing devices. These 

problems are summarised in some detail below : - 
(i) If the stitch and guard cams are approximately 

one-inch long and the mach: -ne is rotating at 60 m/min, then 

a needle moves from one end of the can to the other in 

approximately O. C25 seconds. Inevitably the cam-force and 

yarn-force transducers would have to be designed to measure 

dynamic signals with high frequency components, and therefore 

to accurately reccrd rapidly changing signals any measuring 

device 
-must possess a natural frequency of at least five times 

the highest frequency component of the signal. 

(ii) There were problems in fitting and using 

instrumentb on the knitting machine. The cam track, connected 

to the cam-force measuring device, had to fit closely in 

between the adjoining:,,: cams, and this meant that it had to 
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penetrate the cam-box ana any other mechanisms on the machine 

near the measuring station. Ho,. -., ever, the device should not 

interfere in any way with the normal knitting mode of operation. 

The cam-force transducer had to be (a) resistant to oil; (b) 

able to operate at moderately high temperatures approximately 

700C maximum; (c) not sensitive to structural vibrations; 

(d) strong enough to withstand possible damage during normal 

operation; and (e) capable of calibration before and after 

tests. 

(iii) If direct measurements were to be carried out it 

was highly probable that the yarn force transducer would have 

to be fitted near the loop-forming process. In addßtion to all 

the problems associated with the cam-force transducer, some 

means would have to be provided to transfer the signal from 

the rotating cylinder to the stationary signal display 

instrument. The yarn-force transducer would have to be 

structurally very small if it was fitted close to the loop 

forming process, and this meant that the sensitive element 

which would fit on the transducer would have to be even smaller. 

(iv) The cam-force transducer was to be designed to 

measure the force between one needle and the cams during 

knitting. At any instant of time approximately eighteen 

needles would be passing through the cams, and if all these 

needles, except one, were not to register any output on the 

transducer, sonn means would have to be found to guide the 

needles through the normal knitting process with only one 

needle contacting the transducer cam track. In addition the 
\'. ` instrument, when it was debigned, needed to be capable of 

being fittea and removed easily. It should also be sufficiently 

versatile to test new cam shapes, and thus would need to include 

the facility for changing the stitch-draw. 
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ß. j. 1 The Particular Suitability of Semi-Conductor 

Strain-Gauges. 

An examination of tranad ucer sensitive elements. revealed 

the particular aüitability of semi-conductor strain gauges., 

for mea. urements on knitting machinery, for the reasons stated 

below :- 

(i) High gauge factor, so enabling provision for a 

large voltage signal. for a correspondingly small strain 

Semi-conductor strain-gauges are, on average, almost sixty 

times as sensitive as foil strain gauges, thus, fascilitating 

measuring systems of higher natural frequency to be built. 

(ii) The gauges are very smallr measuring only 

3.5 mm long by 0.025 mm thick. 

(iii) The gauges could be easily given an oil and 

water resistant coating. 

(iv) The gauges are relatively easy to bond to a. 

surface. 

(v) : semi-coi, ductor strain-gaugea are na more expensive 

than foil gauges of similar size. 

(vi) They are not easily damaged, if properly bonded. 

to the surface.. 

3.2 The Knitting Machine used for the Investigation. 

A 10 in. (250 cm) diameter 18-gauge circular knitting 

machine was used.. One yarn feeding station was fitted, and this 

pulled yarn through various tensioning devices straight off 

the supply bobbin.. Figure 3.. 1; is a. p}, aotograph of the upper 

`., half of the knitting machine.. 

3.2.1. Th, _1 Latch Needle Used. 

For most of the experimental work, a.. 0.0175 in.. (0.! i43'mm) 
thick latch needle was used; however, a 0.016. in. (0.406 mm) 

needle was used occasionally. The dimensions and shape of the 
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latch needle are shown in Fig 3.2. The needle was supported 

by a jack in the cylinder, and a view looking at the needle 

and jack in position, and also showing the cam track and band 

spring, is included in Fig 3.3" 

3.2.2 The Type of Yarn Used. 

The yarn used for the experimental work was Crimplene 

j'150 den' (17 tex)/30-fil polyester manufactured by P. Atkinson 

Co. Ltd. of Macclesfield. The sponsoring company stated that 

this was a typic"1 commercial yarn, widely used on this type 

of machine. However, the instruments needed to be designed 

to operate with any suitable yarn, so that, if in future it 

was desired to measure the effect of yarn properties, this 

could be carried out easily. 

3.2.3 Adaptation for Variable Speed Operation. 

The motor was mounted on a Carter-gear variable_gpeed 

unit. The system was designed so that the speed range of . he 

knitting machine was variable between 0 and 135 m/min, the con- 

ventional maximum operating speed being approximately 60 m/min. 

The motor and Carter-gear unit were mounted on a platform 

completely separated from the knitting machine, the only 

connection to the machine being the belt drive. The purpose 

of hating the drive in this way, was to minimise the 

vibration transmitted from the drive to the machine structure. 

Fig 3.4 is a diagram showing the motor mounting. 

3.3 Relationship of the Investigation to other types of 

Knitting Machinery. 

she simplified knitting machine would be used as an 

experimental rig for analysis of the forces involved during 

knitting, and for testing modifications and revised designs. 

Further information about dial and cylinder interaction and 

the effect of timing would have to be obtained later from 
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similar measurements on cylinder aiid dial machines. After 

designing instruments' for the 10 ins single cylinder machine 
(section 3.2), and after gaining a thorough understanding 

" of the nature of the forces involved, it would then be possible 

to optimise the instrument design before using such 

instrumentation on more complex commercial machinery. 
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CHAPTER 4 

THE DESIGNS MANUFACTURE AND TESTING 

OF THE FIRST CAM-FORCE MEASURING SYSTEM 

4.1 Selection of: the System to be used for Force 

Measurement. 

The measurement system selected was the transverse 

excitation of a stiff-beam as shown in Fig 4.1 (c). A cam 

track would be fitted to the end of the beam:, and the force 

between the cams and the needle would produce a resulting 

strain, which semi-conductor strain-gauges, bonded to the 

beam surface would respond to. Provided that the beam natural 

frequency is considerably higher than the frequency of the 

highest discernable harmonic component of the force signal, 

the strain is directly proportional to the force, and 

static calibration is permissible. Before this system was 

selected many alternatives were examined, two feasible ones 

being a beam in compression (Pig 4.1 (a)), or a modified cam 

track (Fig 4-1- (b)). The merits Fä d limitations of the three 

systems are also summarised in Fig 4.1. The massea of, the 

beam and track would be minimised at the design stage, the 

only method of then increasing the natural frequency further 

would be to increase the beam stiffness by increasing its. 

physical dimensions.. This would reduce the cam track deflection 

to negligible proportions, but it had the serious disadvantage 

that the strain per unit force would become smaller, and" 

more sensitive strain gauges would: consequently be required. 

Semi-conductor strain gauges have a, d. istinct advantage over 

wire and foil gauges, their increased output per unit strain 

meaning that much higher beam natural frequencies can'be 

achieved*. 
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4-2- Dec. rn and llanu±'acture o the Can-Force Measuring V 

Transducer Mark I. 

The cam-force transducer Mark I was. basically a 

double cam-track instrument, with one track fitted. directly 

behind the other as illustrated in Fig 4.2.. One needle had, 

a butt so shaped: that it only contacted the radially outer 

cams., which were carried on the force measuring cantilever. 

All the other needles ran in the radially inner cam-trs ck. 

The impact point and the shape of the special needle is shown. 

in Fig 4.2. Lt this. stage before any measurements had been 

takenz the nature of the force input signa'1 was: unknowns and 

it was impossible to predict the natural frequency necessary 

for the beam. Initially, the beam was designed to have a 

high natural frequency, approximately 2000 Hat and if, after 

initial measurements, the frequency needed was seen to be 

higher, a new beam would then have been made « The dimensions 

of the initial beam were 0.35 ins (0.89 cm)' square by 

1 . 25 ins (3.17 cm) long and the strain sensitivity was 

calculated to be approximately 17.5 x 1,0-6 strain per unit 

kilogramme.. The nstrumer. t had the following special features: - 
(i) It allowed *f orce measurements to be carries: out 

on one needle without influencing the normal knitting process. 

(ii) It required only a small amount of modification 

to the needle. The effect of this modification would be 

thoroughly analys. d by a series of experiments before any 

detai]pd measurements were carried out. 

(iii) The instrument could be easily removed and fitted 

to the knitting machine. 

(iv) The stitch-draw could bo adjusted easily. 

(v) The mechanism could accomodate various cam-forms 

4.2.1 The Cam-Shape used in Initial Experiments. 

For initial experiments a typical widely used cam-form 
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was fitted to the beam, the dimensions and shape of the cams 

being shown in Fig 4.3. 

14.3 Modification of Knitting Machine to Facilitate 

Measurements. 
I 

The knitting machine needed. no alteration except that., 

to enable the instrument cam track to fit closely to the 

cylinder, the cam box had to be modified. The existing stitch 

and guard-cams were removed and a slot was cut in the box 

si. fficient to take the beam. 

4.4 Electrical Circuitry. 

Two strain gauges were bonded to each side of the 

beam, the gauges on the top and bottom were positioned so that 

they were responsive only to the vertical component of force. 

similarly, the gauges on the beam sides were only responsive 

to horizontal components of force*. Two Wheatstone bridge 

circuits were formed, one from the four gauges on the top 

-and bottom, and the other, from the four gauges on the sidea. 

The output from each Wheatstone bridge was passed to a Strain 

Stall type 91A D. C. amplifier. The bridge supply voltage 

was provided by the amplifier; however, since it was generally 

used with foil strain-gauges the stabilised voltage of 

10.0 to 10.5 Volts was too large for semi-conductor strain- 

gauges, and dropping resistors (200Steach) had to be placed 

in series with the bridge voltage supply terminals tc reduce 

the voltage to approximately 6.0 Volts. For high frequency 

voltage amplification a D. C. amplifier had to be used since, 

although A. C. amplifiers are generally simpler and. less prone 

to drift errors, they are not suitable for the amplification 

of rapidly changing signalb. with high frequency components. 

The output from each amplifier was: taken to a four-channel 

type 614B Textronix storage oscilloscope, which was capable 

of displaying four separate inputs at the same time and also 



?? - 

had a triggering facility which, when fired, would enable 

one sweep of all four inputs to be stored on the screen. If 

desired this could be erased, and by pressing the single shot 

switch, another sweep would be recorded when the oscilloscope 

was triggered. The storage facility was extremely useful, 

since it meant that the trace could be examined closely before 

deciding whether a photograph was necessary. Throughout the 

circuitry, shielded wire was used wherever possible and the 

system was thoroughly earthed. Further information is shown. 

in photograph Fig 4-4 and the circuit diagram in Fig 4-5- 

4-4-1 Positioning the strain gauges. 

It was important that the strain gauges should be 

bonded to the beam at a position where the strain was a 

maximum, and that the gauges responsive to vertical loads should 

be insensitive to horizontal loads... Conversely, the gauges 

sensitive to horizontal load, should be insensitive to vertical 

loads:. The gauges were positioned as far from the cams as 

possible' to maximise the bending moment and, the strain.; all 

the gauges were positioned a small equal distance from the 

beam neutral axis as shown in Fig 4.6. « The effect of this 

was to-ensure that the response to tho undesired force cancelled. 

out in the whoatstone bridge. This point is, clarified in the 

next section (11.. 4.2) . 

4.4.2 The Four-Arm Wheatstone Bridge Circuit. 

The gauges, were connected into a four-arm Wheatstone 

bridge circuit as shown in Fig 4--*: 6. 

The output voltage from the circuit is: 

QE VR, R2 (Aft', AR2. ARa.... QR4 
+ Rý, )a R. Rz R3 R. 

pR" = Gn En (n= i too) Ihn 



where Rr, (n=1to4)= 

cn (n=11o4) 
= 

Fý (n=i to4)= 

v= 
and LE 

-)4 

Resistance of the respective 
strain-gauges, 
, 
Gauge factors of the respective 
atrain-gauges, 
Strain at position where each: - 
respective gauge is. positioned, 
Voltage supply to bridge, 
Voltage output from bridge. 

The gauges were selected so that as nearly as possible : 

_ 
R, ' RZýR3=R4 

and --- 
Gi 

= 
Gt 

= 
C73 

= 
G4 

Gauges: l and 3 were bonded to the beam side experiencing 

tensile strains, while gauges 2 and 4 were banded to the com- 

pressive side. If the gauges are properly aligned.,, gauges 

I and 3 experience positive strain of equal magnitude to the 

negative strain of gauges 2 and 4. i. e. +( and'. -E respectively. 

The output voltage then becomes 

tE=VGE " (12) 

Equation (12') shows; the simple relationship governing the output 

from the bridge. One unique advantage of the bridge is that 

it produces a higher voltage output for a particular strain. 

It is twice as sensitive as the two-arm bridge and four tities 

as sensitive as tho single-arm bridge.. However, it has. other 

very important advantages, which are sumarised below : - 
(i) If the gauges are positioned closely together 

and there are no temperature gradients from one gauge to 

another, thenr for four matched gauges, complete temperature 

compensation is achieved, i. e. 

wzi _ ! L2 4R3 dRa. 
R. KZ R3 R4- 

ýý _cLnd 
AE =0 



(ii) If the gauges on each beam face are positioned 

a small distance on each side of the neutral axis, as sho= 

in Fig 4.6:, then when a. load is applied at right angles to- 

the direction of desired sensitivity, the strain on gauges 

1' and 2 is +'( and on gauges 3 and 4 is -t, and hence :- 

_AE =0 
It is impossible to obtain complete matching of 

strain-gauges and it was: inevitable that there would be some 

small response to transverse loads. This response was 

minimised by the fact that the gauges were only a small 

distance offset from the neutral axis, and consequently 

bending strains produced Eby the undesired loading were very 

Small. 

4.4.3. The Triggering Circuit. 

It was, important that the oscilloscope should be 

triggered at the instant of time when the special seedle 

was passing through the cam-track. A. simple, battery micro- 

switch circuit was used. A small stud wa: z attached to the 

cylinder and this closed the micro-switch as the cylinder 

rotated. The exact instant at which the stud closed the 

switch and fired the oscilloscope was set to correspond to 

the passage of the special needle through the transducer cam- 

track. The circuit diagram is shown in Fig 4.7. 

4,5 The Calibration Procedure. 

Before each experiment a calibration was carried out. 

This was designed to determine the relationship between the 

force applied to the cam-track and the deflection of the 

oscilloscor° trad. All the apparatus was assembled on a bench 

and was wired and cornecte3.. in exactly the same way as when 

fitted to the knitting machine. The cam-force transducer was 

then clamped upright in a vice and dead weights were hung on 
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the cam-track as sho: "n in Tib L.. 8. The response of the 

strain-gauges to each load was stored on the oscilloscope 

screen, and a graph was plotted of oscilloscope trace 

defidction against the vertical-force applied to the cam. 

A similar procedure was carried out for the horizontal force 

calibration, except that the cam-force transducer was turned 

on its side and then clamped in the vice. Dead weights were 

again applied and a calibration graph was plotted. The two 

graphs are shown in Pig 4.9 

It was desirable that the cam-force transducer could 

be calibrated on the knitting machine, and, if possible, 

during and after the running of tests. The bench calibration 

meant that all the apparatus had to be removed from the machine 

and assembled on a bench before calibration could be carried 

out, and this was a time consuming operation. An apparatus. 

as detailed in Fig 4.10 enabled very quick vertical force 

calibration, without any part of the apparatus having to be 

removed from the machine. Unfortunately, the horizontal 

force could not be calibrated in this manner because the cams 

on the transducer were horizontally inaccessible wh; n mounted 

on the knitting machine. However, a technique was developed 

to enable frequent checks on the strain gauge response to 

horizontal loading. During bench calibration a spring balance 

was used to apply a known horizontal force to a part of the 

beam at. a little distance from the cam track. The deflection 

of the oscillosccpe trace in response to this force was noted. 

During experiments when the cam-force transducer was attached 

to the knitting machine, frequent checks :: ere carried out by 

applying the same horizontal force to the beam and noting 

the oscilloscope trace deflcction 

The calibration procedure was to carry out a full bench 
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caZibratio bofore an experiment, and then snake frequent spot 

checks of vertical calibration and response to horizontal force 

during the experiment. At the conclusion of experimentation, 

a further bench-calibration was carried out. 

I1.. 5.1, The Effect of Off-Set Loads upon the Calibration. 

i Initially, ºahen the needle contacts the stitch-cam, the 

moment-arm between the beam centre and the force application 

point is large. As the needle moves through the cam-track 

the moment arm reduces, and finally increases again as the 

needle moves towards the end of the guard cam. An experiment 

was carried out to determine the effect of offset forces on 

the strain-gauge output. Loads were applied to the cam track 

at positions and in directions shown by the arrows in Fig 4.11. 

The normal position-for hanging the weights for vertical 

calibration was at A, and that for horizontal calibration wan 

at-B. Maximum errors in the calibration occured if the loads 

were applied at position 1;, i. e. 4 2.5% for vertical calibration 

and + 2.0% for horizontal calibration. However, this error 

was throught to be negligible, and it was therefore considered 

unnece ss, ary to correct the experimental results to allow for 

the effect of off-set loading. 

L. 6 Experiments Designed to Examine the Output from the 

Cam-Force Transducer. 

The st. ecial needle (section 4.2) had two basic 

modifications; it had a butt cut out, and the needle-cam impact 

point was approximately 2.24 mm (0.088 ins) from the cylinder. 

The impact point for the standard long butt needle, detailed 

in Fig 3.2 was between 0.076 mm (0.003 ins) and 0.30L mm (0.012 ins. ) 

from the cylinder. These experiments described below were 

designed to investigate the effect of these butt modifications. 

If the instrument was to be used successfully, the effects 1 



e 

`'38 

would have to be small and predictable, so that the forces 

between the standard needle and the cams could easily be 

obtained from experiments using the special needle. 

lß. 6.1. Experimental Method. 

" Some time before each experiment was carried out, the 

oscilloscope and amplifier3 and. triggering mechanism were 

switched, on. This was to allow the instruments to warm up 

and the room temperature to stabilisA before measurements were 

taken. The trick in which the special needle was fitted; was 

cleaned with grease-removing solvent, the needle was fitted, 

and the machine was lightly oiled' with flicker's; spotless B. N. O 

Needle Oil. It was found in early experiments, that immediately 

after fitting the needle in. the trick, the cam-force was 

variable from one machine revolution to the next until the 

needle settled in the trick, and the force became stabilised. 

To ensure that the measurements were carried. out when the 

forces had settled, the machine was run for a short time before 

taking a reading. The system was, calibrated as detailed, ins 

section 4.5. The calibration factors, were 35.3 gf horizontal 

load. per 1i mm photograph trace deflection, and 1,3.4 gf vertical 

load. per I mm photograph trace deflection. 

4.6.2 Measurement Parameters. 

For all of these initial experiments 0.4L43 mm (0.0175 in: )' 11 

thick needles were used. Traces were obtained under knitting 

conditions unless otherwise s. taýed. The stitch-draw was 

. 
appro;; imately 1 . 78 mm (0.07 in) 

The cam-cylinder clearance was fixed at 0.15 mm 

(0.006 In). A 0.15 mm thick shim, wae; placed between the 

inner radial c am. a. xd the cylinder. The cam-force transducer 

w&s pushed up against. the shim and the retaining screws. were 

tightenedr thus clamping the unit to the machine storucture. 
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The tests were carried out at machine speeds of 27 and 

57 revs per minute. The normal operational: speed of the 

machine is 57 revs per minute. 

The horizontal scale for the photographs is 5x 10-3 

seconds per unit division, one division on the photograph 

equalling 8 . 5mm.. 

Lß. 6.3 effect of Butt Cut-Out upon the Forces. 

special needle with a cut out of 0.20 mm depth at 

the top of the butt and one of 0.25 mm depth at the bottom, 

as shown in Fig 4-12,, (1-), was placed in a thoroughly cleaned 

trick. The machine was run for a short while and a trace was 

stored on the oscilloscope screen. The needle was then removed 

from the tick and the butt cut out was increased to 0.33 mm 

at the top and 0.25 mm at the bottom as shown in Fig 4-12,1(2). 

The trick was r---cleaned and the machine was run for a short 

while. A trace was obtained and this was superimposed on 

top of the original trace. The process was repeated until 

five complete traces were stored on tcpof each other. A, 

photograph of these was then taken and a typical record is 

shown at the top of Fig 14.120 On this, can be seen both the 

vertical component of force between the butt and the cams, and 

the horizontal component of force. Initially the experiment 

was carried out at 27 R. P. M. and was then repeated at 57 R. P. M. 

Results obtained at the higher speed showed a similar trend 

to those obtained at the lower speed; however, the photographs 

showed severe distortion due to natural frequency oscillation 

of the beam. The oscillation appeared to be triggered by needle 

impact with the stitch-cam and guard-cam, since the 

oscillation was very large at these points on the cams. 

The results indicated that, as the cut-out depth was 

increased, the force also increased, especially in the region 
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where the needle butt initiall contacted the stitch-earn. 

However, at the bottom of the stitch cam, the force changed 

very little. Obviously the first trace, marked as No. 1 

on Fig 4.12, showed that the cut-out depth was so small that 

the noodle was contacting the radially inner track and not 

contacting the outer track at all. 

The probable explanation for the increase of force at 

the beginning of the stitch-cam was that the butt was bending 

so much due to the displaced impact point, that for shallow 

depth cut-outs the radially inner cams were taking some 

proportion of the load, and hence reducing the force on the 

outer cam track attached to the beam. 

4.6.4 Effect of Moving the Impact Point Radially 

away from the Cylinder. 

A. special needle (Fig 4.2) was positioned in a thoroughly 

cleaned trick, the apparatus being switched on and the knitting 

machine run for a short time. Initially a trace was taken 

with the cam transducer in the normal position, i. e. with 

the radially inner cams positioned 0.152 mm from the cylinder. 

The transducer was then moved outwards, so increasing the 

distance between the impact point and the cylinder. Further 

traces were teken and these were auperimposeä one upon the 

other. A typical photograph of the results is shown in Fig 

4.13 , this giving added details concerning the distance, D. 

between the impact point and the cylinder for each trace. 

The reeults clearly Show that the force increased as the impact 

point was moved radially outwards. 

The inner radial cams were than removed from' the cam 
force transducer. The cam-track connected to the beam was 

moved forward so that it was only 0.152 mm from the cylinder. 

- A. standard long butt needle Was fitted in a cleaned trick, the 
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needles each side of it were removed so that only the one 

needle was running in the cam-track, the yarn was also 

removed from the needle, and a horizontal and vertical 

force trace record was obtained. The transducer was then 

moved 'rack so that the needle impact point was 3.05 mm. from: 

the cy]inder, and another trace was taken. The traces were 

superimposed one on top of the other and an enlarged 

graphical representation of a typical record is shown in 

Fig 4.14. The machine speed was measured at 27 R. P. M. by 

means of a tacho-wheel pressed against the revolving cylinder. 

The experiment was repeated at 57 R. P. M. but due to resonant 

beam vibration, was somewhat difficult to interpret. 

The results show a large increase in force as the 

impact point was moved away from the cylinder. Moving the 

impact point from 0.152 mm to 3.05 mm. changed the max 

horizontal force from 265 gf to 490 gf and the max vertical 

force from 125 gf to 300 gf. 

4.7 Conclusions to Part B. 

The results indicated that moving the impact point 

further away from the cylinder increased the reaction force 

between the cam and the needle. The cut-out on the butt also 

had an effect upon the force; however, it seemed probable 

that this vras caused by the inner radial, cam sharing the 

load when the cut-out depth was small. 

Due to the large effect of moving the impact point away 

from the cylinder, the forces on the special needles would 

be considerably larger than the force on a normal needle. 

Therefore, the designed cam-force transducer could not be 

used because the errors involved in carrying out the 

measurements on the special needle were far to large. 
\ 

Johannes Barth30P48 predicted a force increase as the 
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impact point was moved away from the cylinder. These 

results confirmed his opinion. The theory of Munden; and 

Knaptoni 3t14st5'1-9'ZO'2t takes- no account of the position of 

impact point and it was not expected that the butt modific- 

ation would produce such large differencea in the force 

level; unfortunately Barth' s" paper was not available, when 

this cam-force transducer was designed. 

In these early experiments several modifications 

required in the circuitry became obvious :- 

(i) As the machine speed was increased, the beam 

vibration tended to obscure the results, consequently, some 

means would need to be found either to reduce the beam, 

vibration or to electronically remove the beam oscillation 

from the force signal. 
(ii) Some basic difficulties occurred with the 

use of the trigger circuit. The contacting arm of the 

micro-switch tebded to bounce as speed. was increased, and, 

this caused sorie damage tothe cylinder and the micro-switch. 

Similarly it would., if possible, be useful to combine speed 

measurement with the triggering function. 
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CIJAPTEII 5 f-. 
DESIGN OF AN IMPROVF. D 

CAM-FORCE MEASURING INSTRUMENT 

5.1 pesign and Manufacture of the Improved Cam-F-brce 

Transducer. 

The special needle used for measurements with the original 

Mark I cam-force transducer had two basic modifications: (i) 

the butt was cut out so that it missed the inner radial cams, 

and (ii) the point of contact (impact point) between the butt 

and the transducer cam-track, was radially further from the 

cylinder then the corresponding impact point between a standard 

needle and the knitting cams. Experiments (section 4.6.4) 

showed that this movement of the impact point radially away 

from the cylinder had a. large effect upon; the cam-needle 

force, thereby making it impossible to predict the force that 

would be experienced. by a standard needle during the knitting 

process, and any modifications made to a needle or to the 

cams in order to facilitate measurements., might have a cignif- 

scant effect upon the forces. Obviously, a device heeded to 

be designed to measure the force between one needle and the 

cams. during knitting but it would have to be a system that 

did not require any modifications to the shape of the needle, 

or to the position of the cams, or to anything else that could 

possibly influence the knitting forces on the needle. 

From the experience obtained during the design. of the 

'first (Mark I) transducer it was possible to reach a conclusion 

about the design of an improved measuring instrument quite 

quickly. Two possible systems emerged and these are treated 

seperately in the two following sections. 

5.1 .;, The Cam-Forcep Transducer-Mark ll.. 
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The Mark II transducer (as sketched in Fig 54,. ), was 

a. double cam-track instrument, rather similar in appearance 

to the original cam-force transducer. However, it differed. 

in that the inner radial cams were now connected to the 

strain-gauged beam, whereas the outer radial cams were fixed. 

. 
Twenty needles on each side of a standard long butt needle 

had a modified butt, designed so that these needles only 

contacted the fixed outer radial cams, whereas the standard 

needle would only contact the inner cams. As the total stitch 

and guard cam length was approximately 18 needle pitches, 

then no matter where the standard long butt needle was in 

the cam-track, the other needles passing through the track at 

the same time would all be running . )n the outer cams, and. 

not contacting the inner cams. at all. The only modification. 

required to the needles. on either side of the standard-needle, 

would be in their butt design. The needle heads would be. 

identical, and providing the outer cam-track wa. s. well matched 

to the inner, the motion of all the needles would be the 

same. This meant that the knitting process would remain 

undisturbed by the measuring technique and that the standard 

needle would experience a completely normal set of circumstances. 

The remaining needles in the cylinder could all be standard 

neejles running through the inner cam-track; this would not 

damage the beam cam-track because it wan very stiff' and, it 

would not produce any spurious traces because the osaillcscope 

only recorded a trace when it vas; triggered.. 
,'` 

There were considerable problems. in manufacturing 

this instrument. If the standard. ] ong butt, needle was, not 

going to make unwanted contact with the rigidly supported 

outer cams! then. they would: have to be provided' with a. slightly 

wider track than the inner. Obviously, this, would make 
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for extrcin dii `1ccwltieo it matching the cams exactly, to 

ensure that all the needles, no matter what track they 

contacted, would all traverse through exactly the same motion 

paths.; these difficulties were the reason for a further rede ign 

i. e. the mark III transducer system described, immediately below. 

i 5.1.2 The Cam-Force Transducer Mark II. 
I 

The cam-force transducer mark III was a double cam- 

track device with one track fitted beneath the other as can. 

be seen from Pig 5.2. Twenty needles, lengthened by a special 

Jack, were fitted on each side of a standard' long-butt. needle. 

The standard needle was guided throut, h the upper track 

connected to the ctrain-gauged beam, while the longer needles 

were guided through the lower rigid. cam-track « The needles 

to each side of the standard needle were supported on a -Jack 

which had. a butt at its base. The needle butt eras; slightly 

reduced in width so that it. would pass through the upper track 

without contacting it. The butt, on the jack was the same as, 

that of a. standard. needle butt and this ran in the lower track, 

If the upper and, lower cams; were set correctly, then. all the 

needles would draw yarn to the same extent and thero would be 

no modification to the loop. forming process. The basic 

operation of the transducer was therefore similar to the mark 

II transducer in that, after the group of special needles had 

pasaed through the cams the remaining needles in the cylinder 

were all standard, these running through the upper track. 

The only problem. with this transducer was. in the 

precise setting of the cams;. The lower cam had to be set 

very accurately relatively to tha upper cam, to ensure that 

the thinned upper butt had no contact with the upper measuring 

cam-track. Diagrams; of the mark III transd uc cr and the 

special needle are shovm in Pigs 5.2 and 5.3 respectively, 
Fig 5.4« is, a, sketch showing &. rad. ial view, of the transdumcky- 
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cam-track in position in the cam-box. 

Adequate space was available on the experimental 

machine to fit a cam-force transducer with one track beneath 

the other so this overcame the serious. practical limitation 

of the earlier mark I design, moreover, the mark III transducer 

was easier to manufacture and many parts that had existed 

on the original instrument could be used without any 

modification. 

However, on commercial dial and cylinder machines it 

would be extremely difficult to fit an upper and lower cam 

track-and in that oase the mark III transducer would be 

inpractical. The author recommends, therefore, that any 

practical measuremeni; s to be undertaken at a. later stage 

on more typical commercial machinery, should be undertaken. 

using a{ transducer similar to mark III despite the inherent 

difficulties in manufacture and operation stated in the 

ultimate paragraph of section 5-1-1- 

5,2 Design cf a L--C, Filter Ci_rcuit,. 

Initial experiments using the original mark I cam- 

force transducer revealed. a basic problem with the apparatus.. 

As machine speed was increased)so the natural frequency 

oscillations of the beam increased, and these soon reached, 

magnitudes that caused difficulties; in interpreting the 

photographs. Two things could be dono to elU urinate this 

vibration, i. es 

(a) redesign the beam for highee natural frequencies 

or (b) design a simple L. C circuit to remove tho 

oscillation freuuency frcm the output signal.. 

An examination of photographs taken at high-speed 

shc. red: that. the frequency of horizontal oscillation was 

i P396 HS, and that of vertical oscillation was 'I , 360Ha. 
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These Prequencieo. were lower than the predicted theoretical 

values. However, the calculations for these were based on 

simple bending theory and an estimate of the cam mass. The 

length-to-diameter ratio for the beam was rather too large 

for the simple bending theory used to be strictly accurate.. 

The cam-force transducer was primarily intended for 

measurements of the steadier components of cam-force, 

rather than for impact measurewent. Obviously, for neasurament 

" of impact, a very high natural frequency instrument is 

desirable, but for the lower frequency measurements of the 

reaction forces involved as the needle passes through the 

track, a lower frequency has some advantages.. For example, 

the transducer beam is more sensitive to small loads and 

the response to the impact is less, thus the disturbance to 

the relatively slow varying trace, caused by the impact, 

is less damaging. 

For the above reasons, and because a L-C filter 

circuit is, very simple to design and manufacture and 

certainly less expensive than would be the re-designing and 

strain gauging of a new beam, it was, decided to build such a 

circuit. 

The filter circuit is illustrated in Fig 5.5 and 

consists simply of an inductor, a capacitor and a resistor. 

pro filters were built, one for horizontal forces having 

frequency rejection at 1090 Hs the other for vertical 

forces having frequency rejection at 1,360 111t., 

Referring to Fig 5.5 the following relationships can be 

derived :- 

eo - RL+"wL 

we 
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11 

where: Qmm= voltage across oscilloscope terminals, 
current-neglecting the small current 
taken by oscilloscope, 

RL = inductor resistance, 

circular frequency 
and L= inductance (henrys: 

C= capacitance (farads. )1 

also: (R+ + RL)) 
cJC 

where ei= voltage input signal.,, 
end R= resistance. 

Therefore: - 

ee 
eý .I+R (14) 

+ S ýwL- i 
and when: 

RL 

I WC 
LC 

then: 

eo i 

RL 
and, since. R>> RL 

then _ eo 0 
ei 

The filter circuit; is designed' using- equation(15) 

Obviously L and C can have a_wide range of values and, provided 

equation 
05) is satisfied, then frequency rejection will occur 

a, t the desired value of c, ) . However, it is desirable to have 

L large and C small. The factor, of- the filter defines the 

sharpness: of its: frequency cut-off; this. depends upon the 

resistance of the inductor, which is. less, for large value of 

\ý,, 
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inductance. 

Whenw is. small, L 
is large, and ` approaches unity. 

When[a is large, wL is large, and e* approaches unity. 
e; 

Suitable filter circuits were produced for the horizontal and 

vertical force signals with resistance R so designed to be 

variable so that the frequency rejection characteristic 

could be changed as desired. Experiments were carried out 

to measure the frequency responses of the filters at various 

resistances and these characteristics are shown in gig 5.6. 

It was. very important to determine precisely the effect 

of the filter upon the force signal. Several experiments 

were carried out superimposing traces obtained with the 

-filter'-first in and then out of the circuitry. No differences 

in the traces could be detected under a wide range of 

conditions. At high speed, the photographs from the unfiltered 

response were somewhat difficult to interpret, but by filtering 

- it was possible to superimpose traces to observe that the 

filtered plot was equal to the mean level of the unfiltered 

signal. 

The effect that the L-C filter had upon the cam-force 

traces is clearly illustrated by the photograph labelled 

Fig 5.7" 
5.3 Design of a Photo-Diode Triggering Device. 

For initial experiments a micro-switch unit was 

used to trigger the oscilloscope. Although the device was, 

adequate for low machine speeds, it became more unstable and 

tended to bounce as the speed was increased; this caused' 

damage to the micro-switch and the cylinder, and the 

triggering position became more uncertain. 

An ideal triggering device would be one that did not 

physically contact the cylinder, had no moving parts, had 

a fast and repeatable response, and preferably could be used 
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for speed. measurement. A photo-diode trigger satisfies 

all these requirement:, and Fig 5.8 shows the essential. 

construction of the device used. 

A small mirror, painted black except for a thin 

vertical line,. was clipped to the cylinder. As the cylinder 

rotated, the mirror passed the photo-diode, and, at the 

exact instant that they were opposite each other, a beam 

of light was reflected off the mirror at the diode, this 

causing a large voltage signal to app-mar across the 

oscilloscopes terminals. The signal was large enough to 

trigger the oscilloscope without any pre-amplification. 

The mirror could be moved and therefore the triggering 

position was easily adjustable. Tests carried out using 

the device at high machine speeds showed it to be completely 

reliable and very convenient to use. 

5^3.1 Use of Photo-Diode Trigger for Machine Speed 

Measurement. 

The photo-diode trigger could easily be used for speed 

measurements. The mirror was painted black except for two 

thin vertical parallel lines. The first line was positioned 

opposite the diode so that the voltage output on the 
6 

oscilloscope was a maximum. A fine mark was made on a, 

stationary member opposite a projection on the cylinder. 

The cylinder was then turned until the second line on the 

mirror was opposite the diode, and the voltage output was 

again. a maximum. A second mark was made opposite the cylinder 

projection. The distance between the two marks was then* 

measured using a. powerful magnifying glass: and a steel. ruler. 

During experiments the photo-diode voltage output was 

connected to channel 1; of the oscilloscope, when cam-force 

and yarn-force traces were recorded, the timing pulses from 

the trigger unit being also recorded. The exact time between 
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the two voltage peaks could be measured and this was used to 

determine the machine speed. 

The two principal advantages of this system were : - 

(i) speed measurement was carried out at the same 

time as the cam-force and yarn-+orce traces were being 

recorded, 

and (ii) no extra measurement was required, the machine 

speed being simply read off the polaroid photographs. 
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CHAPTER 6 

A TRANSDUCER DESIGNED TO DETERMINE 

T} FORCE EXERTED BY THE YARN UPON THE PEE LE AND 

VERGE 
I- 

6.1 The Need for a Yarn Force Transducer. 

The process of loop formation has been theoretically 

examined at come length, and theoretical expressions exist 

to predict the yarn tensions through-out the knitting 

process. However, very-little work has been done experimentally 

to measure the yarn forces and determine the effect of various 

parameters upon the loop drawing process. With a thorough 

experimental knowledge, accepted theories such as those 

attr1t 3dfiý orlell 'S'6 Knapton11 , 15,16,17 
and Dangel22 could. 

be tested, and the mechanism of robbing back. could also be 

closely examined. 

Previous researchers32'24'26'29 have used instrumented 

cam-trwcks to measure the forces, but with such a measurement 

technique it is difficult to judge effects due to trick-needle 

poperties and lubricating oils, and these probably exert 

effects which mask the true nature of the loop drawing forces. 

There is a need for a system that measures the yarn-force 

dir:: ctly. It. -should only be responsive to the yarn-tension-, 

and should not be affected by any other parameters unless 

these have influence on the loop drawing process. 

6.2 Des gn and Manufacture. 

The yarn-force transducer should be capable of measuring 

the tension in the yarn at each stage of the loop-forming 

process, since from such measurements the force exerted 

upon the needle by the yarn could be determined.. After a, 

o-ondideration of meadurement techniques three possible systems 

lb, 
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emerged. The firsts was to measure the tension by ae+; wllýT 

fitting a device in the yarn which would register a signal 

proportional to the force. Another method, was to fit some 

device to a needle that would register the forces imposed 

by the yarn. Finally, a small portion of the verge could 

be designed to measure the force exerted by the yarn upon 

the verge as it passed over it during loop formation. 

The most direct method was to fix something in the 

yarn. However, considerable difficulties had to be overcome 

if a device of this type was to be successful, and it would 

require the following characteristics : - 

(i) a firm contact with the yarn which would allow 

for some interfibre slip if it was used on multi-filament yarns, 

(ii) it would'have to be extremely small. and certainly 

of the order of a few thousandths of an inch, 
` (iii) it would have to be sufficiently flexible to 

allow for bending 4s the yarn flowed over the needles and 

verges, 

(iv) It should not influence in any way the normal 

process: of loop formation and yarn friction, 

and (v) some means would have to be found to obtain 

the force signal from the instrument. 

No instrument could easily satisfy the above require- 

ments, but recently the author has been told that it may now 

be possible to obtain a single filament of a special yarn 

which can be interspersed with a test yarn so that da the 

yarn tensioi, increases, the filament changes colour and this- 

can be photographed to obtain a direct tension indication. 

The method sounds rather imprecise, and the author has failed 

tý find published information on this type of yarn. 

The second method of measurement mentioned above was, 
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to attach a device to the needle surface. It was: possible 

to fit very tiny strain-gauges to the needle shank, but 
i 

unfortunately the extra thickness of the gauges made it 

impossible to refit the needle in the normally close-fitting 

trick. 

The remaining system of measurement was an instrumented. 

verge,. There were design problems with a device of this type, 

three of the most important are summarise below :- 

(i) Any, device would have to be very small because 

very little space exists irr which to fit it if the fabric 

motion is to be undesturbed. 

(ii) Very little movement should occur on the verge 

since any deflection would influence the yarn-force and the 

stitch-draw. 
lk 

(iii) Some method had to be provided to transfer the 

signal from rotating system to a stationary display 

instrument. 

The problems. associated with the device for measuring 

the force exerted upon the verge by the. yarn. were not 

considered insurmountable. However, with a knowledge of the 

yarn-friction, which would need tobe determined for all 

three methods of measurement� it would be possible for this 

instrument to predict the yarn.. -tension and the force exerted 

upon' the needle, and thus to thoroughly examine the accepted 

theories of loop formation. 

A. verge transducer was built, a diagram of the 

instrument being shown in pig 6.1. It consisted of a small 

stiff beam having a natural frequency of approximately, 4,000 He-, 

made out of the same matcriai and hardened to the same extent. 

as that used for the machine verge. The cylinder was 

slightly. modified at the top, as shown in Fig 6.1 s- to enable 

r. 
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the beam too be fitted. The existing verge was removed and 

the beam positioned and clamped in. its place. A small 

polished cover was fitted over the instrument so that it did, 

" not disturb the fabric motion over the cylinder top. 

iL summary of the important features of the transducer 

are given below ; - 

(i) It was possible that during the knitting cycle 

the point of application of the yarn force would move a 

short distance over the verge. The cantilever beam was so 

designed. that this did not alter the bending moment on the 

beam and this is shown in more detail in Fig 6.2. 

(ii) Micro-minature semi-conductor strain-gauges viere 

mounted on the beam, these being so emall as to allow for 

the use of small stiff elements. 

(iii) The beam deflection at the verge was only 

0.02 mm per 500 gf load applied to the verge. 

(iv) The beam had a high natural frequency. 

(V) The complete transducer had only three basic 

parts, i. e. the beam itself and two other parts used as a clamp. 

The manufacturing process was therefore simplified. 

(vi) It was possible to measure the yarn-force 

simultaneously with the horizontal and vertical cam-forces. 

This meant that all three signals could be displayed on the 

oscilloscope together. 

Fig 6.3 shows the transducer with the polished cover 

removed, and Fig G. L. shows the transducer verge (at the . 

front of the cylinder), the cylinder, and fabric. 

6,, 3 Design of Electrical Circuit. 

The major problem with the design of the. circuitry, 

was the transmission of the signal to the stationary 

oscilloscope from the transducer mounted on the rotating 
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cylinder. The standard method of solving this problem 

would have been to use a slip-ring device; this would have 

meant bringing the transducer output wires to the centre of 

the cylinder, and connecting them into a slip ring so that 

" the stationary output wirea, could then be connected to the 

oscilloscope. In the past slip-rings have unfortunately been 

associated with a significant electrical noise output known 

as slip-ring hash. Although nowadays slip-rings car be 

' produced relatively hash-free, it was considered at the time 

the work started that possibly a better system with less noise 

output would be a wire ; Mind: -up meo anism, using a special 

British Insulated Callendar Cables wire known as "8-ends tinsel"'. 

II 
The strain gauge wires from the transducer were passec.; 

to the amplifier. The amplifier,: a Strain-Stall type 91A, 

and its voltage supply were all connected to the cylinder, 

and hence rotated with the transducer. It was considered 

that the major source of electrical noise in the circuit would 

be the wire wind-up mechanism. If the amplifier had been 

mounted subsequent to the wind-up mechanism, the signal and! 

the electrical noise would-be equally amplified and the 

resulting trace on the oscilloscope would be difficult" to 

interpret due to the excessive noise disturbance. 

By passing. the-s. ignal first to the amplifier, the 

signal was amplified but the noise , ras not : therefore, the 

trace disturbance was much less and. the consequent distortion 

on the photographs was also reduced. The output from the 

amplifier was passed to tha wind-up mechanism; which wan 

- basically three long tinsel wires wound in a helical spiral. 

More detail concerning the device is given in section 6.3.2.. 

The wind-up mechanism. allowed approximately 300 machine 

revolutions before it was necessary to release the wires, 

r 
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Uo urw1n and 
lrheui re-t-u nl; ect them.. The allay; tree ' 

necessity of' stopping the machine pericdically during an 

experiment was no real disadvantage, since the machine had to 

be stopped at similar time intervals to readjust the constant 

take-down tension unit which is detailed in section 7.1. The 

output from the wind-up mechanism was passed straight to 

channel 4 of the Tektronix Storage Oscilloscope. The total 

system was thoroughly earthed, and shielded wire was uced 

wherever possible. 

Fig 6.5 is the circuit diagram, and the diagram, Fig 

6.6, shows the amplifier mounting. 

6.3.1 Position of the Strain-Gauges on the Beam. 

Two semi-conductor strain-gauges were mounted on each 

side of the beam and near to the clamping bracket to maximise 

the bending moment. The four gauges were connected into a. 

Wheatstone bridge circuit as shown in Fig 6.7, the wires from 

the bridge being then taken down around the cylinder to the 

amplifiers. 
6.3.2 The Wind-Up Mechanism. 

Inside the cylinder, about six-inches down from the top, 

a bracket was fitted and 'at the centre of the bracket a fine 

steel plate was clipped in position.. Zie -central axis of 

the plate corresponded as closely as possible to the vertical 

axis of cylinder rotation. In the plate, on a1 inch pitch- 

circle diameter, a number of small holes were drilled and 

polished. The wirea from the amplifier were taken up the 

cylinder, passed along the bracket and connected into a junction 

block fixed to the bracket. The output wires from the block 

were"8-end tinsels' each wire consisting of eight strands of 

fine tinsel wrapped around a nylon filament core. The wire 

had the property of being very flexible so that it could 
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easily be bent and twisted into complex shapes without any 

damage to the wire. From the junction block the tinsel wire 

was taken through the holes in the plate, vertically upvlards 

for about four feet through a steel pipe. The purpose of the 

pipe was to limit any whip in the wires as the cylinder 

rotated and to act as an earthed shield to electrical noise 

pick-up. The steel pipe was also used as the main support 

for the yarn creel and stop motions. At the top the ; tinsel 

wire was taken through holes in another plate similar to the 

one below and passed over guides around a pivoting weight. 

As the cylinder rotated the tinsel wire was wound in a spiral 

and., -if the wire had been fixed between the two plates, there 

would 'have been a large tensiön: increase as it was wound up. 

However, the. 'tension increase was relieved by drawing in some 

wire'attached around the pivoting weight. This caused the 

weight to rise, a micro-switch and a light was fatted and 

when the weight had risen to a pre-set position it closed the 

switch, so that the warning light came on and the machine 

stopped: The lower plate was unclipped. and the wires were 

allowed to unwind, this causing the weight to fall. When 

the lower plate was rc-clipped in position the machine could 

be re-started. In all, the total process of disconnecting, 

and reconnecting the wires took only a few seconds. The 

micro-switch could be moved so that the exact position at 

which the rising weight closed the switch was adjustable 

so that the machine could be stopped after a pre-set number 

of revolutions. The wires from the wind-up mechanism were 

tak3n straight tc the oscilloscope. 

Feig 6.3 is a diagram showing the wire wind-up 

mechanism, and the photograph of the 10 in knitting machine p 

L 
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Fig 3.1, shows the steel pipe and pivoting weight assembly. 

6. Li. Calibration of Instrument on Knitting Machine. 

A system was devised where it was possible to nal'ibrate 

the yarn-force transducer without removing it from the 

knitting machine. The calibration could be carried out very 

quickly before and after every test. Thin cylindrical bars 

of known weight were carried in two guides just above the 

verges. When a calibration was required, the system was- 

rotated until it was just above the verge of the force 

transducer. A weight was then passed through the guides 

until it rested on the verge, at the exact position in which 

the yarn passed over the verge during loop formation. The 

process was repeated using a-. range of weights and the output 

on the oscillo$cope was recorded. A diagram of the calibration 

apparatus is` shown 'in Fig =. g. 
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CHAPTI2 7 

ANCILLARY E^UIPMEITT REQUIRK) 

FOR M'EASUREiiFANT 

7.1 The Constant Take Down Tension Device. 

During yarn-force and cam-force experiments, it was 

seen to be essential that the fabric take-down tension 

should be constant and predictable. 

yI 

A device was therefore built which applied a, uniform 

tension to the fabric and the magnitude of this, could be 

varied by simply adding or removing weights. The system is: 

. 
illustrated in Fig 7.1. A long thin spindle was: fitted 

through a hole in the centre of an 6 inch diameter disc and 

was supported in two bearings. - The Upper part of the spindle 

was threaded, so that variable cylindrical loads provided 

with central holes could be fitted over this part of the 

spindle, and held in position by two nuts. The fabric was 

gathercd around the disc and tied underneath by a loop of 

string. 

During experimentation the spindle slowly moved 

down through the bearings. Periodically it was necessary 

to stop the machine, move the spindleup, cut-off a length 

of Fabric, and re-tie the string. These periods of machine 

stoppage cuuJ. d be arranged to coincide with those required 

for releasing the twisted output wires carrying the yarn- 

force transducer signals (see eection 6-3). 
- 

7.2 Monitoring of Input-Yarn Tension. 

It was essential that, combined with the yarn-force 

and cam-force measurements, the input yarn tension should 

also be knovir.. Using the standard machine yarn guide and 

latch guard arrangement, illustrated in Fig 7.2 (a), it 

L 
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was very difficult to get any form of measuring device into 

the small confined space immediately prior to the yarn 

entry to the needles. It was important that measurements 

were made directly on entry to the needles, because the 

guides could have a large effect upon the forces generated, 

and any measurements undertaken prior to the final guide, 

could be considerably different from the actual force in 

the yarn directly before needle entry. Most of the 

measurements were taken with a modified guide that exposed 

more yarn, and enabled a measuring device to be fitted 

close to the needles. A diagram of the modified guide and 

latch-guard is shown in Fig 7.2 (b). The yarn input tension 

was raeasurcd With a. 0 to 100 gf Rothschild Measuring Head.. 

positioned as shown in Fig 7.2 (b). The output from the 

head was passed to the Rothschild amplifier, and the output 

from the amplifier was connected into one of the channels 

of the tektronix storage oscilloscope. The yarn-input tension 

was displayed on the oscilloscope simultaneously with the 

input signals in the other channels, since a great advantage 

of the system was that the yarn input tension display was 

obtained at exactly the same instant as the cam-force and 

yarn-force measurements were recorded. The variation of 

yarn input tension during tho loop formation process and the 

measurement of the cam forces, could thus be easily 

determined. 

The yarn was drawn through guides directly off the 

bobbin. For most experiments, a Disc-Tensioner was used but 

a Hysteresis Brake yarn tensioner was occasionally used. 

Fig 7.3 is a diagram showing the yarn path. 

7.3 The Kinetic Yarn Friction Apparatus. 

The yarn-force transducer measured the force exerted 

upon the verge by the Yarn* However, it was i:: pos s able to 
L. 
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predict the tension in each arm of the yarn without a know- 

ledge of the frictional build-up in tension as the yarn 

" passes over the needle and verge elements. There were a. 

number of theories relating to this problem, but it was 

still essential to build an experimental rig to measure 

- -the tensio2i increase and to closely examine-the theories 

under realibtic conditions. 

An apparatus was built to carry out the tests at 

varying speeds and varying wrap angles. Although during the 

course of this work only one type of yarn was used, the 

frictional properties of a range of yarns and elements could 

easily be examined with the apparatus. The essential 

components are illustrated in Fig 7. L.. Yarn was wound off 

a bobbin at an adjustable tension, it was passed through 

the guides and around the measuring element which was clamped 

in the vicew The wrap angle could be read off from a 

protractor mounted behind the vice. The yarn was then taken 

to the supply drum, which was directly connected to the 

motor and Cater-gear unit 

Experiments were carried out using 0-443 mm (0.01.75 in) 

, 
needles, 0.4O5., mm (0.016 in) needles and a simulated verge 

element. The experimental verge was of the same material, 

and hardness as the standard machine verge. Additionaly,, 

the verge surface was shaped to closely correspond to the 

surface of a, machino verge. 

A Rothschild 0. to 100 gf measuring head was applied 

to tn. e yarn, just before it passed over the element, Similarly, 

another Rothschild 0 to 100 gf head was applied to the yarn 

just after it had passed over the element. In the Rothschild 

manual it was stated that the measuring heads had a negligible 

L. 



94 

braking effect on the yarn. It was'very important during 

experiments that the yarn tension entering the element 

was the same, or at least only different bye-known amount, 

from the tension measured by the head. A. äimple experiment 

" was-carried out to determine the braking effect of the 

Rothschild measuring head. Two 0-100 gf heads were 

calibrated in the normal manner recommended in the manual, 

by attaching a. weight to a length of yarn and then steadily 

drawing the yarn through the head. The scale was adjusted 

to read the value of the weight. Two heads were then 

applied to the yarn one vertically above the other, a weight 

was hung on the yarn which was then steadily pulled through 

the heads. If.: there* was no braking effect, then the reading 

for both heads, should be. the same. The experiment was 

repeated a large number of times with a range of weights. 

It was found that the tension measured by the upper head 

was significantly higher than the tension measured by the 

lower. A graph was plotted, showing the output yarn tension 

from the head against the input yarn tension, for the 

particular test yarn, and this is shown in Fig 7.5. During 

experiments care was taken to see that the lower head was 

used on the input side of the element and. the upper head 

the output side. The tension indicated on the input yarn 

head was then corrected using Fig 7.5. 

L. 
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CHAPTER 8 

EXPERIMENTATION ON THE FORCES 

PRESENT IN THE KNITTING OPERATION 

Ibo 

8.1 Experimental Method. 

Although the nature of the particular teat obviously 

influenced the experimental method, a large proportion of the 

procedure was the same for all the experiments detailed in 

this. chapter. A. typical'sequence of operations is detailed 

below :. - 
(i) The cam-force and yarn-force transducers were, 

wired into the circuitry. The wind-up mechanism was 

connected, and the take-down device positioned, so as to 

allow for. a long run of ý+abric before it was necessary to 

stop'the machine again. The circuitry was switched on 

and allowed to warm up. 

(ii) For most tests the trick was. cleaned with 

solvent and thoroughly dried. The needle was then refitted 

in the trick and the machine run for a short while. * The 

machine was lightly oiled. with a standard needle oil, which 

for most tests was Nicker: Spotless B. N. O.. After a. period 

of-time the wind-up mechanism and take-down device had to be 

re-set to allow a long run on the machine just before the 

measurements were taken. 

(iii) Usually, after sufficient warming up the 

amplifier zero drift was checked and corrected if necessary. 

(iv) The yarn-tension and cam-force transducers were 

calibrated-on the machine. In most circumstances the cam- 

force transducer had already been initially calibrated on 

the bench. 

(v) The triggering point was set following the 
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procedure detailed in section 8.1.11. 

(vi) The particular experiments were then carried 

out, the calibration being rechecked at frequent intervals. 

8.1.1 Setting the Oscilloscope Tri ger. 

A procedure waa adopted foi" setting the triggering 

circuit to sire the oscilloscope when the verge was at a 

known position in relation to the cams. The method is. 

t01 

illustrated in Fig 8.1 ;a fine 0.1 $ mm wire was placed under 

a needle hook and the cylinder was turned Slowly so that the 

needle was moved down the stitch-cam. At the exact position 

where the wire contacted the verge top and began to bend 

upwards, the cylinder was held stationary. The relative 

position of the needle to the cams was then fixed, and as 

the verge was a, knovm distance behind the needle, the position 

of the verge in relation to the cams was also fixed and a. 

" k]iown quantity. The trigger was set to fire when the ntýedie- 

wasat this position. 

When cam-force traces combined with the yarn-force 

traces were obtained the setting of the oscilloscope triggering 

circuit was not so critical, because the' position of 'the:: verge 

, relatively to the cams could be determined' from the cam-force 

traces. The height of tho needle at the instant of stitch- 

cam impact could be measured, and this point was also 

clearly marked on the polaroid photograph by the sudden 

rise in the force level... Knowing the machine speed: and thn 

oscilloscope time-scale, the exact position of the neecle 

anywhere on the cam profile in relation to the force trace 

could be determined, and, since the verge was a known distance 

from the needle, the exact position of the verge in relation 

to the force was also known. 

8.1 .2 Measurement of Stitch Draw. 
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Throughout the experiments, the stitch-draw refers 

to the distance between the verge top and the underside of 

the needle hook, as shown in Fig 8.2« A procedure was 

adopted for setting the stitch-draw at a precise value. 

For ex. mple, if it was desired to have a draw of 2.00 mm, 

spacers would be placed under the transducer having a 

thickness of 2.00 mm + 0.18 mm (the significance of the 

0.18 mm dimension will be explained below. The transducer, 

. was raised until the needles at the lowest position on the 

cams. were just above the level of the verge top. The 

transducer was then clamped. down. to the maubine structure and 

the cylinder was turned slowly,, A fine 0.18 mm wire was: 

placed under the hook of a descending needle, and as the 

needle approached. the lowest point on the cam the wire was 

closely observed; if it just began to bend as the needle 

clamped the wire against the verge top, then the lowest cam 

position was set at a known distance below the verge top. 

The procedure was somewhat similar to the method used for 

setting the oscilloscope trigger as was illustrated. in Fig 

If the wire under the hook did not bend at all, or bent 

too much, then the procedure had to ba repeated using fine 

shims. to raise or lower the transducer the required amount. 

When the correct height was reached, the transducer was 

unclamped and the 2.00 mm + 0.18 mm shima were removed. 

The transducer was then tightened-down, setting the stitch- 

draw at 2.00 mm. 

8.2 Early Measurements using the Yarn-Force Transducer. 

8.2.1 Effect of Variation in Yarr. Moment Arm. 

It was possible that during the loop forming process 

that the point of application of the force on the verge would 

vary a small amount, as was illustrated in rig 6.2. Referring 
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to this illustration, an experiment wus carried out by 

first placing a load at A and then again at B. The output 

signal with the load at k was approximately L. % higher than 

the signal with the load at B. Since the distance between 

A and B was much larger than the maximum possible movement 

of the yarn on the verge during normal operation, it was 

considered unnecessary to correct the output from the yarn- 

tension transducer to allow for any effects due to slight 

movements of the yarn on-', 'the verge.. 

8.2.2 Effect of Variation in Yarn-Input Angle. 

The : angle between the verge and the input yarn, aa. 

shown in Fig 7.2 -(b) was variable between approximately 

00 to 35°. It was important, before detailed. experiments. 

were carried out, that the effect of changes in angle upon. 

the loop drawing force should be clearly understood. The 

input yarn angle was varied between 00 and 35°, and traces 

were obtained at each change in angle. Although the traces 

varied a small amount there was no definite relationship 
between the change in the trace and the input angle. There 

were similar variations in the trace from one machine 

revolution to the next without any alteration to the input 

angle or to any other parameters affecting the loop-drawing 

proceasO. It was. therefore concluded that the effect of 

variation in the input angle was negligible. For the majority 

of subsequent experiments the input angle was 300, 

6.3 Measurement of the Variation of Yarn-Input Tension 

during Knitting. 

The input yarn tension was measured. just before the 

yarn enterbt] the needles after it had left the final guide. 

The ten3ion showed a cyclic variation of frequency double the 

needle' passing frequency. For example, in F-ig 8.9 (b)` where 
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the machine speed was 50 ft/min, the tension frequency 

was 340 cycles/second and the needle passing frequency was 

170 needle pitches per second. 

It was difficult to match up exactly the position of 

the needle in relation to the tension fluctuation on the 

yarn. However, by setting the oscilloscope trigger in the 

manner detailed in section 8.1.1 it was possible to fix the 

needle position relatively to the yarn-force. From this, 

and knowing the needlc height at which the input yarn was ' 

just touched by the descending iieedlef it was possible to 

work out approximately the position of the needle in relation 

to the input yarn tension. The results indicated that the 

input-yarn tension rose sharply just after the needle engaged 

the yarn. 

From Fig 8.3, wh;. ch shows the verges and needles: in. 

six different positions denoted 

explanation for the build up in 

Diagram III :- The tensioner is 

instantaneously the quantity of 

needle C, the yarn stretches. any 

Diagram IV :- The high tension 

as Diagrams I to' VI ja plausible 

tension is given below: - 

unable to provide 

yarn suddenly demanded by 

d the tension rises. 

pulls a large quantity of 

yarn through the guide and the tension falls. 

Diaarara V The yarn is snatched by the verge which again 

stretches t; je yarn and produces a high tension. 

Diagram VI -, Yarn is pulled through the guide under high 

tension, and the sudden inflow of yarn causes the tension 

to fall. 

The process continues through Diagrams I and II and reaches 

the starting point again at Diagram III. 

The yarn and tensioner appecr to possess similar behaviour 

to that of a spring-mass system in oscillation. An attempt 



was made to limit the fluctuation by moving the disc 

tensioner back, increasing the yarn length between the 

needles and the tensioner.. This acted so as to reduce the 

tension fluctuation, but as soon as guides were placed 

between the tensioner and the no-edles the fluctuation 

increased again. A number of parameters influenced this 

fluctuatiön and these are Tis. ted below :- 

(i) The tension fluctuation increased markedly 

when the mean level of input tension was increased, for example, 

a change in mean level from 6.5 gf to 14 gf increased the 

max fluctuation from 6.5 *2 gf to 14 11 5 gf. This is 

shown in more detail in Pig 8.9 (b). 

(ii) Increasing the stitch-draw from 1.60 mm to 

2.73 mm increased the maximum fluctuation of tension from 

13 gP t2 gf to 13 gf ± 6.5 gf . Although a. tens ion of 13 gf 

just prior to the needles may seem high, yarn friction: 

measurements, which are explained in more detail in section. 

9.6, showed that a tension of 13 Sf just before entering, the 

needles was compatible with a tension of only 4 to 5 gf just 

before passing into the machineb final yarn guide. 

8.3.1 The Disc and Hysteresis Brake Yarn Tensior, er. 

It was thought that the tension fluctuation may haNevbeen 

due to the particular tensioner being used. Experiments were 

carried out using Disc. and Hysteresia-brake tensioners but 

the tension fluctuation was virtually the same whichever 

device was used; however, the mean level of tension varied 

slightly more with the Hystereois brake than with the Disc 

tensioner. The variation in the traces from the yarn-force 

transducer seemed closely related to the mean-level variation 

in input yarn tension. The output from the verge transducer 

responded in direct unison with the input yarn tension, and 
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if the tension was highly variable then the yarn-force was 

also highly variable 

-i vv 

The Disc tensioner held the mean level of input yarn 

tension more constant than the Hysteresis brake, and for this. 

reason it was used fur the majority of the experimenta.. 

8.4 A Description and Tentative Explanation of the Shape 

of the Cam-Force Plot. 

Fig 8.4 is a reproduction of a photograph of cam- 

force and yarn-force at the particular conditions specified 

on the diagram. The horizontal scale relates the forces to 

the position of the needle on the cams and the upper sketch 

shows the position of the yarn on the needle head, at each 

of the needle positions. 

A detailed analysis of cam and yarn force is carried 

out in Chapter 9; however, a tentative explanation for the 

build up of cam forces is as follows : - 

Referring to Fig 8.4 the respective needle positions during 

the knitting process are defined as a1 to S9 and the verge 

positions N1 to N9. The needle impacts the cam at position 

ü1'. 

Needle Position. 

Between SI and S2 :- The force in this region is largely 
the force required to overcome trick 
and spring resistance to motion. 

Between S2 and S3 :- The force increases rapidly as the old 
loop expands over the widening needle 

' section just below the rivet 

Between S3 and S4 :- The force reaches a maximum when the 
old loop is at the thickest section 
of the needle. The force then deereanea 
sharply as the loop passes on to the 
decreasing section of the needle above 
the latch rivet. 

Between S4 and S5 :. - Abruptly the loop rises on to the latch. 
At first the rise in force is rapid as 
the yarn expands over a relatively 
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steep latch slope, but as the un- 
favourable slope decreases, the loop 
expansion becomes more constant and, 
the force stabilises at a. high value. 

Between S5 and S6 :- The needle reaches such a position 
within the knitting cycle that it is 
possible to rob-back yarn from the cast- 
off, loop one or two needles ahead. As 
soon as robbing back commences the force 
rapidly decreases. 

Between S6 and 37 The force remains at a constant value 
until the needle passes below the 
verge and begins to draw the new loop. 

Between S; 7 and 38 :- High force exists as the yarn is held 
in the hook at high tension; the 
tension drops suddenly as soon as it 
becomes possible to rob yarn from 

" previously formed loops. 

After S8 : -a The force drops: to zero as the needle 
moves from the stitch cam to the lower 
cam. The force then assumes a smaller 
constant value until the needle leaves 
that cam. 

8.5 Effects of Various Parameters upon Cam and Yarn Force 

During Knitting. 

A wide range of experiments were carried out for 

investigating the effects of knitting parameters upon the 

cam and yarn-forces. The results of these experiments are 

displayed in the respective sub-sections. Detailed analysis 

of the results and a comparison with theoretical solutions 

is carried out in Chapter 9. 

8:. 5.1 Effect of Stitch-Draw upon Cam and Yarn Force. 

Many researchersl 
1 , 15,16,23,25,26; 28,29 have shown 

theoretically that the yarn-force increases as the stitch- 

draw becomes deeper and this result was confirmed by this 

experiment. A sampi. e of the results obtained is shown in: 

Fig 8.7 (a: ) and (b). Simi:. arly, as the yarn force becomes 

larger the cam-force in the region where the loop Is being 

dray must also increase. A large loop easily passes. over 

the needle head during casting-off, and as there ib very 
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little yarn stretch, there is almost no vertical resisting 

force on the cams. When the loop size is reduced to a value 

where some yarn stretch must occur if the loop is to pass 

over the head, then the vertical resistance grows in 

magnitude. This fore increases rapidly as the loop is 

further reduced in size until the machine can no longer 

satisfactorily knit. 

Further information is contained on the graphs Pigs 

8.5 and 8.6. Peaks I to 4 are defined on Fig 8.5. The 

graphs show that the force required to draw the yarn into a 

loop limits the maximum value of stitch-draw, while the force 

required to stretch the yarn-loop over the needle head sets 

the lower limit on the stitch-draw. 

8.5.2 Effect of Input Yarn Tension Upon the Cam and 

Yarn Forces. 

The experimental results clearly demonstrated that the 

input yarn tension had a large effect upon both the yarn- 

forces and the cam-forces in the stitch-formation zone. The 

graph shoKm in Fig'8.8 summarises the experimental results. 

A 'typical sample of results is shown in the traces labelled 

Fig 8.9 (a. ) and (b) and Fig 8.10 (a) and (b). The graphs 

show that the maximum-yarn force linearly increases as the 

yarn input tension increases. Theoretically, a linear 

relationship would be expected and Dangei22 expresses the well 

known frictional relationship :- 

Ti ee'"' 
where TMax = max yarn tension during- the loop 

formi�g prucess, 
T= initial yarn-tension, 

= coefficient of friction over needle and 
verge, 

and At= total yarn wrap angle around needle and 
verge* 
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if p, and p is not varied, 

then T,, 
ax =K 

Tj 

where K= Constant. 

Therefore the maximum yarn tension during the loop 

forming zone is linearly related to the input yarn tension M 
8.5.3 Effect of Fabric Take-Down Tension upon the 

Cam and Yarn-Force during Knitting. 

The yarn-force is a twin--peaked plot, the photographic 

traces clearly showing that the effect of increasing the take- 

dovwn tension is to raise the magnitude of the second peak. 

Fig 8.11 and Pig 8. i2 are graphical plots of the results 

obtained during the experiment. The traces given by Fig 8.13 (a) 

and . 
(b) are samples of the results obtained. 

8.5. L. Effect of Machine Speed. 

The yarn-force appeared to be largely uninfluenced by 

the machine speed. The cam-force varied more in shape,, rather 

than in overall magnitude, as the speed was increased. The 

precise effect of the speed increase depended upon the amount 

of oil applied to the machine cylinder, and, although this 

is. covered in more detail in section 8.5.9, some of the results 

are expressed in the graph Fig 8.15. A sample of the traces 

of cam-force obtained during the experiment is included in 

Fig 8.16 (a) and (b). Fig 8.14 is a reproduction of the 

vertical forces on the traces shown Li Fig 8.161(b),.. A sw'nple 

of the traces showing the effect on yarn-force as the machine 

speed is increased is given in Fig 8.17 (a) and (b) o 

There was clear evidence from the photographic records 

that, as machine epeed was increased, an impact force due-to 

the needle contacting the stitch cam grew in, magnitude. This 

is clearly illustrated in Pig 8.16 (b) on the photograph taken 

at higher speed (200 ft/min). 
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8.5.5 Effect of the Needle Thickness upon the Non- 

Knitting Cam-Force. 

The heads of the needles were removes so that the yarn 

had no influence upon the cam-forces, and in fact all that 

was measured in this test was the frictional resistance to, 

motion caused by the band-spring and trick. The force was, 

much lower for thinner needles but it was observed that 

frequently these needles would tip out of the trick and foul 

the cams. 

Fig 8.19 (b) is a sample of the traces, taken in this 

experiment and Fig 8.18 is a graph showing the effect of 

needle thickness upon the vertical cam-force. 

1 8.5.6 Effect of the Clearance between the Cylinder 

and the Cams on the Cam-Force. 

The effect of moving the cams radially rt: ay from the 

cylinder has been examined in some detail in section 4.6.4.. 

This experiment was primarily concerned with the effect 

upon the knitting cam-force, of moving the cans a small 

distance from the cylinder. For most commercial machines 

the clearance between the cylinder and cams is between 0.15 mm 

and 0.36 mm (0.006 in and 0.014 in ). The results in 

b'ig 8.20 show that for such small movements, there is very 

little variation in the cam-force. A typical trace obtained 

during the experiments is given in F'ig 8.21 (a) and (b). 

3.5.7 Effect of Latch Frictional Resistance to Motion. 

A trace was obtained of yarn-force and cam-force under 

the conditions specified in Fig 8.22 (a)* The needle shank 

near the latch-pivot was then squeezed with a pair of pliere 

to increase the latch resistance to motion. The subsequent 

trace is shown in Fig 8.22 (b) . "; ' Aar the old loop road over 

the needle head, the yarn was trapped under the latch, and 



the force increased until it reached a value such that the 

latch resistance could be overcome, and the loop could 

continue to move up the needle shank. However, needle man- 

ufacturers who-subsequently examined the needle, considered 

" that the latch was very stiff and the needle would have been 

removed from the cylinder before it had got into this 

particular state. 

X3.5.8 Effect of the Resistance to 1'leedle Motion. 

in the Tricks 

The trick resistance to needle motion varied a great 

deal from one trick to another. The two traces shown in 

Fig 8.23 ( a) and (b) are typical of results obtained. Diagram 

I shows the cam force for a needle in a relatively free trick 

and Diagram II shows the cam-force for the same needle in: a, 

stiffer trick. A similar variability in trick properties 

was noted by Kopei32 in his research. 

8.5.9 Effect-of the Oil in the Trick. 

The head of a needle was removed so that the yarn had 

no effect upon the cam-force. Experiments were carried out 

to examine the effect of the oil upon the force. If the 

machine was lightly oiled and traces were obtained some 

considerable time later, the force-leve7L showed very little 

change as the machine speed was increased. However, if the 

machine was heavily soaked in oil and tested immediately after 

oiling, the force level showed a substantial increase as-the 

machine speed was increased. Obviously if the machine was 

running at high speed and it was suddenly soaked in oil, the 

effect could be disastraw. s because there could be a rapid 

rise in force which could possibly fracture needle butts. 

The photographs, a sample of which is included in Fig 8.24 (a. ) and 

(b) clearly demonstrate the rise in force with increasing 
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speed, when the machine is heavily oiled. The graphical 
anafýer similar 

plot, Pig 8.25, summarises the results ofAt, experiment. 

8.5.10 Effect of Temperature upon the Cam-Force and 

Yarn-Force. 

In-production, commercial machinery is run continuously 

for long periods of time and the working parts can become 

very hot. Primarily, it was expected that higher temperatures 

would mainly effect the viscosity of the oil. This was a. 

very difficult experiment to carry out because the machine 

could not be run continuously for sufficient time for it to 

become. r eally hot. An attempt was made to raise the 

temperature by enclosing the machine in a polythene tent 

and disposing electric heaters all around *it. A temperature 

00 
rise of approximately 15 C wao achieved; from 21 C to 360C, 

photographic traces were obtained at the low temperature and 

high temperature for varying amounts of oil. However, very 

little difference could be noted from the traces, a typical 

sample is incluned in rig 8.26 ('u) . 

8.5.11 Further Minor Experiments. 

(i) Effect of Butt Width. 

Träces were obtained, at low speed, for reductions of 

the butt width. Some variability in the traces was, evident, 

but the effect was small, and could be the result of the 

change in the surface properties of the butt fur each reduction 

in width. Typical traces are shown in Pig 8.27 (b). 

(ii) Effect of Butt Length. 4 

Traces were obtained using alternatively a ctanÖxrd 

long-butt needle and then a short-butt needle, as shown in 

Fig 3.2. Otherwise the traces were obtained under exactly 

similar conditions yet, apart from the normal trace variation 

that occurred between one needle and another, very little 



difference apparently occurred. 

(iii) The Effect of the Yarn upon the Cam-Force. 

The results in Fig 8.28 (b), show a typical set of 

results for the effect of the yarn upon. the cam force. Trace 

number iI was obtained using a 0-406 mm (0.016 in)` needle 

knitting under the conditions: specified in Fig 8.28 ham. );. The 

needle head. 
-was removed and another set of results: were 

obtained, see trace number 2: on Pig 8.28 (b. )`. The effect that 

the yarn has. upon the cam-force can be seen from the 

subtraction of traces I and 2. The precise effect of the 

yarn on the cam-force is discussed in more detail in section 

9.8.2. Trace number 4 on Fig 8.28 (b) show a 0-443 mm 

(0.. 1-75. in) needle fitted in the same trick as previously 

used with the 0.406 mm. needle. 

8.6 Summary of Resu lta.. 

A brief summary of the experimental resu]ts is giver. 

below :- 

(i) Stitch-draw, (section 8.5-1), 

As: stitch-draw Evas; increased., the yarn-force and cam- 

force increased non-linearly in the region-where the new 

loop was beii, g drawn. When, the depth of draw Evas changed from. 

0.0628 in to 0.110771n tho cam-force rose from 180 gf to 

540 gf, while the yarn-force increased from 140 gf to 300 gf. 

For a. lower atitch-drt. w, where the small loops. be+ng- 

cae. t-off had to stretch considerably in, order to pasa over- 

the head of the needle., the cam-forces are high, and they' 

increase very rapidly am the stitch-draw is further reMed. 

in fact when the draw depth was changed by only 0.00ij. in -i.. e . 

from 0.0.6b8 in. to 0.0628 in, the force increased from 1.20 gf 

to 210 gf in the region on the cam preceding the new loop 

being drawn. 
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(ii) Yarn-input tension. (section 8.5.2) 

As the input yarn tension, measured prior to, the 

final feeder, was increased from 1.5 gf to 5.5 gf the 

peak vertical cam-force increased from 90 gf to 160 gf, 

while the yarn force increased from 50 gf to 118 gf. 

(iii) Fabric take=down tension_ (section 8.5.3)' 

'1* 
4 

The exit-rimental results show that the yarn force is 

a twin-peaked plot. The effect of increasing the fabric 

take-down load: was to increase the second peak and slightly 

decrease the first peak. When the total load was varied 

between 1 
.. 
477 gf and 3,757 gf, the magnitude of the second 

peak increased from 69 gf to 83 gf. 

The corresponding change in the cam-force in the region 

where the new loop was being drawn was negligibl©. 

(iv, ) MA. chine speed, (sections 8.5.4 and 8.5.9)' 

Ac machine speed increased, the c am-force, c3pendirg 

upon certain parameters, also increased. The most important 

parametcrs,, werep briefly -- 

(a) The viscous resistance of the oil in the trick. - 

When the needle and the trick were soaked in oil the vertical 

cam-force increased from 100 df at 35 ft/min to 200 gf at 

180 ft/min. 

and (b) Rate and a pplication of oil : - Immediately. after- 

oiling, the cam-force was large at high sp eed, i. e. in the 

order of 200 gf for heavy oiling.. The oil soon drained 

away and the vertical cam-force dropped to 100 gf, and: this 

force was then virtually constant with speed. Machine speed 

had almost no effect upon the yarn-force. As the machine 

speed increased an impact, where the needle contacted the 

stitch--cam, grew considerably in magnitude. 

(v) Needle thickness. (section 8.5.5 



115 

V, hen the needle thickness was, increased from 0.394 ma 

(0.0155 in. ) to 0.452 mm (0-0178-in. ) the maximum vertical 

non-knitting cam-force rose from 56.6 gf to Lß'7 gf. Although 

the cam-force is low for the thin needles, they tend to tip. 

out of the tricks and foul the cams.. Nominal trick width 

was 0 . 470 mm (0.01 85 in. ) ̀ . 

(vi) Clearance between the cylinder and cams.. (section 

8.5.6) 

The cam-cylinder clearance was changed from 0.15 mm to. 

0.356 mm; this covers the range of clearances normally found 

on commercial machines. The effect of the change upon the 

cram-force was small; when the clearance was. 0.15 mm the 

vertical cam-force was 161 gf, and when the clearance was 

0.356 mm the force was 175 gf " In earlier measurements:, as 

the cam was moved 3.04 mm away from the cylinder, then the 

cam-force increased from 138 gf to 285 gf,. 

(vii) Latch resistance to motion. (section 

8.5.7) 

£ cam-force plot gras obtained for a, normal. 0-443 mm 

(0.0175) in. ) needle. The needle was then removed from the 

trick. and the faces opposite the latch pivot squeezed clightly 

until a. definite resistance to moticnr was felt in the latch. 

The maximum vertical cam-Force before and after the squeezing 

was 169 gf and approximately 300 gf. 

(viii) E fect of the resistance to needle motion in 

the Trick. (section 8.5.8) 

Very wide variation in the force level were noted 

when traces, were obtained for a. needierfirst. in one trick 

then another-. In the example contained* in section 8.5.8 the 

horizontal cam force increased from 112 gf to 168 gf. 
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(ix) Effect of the Temperature upon Can--force. (section 

8 05 01 o. ) 

It was impossible to carry out a very thorough 

investigation. However, when the temperature was. raised 

from 21 0C to 35°C,. very little difference in cam-force was 

noted . 
(x) Variations in butt-width and butt-lengthe(section 

8.5.11' (1) and (ii)`)) 

Appeared, to have little effect upon the cam-force. 

(xi) The force exerted on the cams when casting off 

a fairly tight Rtitch.. (section 8.5.11' (iii) )- 

The sample of results detailed in section 8.5.11' showed 

that for a stitch-draw of 1,70 mm the cam-force increased from 

approximately 80 gf when no yarn was being drawn into a loop 

to approximately 180 gf when an old loop was beilig cast-off. 
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The Effect of the Depth of 

Stitch Draw upon the Cam and Yarn-Force 

Parameters. 

Yarn-input tension measured directly before entry into 
needles 

Fabric take-down tension (overall) = 2,1.61 gf 

Machine Speed = 50.0 ft/min (15.2 m/mj 

Temperature = 220C 

Cam-cylinder spacing 

Yarn 

Scales 

Vertical Cam-force 

Yarn-force 

Yarn-input tension 

Time (horizontal scale) 

Stitch-Draw 

Diagram I 

Diagram II 

Diagram III 

Cam shape see Pig 4.3 

Needle type- 0.443 mm see Fig 3.2 

0 

Parameters for traces 

shown in Fig 8.7(b)` 

= 0.006 in. (0.15 mm) - 

= 1/150/30 Bulked 
Polyester 

= l'40 gf/ 10 mm 

= 95 gf/10 mm 

= 10 gf/1' 0 mm 

= 10 mS/8.5mm 

= 0.063 in. (1 . 60 mm) 

= 0.067 in. (1 
. 70 mm), 

= 0.108 in . (2.73 mm), 

rig 8 . 761 V 
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The Effect of Input Yarn Tension upon the 

Cam-Forces 

Parameters 

Fabric take-down-tension (overall), = 2,461 gf 

Stitch-draw = 1.70 mm (0.067 in. ) 

Machine speed =- 15.. 2 m/min (50 ft/min)' 

Temperature = 21oC. 

Cam-cylinder-clearance = 0.15 mm (0.006 in. ), 

Yarn =- 1/15.0/30 Bulked 
polyester 

Scales 

" Vertical Cam-force 

Horizontal Cam-force 

Yarn-input-tension. 

140 gf/1'0 mm (V) 

t 40 g /1; O mm (V) 

= 10 mS/8-5 mm (H) 

(V) = Vertically on 
photograph 

(H) = Horizontally on 
photograph 

Cam singe specified on Fig 4.3 

Needle tyio - 0.443 mm see Fig 3.2 

Parameters for traces 

shown in Pig 8.9(b) 

Fig 
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The Effect of Input Yarn Tension 

upon the Yarn -Forces. 

Parameters 

Fabric take-down-tension (overall)' =I P477 8f 

Stitch-draw = 1.70 mm (0.067 in. ) 

Machine Speed = 8.24 m/min (27 ft/min). 

Temperature = 260C 

New Yarn Bobbin 

-,,.,, Yarn Type = 1/150/30 Bulked 
polyester' 

s SScale 

Yarn-force 
_= 

19 "2- gf/10 mm (V) 

Yarn-input-tension =2 gf /10 mm (V) 

Time (horizontal scale) =5 MS/8-5 mm (H) 

(V) = Vertically on 
photograph 

(H) = Horizontally on 
photograph 

Diagram I-2 traces superimposed 

Diagram II -2 traces superimposed 

Diagram III -1 trace superimposed 

Cam shape see Fig 4.3 

Needle Type - 0.143 mm see Fig 3.2 

Parameters for traces 

shown in Fig 8.10(b) 

" Fig 8.10(a); 
. 
t. 
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DIAGRAM 

6.2 

Yarn- 
Yarn 

input 
tensi 
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Effect of the Fabric Take-Down 

Tension upon the Cam and Yarn-Forces 

Parameters 

Stitch-draw 

Machine Speed 
Diagram I 

Machine Speed 
Diagram II and III 

Gam-cylinder spacing 

Yarn 

= 0.17 mm (0.06 8 in . )`, 

= 15.2 m/min (50 ft/min)` 

= 6.1' m/min (20 ft/min) 

= 0.15 mm (0.006 *in. ) 

= 1/150/30 Bulked Polyester 

Diagram III 8 traces superimposed 
Take-down tension= 4437 gP (overall) 

Diagram II 8 traces uperimpoaed 
Take-down tension= 1477 gf (overall) 

Diagram II trace 
Take-down tens iw = 3693 gf (overall) 

Scales 

Yarn-force 

Yarn-input tension 

Vertical Cam-force 

Horizontal Cam-force 

Time base Diagram I 

Dia gram Il 

=19 gf/10 mm (V) 

=5 gf/1 O mm (V) 

=140 gf/10 mm (V) 

=1'40 gf/10 mm (V) 

= 10 m'//. 5 mm , (H) 

=5 ms/8.5 mm (H) 

(V) = Vertically on photograph 

(H) = Horizontally on photograph 

Cam shape see Fig 4.3 

Needle type - 0.1413 mm see Fig 3.2 

Parameters for traces 

, shown in 8.13(b) 

F1g 8.13(a) 
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Effect of Machine Speed upon 

Cam-force 

Parameters 

Fabric take-down tension (overall) = 2,461 gf 

Stitch Draw 

Yarn-Input Tension 

Cam-Cylinder Clearance 

Temperature 

Yarn 

Machine Speed (Diagram I) 

Machine Speed (Diagram II) 

Scales 

Vertical Cam-force 

Horizontal Cam-force 

Time base 

(v) 

(H) 

Cam shape see Fig 4.3 

Needle type - 0.443 mm see Fig 3.2 

= 0.17 mm. (0.06 7 in. » 

=7gf. 

= 0.15 mm (0.006 in. ), ' 

=2 't'°C 

= 1/150/30 Bulked 
Polyester 

7.5. m/min (24.7 ft/mir 

611 rzV'min (200 ft/min)` 

= 110 gf/10 mm (V)` 

=1 40 gf/1 0 mm (V), ̀  

= 10 mS/8.5 mm (H) 

= Vertical deflection 
on photograph 

= Horizontal deflection 
on photograph 

Parameters for the traces 

shown in Fig 8.16(b) 

Fig 8-16(a) 
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Effect of Machine Speed upon 

Yarn-Force 

p 

Parameters 

Fabric take-down tension 

Input Yarn Tension 

Stitch-Draw 

Temperature 

=1 , 477 gf 
Approx 8 gf '(constant for 
all traces) 

= 1.8 mm (0.067 in. ) 

= 250C 

Scales 

Yarn-force = 19.2 gf//10 mm (V) 

Diagram I Speed. = 6.1 m/min(20 ft/min) 

1'O traces superimposed 

Time = 10 mS'/8.5 mm (H) 

Diagram II 10 traces at 6.1 m/min (20 ft/min) at 
10 mS/8.5 mm (H) 

Superimposed upon 30 m/min (95 ft/min) at 
2 mS/div 

Diagram III 1 trace at 61 n/min (200 ft/min)' at 
I ms/8.5 mm (H) 

(V) = Vertical scale 
deflection 

(H) = Horizontal. scale 
deflection 

Cam shape see. »Fig 4.3 

Needle type - 0.443 mm see Big 3.2 

0 

Parameters for the traces 

shown in Pig 8.17(b) 

Rig 8.17(a. ) 
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Effect of the Needle Thickness upon the 

Cam-Force 

Parameters 

Machine Speed 

Cam-Cylinder Clearance 

Temperature 

Nominal Trick Thickness 

= 15.25 m/min (50 ft/min), - 

= 0.15 mm (0.006 in. ) 

= 210C 

=0 . 147 mm (0.0185 in Y 

Scales 

Vertical Cam-force 

Horizontal Cam-force 

Time scale 

= 110 gf/10 mm (V) 

= 140 gf/10 mm (V) 

= 10 m3/8.5 mm (H) 

(V) = Vertical photograph 
deflection 

(H. ) = Horizontal photograph 
deflection 

Diagram I-0.452 mm (0.0178 in. ) Needle in trick 

Diagram II - 0.406 mm (0.0160 in. ) Needle in trick 

Cam shape see Fig 4.3 

Parameters for the traces 

shown in Fig 8.19(b) 

Fig 8.19 (n) 1, 
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Effect of the Clearance between 

the Cylinder and the Cams on the Cam-force 

Parameters 

Fabric take-down tension (overal) 

Stitch-draw 

Machine Speed 

Yarn 

Temperature 

Scales 

Vertical Cam-force 

Horizontal Cam-force 

Yarn-input tension 

Time 

(v) 

(H) 

=2.! 461 gf-- 

=1 .7 mm (0.067 in;. )) 

= 15,. 2 nVmin (50 ft/mi 

= 1/150/30 Polyester 

= 21 00 

= 140 gf/10 mm (V) 

= 140 gf/10 mm (v) 

=5g, /10 mm (v) 

= t0 mS//8.5 mm (H) 

= Vertical photograph 
deflection. 

= Horizontal photograL7p 
deflection 

Magram I= Cam-Cylinder 
clearance 0.15 mm (0.006 in. ) 

Diagram II = Cam-Cylinder 
clearance 0.36 mm (0.014 in. ) 

Cam-shape see Fig 4.3 

" Needle type - 0.443 mm see Fig 3.2 

Parameters for the traces 

shown in Fig 8.21(b) 

11g 8.1 (t' 
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the Cylinder and the case 
. ,t() uPon the cam force. 

Fig 

Caa-Cyl i: u] 
" ir.. 
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Effect of the Latch Resistance to 

Motion upon the Cam-Forces and Yarn Forces 

Parameters 

" Fabric take-down tension 

Machine Speed. 

Stitch-draw 

Temperature 

Cam-cylinder clearance 

Yarn 

= 2,461, gf 

15.2 m/min. (50 

= 0.17 mm (0.067 

= 21 °C 

0.15 mm (0.006 

1/150130 Bulkei 

ft/, min) 

in 4 

3 polyester 

Sches 

Vertical Cam-force = 140 gf/10 mm. (V)` 

Yarn-force = 95 gf/1.0 mm M. 

Input Yarn Tension =5 gf//tO mm. (V) 

Time =tO ms/8.5 mm (HI 

(V) = Vertical trace 
deflection 

(H) = Horizontal trace 
deflection 

Diagram II - with-stiffened latch motion 

Diagram I - same needle as diagram II without 
stiffened latch motion 

Cam-shape s ee Fig 1+. 3 

Needle type - 0-443 mm see Fig 3.2 

0 

Parameters for the traces 

shown in Pig 8.22(b) 

Fig 8.22(a)' 
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DIAGRAM I 

Needle without stiffened latch motion 

Vertici 
cam-fors 

Yarn 
foree 

Yarn 
input 
tons for 

iar 1i " , 

Needle with Stiffened Latch Motion 

2o Jt 

Vertical cal 

v 

0L 

7 
Yarn force 

Yarn 
-- input 

ter. ;; 1 ! 77ý 

Effect of the Latch Resistance 

to Motion upon the Cam-Porcee 
P1g 8.22(b) 

and Yar 
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Effect of the Resistance to Needle 

Motion in the Trick 

Parameters 

Machine Speed 

Cam-cylinder clearance 

Temperature 

= 15.2 m/min (50 ft/min) 

= 0.15 mm (0.006 in. ) 

= 22 °c 

Scales 

Vertical Cam-force = 140 gf/10 mm (V) 

Horizontal Cam-force = 140 gf/1,0 mm (V) 

Time-scale = 10 mS/8.5 mm (H) 

(V) = Vertical t race 
deflection 

(H) = Horizontal trace 
deflection 

Diagram I - Needle in free-trick 

Diagram II - Needle in stiff-trick 

Cam shape s ee Fig 4.3 

Needle type - 0.443 mm see Fig 3.2 

Parameters for the traces, 

shown in Fig 8.23(b) 

Big 8.23(a) 
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DIAGRAM I 

Nýýdle in free trick 

Vertic l4 70 8 
eu. t- orte 

Horizontal cam- 

DIAGRAM II 

-, eile i!. stiff' trick 

Vertical care- 
force 

0 

0 
Horizontal 

cam-force 

r 108 cif 

4ý1'I c? t LÜ: ' ti. e . %-,: 3l i1c, ce 

to Needle Motion in 

the Trick. Fig 8"-3(b) 
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Effect of the Oil in the Trick 

Parameters 

Tricks soaked in Vickers Spotless B. N. O Oil 

Cam-cylinder clearance = 0.15 mm (0.006 in -I 

Temperature - 22"C " ° 

Scales 

Horizontal Cam-forces = 140 gf/10 mm (V) 

Vertical Cam-forces =. 140 94110 mm (V) 

Diagram I Machine speed = 7.6 m/min (25 ft/min) 

Time = 10 ms/8-. 5 mm (H) 

Diagram II Machine speed = 61 m/min (200 ft/min. Y1 

Time =2 mS/8.5 mm (H); 

(V) = Vertical scale 
deflection 

(H) = Horizontal scale 
deflection 

Cam shape see Fig 4.3 

Needle type- 0.443 mm s. ee Fig 3.2 

Parameters for the traces 

shown in Fig 8.2Li(b); 

Fig 8.24(x) 
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Machine Speed 25 ft! Ri ir: . 

Vertical cam-force 

0 
0 

Horizontal cam-force 

DL GRA IM 11 

224 gf 

Vertical cam-fort 

I 

0 
0 

10 
Horizontal cam- 

force F 
302 gf 

Eft'ect of the Oil in the Trick 

Machine Speed 2o ft" m in. 
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Effect of Temperatutre upon 

the Cam-Force and Yarn-Force 

Parametern. 

Fabric take-down tension = 2,1461 gf (overall); 

Cam-cylinder spacing = 0.1,5, mm (0.006 irr... ); 

Stitch-draw ,-1.7 mm (0.067 in. )' 

Machine Speed = 15.2 m/min (50 ft/min)) 

Machine lightly-oiled 

Scales 

Vertical Cam-force = 140 gf/10 mm (V) 

Horizontal Cam-force = 11.0 gf/10 mm (V) 

Yarn force = 95 gf/10 mm (v) 

Time 10 mS/8.5 mm: (H)ý 

Diagram I Temperature = 23°C 

Diagram II Temperature = 36°c 

(V) = Vertical trace 
deflection 

(H) = Horizontal trace 
deflection 

Standard long-butt 0-443 mm (0.0175 in. ) needle in trick. 

Cam-shape see Fig 4.3 

Parameters for the traces- 

shown in Fig 8.26(b); 

rig 
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DIAGRAM I 

Temperature 2 °( 
. 

Vert icL1 
ca:: -force 

Horizontal 
cam-force 

jf 

114 gf 

y! i g fL_ 

0 

1A sit, iM I1 

TPrnt? erature 36 0 C. 

yýý ticil 

Horizor, ttil 
can. -force 

'-A 

Yarn force 

C 

Efi'ect of Te :,: erý, ture upon 

t1-. e Cr; n-^orces . 
F1g 8.26(b) 
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Effect of Butt Width upon the Cam-Force 

Parameters 

Fabric take-down load (overall) = 2P461 gf 
Stitch-draw =. 1.7 mm (0.0668 in. ) 

Yarn = 1/150/30 Bulked polyester' 
Temperature = 22°C 

Speed = 15.2 m/min (50 ft/min) 
Scaler, 

Cam-force (vertical) 

Cam-force (Horizontal) 

Yarn-input tension 

Time 

(v) 

(x) 

Diagram I - Butt width 

Diagram II - Butt width 

Diagram III - Butt width 

140 8f/10 mm (v) 

= 140 gf/1 o mm (v) 

5gf/1o mm (v) 

=10mS/8.5mm (H) 

= Vertical trace 
deflection 

= Horizontal tra ce 
deflection 

= 3.18 mm (0.125 in. ) 

= 2:. 79 mm (0.110 in. ) 

"91: mm (0.075 in. ), 

Cam shape see Fig 4 -3 

Needle type - 0.443 mm see Pig 3.2 

Parameters for the traces 

shown in Fig 8.27(b) 

Fig ß. 27(a. 
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Vert ical 
cain-force 

Horizontal 

Yarn input 
tenaion 

DIAGRAM I 

Butt wi, 3th 0.125 in. 

21 D 

Vertical cam- 
force 

Horizontal 
cam-force 

97 gt 
Yarn input 

tens ion L+ gf 

DIýAla.; N" II 

Vertical can-forc 

Horizontal cam- 
force 

Yarn input 
_ tension ýTf 

0 
DIAGRAN. II] 

Butt width 0.075 in. 
EV'fect of Butt Width 

-11, on the Oae-Force. Pig , ý. 
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Effect of Yarn upon the Cam-Force 

Parameters 

Time for traces 

Take-down tension 

Cam-cylinder clearance 

Stitch-draw 

Yarn 

Yarn-input-tension 

Machine speed 

= 1'0 mS; /div =1d iv = 8.5 mm 

= 2,161 gf (Overall) 

= 0.15 mm (0.006 in. ) 

=1 .7 mm (0.0668 in. ) 

= 1/150/30 Bulked polyester 

=9 gf approx. 

= 15.2 m/min (50 ft/min) 
Cam shape see Fig 4.3 

0 

Parameters for the experimental 

results shown in Fig 8.28(b) 

Fig 8.28'(a) 
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CHAPTER 

ANALYSIS' OF FORCES PRESETIT 

IN, -' THE KNIT'TTNG ÖPFRATTÖN 

9.; Need for a Theoretical Analysis.. 

The objectives of the theoretical analysis are briefly 

detailed below :- 

(i); To determine the important parameters;. and 

the manner in which they affect the cam: and yarn-force. 

(ii) To predict the cam-force and yarn-forces, 

under all knitting conditions. 

9,2* Theoretical Analysis of forces between Cam and Needle 

during Normal Knitting. 

13 Munden and Knaptonrý4r. ß5,21s 9 theoretically 

analysed the forces existing between the cares and. needles 

during knitting. Pig 9.1 shows the various forces acting 

on a needle as it moves down the straight portion of the 

atitch-cam:. Fror. this diagram Knapton13'1'4 derived an 

egquatic: n for the cam and needle reaction force, R, of the 

form 

(I-- I;, j)cos - (r ,+ lz) ; +n 0 

All the terma, in the equation are nofined. in Fig 9,1. 

Barth3o; 48 
carried: cut a more risorous, analysis. taking- 

account of the moments of the forces, but because Knapton''s 

theory is, relatively simple to use, it was decided.., 

initially, to compare the experimental results detaýied in 

chapter 8, to theoretical predictions. based upon Knaptons 

analysis.. If the comparison, proved unsatisfactory then the 
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more pie bailed work of Barth would b used a quation ((6) 

üririved by K iapionq could not be used in the form shown. 

Certain basic modifications had to be made to the equation. 

so that it could, swLis: factori"s_y account for some of the 

exper_imental results. Alt-houcph Lý e result s ar e det<R filed in 

chapter 8, a brief remi_n; . rte of ty. c it titles is given here 

ass follows s 

(i) The inere ae in the force level, as the 

clearance between 

(section 8.5.6) � 
(ii) The 

acid Lt; Lon of Oil G 

W ii) Th , 

is, movedd from 0.: -Ce 

the cylinder and the cams is increased 

incr, e& in h force level due to the 

o the cylind? c (section 8.5.9) . 

variation in the force le-, el when a needle 
trick to amth er (section 8.5-3)- 

The theory was, mo-Jified to take account of the above 

experimental varia l, iOn i. The rev used. Cct? Ti :? 'E d1e force 

relaLi. C)nship 
is 

i: )i7. Qw. 1.1 J. '-:, j, '}. 
Lg 

9 2G 

The f0 LQV, 'i ng equ t ions, can be dei ived. : -ý 

R 56 (7)} 

[ýy _ _ r, 5 _, _ F ±P+ jit R+ Vt qIr (--) - (19)) 
äQ -- rýi' tti' (20 

) 

anaß PP 
y 4- `Ik 

- _ (a 

All the term a are de : iro 1i in Fi 9.? 0 
Using ocyua'Lion; a 

(7)to (21) the fo3low i. n; equation can 
be derived. :- 

9 
C-zl (1- 

C>" ), ý-5ýn9( r2 + c--"' jJlý 

CA>here 
L4 
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Equation (22) formed, the basis, for an initial exam- 

ination of the experimental results. 

9.2.11 The Inertial Component of Force on the 

Curved Portion of the Cams,. 

Equation, (22) 
can only be used, when the needle is moving 

down the cam at constant velocity i. c. when the needle is- on: 

a straight cam section. However, at circular terminations., 

or no. -linear portions, an inertial force component exist 

and equation(2Z) must be modified, to include this, component. 

The inertial force acting on the needle has the form; - 

T= Mdz dtZ 

where ^l = needle mass,, 
T = accelerating force (vertical), 
2 

and, 
ýn 

= vertical aceleration« 

LV dy dx VV = &E _ dx dt dx 
where V= cylinder peripheral speed, 

and. cam; slope 
dx 

similarly dýcý 

!dy 
d tz dx2 

where 
yý first derivative of the slope with 

jx2 respect tu 

then T 
dY2 

(23), 

(24). 

The experiments detailed in chapter 8 were carried out. 

using the cam-profile, illustrated in Fig 4.3. As the needle 

passes round the radius at the bottom, of the stitch-cam. there 

will be adecelerating force. If it reaches such proportions 
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that the cam-needle reaction-force R becomes equal to 

zero; then separation will occur between the needle and 

stitch-cam.. It will then move over towards. the guard 

camp with possibly an impact at the point of contact. 

On. Fig 9.3. the following- re]lationshipa are d. er-ived: - 
xc -x 

day 
_ 

(I 'Y J2 + }2 
äx 

\y 
� ýc/ 

3s 

combining aquationu: (24') anc (2) for the radial termination 

at the base of the s. ý. itch ca a 

T -týtY2 
ý, '9 )Z + (x'- x)2 (26 

9.2.2; Effect of the Oil. in the Trick. 

B1a ck29 showed, that of"i; _ 
in the needle tricks; was 

responsible for an increase in cam force as the machine: speed 

was., increased. He showed that, for a Newtonian fluid, the 

drag-force on the needle. as it moved down & well lubricated 

trick wa3 given by :- 

V tan B (2 
-7) 

OIL 

where F= drag-force,. 
A total wetted, area of needle, 

e oil viscosity, 
V= machine' speeds� 
©= camp angle, 

and ai = an equivalent parallel distance between 
needle and trick well. 

9 P1a. c2 showed the effect of using various oils. in the 

trick,. namely that highly vi4. cous: oils lead: to very ! rsge 

forces as speed is increased. 

9.3 Estimation of Friction Parameters fro:: Photograph 

Traces. 
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Before the theory derived: in section 9.2 could be 

used. to examine the experimental results, the coefficients of 

friction. between the needle and the trick and between the 

needle and the cams had to be found. Bentley Machine 

Development had, previously done some considerable unpublished 

work on friction, and their measurements of the coefficient 

of friction for a needle running down a lightly oiled can 

in Fig 9.2. varied from 0.11, to 0.14, and for a. needle 

on a lightly oiled trick-surface p, in Fig 9.2 varied. from 

0.12 to 0.14. 

An experiment was carrie& out to determine the 

coefficients of friction and check the values obtained by 

Bentleys. The experiments consisted of measuring the angle 

at which a sheet of lightly oiled cam material,, and 

alternatively trick material, had, to be tilted so, that a 

block of n edle material slid dom, the surface at cor: ytant 

velocity. Farther details of both measurements is given 

in Fig 9. L . The coefficients of friction were measured for 

cam to needle varying from 0.12 to 0.15, and trick to 

needle y, from C. 11 to 0.1.14.. 

The coefficients of friction can also be determined 

from the traces obtained during the experiments detailed in. 

sections 8.5.1 to 8.5 a, 11; . 
Resolving the forces on the needle t- 

R, 
c =R 

(sin J+ V2 cos, 9) -" 
Ry =R (cos a -- pg sin o) " 

where Rx = horizontal component of care-needle 
reaction force,, 

R,, = vertical component of cam-needle 
reaction force, 

R cam-needle reaction force, 
e = cam--angle, 

and ýýr cat. -needle coefficient of friction. 

(28), 

(29), 
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From. equationü. (28)and(Z9)the following equation can be 

derived :. - 

Yý 
R tan P-1 
Rx 
RY 

.} an 
R. 

00 

The ratio of the horizontal and vertical. forces 

was measured from the many photographic traces obtained 

during the experimente detailed in, chapter 8, this value 

was, then substituted in equation(30)and a. mean figure for j1L 

equal to 0.135 was derived. It is, possible to derive 

from the theoretical equation. 
(22); however, since the 

validity or the theory was actually being examined,,, this 

should not be used as a basis for deriving the coef icients. 

Fror, Bentley'*s figures-and the experiments with the 

(30). 

tiltinby table described above, and illustrated in Fig- 9.4,. 

a. mean value for ri of 0.125 was adopted; similarly a value 

for JJP of 0.135 was used.. If a heavy add it ion of oil was 

applied to the trick or cams, then the coefficients of frictionr 

would have to be remeasured. Most of the experiments 

detailed. in chapter 8 were carried out under conditions of 

light oiling 

9.4 Analysis of the Yarn Friction over the Verge and the 

Needle. 

The apparatus detailed in Fig 7-4 was used to measure 

the friction built-up in tension as yarn pasted over the 

sieedle and verge elements, The needle, verge, and yarn used 

in these friction meaeurementa viere the same as those used. 

throughout the experiments detailed in chapter 8 and the 

experimental method used for measuring the friction was the 

same as that detailed in section 7.3" 
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The measurement and ana1S'sis was done as a. final 

year undergraduate project by D. E.. Smithy undertaken 

under the supervision of Professor G. R. Wray and the Author. . 

He measured the input and output yarn tension over an element 

clamped in a vice, for a range of wrap-angles and yarn 

speeds. Early on in the work he found that small measurement 

errors were greatly amplified,, and that those led to 

considerable inaccuracies when applied to the published 

theoretical formulae. He applied statistical analysis. to the 

resulte, and derived an equation of the form : - 
K8 

/T 
Tz e (31ý 

where K=a constant dependent upon yarn speed, 

and V andn= constants, 
r= bollard °ad ius, 
8= wrap angle, 
TZ outgoing yarn tension, 
T, = ingoing yarn tension. 

K has the form 

K=Ae 
where A and t? are constants, 
and 5 is the yarn speed. 

The constants in equation(31) were measured as 

`-` 0.912 for the 0.559 mm thickness verge, 
and 0.808 for the 0.432 mm and 0.330 mit 

thickness ne-. d!, -, -s. 
The variation of K with speed was found to be relatively 

small und, for the theoretical analysis detailed: in section 

9.6, it was considered perinissable to treat K as. a. constant, 

1 .. 00 :- 
K=0.628 for the 0.432 mm needles 

and K 0.493 for the 0.559 mm verge.. 
0.8052 for the 0,432-: mm needles.. 

and' 0.553. for the 0.559 m= verge. 

The close degree of correspondence between the 
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experimental values of input and output yarn tension over the 

verge, and the theoretical values derived, from. Smithfa equation 

are shown on Figures 9.5 and 9.6. 

9.4.11 Errors involved in using Amonton ts haw. 

The equation 
(31) derived. by Smith is. much more complex 

than the simple relationship derived, by Amontob. For this 

reason it was important to determine how accurate Amonton"s 

equation was, and if it could be used: under the particular 

circumstances of this experimentation. Amonton"s equation is 

expressed in the following well-known. form. 

T eNa es l33)ß 
where 

ý"J2 
output yarn tension,.. 

T= input yarn tension, 

r= yarn-steel coefficient of friction, 

and 0= yarn wrap angle. 
From equation 

(33) it can be shown that 

10je 
T1 r (34). 

If equation 
(34) is, plotted against 8, the wrap angle., 

a straight line of slope t1 should be obtained, but the 

experimental results displayed: in Fig 9.7 clearly show a 

divergence. from Amonton''s Law.. If a, mean straight line is 

drawn, through the results on Pig 9.7 a typical value using 

this line would be : - 

when 
eý 1600 

Loge 
T 

()=o. 
635. 

J 

Tiowever, on the graph the maximum error using the mean line, 

at ©= 16Q%0 is when T= 60.0 gf, then from the correctly 

plotted graph 

when 8= 1600 tole (T 
= 0.475 for T; = 60 gf 



167 

Using this mean straight line approximation to the 

experimental results :- 

then TZ = 113 gf for T, = 60 gf 

although the correctly plotted value was :- 

T2 = 96gf Ti tz 60gf 

This clearly shomm that Amonton's law is not strictly 

applicable for the prediction of knitting tensions. 

9.4.2 Effect of the Old Yarn Lop and the Shane and 

Thickness of the Verge upon the Frictional, 

Forcers. 

For the reasons: given below it was decided that the 

author should re-examine Smith' a results for the verge :- 
(i) An examination of Smith's model of the verge 

showed that a -j the poi at where the yarn passed over its it. 

was thicker than the actual machine-verge i. e. 0.552 mm 

instead of an average figure of 0.443 mm. It was also 

noticed that the needle surface was rounded conoiderabiy 

more than what was considered to be the normal rounding of 

a. machine verge due to wear. A. microscope was used to 

examine the surface of the machine verges at. the position 

where the yarn loops passed over them. It was found that 

the majority, including the verge transducer itself, were 

rounded due to wear only at the corners, the shape beir" 

as shown in Fig 0.8. 

(ii) A close observation of' the loop drawing 

process showed. that the yarn passing over the verge also. 

made contacts with the old yarn loop in the manner shown 

in Fig 9.8. The results obtained from Smithte yarn-friction 

apparatus (Pig 
a. 7.4) were unrepresentative because they 
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did not. include the effect of this. yai -to-yarn contact 

over the verge. 

To test the effect of the old yarn loop, a model 

verge was made. Using a microscope the surface of the 

model verge was rounded to the same extent as the verges 

on the knitting machine. The .: yodel was also made to the 

same hardness and material as a machine verge, and is 

illustrated in Fig 9.9. 

During the loop-forming- process. the majority of the 

wrap-angles around the needles and verges approximate to 

18Q02 -except at the beginning of the 1mittirg zone. It was 
46 

difficult to achieve. ' 1800 wrap on the friction apparatus 

due to mechanical interference between the measuring heads,, 
was 

and the closest angle that could be obtained: X173°;. this 

was considered, however, to be an adequate approximation. to 

the practical angles. 

An experiment showed that, for 173, a wrap, the tension. 

increase as the yarn passed over the old loop and verge, was 

ý.. ess than when it passed only over the verge. However.. the 

tensions were considerably higher than those obtained by Smith 

for his verge. It was. found that, when the experiment was 

repeated at wrap-angles belog 160 0,, the r©, ults with and 

without the old yarn loop around the verge were very similar, 

These results are graphically plotted in Fig 9.10. 

The old yarn. loop was removed and a. series of 

experiments. were undertaken to d etermine the effect of the 

surface shape of the verge upon the forces. These resuIts 

are plotted in Fig 9.11.. Although there was some vc-riation 

in the traces it was clear that as the verge surface became 

more rounded the braking effect was reduced. 
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A series of experiments were carried out to examine 

the effect of verge thickness upon the friction forces. 

First, a series of results were obtained with a 0.600 mm, 

thickness verge. It was then reduced in thickness and 

another set of results was obtained. A" large number of 

different -thickness verges were cxamimd and the graphical 

results are shown in Pig 9.12o This. experiment was. 

difficult to control accurately, because the surface of each 

verge unavoidably changed slightly after each successive- 

roduction in thickness. The experiments suggest that as. 

thickness is. increased the braking effect is lessened;, and 

this is contrary to that predicted by the equation(31) derived. 

by Smith. It is possible, however, that the result: -! may not 

be representative due to the inevitable difference in the 

surfaces after each reduction in ' thic1 ess.. 

9. LE. 3 Conclusions to Yarn Friction Experiments. 

A great many factors obviously influence the frictional 

build t'p in! tension as yarn passes over the verge and needle 

elements, and it in impossible to derive an equation with 

anything but very limited application. It is obviously 

important to understand the mechanism of yarn friction and. 

the parameters that influence it; hcýýever, for knitting 

measurements, where the primary interest in these-frictional 

relationships is entirely directed to forming; a. basis for 

further examination of the locp-forming procerss# then more 

worthwhile results could probably bP achieved by building a. 

simple yarn-friction testing device. Thus, a range of 

measurements could be carried out under realistic conditions 

and the friction results from the experimental graphs could 

be used. as a. basis for examining the loop formation. 

The results of Smiths work, and subsequent experiments 
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conducted by the author, showed that for the particular 

test yarn passing over the verges and needles, A, monton. "s 

law was not accurate; approximately 10% error occurred when 

predicting the frictional increase in tension for the example 

in section. 9-4-1, 

An interesting result was the effect of the verge 

surface in that a rounded edge offered less frictional 

resistance; consequently, if the vertge top was rounded to 

the same extent as the needle, then the frictional resistance 

should be much less than at present. In practice, the 

measurements indicated that the build-up in tension over the 

machine verge shaped. as in. Fig 9.. 8 was considerably higher 

than that on the needle. 

The effect of the yarn-loop being cast-off over the 

needle head seemed to cushion the effect of the verge 

corners at wrap angles. approaching 1'800. When the old loop 

was round the verge, see Fig 9.9� the output tensions were 

lower than when there was no old. yarn loop. The cushioning- 

effect of the old loop disappeared as the wrap angle became 

less, than 1600. Results obtained when the needle thickness 

was increased showed, a reduction in force level; this was 

contrary to that expected from the equation(31) derived by 

Smith. However, the experiment was subject to a possible 

error because it was difficult to control the surface 

properties accurately after each reduction in thickness. 

9.5 Comparison between the theoretical prediction, of 

Cam-force and the Experimental Results. 

If the yarn input to the needles is withdrawn the 

needles still pass through the cam system without drawing 

a loop. Equation(22) can then be simplified by making 
4(x) 

=O :- 
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i Therefore :- -4- "Z 
d2 

cos e (I 
- o<ygQ - Sin pz +dKV) 

The nomenclature in equation 
(35) is, defined in Fig 9.2. 

The inertial term. analysed im section 9.2.1 is positive for 

needle acceleration and negative for needle deceleration. 

For a. needle running in. a trick- which conta. ina. very 

little oil, the viscous resistance F im negligible.. If 

the impact point is close to the cylinder then oc is very 

nearly equal to 1. 

Equation (35) can then he- further simplified . - 

R_ p -t- A Q-7 mq - rnv2 ä 
36 

tose (t - p. Nz) - sine (1 
ý+ 

A good approximation to P+ýq- rnq can be. made= by 

measuring the force required to pull the needle y, erticelly 

in. the trick so that it moves: at a constant slow, upward 

velocity. A standard 0.. W43, mm, needle: was fitted in_ a. dry 

machine trick. A length of yarn was then: tied to the needle- 

hook and the yarn was pulled steadily, raising-the-needle in 

its trick. The tension in the yarn was measured using a 

calibrated Rothschild head, whose output was passed to the 

Tektronix osciUoacope. As the needle was, pulled steadily 

upwards, the yarn tension,, and hence the force required ta' 

lift the needle, was displayed on', the oscilloscope screen. 

The photographic trace of they results; im shown, by Diagram. I 

in, Fig- 9.13: and frone thin the value of P -+- V, q - M9 was 

measured; for the 0.443 mm. needle under test, it was equal ta, 

46g: C- A trace was then. taken of the- vertical and horiz, ontai 

cam-forces under the conditions; of no. yarn in the hook and 

very little oil in the trick, and this; is showm in Fig- 9.13,6 

. Diagram II. 
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Initially, when the needle is on the linear portion. 
d 

of the cam M VZ -ýZ =0 Equatior. (3) 
was evaluated under 

the following conditions : 

ý2 - 0.135, 
0.125,. 

e-0 4.9 , 
and P= 46 gf . 

From the calculation the following values were, 

determined :- 

Reaction force ,R= 101, gf) 
Horizontal Component of 85 gf Reaction force, Rx, 

55 f,, Vertical Component of 
Reaction force, Ry 

The calculation was then extended to account for the 

needle iozotion around the radial portion at the base of the 

stitch-cam. A greatly enlarged accurate drawing was made 

of the radial portion,, and. a reproduction of essential ra its 

of this is shown. in Diagram I Fig 9.. 11.. The larger dianram. 

was subdivided into ä number of small int:; rvals an(i the 

reaction force R in units of gf was evalww ted for each interval 

using the equation : - 

46- My . 
(37) 

R= y- lo 
PI 

(0.983)tc-5 Cý -(0.26)51nQ 
A- typical trial solutioýi is shown below 

at 8.92 in/aec (0.27 m/aea) 
m=0.67g 
º' = 0.0625 in. (1.6 mm) 

and © 
.- 300" 

then R_ 46 - 3.6? _ 58.7 gf 
0.721 
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and the vertical component of R= 47 gf 

and the horizontal component of R= 36 gf 

A theoretiual plot of the cam-force was drawn and a 

reproduction of this drawing is also shown in Fig 9-14. -, 

superimposed over a typical experimental result. The 

experimental plot is an enlargement of the trace shown in 

diagram II of Fig 9.13. The experimental and theoretical 

results agreed closely both on the linear portion and the 

radial portion of the cams,.,. 

Further work concerning the radial cam termination, 

is contained in section 23.2. 

The work was further extended using the 0.406 mm 

n. ee'le w This needle -wo fitted in the same trick as 

originally used with the 0-443 mm needle and was very free,. 

F' t ml was measured at 22 gf only. 

The theoretical results, together with a typical 

experimental result for the 0.106 mm needle are shown in 

Fig 9.16. The traces are again of closely similar forms. 

At the particular conditions of the test, when -there 

was no yarn in the hook and very little oil. in the trick,, the 

expcrinental and theoretical results corresponded very 

closely for both thicknessea`of needle, an( it was considered 

that the possibility, suggested in section 9.2, of a further 

extension of the theory using Barth's3o'48 analysis was " 

unnecessary. 
9.5"x' Effect of Moving the Impact Point Radially 

away from the Cyl? nder. 

For the articu]ar situation when the needle is not 

c3ratwing a loop of yarn and there is little oil. in the trick, 

equation 
(37) can be expressed in the form shovm below :- 



+: 2d2y. 
R -- -- (J2 +d tJ, ) cos QýI- oc ý, ýý 

ý- sin E) 

i 7L. 

' (3$) 

All the terms are d efined in Fig 9.2 and section 

9.2.1. If attention is confined to the linear portion 
aZ 

of the camp then my2 
d (i) Q and equation(38) can be 

restated in the for; 

A 
R 

Cose 
(I-aý, 

rz - Sine( yzi-OGýJý, 

where AP+N, 6ý -- ýn 9 

The reaction force R approaches infinit., when s- 

Co5e (i - artrz) '" 5fRe(vz+cey-) o. 

Reorganising this expression, I -- U2 L an O 
R tends to infinity when oC 1 

I 
F. ( : )a + tan 0) 

(3c ), 

(40) 

Using the friction values derived in nection 9.3 i. e. 

i= 0.125 and ý, ý2- 0.135, and ubing a 4}9° cam angle, equation (39) 
'then 

re(luces to the form shown below : - 

-= 
A R (41). 

0.554 - 0-105, v< 

In equation(Z? 
)' <had the form shown below : - 

oC = 
2a- 

and 0_6+ 

where 2 mm cylinder clearance, 

and therefore «=ý+ 
2ýZ 

6 
(z 

- 0.12I;. in. for a standard 0.1443 mm noedia. 
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Fig 9.17 is a graph of reaction force R against the 

; any-cylinder clearance, which clearly shows that as the cam 

Ls moved away from the cylinder the cam-force increases. 

Experimental results detailed 0 section 4.6.4 showed 

that rorizontal cam-force increased from 265 gf to 490 gf 

vh-n the cam-cylinder clearance was increased from 0.15 mm 

to 3.05 mm. Since the experiment detailed in section 4 . 6.4 

Evas carried out to very similar parameters to those used for 

the theoretical results detailed on the graph in Fig 9.17, 

the theory clearly shows a close correlation to experimental 

results. The force nearly doubles when changing the clearance 

E'rom 0.15 to 3.05 mm. There is also agreement with the 

results obtained in section 8.5.6. The experimental results 

showed that a movement of 0.15 mm to 0.30 mm produced very 

small differences in the force level, and as can be seen the 

theoretical change in cam force shown in Fig 9.17 is only 

form 2.2 7A to 2.35A, (where A is the defined parameter- for 

equation(3g) , such a slight difference would be difficult to 

observe on a photographic trace. 

9.6 Comparison between the Theoretical Prediction of Yarn- 

Force and the Experimental Results. 

A close observation of the loop-formation process using. 

a sensitive magnifying glass showed that the effect of the old 

loop was to increase the wrap-angles around the needle heads 

and verges, and to necessitate the new yarn being formed into 

A loop having to pass over the old yarn loop.. This is 

illustrated in more detail in Pi 9.8, and aü iscuzsion of 

the effect of the old yarn loop on the friction forces is 

detailed in section 9.4.2. 

Using the experimental parameters specified in Fig 8.7, a, ), 
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three stages were drawn of the loop formation process, each 

showing the measuring verge advanced to the right by one- 

third of the needle pitch, assuming that the yarn is being 

supplied from the left « These three diagrams are reproduced 

in Fick 9.18. The yarn tensions over the needles were 

calculated using the results obtained from Srlith's49 report 

as detailed in section 9.4. The expression specified'..; for 

a 0.143 mm needle was 
ý6 

("T; ') 

T, 
where ný0,808, 

K 0.628, 

and 8=0.805. 

For the tension build up over the verge, the graphs 

in Fig 9.10 were used. The output tension for wrap-angles. 

that were not grephically plotted on Fig 9.10, were obtained 

by interpolation, using the graphical results nearest to the 

where 11 ý 0.. 808, 
K0 «628, 

and 8=0.805. 

(42) 

desired wrap angle. The method used to calculate the tensions 

through the loop-forming process is illustrated by the 

example below :- 

Initially, the analysis:, was confined to diagrar. (C) in 

Fig 9.18. If, as an initial hypothesis, it was considered 

that the yarn was robbed from needle positions IX anC XII; then, 

the available ya'". n would be more than that required by needle 

V'! to form a loop, and the yarn would have to flow over 

needle VI to the left, i. e. towards the supply direction, 

However, calculating the yarn tensionc over the elements from 

the supply direction, it quickly became obviousthat the 

tension near needle vi was far too _low for it to be capable 

of robbing yarn from needles IX and x3r, due to the largo 

number of needle and verge contacts. This hypothecjz;. had to 



be revised since the cam-slope at needle position IX eras one- 

half of the slope at needle position VI, and therefore needle 

XII was only capable of supplying half the yarn requirements 

of needle VI to form its loop. The r.? edle in positicn VI must 

thus draw yarn from both the supply and the back-robbing 

divectiono. A quick calculation of the tension build -up 

on the supply side verified that this hypothesis of the loop- 

drawing process was plausible. However, it was still 

necessary to define the predicted tenzions around needle 

position VI, for example, in diagram. (C) of Fig 9.18 the 

predicted tensions were 60 gf on the supply side, and 95 gf 

on the robbed side. The latter tension value of 95 gf on the 

robbed side is. not immediately obvious and it is.. theLefore 

necessary to offer a lengthier explanation. When a large 

number of diagrams were drawn there was, always-. at 1e ast one 

in which the tensions could easily be determined throughout 

the process. Thus in Fig 9.18: " it was easier to d etermine 

the tension in diagram (A) 
t since it could be considered ;; hat 

motion over verge 7 has just stopped,. this defining the 

output tension for needle position-. VII; from this,, the 

tensions could be evaluated throughout the process, and the 

position when the yarn-tension droppcd to the take--doim 

value, known as the release point 
22,. 

could also be determined. 

Once the tensions were defined. on one of the diagrams and' 

especially when the release point was known, 3t was possible 

to predict the tensions on: the other diagrams. For exampya, 

as the verge moved between posit;. ons 10 and t. 1 in diagram(A), 

the tension on the output side of the verge changed from: 

TO gf to 7 gf. The verge positions. 11 and 1.2 In diagrams. 

(B), and (C) were equally spaced between positions 10. and 13, 
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and it was therefore possible to approximate the yarn tension 

on the output side of the verges at 11 and 12 by proportioning 

the tensions according to the verge distancc from the 

original position 10. Obviously this provided, only approximates 

tension values; however, once these were known, using the. 

flow directions in diagram. (B);, and (C). and the position of 

the release point in. diagram (A) they could. be improved, to 

suit the dynamic conditions of each diagram. There wa,, ila; 

other obvious method of calcOa ting the tensions throughout 

the loop forming process, and although the method used. was; 

quite quick and easy there were basic difficulties in 

calculating the tensions,; these are details d. below 

(i)' The verges differed slightly in shape due ta: ' 

their differing amounts of wear. It was therefore doubtfplC 

that the friction-al-relationship for the tension buil3 --up, 

should be the same 2or erery verge. 

(ii) The method of deterrninýrlthe yarn-flow was 

approximate and took little account of yarn-stretch. 

(iii)' The analysis, was dependent upon the fact that 

the needle accurately followed, the cam-profile, defined by 

the drawing (F ig L. . 3) . 

Figure 9.1.9 shows, the experimental yarn-tension 

plot,. which is an enlargement of the trace shown in Diagram (II) 

Fig 8.7 (b); of section, 8.5.1ii « 8. uperimp6sed upon, the 

experimental plot axe the theoretical forces. on. the verge 

evaluated from tho yarn-tension shown on. Fig 9.1.8. The 

method of evaluating the vertical force on. the verge wan., to 

add the tensions on. each yarn arm, acting on. the verge and 

correct these for their an&ular disposition,. 

The theoretical and experimental plots showed a close 
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similarity in shape. However, one trace was displaced 

with respect to the other since it was impossible to predict 

with any precision the position. of the verges and needlesýat 

which the f'i rs, t verge , 
just contacted the yarn and began to 

register a forces an error of merely a. few ti ousandths. of an 

inch leads to an apparently large displacement betswen the 

two traces,. The close similarity between the traces proved 

that the major component of the tension increase occurred 

as the yarn passed over the verges,, it was also obvious that 

the tension dropped to the take-doom value within two verge- 

pitches of the bottom of the stitch-cam. 

The input yarn-tens ion was measured using a. Rothschild 

head. Since the head had. &, braking effect upon the yarn, 

the tension. output from the Rothschild, and the input into 

the needles was corrected. using the calibration graph shown 

in Fig 7.5,. The input tens ions in Fig 9.18 were- adjusted for 

the force fluctuation which had previously been analysed on 

Fig 8.3. For example on diagralr, (B) Fig 9.18, needle II 

has just snatched; the yarn and. the input tension. is- therefore 

high at 23 gf- 

The input yarn tenaions on Fig 9.18" may seem generally 

high; hovever, friction, measurements carried out on the final 

guide illustrated in Fig 7.2 (a) indicated that the tension 

built up more than double the value over-the final guide. 

The measurements, weke obtained by clamping the guide in the 

vice of the friction apparatus, Fig 7.4, yarn being then run 

through the guide at typical angles and, the input and. output 

tensio: i measured using the Rothschild heado. It was found 

that 10 to 15 gf mean level output tension was compatible with 

an input yarn tenaion of only 4.5 to 5 gf" The implication 

of the measurements were that although the feeder input 



1 60 

tendon may be low the actual tension. input to the needles 

could be much higher. *The analysis was repeated under 

similar conditions to the earlier example,, except that the 

stitch-draw was increased. to 2.7Lj. mm,. One of the diagrams 

showing the' theoretical yarn-flow and tension throughout the 

loop forming process is shown in Fig 9.20. - The experimental 

and theoretical plots. are superimposed and shown on Fig 9.21., 

During the experiments it was noticed. that the transducer 

verge tended to cut-off beforc reaching the high force level s. 

Allowing for the cut-off the close degree of similarity 

between the theoretical and experimental traces is clearly 

demonstrated. 

The analysis was again repeated under similar conditions 

as in Fig 9.1 8, except that the-take-down t Ens i on was 

increased. One of the diagrams showing the yarn flow direction 

and the tensions in each yarn. arin is giver, in Fig 9.22, and 

the experimental and theoretical plots are shovm superimposed 

in Fig 0.23. The shape of the theoretical plot did not 

correspond very well to the experimental plot, especially in 

the region of the second peak. The method of analysis waaa 

very susceptible to small errors, for example, if instead of 

a change of 5 to 6.5 gf over verge 3 in-Pig 9.22, the actual 

tension increase was 5 to 8 gf then the diagrams,, Fig 9.22, 

would be modified ana the shape of the 'theoretical plot would. 

become that indicated at (2) in Fig 9.23.. 

The method of analysis, was subject to considerable 

errors und approximations, but it was difficult to see how 

any other method could be used. Taking due allowance for 

the difficulties, a fairly close approximation was aehie veä . 
The interesting features.: of the traces are trio clear 
demonstration of robbing-baeko the rapidity at which the 
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tension falls-off after the base of the stitch cam, and the 

very much larger proportion of the braking force imposed by 

the verge upon the yarn, rather than that by-the needle. 

9.7 Effect of Oi. 11 - upon the Cam-Force. 

In section 9.2.3 Black's theory29 for the viscous 

resistance of the oil, was examined: The expression he 

derived had the form : - 
F= My 

AM taný (44) 
d 

Extensive work: on the effect of oil' was not carried 

out in-thin project, and, for further analysis, especially 

concerning the effect of oil viscosity, Black's thesis29 

should be referred to. However, an experiment (section 8.5r. 9 

and Fig 8.25. ) was carried. out examining the effect of the 

machine speed upon the cam force after a, heavy soaking with 

Vickers Spotless B. N. O. Gil. The experiment showed. a linear 

relationship that agreed with the prediction con-tai ned in. 

equation (43), asaiming M does. not vary with machine speed. 

9.8 Effect of the Yarns Presence upon the Cam-Force. 

There was. a considerable difference between the 

measured cam-force when the needles were knitting a yarn 

and when they were passing through the cams without knitting 

a yarn. WIhen the yarn was being pulled into a loop there was, 

a force exerted on the cam by the yarn tension acting on the 

needle hook. ' As the stitch-draw increased the force increased 

rapidly and soon became very large compared. to the trick- 

forces. However, when small stitches were boing- drawn, a 

force'which seemed closely related to the shape of the needle 

head. grew. it magnitude as the stitch was further reduced in 

etz. --. The only possible explanation was that the small loop 
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being cast-off had to expand and stretch to pass over the 

needle head. The cam-force during loop-formation, and the 

effect of the needle head shape upon the force is, Beta ile d in 

the following two sections. 

9.8,1 Effect of the Yarn upon the Cam-Force during 

Loon Formation.. 

The equation derived in section 9.2 for the cam needle 

force,. R, had the form 

R 
F +. P 

z 
n+ -1(x) 

-P, v2 I' 9aX 
COS©ýI t) --- sin 0 (Vz +c< FI) 

When the cam-cylinder clearance is small and only ra 

small amount of oil is added to the trick: then ecyuat:. on (45) 

can be simplified to the following form :- 

+ dz 
P+o-f, j + fCý: ) -rive 

Jz 

cosO(l- N, 1i) - sinG (}, +N2) 
Using the same needle and trick as used in the 

examination detailed in section 9.5. The equations for R in 

(45) 

an1ts of grammes force can be written in trs forri ohosn 

46 MV z+ (xc- X), f 
Cp (46). 

ras 0(! - r%tJa) -- SinBýNý -º- Fz SI 
The yarn-force f (x) exerted upon the needle during 

loop formation was obtained from the theoretical tcn, ion shorn 

Jn Fig 9.1'8 and the inertial term wes calculated for a 

machine speed of 10 in/sea (0.25 m/sec) . In I'ig 9 . 24 (1 iar ram 

(k shows the yarn-force component of the reaction-force 

defined by equation 
(47); 

- 
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ccx} 

cos8 
(I 

- ý, ýºz) _ sýn8 ý,, -r 

/ `Diagram (B) in Fig 9.2lß. shows the non-knitting cam-force 

defined by equation 
y 

46 - rnv 
l 

(y 
1c1' 

Cos0( sine 
(, 

+thý 

r11 
Diagram (A) and Diagram (B)' were added and the resulting 

curve ia. Eh own at Diagram (C)ý . Superimposed upon Diagram 

(47). 

(4s). 

(C) is a reproduction of the trace of experimental can-force, 

diagram II Fig 8.7 (b),,. obtairneQ under sirnila r conditions as 

the theory. When compared the tl, eoretica1 and experimental 

predictions agree clm ely. ý Other calcul t ions carried out at 

different machine speeds. also sholr: ecl a. close correspondence 

to: experimental results. 

9.8.2. During Castzng-Off over the r? ee(? Ie Head. 

When small yarn loops are being knitted,. considerable 

force is. exerted by the yarn upon the tarns during the loop 

casting-off, stage of the knitting process. For a stitch-draw 

of 1 . 70 mm. and using a. 0-443 rut. standard needleg, the clearance 

between a yarn loop and the needle shanst, when the needle was 

at the yarn clearing height was measured by inaert: i. ng a thin 

steel shim betweeen the shank and the loop. The cIs aranc-. 9. was. 

measured as approximately 0.03, mm. If. this, yarn loop 

stretched as though it were a closed loop,. i. e, in a similar 

manner to an elastic band., then the rnaxilpum. amount of 

stretch in the loop of yarn. as., it passed over the head would 
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be approximately 23%.. A simple extension under load teat-. 

for the yarn was carried out by hanging loads: on a length 

of yarns, and this showed that when the extension approached 

9% the yarn broke, and therefore the analogy with the elastic 

band is, not true. Using a magnifying glass, a. close 

examination of-the fabric showed that some of the loops ad- 

jacent to the loop-forming region were slightly distorted. 

sugc esting that= robbing back occurs to allow for the casting. 

off of a tight loop. A diagram of the loop structure is 

shown in Fig 9.25. 

It was almost impossible to determine the tension 

in the yarn as it stretched over the needle head; but it was 

possible to relate the shape of the-needle head to the force 

exerted upon the stitch cams by the cast-off loop. 

Two traces of the cam-force were obtained, one with 

no yarn fed to the needle, and the other during normal 

knitting. The results on the first trace were s. ubtracteä 

from the trace for normal knitting. The diagram shoving the 

subtracted force is given in rig 9.26. The shape of the 

subtracted cam-force can be related to the yarn motion over 

the needle shank as demonstrated in Fig 9.26.. 

(i} The force increases as the yarn stretches. in. 

passinc; from position I to 9. 

(ii) At position 10, the yarn relaxes a small amount 

as it contacts the aecreasing thickness section just after- 

the latch pivot. 
(iii) At position IT there is a, sudden rise in. tensirin 

as the loop is. further ctretehed' in passing over the latch. 

At position. i1 the yarn is- bent at such a large angle that the 

force required to draw the needle through the yarn is also. 
large. 
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(iv) At positions 12,13: and 1: 4 the stretch 

continues, but the acute angle of the yarn decreases. The 

force tends to level out. 
r 

(v) As, the loop continues stretching over the latch, 

a. point is reached where the needle = just ahead of the needle 

shown in Fig 9.26 casts-off its loop. A quantity of low 

tension yarn is then available and this relaxes the tension 

in the highly stretched yarn passing over the latch. 

(vi) As the yarn continues stretching, more yarn 

is robbed. from the cast-off loop andI this lowers the tension 

in the yarn being cast-off the needle shown in Fig 9.26. 

The above work led, to some interesting conclusions. 

concerning, the design of the needle head. It is. -, er,. rally 

considered that the width of the head restricts the size of 

the loop that can be knitted.. However, by succee44u l design 

it should be possible to produce a needle head that allows, 

very small loops to be knitted. An idea for a needle hoad, 

design untilising controlled robbing of yarn from the cast- 

off loop is detailed in chapter 1: 0. As machine speed vris, 

increased the successive peaks tended: to flatten out as shown 

in Figs 8.15 and 8.1: 7 (b), ' in section 8.5.4. A possible 

explanation of this flattening of the cam-force trace could 

be the effect of yarn inertia... At high speed there is 

insufficient time for loop relaxation. 

Conclusions to this chapter and this section of the 

work are given in chapter 10. 

I 
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Cam-cylinder clearance = 0.15 mm (0.00( in. ) 

Standard . 0175 in. needle in trick. 

Cam-profile Fig 4-3 
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0.27 m/sec 
1 "00 m/sec 

Parameters 

Stitch-draw 

Ca. n-cylinder clearance 'SOG in. ) 

Needle-type = 0.1443 rnn (0.0175 in. )Stand--ird. 

Cam shape specified on Fig 4.3 

Time = 10. mS/8.5 mm. 

TWO TRACES SUPffiRIMP03RD ONE 
AT 1.00 M/sec AND ONE AT 0.27 M/sec. pig 9.15 

1 m/sec 
0.27 m/sec 
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CHAPTER 10 

CONCLUSIONS TO PART (C )ý, 

10.1 Brief Summary of some of the important Results, 

Contained in Chapter 9.. 

A. theoretical analysis by Knaptonl3'1 ' was used. as a 

basis for the derivation of a cam-force equation(22) in section. 

9.2. Predictions from the analysis, were compared to the 

experimental results detailed in chapter 8, and a, reasonably 

close degree of similarity was found, as detailed in section 

9«5" 

A. friction testing apparatus shown in Fig-t-4 was 

built to examine the tension build-up as the yarn parsed 

over the needle and verge elements. From the experimental 

results detailed in section 9.4, equations 
(31) 

and(32) were 

d; erivedi. Subsequent experiments; also described in. section: 

9-4. demonstrated how the verge shape and surface texture 

could greatly influence the frictional tension. -build; -up. It 

was concluded that, due to the complexity in deriving and 

using equations(31)and (32)and to their limited range of 

application, it would be better to build a simple friction, 

testing device for the majority of the work-requiring a 

knowledge of the frictional tension. increase. Apparatua, 

similar to that shown in Fig 7.14 could be used to measure the: 

tension increase under representative conditions, rathor_'than. 

rely on: an. equation with limited application. 

The theoretical prediction of yarn-tension during the 

loop-drawing process was carried. out using an iteration 

technique based upon: conservation of yarn-flow. Although 

difficulties were rounds in using the technique, the theoretical 
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solutions. showed a reasonably good degree of similarity when 

compared to the experimental results. The experimental and 

theoretical comparison is covered more fully in section 9.5. 

Experimental results aimed at determining the effect 

of the stitch-draw, see Fig 8.7 (b) and section 8.5«1, showed 

that the cam-force was considerable when casting-off a tight 

loop. The analysis in section 9.8.1 showed that it was possible 

to relate the shape of the cam-force trace to the shape of the 

needle head, but a prediction of force magnitudes was not 

carried out due to the difficulty in determining the yarn 

tensions in the old loop when expanding over the head. 

10.2 Recommendations Resulting from the Analysis carried 

out in Chapter gc 

The experimental results shown by Figures 8.16 (a), 

and 8.16 (b) demonstrated that, as machine speed increased, 

the carp-force changed little in magnitude unless oil was 

applied to the trick.. However, at higher machine speeds, an 

impact at the instant the needle contacted the stitch-cam 

became more prominent, and it grew in magnitude as the speed 

was further increased. The cam-force transducer Mark III, 

used throughout the experiments detailed in chapter 8, did 

not have a natural frequency sufficiently high to display the 

impact accurately, and another form of high natural frequency 

transducer would be required. This is discussed ruore fully 

in chapters 11' and 12. At this stage of the work it was 

considered likely that the magnitude of the impact force 

would be considerably higher than the slower changing cam- 

force recorded by the transducer MarkiIl, and subsequent 

e7periments, detailed in chapters 14. and 1; 5, confirmed this 

view. It was unlikely that a reduction in the slower 

varying cam-force, analysed in chapter 9, would lead to a 
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reduction in the needle damage at the head and butt. 

However, there were other reasons for reducing the cam-forces, 

especially at high speed, namely :- 

(i) To minimise the frictional heat generated at 

high speed. 

(ii) To minimise cam-wear; this is especially 

important when non-linear cams. are used. 

The factors, formulated in equation(22) section 9.2, 

that control the cam-force magnitude are stunmarised below :- 
(i) The application of relatively ]arge amounts 

of highly viscous oil at irregular intervals can lead to 

severe needle damage due to the sudden increase im the cam- 

force; this could be especially damaging at high machine 

speeds. A better system would be the application of equally 

distributed low viscosity oil. 

(ii) Lower cam-forces are achieved when the cam- 

cylinder clearance is a minimum. 

(iii) The experiments detailed in section 8.5.8 

showed that the trick properties were highly variable. 

Variation in the trick-resistance to motion: is undesirable, 

because it leads to non-uniformity in stitch-formation,, as 

is discussed later in this section. However, under normal 

machine operating conditions, tricks are inevitably bound 

to be damaged, and it i, impossible to ensure trick uniformity 
on conventional machines. 

(iv) The cam-forces are very dependent upon the cam- 

angles and the friction coefficients. From equation(22)in 

section 9.2.1 it can be seen that, 

when -- 
COS G (I 

- o(ui z) =5in0 
(yz 

+ ae p. ) ) 

then the reactor. -force between the cam and needle 
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theoretically becomes infinite and needle damage is unavoidable. 

If the cam-cylinder clearance is small, then ocis very nearly 

equal to 1;, and, using the values for the friction coefficients 

defined in section 9.3t the angle that theoretically leads 

to infinite cam-force is evaluated below : - 

tan0 =. 

where ,=0.125 and u2_ 0.135, 

and 0= 75° 

Obviously, to avoid high cam force magnitudes,. the 

0 
camangles must be considerably less than 75. 

(v) As the needle thickness in the trick waa 

reduced, the trick resistance to needle motion decreased,. 

and they cam-force became considerably smaller in-magnitude. 

However, the incidence of needle damage caused' by it 

:.. pr©truüing from the trick and foaling the cams increased' 

considerably as the needle thicknesa. was reduced'. 

L 

Variation in trick resistance ta" needle motion leads: 

to non-uniformity in stitch formation. The magnitude of the 

inertial force is controlled by the needle mass and the cam- 

profile. When the needle-cam reaction force reduces to zeros. 

the needle leaves the stitch-cam and moves over to the guard- 

cam. The trick resistance is a large component of the reaction 

force and, since it is variable from one. trick to another, then 

the reaction force is also, variable. The exa3t position. at. 

which the inertial force cancels out the reaction fog°ce 

will be different for each needle in each. trick; this means. 

that particular needles will. lose Contact with the cams at 

different positions. Since the subsequent needle motion is 

very dependent upon trick resistance, none of the needles 
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strike the guard cam at exactly the same point. The resulting 

variation in needle motion means that the stitch formation 

process is slightly different for each needle; this leads 

to stitch non-uniformity.. A number of obvious methods can 

be used to eliminate the' non-uniformity as detailed below :- 
(i) The use of closed cam-tracks.. The tracking 

must be designed for minimum clearance when, the needle passes 

around the bottom of the stitch-cam. 

(ii) The use of flat-bottomed cams. If the clearance 

between the stitch-cam and the guard-cam is minimised to just 

allow the needle to pass through the flat region, then 'all 

the needles must follow the same path anO the stitch formation 

process is identical for all the needles. 

(iii) Design of the cam-termination to produce a 

controlled inertial force. The profile can be designed so 
that, even with the minimum trick-resistance to motion, the 

needle will not leave the cam until a precise position in 

reached. 

(iv) A. positive yarn-feed system con be used to 

control the amount of yarn fed to each needle during loop 

formation. 

The design of cams using the resultG obtained from 

chapters 8 and 9 and from chapters 14 to 21 inclusive, is 

carried out in considerably more detail in chapter 23.. 

k major factor that could have contributed to 

'ariation of the yarn-tension traces was the variation in the 

Input yarn-tension. It is important that the yarn input 

tension is low because this reduces the loop-drawing forces. 

Kopel32 states that it is important that the input tension 

is controlled at a constant low value. 
A reduction of the loop drawing forces could be achieved 
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by rounding off the surface of the verge as this would result 

in a decrease in the frictional tension build-up over it.. It 

was shown, during the analysis, detailed in section 4.4.2, that 

the major limitations. to the knitting of very small stitches 

were in the thane of the needle head and in the stretch of the 

olsi loop as it passed over the head. When the old loop had 

reached a precise position on the latch, the needle one 

verge-pitch further into the loop formation process had 

cast-off itc loop ancl consequently made available some yarn 

which relieved the tension in, the loop expanding over the latch. 

A tentative proposal for the design of a needle head to 

minimise the force required to cast-off the old-loop is shown 

in Fig 104. On this needle., the major component of yarn 

stretch occurs when the needle one pitch further into the 

loop-formation process. haa already cast off its loop. 

Further work concerning the deai; n, of the needle, &rd 

utilising the results obtained in chapters 8, g and 14 to 21, 

will be given in chapter 2h. 

10.3 Possible Improvements ßn the Measuring Apparatus. 

The verge yarn-force transducer worked very well and 

no improvement in design was considered necessary.. The 

beam of the cam-force transducer Mark III sva; a separate 

component fitted into the supporting bracket but, to 

simpliPy the manufacturing procedure, it was considered 

more advantageous to make the beam and bracket as on,: part. 

The material used for the cam-force transducer was steel;. 

a better material would have been aluminium, since a. beam 

could then be manufactured with the came strain sensitivity 

as as ee1 beam but with a higher natural frequency due to the 

decreased mass. However, the improvement in the natural frequency. 

would not be very large because the cam: at the erd of the 

-tß 
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beam have a tauch larger effect upon the frequency than has 

the beam material. 

The above suggestions for improvements to the cam- 

force transducer were used in the design of the impact 

transducer detailed in chapter 13" 
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